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We employ a macroeconomic cost-benefit approach to
determine the appropriate tier 1 capital ratio for the banking
systems of advanced economies. The macroeconomic costs of
higher capital ratios are quantified using structural and semi-
structural models of the Irish economy, while the macroeco-
nomic benefits are derived using probabilistic models of finan-
cial crises and assumptions about the persistence of resulting
output losses. We then examine the role of certain macrofinan-
cial characteristics in determining the optimal level of bank
capital. Incorporating these characteristics, the “rightsized”
level of capital lies in a range of 12.5 to 19 percent.
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1. Introduction

Given their importance in the economy, banks face a number of
requirements on the quantity and quality of their funding structure.
Large losses in the banking system can have considerable spillover
consequences for the real economy, which cannot be fully internal-
ized by individual banks when mitigating their own risk profile. In
addition, banks benefit from both explicit and implicit deposit insur-
ance. Since capital represents the first line of defense in terms of loss
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absorption, banks are required to hold minimum levels of capital
in line with existing regulations, regardless of the contribution of
debt to their funding structure. In addition, they must fund them-
selves via tranches of capital to cater to specifically targeted balance-
sheet-related risks, as well as systemic risk related to the broader
environment or the systemic importance of a particular institution.

O’Brien and Wosser (2022) find that economies that are smaller,
more open to trade and financial flows, more dependent on foreign
direct investment (FDI), and that have more concentrated bank-
ing systems tend to have relatively higher systemic banking cri-
sis probabilities, suffer larger systemic banking crisis-related costs,
and exhibit relatively more adverse gross domestic product (GDP)
growth tail risk through the financial cycle. In this paper, we exam-
ine the implications for appropriate levels of capital in the banking
system of countries which display these structural characteristics.
Specifically, we examine the influence of macrofinancial structural
characteristics on the appropriate range of tier 1 capita during
periods when cyclical systemic risks are neither elevated nor sub-
dued, including as necessary any additional bank capital needed to
mitigate the effect of such structure-related systemic risks. This issue
has been largely neglected in the existing literature.

Several studies have attempted to establish an appropriate cap-
ital range for particular banking systems based on the macroeco-
nomic cost-benefit methodology that we follow in this paper (see
Table 1). In the post—Global Financial Crisis (GFC) era, the Basel
Committee on Banking Supervision (BCBS) study finds that the
“optimal” tier 1 capital ratio range lies in the interval of 10 to 15
percent for advanced economies (see BCBS 2010)@ However, as the
approach has been refined and applied in other settings, the range
found in subsequent studies is often somewhat higher.

From a methodological perspective, our approach is most similar
to that of Brooke et al. (2015), who in turn follow Miles, Yang, and

! The tier 1 capital ratio is the ratio of a bank’s core tier 1 capital, that is,
its equity capital and disclosed reserves, to its total risk-weighted assets. Risk-
weighted assets comprise approximately 60 to 70 percent of total assets (see
Firestone, Lorenc, and Ranish 2019, p. 218).

2In an update to their paper (Birn et al. 2020), the BCBS acknowledges sub-
sequent studies and concludes that optimal capital levels are likely to be higher
than originally estimated.
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Marcheggiano (2013), although we depart from their paper in some
aspects of our modeling framework and in our focus on the role of
macrofinancial structural characteristics. In addition, we employ two
structural macroeconomic models of a small open economy (Ireland)
to estimate the output-related costs of higher capital. Depending on
the assumed effectiveness of the resolution regime for banks that
are failing or likely to fail, Brooke et al. (2015) establish an opti-
mal tier 1 capital range of 10-19 percent for the U.K. Abstracting
from the potential benefits of the resolution regime, Miles, Yang, and
Marcheggiano (2013) similarly find that much higher levels of cap-
ital than those deemed optimal by the original BCBS (2010) study
were appropriate for the U.K., up to as much as 20 percent.

An important determinant of the macroeconomic cost of higher
capital requirements in the literature is the extent to which the
Modigliani and Miller (1958) theorem regarding the irrelevance of
the capital structure to the weighted average cost of capital is
expected to hold empirically for banks. Higher capital requirements
can reduce economic activity if they raise banks’ funding costs and,
consequently, lead to higher interest rates for firms and households.
Studies that have examined the macroeconomic impact of raising
capital requirements typically assume that equity is more costly
than debt financing, and that the increase in funding costs asso-
ciated with higher capital requirements is partially or fully passed
through to borrowers (BCBS 2010). However, the change in banks’
weighted average cost of capital due to higher capital targets hinges
on the value of the Modigliani-Miller “offset” that is applied. This
offset determines the degree to which lower levels of leverage, by
reducing the risk of bank failure, will also reduce banks’ cost of
equity and debt (Birn et al. 2020). Higher values of the offset will
accordingly reduce the sensitivity of banks’ funding costs to changes
in the debt-equity composition of their liabilities.

Firestone, Lorenc, and Ranish (2019) consider the U.S. economy
and estimate the optimal tier 1 capital ratio to be between 13 and
25 percent. In their analysis, the Modigliani-Miller offset does not
fully hold, which has the effect of raising the optimal capital lev-
els somewhat and goes some way toward explaining their relatively
higher upper bound. In one of the few papers to specifically consider
a smaller economy, Almenberg et al. (2017) determine the appropri-
ate capital range for Sweden. They estimate that the optimal tier 1
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capital ratio falls within a slightly different range (10-24 percent
with Modigliani-Miller offset set to zero). However, this paper does
not consider the specific contribution that the macrofinancial struc-
tural characteristics of Sweden contributes to their findings.

Barth and Miller (2018) examine the costs and benefits from
raising the leverage ratio from 4 to 15 percentE They find that,
based on their benchmark specification, the optimal leverage ratio
is 19 percent (equating to a tier 1 capital ratio of circa 25 percent).
At those levels of capital, banks are able to absorb high losses and
almost completely shield the sovereign from having to recapitalize
the banking system following crisis onset.

Of particular relevance is the study conducted by Cline (2016)
who, similar to this paper, examines optimal capital across a range
of countries, including Ireland. Our optimal capital range (12.5 to
19 percent) is aligned with his (12 to 14 percent)[] While the range
for optimal capital ratios that we estimate is wider, this is likely
attributable to our more structural approach, which tries to identify
the independent and joint role of individual macrofinancial charac-
teristics in determining these optimal levels of capital.

In line with the previous literature, we examine the resulting
macroeconomic costs and benefits associated with requiring banks
to raise additional capital. Following a similar methodology to the
papers discussed above, we find that during periods when systemic
risk is at median levels, the net marginal benefit of higher capital is
zero when the tier 1 capital ratio is 16 percent. Below this point, the
benefits of higher capital still outweigh the costs, whereas above this
point the opposite holds. The results require a range of assumptions
on key modeling parameters, such as the value of the Modigliani-
Miller offset applied, the duration of crises, and the discount factor
applied to future GDP losses related to systemic banking crises.
Based on these assumptions, we derive a range of appropriate tier

3 Defined as total capital divided by total exposures (i.e., inclusive of off-
balance-sheet items). The leverage ratio can be converted to a tier 1 capital ratio
via the application of a risk-weighted asset scaling factor. Our sample’s median
risk-weighted assets to total assets ratio is 60 percent. Assuming this condition
holds in our generalized “benchmark” country, a tier 1 ratio of 16 percent then
equates to a leverage ratio of 9.7 percent.

4 Under the same assumptions of median risk-weighted assets to total assets
of 60 percent, this equates to an optimal leverage ratio range of 7.2 to 12 percent.
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1 capital ratios for normal risk environments between 12.5 to 19
percent with a benchmark level that is centered around 16 percent.

It is important to note, however, that our analysis does not
address ancillary factors such as changes in the resolution frame-
work or in approaches to risk weighting, which may influence both
the steady-state and transition costs or benefits of particular capital
levels. In terms of transition costs, the short-run impact of shifting
to stronger capital regulations could also be significant. For example,
the Macroeconomic Assessment Group (MAG 2010) finds that a 1
percentage point (pp) increase in capital ratios leads to a temporary
negative deviation of GDP from its baseline of between 0.1 and 0.26
percent, with a concomitant 15 to 17 basis point increase in lending
spreads. Similarly, Dorich and Zhang (2010) find that a 1 percent-
age point increase in capital ratios, implemented over four years,
generates a fall in Canadian GDP of 0.26 percentage points eight
years after implementation. In the case of Spain, Gerba and Mencia
(2017) find that a 1 percentage point increase in capital leads to a
drop in bank credit to firms and households by 1.1 and 1.4 percent-
age points, respectively, after four quarters, lowering GDP by close
to 0.3 percentage points. More recently, Mendicino et al. (2020) find,
using the three-dimensional model of the euro area, that higher cap-
ital requirements can carry considerable short-term costs, leading to
a decline of GDP by up to 0.34 percent. Consequently, they argue
that changes in required capital requirements should be implemented
gradually across the euro area.

In terms of one of the main focal points of this paper, we find that
net benefits of up to 3.5 percentage points of additional tier 1 capital
accrue when macrofinancial structural characteristics are taken into
account. This additional capital holds over the range derived from
various modeling parameter assumptions mentioned above. While we
consider the independent and joint impact of a number of structural
macrofinancial characteristics, our results highlight the particularly
important role played by country size, trade and financial open-
ness, and FDI exposure in determining optimal capital buffers for
a given country. Accordingly, countries that are smaller, more open
to trade and financial flows, or have a high dependency on FDI
should maintain slightly higher levels of tier 1 capital to mitigate
the concomitant higher levels of systemic risk within their financial
systems.
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Finally, a key advantage of our analytical approach is that our
results for the optimal capital ratio are readily generalizable to other
countries. In particular, as we use a panel of OECD (Organisa-
tion for Economic Co-operation and Development) countries to esti-
mate the marginal benefits of higher capital for given macrofinancial
characteristics, these estimates provide an international benchmark
which can be used to inform the rightsizing of capital levels across
countries. On the marginal cost side, while our estimates are Irish-
specific, they are consistent with the literature on the impact of
higher capital ratios on steady-state output levels.

Moreover, there are aspects of our empirical approach that can
provide insights for policymakers in other countries in terms of the
strength of the different mechanisms through which capital-based
macroprudential policy is transmitted to the real economy. We also
highlight how using two macroeconomic models that feature detailed
banking sectors, but that are methodologically quite different, can be
used to enhance the overall robustness of the cost estimates. Alter-
natively, given the assumption that the marginal macroeconomic
cost of higher capital is constant, policymakers could also combine
local estimates of these costs with our results for marginal benefits
to derive an optimal capital range for their banking system.

The remainder of the paper is structured as follows. Section 2
outlines our methodology for estimating the macroeconomic costs
and benefits of additional capital. Section 3 presents our benchmark
estimate of optimal capital and then quantifies the role of macro-
financial structural characteristics in shifting this optimal level.
Section 4 addresses the robustness of our results and Section 5
concludes.

2. Estimating the Costs and Benefits of Higher Capital

We adopt and modify the “top-down” optimal capital approach set
out in the existing literature. This methodology determines the mar-
ginal macroeconomic costs and benefits, in GDP terms, that are
associated with additional bank capital. In this framework the mar-
ginal benefit of higher capital relates to the reduction in the proba-
bility of a systemic banking crisis as capital levels increase. The lower
probability of a crisis in turn reduces the potential GDP losses that
arise when systemic banking crises emerge. The marginal costs of
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additional capital relate to the potential for higher capital require-
ments to increase bank lending rates, and consequently to damp
consumption, investment, and aggregate output growth.

Combining the marginal benefit with the marginal cost yields
the net marginal benefit of additional bank capital:

NetMargBen = (ACrisisProbxCrisisCost)—ACapitalCost, (1)

which remains positive up until the point at which the costs asso-
ciated with a given level of capital exceed the benefits. The level of
capital achieved at that point is the estimate of the appropriate level
of capital for a given banking system.

In order to address our main research question—the role of
macrofinancial structural characteristics in determining appropriate
levels of bank capital—we focus primarily on how these factors can
influence the marginal benefit component of Equation (1). Specifi-
cally, we examine how these characteristics can influence the prob-
ability of systemic banking crises and thus their expected cost in
output terms. Our approach to estimating marginal costs employs
structural and semi-structural models of the Irish economy, which
could be considered the prototypical small, open advanced econ-
omy. Accordingly, the key aspects of our modeling framework can
be adapted to examine optimal capital regulation in other small,
open economies.

2.1 Marginal Benefits of Higher Capital

The first step in our analytical approach is to estimate systemic
banking crisis probabilities for each country over time. Following
O’Brien and Wosser (2018), we use a pooled logit model that esti-
mates systemic banking crisis probabilities for 27 OECD countries
Crisis probabilities are determined over a forecasting horizon of up
to two years, conditional on a set of contemporaneous indicators
found in the literature to have robust predictive properties, which
we augment with the level of tier 1 bank capital in each country. The

5The logit model has become the de facto standard in the literature. See
Demirgiic-Kunt and Detragiache (1997), Davis and Karim (2008), Eichler and
Sobariski (2012), and Lo Duca and Peltonen (2013).
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model estimates the following regression specification using biannual
data from 1980 to 2021:

I Pr(CrisisiZ;t)
g Pr(NoCrisisyiZ;)

) =a+ B2y + €. (2)

The dependent variable is a binary variable that takes a value of
one in crisis periods and zero otherwise. To determine crisis and non-
crisis periods in our sample we use data from Lo Duca et al. (2017)
for European countries and Laeven and Valencia (2013) for non-
European countries. Based on the definitions in Laeven and Valencia
(2013) and Lo Duca et al. (2017), systemic banking crises are those
that result in the failure of one or more banks, exhibit some degree
of bank-to-bank contagion, require particular government-backed
support programs for the banking sector, and result in spillovers
from banking system losses to the real economy. In the benchmark
O’Brien and Wosser (2018), vector Zi; comprises eight leading indi-
cator variables: (i) the first-difference of the short-term real inter-
est rate, (ii) the credit-to-GDP ratio, (iii) a house price index and
(iv) its deviation from its long-run trend, (v) losses on equity mar-
kets, (vi) unemployment rate, (vii) a financial conditions index, and
(viii) the extent of household leverage relative to GDP. To this spec-
ification we add the tier 1 capital ratio in the banking system for
each country in our sample. All variables are lagged by one period.
The list of our sample countries is provided in Table 2, while vari-
able definitions, data sources, and summary statistics are shown in
Table 3.

Our data are pooled across all countries, with standard errors
clustered by country. We do not use a fixed-effects model, so that
countries which never experienced a banking crisis may be included
during model estimation. Following this, we add dummy variables
capturing structural characteristics to the model, allowing for the
potential role of macrofinancial structural characteristics to be
identified.

To estimate the marginal effect of higher capital on crisis prob-
ability, we hold the remaining explanatory variables at their sample
median levels to reflect time periods when systemic risk levels are
neither elevated nor subdued. We then estimate crisis probabilities
for each percentage point increment of the tier 1 capital ratio over a
range from 5 to 30 percent. The fitted crisis probabilities across this



April 2026

International Journal of Central Banking

360

(panuguoo)
7O:€10g | €O:1108
(9102) G0d | ¥O:L66T | €DT661 Aresy
X X X X X X X (9102) 90d | ¥D:€10T | £D:800% puepa]
€0:010% | €D:800T
X X X (9102) g0d | ¥O:¢66T | TOT661 AreSunyg
X (9102) g0d | SuosuQ | gd:010% 900015
cO:€108 | €D:L00T
X (910%) 9O | ¥O:€00z | TO:T00T | Auewiop
$0:6002 | ¢O:800C
X X (9T02) GO | TO:8661 | cOTE6T aouRIg
X X X X (9102) 90d | 09661 | £DT1661 puequl{
7O:€102 | 108003
X X X (9T07) GO | TO:G66T | TOLSET Srewrua g
(€102) AT | 708661 | TO:8661 eUIYD
X (£102) AT — — epeue))
FOF66T | TOF66T
(¢102) AT | ¥D:0661 | TO:0661 [1zexg
X X X X X (9102) g0H | SuosuQ | ¥O:L00T wniseg
X X X (9102) 90d | TOWFI0T | $O:LO0T eLIISIY
X (€102) AT — — el[RIISNY
(e102) AT | 706861 | TO6861
(¢102) AT $O086T | TO:0861 | ruUnULSIY
ALxjuno) (*3098 "PHIN) (am) (=HH) uadQ uadQ Axjuno)H 9danog Pud jrels A1junop
‘de 14 sd0 sd0 sd0 apedr, ‘urg [rewg

sIeax SISLID

9IMNJoNJI1§ [RIDUBUYOIIR]A] PUR ‘SOSLI)) ‘SaLIjUNO)) °g d[qeL,




Rightsizing Bank Capital 361

No. 2

Vol. 22

‘[9A9] A13Uunod a9 e pojesoi33e
pue Sraquoolg Aq papraoid ejep 90INO0S 399Ys 9OUR[R( YU JUIA[ISPUN YIIM PIjR[I 9)BISO [BAI I JRYJ S)osse queq jo uoljrodord oYy seanseswr (“HY)
99®)S9 [BAI A( UOTJRIJUSOUOY) *(9SNoyarem ejep [eOIIsIIe)s gOH 29 (ASo[opoyjow UURWYISITH-[JRPUYIDF] U0 Paseq) apod HOVN A( UOI}RIJUSOUOD juswSos
103 IRUW SOINSBIW JUOWIFOS 193 IrW AQ UOIJRIJUSOUOD Nuryg 'AIJUNOD B UI SyUR( [IRIDI 9211) 1s081R] oY) Aq P[oY sjosse walsks Surjuerq [ej03 Jo uorprodoad oyy
S9INSBIW UOIRIJUIDUO0D (A\) Yued PIIOA\ ‘wIsAs Supjueq 9Yj Ul UOIJRIJUSOUOD JO SIINSLIW JUSISHIP 0} SIdJI S, (8T07) A9AIns j00qo10e PIIOA
VID © 03 Surpioode J9 03 JUSUW}SIAUL 10911p UuSI910J JO OIjer oY) seanseawr Aouepuadap [ "ddD O3 2AIje[a1 (PIemino pue plemul) wogsAs Sursueq oYy jo
SWITR[O [RUISYXS JO Or1yel oY) uodn peseq sor1junod jo ueipew toddn ayj seanseow sseuuado [erouURUI] ‘o1l JOO) 0% syroduwr snid sjrodxe seinseswr sseuuado
opei], 'ddd PlIom 03 uolinglijuod s AL13unod e jo ssunjued adeiose ojduwres uo poseq oseqeiep SMH Sulf[Iopun ayj Ul S9LIjUNOD JO URIPOW I9MO] oY} Ojul
[1eJ £9Y3 JI [[eWS sk Pa1eUSISOP 918 SOLIJUNO)) SOLIJUNOD ([-UOU I0] (£T(T) BIOUS[BRA PUR USAdRT JO jeY) U0 pue (LT0Z) '[B 32 BON(] O Ul POjUSWNIOP SB 398
®ejlep SISLID gD 9} UO Paseq oIe S9)ep PUS pue 1Ie)s sisu)) ‘A[oarjdoadsar ‘seseqeiep sosLd (LT0g) '[B 19 ®dIN( O oY) pue (£10g) ©IOUS[eA PUR USASRT oY)
01 19301 (9T02) IDH PUe (£108) AT suorperasiqqe oy, ‘[oued 9y} Ul SOLIJUNOD JO IOqUINU PU® dwWeU oY) JurkJryuspr uorjeuwrtojur sjyussard o[qe) SIyJ, :930N

YO110Z | ¥0:L002

X (€102) AT | PO:886T | TD:8SET | S9IBIS pPojIu()

1O:0T0% | €D:L00T wop3ury]

X X (9102) gDd | 1OF66T | €O T661 pestun

X X X (e102) AT | ¥O:800T | TDO:800T puelIaziimg
700102 | £€0:8002

X X X X (9102) gDd | 24661 | TOT661 uopomg
$OET0T | 106002

X X X (9102) gD | €O:986T | TO:0861 uredg
3uro8uQ | $0:800%

X X X ple (9102) gDA | TO:GR6T | TOER6T [eSnyrog

X X (9102) D | ¥O¥66T | TOT861T pue[oq

X ple (e102) AT | POT66T | TOT66T AemIoN

X X (e102) AT — — pue[eay, moN

X X X X X (9102) g0d | gd:€10z | TO:800T spuelIeyjoN

X X X X X (9102) D™ | ¥O:010z | TO800Z | Smoquexn

(€102) AT | $O:L66T | €D:L661T uedef

AL1uno)H (*3098 "PHIN) (am) [Gcgts) uadQ uadQ Axjyuno) 9danog Pud jrels Aijunop

‘deq 1a4d sdo sdoD sdo opedy, ‘urg [rewg
saeo X SISLID

(penurjuo)) g SIqEL




April 2026

International Journal of Central Banking

362

(panurguoo)

sotreg Ajrodorg AOOHHmm,.@C
SuoT—g8I1g cO: 1205 TO:0861 LT LTL'E Xopuj 90Lld 9snoy | 96'¥9G | 6¢'1¢ | ¢S 10T | GL'GST XopuJ 9oLl osnoy
(84110D)
asnoyarep) eje( $SoI)s [eIOURUY JO Xopuj
[eonsiyelSs—goH gD 1805100003 LT 0GL‘T | Xopul [9Ad[-A1UNO)) | 8°0 00°0 01°0 cr'o £9111qe)g [eoueul g
$O138178Q ddD 0} popuajxd
MPpaId) 18101, —SId £0:8102-1D:0861 LT 6VC'V paId [e30], | £'GSY 76 €979 | 8% '¢CT oney ddD-o3-3paid
091y puei], woij
(8‘y) uojrurey oyey juowrfordwou
addo 2O 1203700861 514 8¢c'€ Suisn pe1ly puel], | €L9 00°0T— vl 90— Jo uonerasq %
129y pusi], WOl Ymoixr)
So13s13R S (8‘%) uoyrurey HPaI) PIOYSSNOH
HMPpaID) [e10L—SId tO: 12031861 LT 08L°C Suisn pe13y puall, | gz 0€ | S¥ 00T €9°¢ 9€0°0 Jo uoneras g %
109y puaiy,
sorrog Kjrodorg (8'%) uojrurey WOIJ XOPUJ 991IJ
SuoT—G8I1g cO 180701861 LT 0gs‘e Suisn pe3jy puell, | 8¢'C 8%°0— IT°0 16°0— 9SNOH JO uoneras %
eje(] [eOLI0)STH 1031enb e Xopuj
oourUl OOURA cO120T-TO:0861 LT 9L9'% | ur A[uo sessol 4z¥S | 00°0 92°0— $0°0 | ¥10°0— | 009 d2¥S A[UQ sossor]
9el w s9)RY 3soIojU]
ando cO:150C-TO:0861 LT 09s‘e ALouowr wg 1@y | €870 T0°0— 8G0°0 | €900 WIS, -}I0Yg [edy
adanog a8eaano0) sarIjuno) | ‘'sqQ uorydiaosoq XeJAl TUTIN ‘a's | uesn suwreN o[qerIep

so19s19e)s Arewrwung

so19s19R)S Arewiung pue uoljdriosa( s[qerIeA '€ S[qRL,




Rightsizing Bank Capital 363

No. 2

Vol. 22

*S9LIIUNOD F-UOU I0] (£T0g) ©IOUS[EA\ PUE USASRT WOIj PU® S9LIIUNOd NF I10] (LT0T ‘1€ 12 eon( o)
oseqelep SISO s gOH OUj WOy udse) ole elep SISLIO jueq oy, ‘sisA[eue 10} o[qe[reae Aouenboiy oyl o1 Surpioooe posde[[oo o1e elep SAG "o[qe[rese A[uo
aIe ®JEp 999YSs dduR[Rq Yur( seaIaym Aouenboij A[1ojrenb je proy st [pued GAH oY, ‘[oued oY) Ul s9[qelIRA O UO UOoljeULIOjuUl Sjussald o[qe) SIYJ, :930N

'sAs 3urjueq
Jo aunsodxo
Sraquoorg GH:0202-TH:0002 IT VL /4 jo ereys| LZVL L8'TC | 8CT'TI 6€°€9 II1 uoIjeIjusduos jyueq
UOT}RIJUIIUOD
S1d CH'020Z-TH:0002 IT 89 Jo xopul THH | €0'88G‘C | IF'G9€ T | €7°00S | T0'8T€‘C | II uolyerjusduo)) yueq
syueq jso81e|
921} Aq prey
sjosse Sunjueq
Aqued PlIOM C¢H*020¢—TH:000C 9¢ 4etard [e303 Jo areys| 00°00T 61°0T c0'0T | L¥V'99 I uonjenjuaduoy) jued
sjosse
PoIyStom-ysiI
Jo uoryrodoad
Sraqurooryg CH:020Z—-TH:000T qT 0S7'T| ‘e se reydes T 1017, ‘1 10 70" TI1°0 oryey reyde) T 1017,
aseqele( oner Jaqo
SAT—AINI TH:TC0C-TH:086T L2 GTT'T 0%} 1A JO 3}P03¥S| T1°16€ 8470 L2°C9 | 8967 Aouspuado 104
dao
Jo o8ejuedtad
e se pIemjino
aseqeje( pue premurt
SAI—AINI TH'TZ0Z-TH:086T L2 8¥¢'C SWITRD [eUId)XH | €€ 99¥ T0°0 LT°LV | 9901 ssouuad( [erdURUL]
dao
Jo o3ejuadiad
aseqele e se sprodwrt snid
SAT—AINI TH:TCO0C-TH:086T LT 918‘¢ syr0dxo jo onyey | 66°€TF it eeve | vIeL ssouwad( opel],
aseqeje(] areys JOo priom
SAI—dANWI| ¢D:120Z-TD:0861 LT 20Ty 0} UOHNqUIUOD | LT TT 44 L0'% 0v'g a1eyg pliop ddD
?oanog a8eiaro) sarIjuNo) | 'sqO uorydiaoseq XeN TUTIN ‘ad's | uesIn awreN a[qerIep

so19s1pe)g Arewrwing

(ponunuo)) ‘g s[qer,




364 International Journal of Central Banking April 2026

Table 4. Crisis Probability and Tier 1 Capital

(1)

Constant 0.489

(3.473)
Real Short-Term Int. Rates —~141.558***

(35.074)
Losses Only S&P 500 —8.352**

(3.960)
House Prices (%d) 0.846

(4.429)
Unemployment (%d) —-0.121

(0.139)
Household Credit Growth (%d) 0.159

(0.136)
Credit-to-GDP Ratio 0.005

(0.005)
Fin. Stability Index -13.821**

(5.483)
House Price Index 0.001

(0.016)
Tier 1 Capital Ratio —54.561***

(9.051)
Observations 1,021
Pseudo R” 0.348
Note: This table shows the effects of including tier 1 capital in the baseline EWS
panel logit model with random effects. The dependent variable is a crisis dummy
variable that takes a value of one in the quarter in which a systemic banking crisis
begins, and is zero otherwise. Variables denoted by (%d) represent the deviation of
the variable from its underlying trend. *** ** and * denote statistical significance
at the 1, 5, and 10 percent levels, respectively.

range allow the marginal contribution of each additional 1 percent-
age point of tier 1 capital to be estimated. Fitted systemic bank-
ing crisis probabilities are determined according to the following
equation:

o eZith
Pr (CT’LS’LSit == :H—ezztﬁ> . (3)

An example of the regression output from one of the underlying
logit models is presented in Table 4. In this model, tier 1 capital
is negative and statistically significant at the 1 percent level, indi-
cating that the given level of tier 1 capital reduces the likelihood
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of a systemic banking crisis emerging in the subsequent two years
when “normal” or median risk conditions prevail. However, there
are diminishing marginal benefits as tier 1 capital increases, which
suggests that there is an optimal level beyond which the costs of
additional capital requirements outweigh the benefits.

This finding that tier 1 capital has a negative and statistically
significant effect on crisis likelihood is robust to alternative model
specifications. Table 5 presents the results of a robustness test for
the inclusion of tier 1 capital in the logit model using the algorithm
outlined in Young and Holsteen (2017). This procedure examines
all possible combinations of the variables in the logit model together
with the tier 1 ratio. In total, 254 models are considered. In all cases,
the coefficient on tier 1 capital is negative and significant. The lower
panel of the table shows the effect that the exclusion of each of the
control variables has on the coefficient on tier 1 capital. For example,
in all models that exclude real short-term interest rates, the coeffi-
cient on tier 1 capital is 5.4 percent larger than its mean value when
all variables are included. Overall, we interpret these results as pro-
viding strong evidence of a systematic negative correlation between
bank capitalization and crisis likelihood.

From Equation (1), there are two components to the calcula-
tion of the marginal benefits of capital comprising the probability
of systemic crises and the expected cost of crises. In our analysis we
use a common measure of the cost of crises derived from the crisis
episodes in our sample. In particular, we estimate costs as the dif-
ference between actual GDP in the five years following the onset of
the crisis and a pre-crisis linear projection of GDP over the same
period, and express this difference as a percentage of the projected
valuesﬁ The results suggest that, on average, crises reduce GDP by
7.17 percent relative to pre-crisis trend. This is in line with prior
studies, as shown in Table 6.

The final elements to consider when estimating the marginal ben-
efit of higher bank capital are (i) the permanence or transience of
the shock to GDP arising from crises, (ii) if the crisis costs are tran-
sitory, how long do they persist, and (iii) the appropriate discount
rate to be used to evaluate the present value of losses.

6 Calculated using an exponentially weighted moving average of the GDP
series up to the quarter where the crisis is deemed to have commenced.
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Table 5. Logit Model Robustness and Tier 1 Capital

Model Robustness: Tier 1 Capital

Dependent Var. Prob. Sys. Crisis
Robust Var. Tier 1 Capital
Control Variables 8
No. Models 254
No. Observations 1,023
Model Robustness Statistics Significance Testing (%)
Mean Coefficient —0.346 Sign Stability 100
Sampling Std. Error 0.113 Significance Rate 100
Modeling Std. Error 0.024 Positive 0
Total Std. Error 0.116 Positive and 0
Significant
Negative 100
Negative and 100
Significant
Model Influence
Marg. Effect of Variable %A from Mean Coeff.
Unemployment (%d) 0.025 7.3
Real Short-Term Rate -0.019 5.4
Credit-to-GDP Ratio -0.016 4.7
House Price Index -0.010 2.9
Losses Only S&P 500 —0.008 2.3
Fin. Stability Index -0.007 2.0
HH Credit Growth (%d) -0.006 1.6
House Prices (%d) 0.001 -0.1
Constant —0.326
R-Squared 0.643

Note: This table presents robustness results related to the inclusion of tier 1 capital
in the benchmark EWS logit model using the Young and Holsteen (2017) algorithm.
The dependent variable is a crisis dummy variable that takes a value of one in the
quarter in which a systemic crisis begins, and is zero otherwise. The remaining vari-
ables are as defined in Table 2. All possible combinations of these variables that
include tier 1 capital are examined (254 models).

If the GDP loss from a systemic banking crisis is permanent, the
present value (PV) of the loss can be calculated using the formula for
a perpetuity, with the PV of the loss (C = 7.17 percent) determined
via the discount factor r according to

PV (Crisisy) = g (4)
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Table 6. Prior Studies of Crises and Output Loss
Long-Run
Peak Loss Impact
Study (% GDP) (% GDP)
Barrell et al. (2010) 6 3
Cecchetti, Kohler, and Upper (2009) 9 —
Cerra and Saxena (2008) 8 7
IMF (2009) 10 10
BCBS (2010) 9 6
Romer and Romer (2015) 4 3
Brooke et al. (2015) 5 4

In contrast, if the costs of crises are assumed to be transitory, then
the duration over which they persist ¢ will also be incorporated in
the computation of losses (again with C = 7.17 percent):

r

PV (Crisisy) = C (““W) . (5)

Overall, our estimate of the marginal benefit of higher bank capital
is the reduction in crisis probability at each level of the tier 1 capital
ratio multiplied by the expected crisis cost as calculated above.

2.2 Marginal Costs of Higher Capital

Imposing additional capital requirements on the banking sector may
raise banks’ funding costs and ultimately lead to higher interest
rates on lending to firms and households. The macroeconomic cost
of higher capital is the lower growth in consumption, investment,
and GDP that results from the increase in interest rates relative to
the scenario in which capital requirements remain unchanged. To
illustrate how such capital shocks are transmitted to the economy
and to quantify their macrofinancial impact, we use two detailed
macroeconomic models of the Irish economy—COSMO and Eire-
Mod.

The transmission mechanism of an increase in capital require-
ments to the real economy is broadly similar in both models.
There are several channels through which banks can raise their risk-
weighted capital ratios: through retained earnings, via deleveraging,
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by shifting the risk profile of their lending portfolios, or by issuing
new equity. Both COSMO and EireMod assume that banks generate
higher capital ratios through raising retained earnings. This assump-
tion is consistent with the “pecking order theory” (see Myers and
Majluf 1984) according to which banks prefer to exhaust internal
funds first due to having to pay a premium on external finance. It is
also consistent with other studies that use macroeconomic models to
assess the costs of higher capital requirements (BCBS 2010) and with
the empirical evidence on the behavior of banks’ capital ratios since
the Global Financial Crisis (Cohen and Scatigna 2016). Deleverag-
ing does occur endogenously in COSMO and EireMod as households
and firms demand less credit in response to higher lending rates.

To quantify the impact of higher capital requirements, we sim-
ulate a scenario in both COSMO and EireMod in which banks are
required to increase their capital ratios by 1 percentage point. Fol-
lowing the literature on optimal levels of capital, our analysis focuses
on the long-run or “steady-state” impact of higher requirements and
abstracts from transition costs

2.3 COSMO

COSMO is a medium-scale estimated semi-structural model of the
Irish economy. At its core it comprises three sectors: a traded sector
that depends on world demand and Ireland’s export prices relative to
competitors; a nontraded sector that is primarily driven by domes-
tic economic conditions; and a government sector that grows in line
with the rest of the economy in the absence of exogenous policy
changes

The model incorporates a wide range of linkages between the
central bank, retail banks, households, and firms. A key feature of
the model is that it includes several borrower- and lender-based
macroprudential instruments. The central bank can set limits on
loan-to-income (LTI) and loan-to-value (LTV) ratios on household

"If banks are required to increase capital ratios relatively quickly, they may
choose to adjust loan volumes rather than interest rates. This may generate
substantial short-run economic costs (Bridges et al. 2014; Aiyar, Calomiris, and
Wieladek 2016).

8See Bergin et al. (2017), Conefrey, O’Reilly, and Walsh (2018), and
MeclInerney (2020) for details on different aspects of COSMO.
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Figure 1. Macrofinancial and Macroprudential
Linkages in COSMO
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Source: Authors’ own schematic representation of the COSMO model.

mortgage borrowing. Given the focus of our study, it can also impose
additional capital requirements or buffers on banks by raising their
target capital ratio. These macroprudential and macrofinancial link-
ages are illustrated in Figure 1, where the transmission paths of
macroprudential and monetary shocks are represented by the solid
arrows.

COSMO assumes a monopolistically competitive banking sector
in which banks set lending rates as a variable spread over deposit
and wholesale funding costs. These lending rates form supply curves
for the respective types of credit in the model: mortgages, consumer
credit, commercial real estate (CRE) lending, and other (non-CRE)
corporate credit. Lending spreads are a function of policy and risk
factors, and it is through the spread that lender-based macropru-
dential instruments operate. When the central bank raises capital
requirements, banks respond by raising lending spreads so as to gen-
erate the necessary increase in retained earnings to meet the new
target capital ratio.

Higher lending rates increase the user cost of capital for firms
and households and reduce the demand for all types of credit. The
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Table 7. Impact of a 1 pp Increase in
Banks’ Capital Ratio in COSMO

Variable Long-Run Impact (%)
Lending Rates (bps) +11

Credit -0.61

Total Investment -0.28
Residential Investment -0.64

CRE Investment -0.51

House Prices -0.42
Consumption -0.06

GDP —-0.05
“Nontraded” Output -0.12

Total Employment —-0.06

Note: Estimates are percent deviations from baseline except for lending rates, which
are basis point deviations.

contraction in credit depresses house prices. This reduces house-
hold consumption through the housing wealth effect and residential
investment due to the fall in the profitability of housing construc-
tion. The combination of higher mortgage rates and lower house
prices pushes up the rate of household mortgage arrears. As lending
to households is now riskier, banks raise lending spreads on loans to
this sector.

Similarly, higher borrowing costs reduce corporate investment
while the fall in CRE prices reduces investment in CRE. The fall in
CRE prices reduces the value of collateral used for corporate borrow-
ing, leading to a fall in both CRE and non-CRE corporate lending.
Lower collateral values also affect firms’ ability to roll over existing
credit lines and obtain working capital. This increases the rate of
corporate insolvency, which—as a driver of the risk component of
the corporate lending rate—further raises firms’ user cost of capital.
The cumulative fall in investment leads to lower capital stocks and
accordingly reduces the productive capacity of each sector in the
economy in the long run.

To assess the macroeconomic cost of higher capital requirements,
we simulate a 1 percentage point increase in banks’ capital ratios in
COSMO. The impact on key variables is reported in Table 7. To
generate the retained earnings necessary to meet the new target for
the capital ratio, banks raise the weighted average lending rate by 11
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basis points (bps) relative to the baseline scenario in which capital
requirements do not changeEI The increase in the cost of borrowing
reduces the demand for credit, with the weighted average stock of
credit falling by 0.6 percent

The increase in lending rates raises the user cost of capital for
both firms and households. In response, total investment falls by
approximately 0.3 percent. CRE and residential investment, which
are more interest rate-sensitive than other types of investment, fall
by 0.5 percent and 0.6 percent, respectively. The increase in the user
cost of housing capital reduces the demand for housing, leading to
a fall in house prices relative to baseline of 0.4 percent. Household
consumption falls by 0.06 percent due to the negative wealth effect
arising from lower house prices.

Overall, the long-run macroeconomic impact of a 1 percentage
point increase in capital requirements in COSMO is to reduce GDP
by 0.05 percent and employment by 0.06 percent. However, the
impact on the more bank-dependent, domestically oriented sectors
of the economy is larger, with the output of the nontraded sector
falling by 0.12 percent relative to the baseline[l]

2.4 FireMod

EireMod is a dynamic stochastic general equilibrium (DSGE) model
of the Irish economy. At its core it comprises two sectors: a tradable-
good sector, which consists of firms producing consumption and
investment goods for the domestic market and a tradable goods sec-
tor producing export goods. The tradable goods sector uses interme-
diate imported goods as input and employs foreign capital as a factor
of production. The core structure of the model has been extended
by Lozej, Onorante, and Rannenberg (2023) to include a realistic

9 The weighted average rise in lending rates comprises an increase of 10, 11,
and 19 bps in corporate, mortgage, and consumer lending rates, respectively.

10 This comprises a fall of 0.5, 0.4, 0.7, and 0.8 percent in the stock of mortgage,
(non-CRE) corporate, CRE, and consumer credit, respectively.

11 The traded, nontraded, and government sectors in COSMO are defined using
the Irish Central Statistics Office’s (CSO) Supply and Use Input-Output tables.
The nontraded sector includes those sectors in which less than 50 percent of total
final uses is exported and those sectors in which less than 50 percent of total final
uses is used as government consumption.
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financial sector, so that credit is intermediated by banks subject to
a minimum capital requirement.

In the model, an implicit government guarantee on deposits
creates an incentive for banks to increase leverage. As discussed
below, this creates a break with the Modigliani-Miller proposition.
As banks face a trade-off between increasing their leverage and incur-
ring regulatory penalties if a shock hits their balance sheet, they
optimally set their capital ratio above the regulatory minimum. All
else equal, a marginal increase in the capital requirement forces the
bank to deleverage, decreasing the bank’s profitability. Monopolis-
tically competitive banks respond to the decline in profitability by
increasing the lending rate. In the long run, the lending rate will
increase enough to keep the return on equity unaltered.

The model features a central role of the banking system in credit
intermediation, by assuming that at each point in time, a constant
share of both productive capital and the housing stock is intermedi-
ated through bank loans. An increase in the lending rate will there-
fore directly affect investment in productive capital and the demand
for housing, which, in turn, affect investment in the construction
sector. In the long run, capital will be lower, limiting production
possibilities in the economy. Overall, the long-run macroeconomic
impact of a 1 percentage point increase in capital requirements in
FireMod is to increase average lending rates by 10 basis points and
to reduce GDP by about 0.04 percent

2.5 The Modigliani-Miller Offset

The Modigliani-Miller theorem (Modigliani and Miller 1958) com-
prises two propositions. The first states that in a perfectly com-
petitive and frictionless economy the value of a firm is independent
of how it is financed, while the second postulates that, given that
the first proposition holds, the cost of equity for a leveraged firm
increases linearly with the debt-to-equity ratio. The implication of
the theorem is that the relative returns on debt and equity adjust
in response to a change in the capital structure so that the weighted
average cost of capital (WACC) remains constant. For example, an

12 A more detailed decomposition of these results is available from the authors.
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Table 8. Estimates of the Modigliani-Miller Offset

Study Sample Offset (%)
Toader (2015) European Banks 42
ECB (2011) International Banks 41-73
Yang and Tsatsaronis (2012) International Banks 10
Junge and Kugler (2013) Swiss Banks 36
Miles, Yang, and Marcheggiano (2013) U.K. Banks 45-90
Brooke et al. (2015) U.K. Banks 53
Kashyap, Stein, and Hanson (2010) U.S. Banks 36-64
Cline (2015) U.S. Banks 45
Clark, Jones, and Malmquist (2018) U.S. Banks 25-100
Barth and Miller (2018) U.S. Banks 0

increase in capital (reduction in leverage) reduces the volatility of
the return on equity and therefore lowers its required return.

However, there are two main distortions that prevent the
Modigliani-Miller theorem from holding empirically in relation to
banks. The first is the tax treatment of debt—banks’ interest pay-
ments on debt can be used to reduce their tax liabilities. The second
relates to the implicit or explicit public guarantees on bank debt,
mainly deposits. This acts as a subsidy to banks that reduces the
cost of debt relative to equity, which does not enjoy such guarantees.

Accordingly, the key question from an empirical perspective is
whether the required return on equity falls as the volatility of the
return falls due to higher capital ratios (or lower leverage). The
most common approach to testing the Modigliani-Miller theorem
uses the Hamada (1972) framework that combines the theorem with
the capital asset pricing model (CAPM). Essentially, this involves
estimating the relationship between a bank’s leverage and its equity
beta[l3 Assuming that the beta of a bank’s debt is zero, this gives
a relationship between the beta (or riskiness) of a bank’s assets and
its leverage (Miles, Yang, and Marcheggiano 2013)

As Table 8 shows, the empirical evidence on the Modigliani-
Miller theorem is mixed. The estimated values for the offset from the

13 A bank’s equity beta measures the covariance between the return on the
bank’s equity and that of the overall market.

14 Assuming a debt beta of zero implies that debt has bank-specific default risk
but no systematic market risk.
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Table 9. Impact of a 1 pp Increase in Banks’ Capital Ratio

Lending Rates GDP Offset
Study Country (bps) (%) (%)
COSMO Ireland 11 -0.05 0
FEireMod Ireland 10 -0.04 0
Mikkelsen and Denmark 10 -0.2 0
Pedersen (2017)
BCBS (2010) OECD 9 to 19 —-0.02 to —0.35 0
Almenberg et al. Sweden 16 —-0.09 0
(2017)
Brooke et al. (2015) UK 5 to 10 —0.01 to —0.05 | 50 to O
Cline (2016) U.S. 6 —-0.08 50
Federal Reserve Bank U.S. 5.7 -0.06 50
of Minneapolis
(2017)
Firestone, Lorenc, U.S. 3.4 t06.9 —0.04 to -0.08 | 50 to 0
and Ranish (2019)

literature range from zero to a full offset, with a median value of close
to 50 percent. There is some evidence that the offset is close to full
for large or too-big-to-fail banks but significantly lower for small- and
medium-sized banks (Clark, Jones, and Malmquist 2018) and some
evidence that it is time-varying (Kashyap, Stein, and Hanson 2010).

Given the considerable heterogeneity in estimates of the offset,
together with the absence of specific estimates for Irish banks, it is
not clear which value for the offset should be applied to the increase
in lending rates. The median estimate for the offset from Table
8 is close to 50 percent. However, in many studies that examine
the macroeconomic impact of higher capital requirements, the rate
at which the increase in lending rate is “offset” by a fall in the
required return on equity is simply assumed. As our baseline, we
assume that the offset is zero, but we consider alternative values
in Section 3.1. Moreover, it is important to note that, as both
COSMO and EireMod are linear models, any value for the offset
can be applied ex post by scaling the fall in output due to higher
capital requirements by that value.

2.6 Comparing Cost Estimates with Other Studies

Table 9 compares the impact of a 1 percentage point increase on
lending rates and GDP in COSMO and EireMod with estimates for
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other countries. Similar to our approach, some of these studies such
as BCBS (2010) and Mikkelsen and Pedersen (2017) use macroeco-
nomic models that include a banking sector to quantify the impact
of higher capital requirements on both lending rates and GDP and
which allow for feedback from the real economy to the banking sec-
tor. The remaining studies broadly adopt a two-step approach. They
first use a basic loan pricing model and information on the relative
cost of debt and equity to calculate how lending spreads may increase
in response to higher capital requirements. They then feed this infor-
mation into either a simple production function as an increase in the
cost of capital (Brooke et al. 2015; Cline 2016) or as an increase in
bond spreads facing nonfinancial firms in a macro model (Almenberg
et al. 2017; Federal Reserve Bank of Minneapolis 2017; Firestone,
Lorenc, and Ranish 2019).

All of the approaches yield broadly similar results to those from
COSMO and EireMod in terms of the long-run increase in lending
spreads and fall in output relative to a baseline. The study by the
Basel Committee on Banking Supervision (BCBS 2010) is perhaps
the most comprehensive, as it covers 13 countries and uses a vari-
ety of models. It finds that a 1 percentage point increase in capital
requirements raises lending rates by between 9 and 19 basis points
and reduces output relative to baseline between 0.02 and 0.35 per-
cent of GDP. However, our results are closest to those of the Bank
of England (Brooke et al. 2015). They find that a similar increase in
capital requirements raises lending rates by between 5 and 10 basis
points and reduces output relative to baseline by between 0.01 and
0.05 percent, depending on the value of the Modigliani-Miller off-
set applied. As the results from COSMO and EireMod assume the
Modigliani-Miller offset is zero, they closely match the upper bound
in Brooke et al. (2015).

The similarity of our cost estimates to those from other stud-
ies reflects a consistency in the approach to modeling these costs
across countries. The models employed by these studies have similar
transmission mechanisms from the shock to capital to the increase
in lending rates and through to the reduction in the interest rate-
sensitive components of aggregate demand. In particular, in the case
of those models that explicitly incorporate a banking sector, the pri-
mary channel through which banks achieve the higher capital target
is by accumulated retained earnings from raising lending rates. In
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this respect, our framework for quantifying the macroeconomic cost
of increasing capital requirements can be readily applied to other
countries.

While our cost estimates are consistent with the literature, there
are two potential caveats to these estimates that should be men-
tioned relating to the use of macroeconomic models of the Irish
economy to generate these estimates. First, the models’ equations
are estimated or calibrated over a sample period that includes
episodes of severe macrofinancial and macrofiscal volatility in the
aftermath of the 2007-08 financial crisis. Isolating and quantify-
ing the economic impact of higher capital requirements is there-
fore complicated by the concurrent shocks to banks’ balance sheets,
financial market liquidity, and sovereign creditworthiness that buf-
feted the real economy and banking system over that period. In
addition, the introduction of comprehensive macroprudential regu-
lations over the last decade in Ireland has significantly changed how
banks respond to real and financial shocks. These factors can there-
fore complicate the identification of capital shocks when using Irish
data.

Second, the outsized presence of multinational enterprises
(MNESs) in the Irish economy distorts the relationship between con-
ventionally used measures of aggregate output, such as GDP, and
macroeconomic conditions in the domestic economy. The activities
of MNEs in Ireland are outward-focused and have limited spillovers
to the local economy. Moreover, as they are not typically dependent
on domestic banks for financing, investment by MNEs in their Irish
operations is generally insensitive to any increase in retail lending
rates arising from higher capital requirements for Irish banks (Desai,
Foley, and Hines 2004; Lawless, O’Connell, and O’Toole 2014). These
factors result in a relatively low (semi-) elasticity of aggregate output
(GDP) with respect to interest rates in the macroeconomic models
we use, and explain why our estimates of the macroeconomic impact
of capital shocks are at the lower bound of the literature. However,
our analysis does also highlight how when we focus on the impact
of shocks to bank capital on the output of domestically focused sec-
tors, our results are close to the mean found in the literature. These
additional results can therefore provide useful information for inter-
preting our estimates relative to those found in studies of similar
sized economies.
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Figure 2. Benchmark Rightsized Tier 1 Capital Ratio
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Note: The figure plots the marginal benefits of additional tier 1 capital when
systemic banking crises have temporary (MB-Temporary) or permanent (MB-
Permanent) effects, and the marginal costs of additional capital as simulated
by a DSGE (MC-EireMod) and semi-structural (MC-COSMO) model. The mar-
ginal benefits relate to a risk environment in which EWS variables are at their
median.

3. Rightsizing Tier 1 Capital Ratios

3.1 Benchmark Model

Using the estimates discussed above, we plot the resulting marginal
benefit and marginal cost curves consistent with given levels of tier
1 capital in Figure 2. We show the marginal benefits curves for the
cases in which systemic crises are assumed to have either permanent
or temporary effects. In the latter scenario, the economic impact of
a crisis is assumed to dissipate after five years. The slope of these
curves capture the extent to which the marginal gain in terms of
lower crisis likelihood from additional capital diminishes as the tier
1 capital ratio increases. The point at which the marginal cost and
benefit curves intersect corresponds to the level of capital beyond
which net benefits of higher capital become negative, and thus this
level can be interpreted as the “optimal” or “rightsized” level for
the economy.

Figure 2 clearly illustrates how assumptions regarding the nature
of economic scarring effects from financial crises can significantly



378 International Journal of Central Banking April 2026

influence the optimal capital ratio. If the policymaker assumes that
crises have a transitory effect on the economy only, the appropri-
ate level of capital for an economy is approximately 14 percent. In
contrast, if these effects are assumed to be permanent, the appro-
priate level of capital rises to 16 percent. From a macroprudential
and risk management perspective, policymakers would likely adopt
a conservative approach to the calibration of capital buffers and thus
we adopt the latter as our “benchmark” model of optimal capital.
This represents the baseline case against which alternative parame-
terizations of the marginal benefit and marginal cost curves can be
compared. This benchmark model includes all eight early warning
system (EWS) variables, set to their median values, and the tier 1
capital ratio. It assumes that crises reduce GDP by 7.17 percent rel-
ative to the pre-crisis trend and these output losses are discounted
using a discount rate of 3 percent. Finally, it assumes that banks’
weighted average cost of capital rises in proportion to the increase
in capital so that the Modigliani-Miller offset is zero.

To highlight how the appropriate tier 1 capital ratio varies
according to particular calibrations of the model, we consider alter-
native values for each of the key input parameters. A summary of
alternative model calibrations is presented in panel A of Table 12.
For example, assuming crises negatively affect GDP growth over a
10-year horizon results in an optimal tier 1 capital ratio of 13.5
percent (Scenario 2). Table 12 also shows the impact that different
values of the Modigliani-Miller offset has on the optimal level. Set-
ting the offset to a value of 50 percent, as some studies have assumed,
results in a 1 percentage point increase in the appropriate capital
level (Scenario 5). While the relatively small incremental increase
in optimal capital that results from a halving of the macroeconomic
costs of capital may seem surprising, it is important to note that
the slope of the marginal benefit at that point mainly determines
this change. As discussed above, the change in the slope of the mar-
ginal benefit curve is primarily a function of how the probability
of experiencing a systemic crisis falls as the tier 1 capital ratio of
the banking system increases. Thus, if the marginal benefit curve is
relatively steep at the benchmark, this indicates that small changes
in capital levels have a relatively large effect on mitigating the like-
lihood of lost output, or the expected output loss, due to a crisis.
Accordingly, a given change in the marginal cost of higher capital will
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result in a smaller increase in optimal capital than if the marginal
benefit curve were flatter.

Overall, this sensitivity analysis suggests that, based on plausi-
ble alternative parameterizations of the marginal cost and marginal
benefit curves, optimal tier 1 capital levels can range between 12.5
and 19 percent, with our benchmark or baseline calibration indicat-
ing a level of 16 percent. Having established this benchmark estimate
for an appropriate tier 1 capital ratio for advanced economies, we
now focus on the role that macrofinancial structural characteristics
may play in influencing that ratio.

3.2 The Role of Macrofinancial Characteristics

Our choice of structural characteristics is informed by O’Brien and
Wosser (2022), who find that economic size, the extent of trade and
financial openness, the dependency on inward foreign direct invest-
ment (FDI), and the degree of market and sectoral exposure con-
centration in the banking system are important structural factors
determining systemic risk. We now employ the same set of variables
in our framework to assess how they affect the optimal or rightsized
level of capital for the economy. The definitions of these variables,
along with data sources and summary statistics, are reported in
Table 3.

We first consider the role played by macrofinancial structural
variables in amplifying or mitigating financial crisis likelihood. To
classify an economy as having a particular macrofinancial structure,
we construct dummy variables that indicate whether the economy
is the top or bottom tertile of the cross-country distribution of the
variable. For example, a country is categorized as being “small” if
its contribution to global GDP is in the bottom tertile of countries
in our sample. In the case of trade openness, we classify a country
as being “trade open” if its ratio of exports and imports to GDP is
in the top tertile across countries. In terms of financial openness, we
focus on a de facto measure of financial globalization as captured by
the ratio of inward and outward external claims to the total assets
of the country’s banking system. A country is thus defined as being
“financially open” if this ratio is in the top tertile in our sample.

We measure bank concentration using three variants: (i) a market
exposures concentration index (based on a Herfindahl-Hirschmann
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Index (HHI) of market-sector exposures), (ii) the share of total bank-
ing system assets held by the three largest banks in a country, and
(iii) the extent to which a banking system has exposures to real
estate in particular. Our final structural variable measures the extent
to which the country may be FDI dependent as indicated by the ratio
of the stock of FDI to GDP.

The results of including these macrofinancial variables in our
benchmark model with tier 1 capital are presented in columns 1—
7 in Table 10, with the results relating to the structural dummy
variables shown in the bottom panel. We find that only the small
(at the 10 percent level) trade and financial openness variables have
an independent effect on crisis likelihood for a given level of tier
1 capital. While not shown here, it is worth noting that the FDI
dependency variable and two of the banking concentration meas-
ures are statistically significant if the capital variable is excluded
or if these variables are included in continuous rather than discrete
(dummy variable) form[13 Thus, these variables may be systemati-
cally associated with higher probabilities of crises, but either these
risks are offset by higher levels of capital or the direct relationship
is essentially linear.

We now examine the interactions between the dummy variables
given that countries in our sample may exhibit multiple macrofinan-
cial structural characteristics concurrently. For example, countries
may be small and highly open to trade, or they may be finan-
cially open and also have concentrated banking systems. To assess
how combinations of different characteristics may amplify or mit-
igate the effect of each characteristic on systemic risk, we include
the interaction of different combinations of macrofinancial variables
in the benchmark logit model. The results of these regressions are
reported in columns 8-10 in Table 10, where only statistically signif-
icant interactions are reported for expository reasons. We find that
being a small country tends to amplify the impact of other macrofi-
nancial characteristics on systemic risk. In particular, systemic risk
tends to be higher in countries that are both small and also open to
trade, financially open, and dependent on FDI.

15 These results are available on request from the authors.
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The marginal effects of these macrofinancial characteristics
on the probability of experiencing a systemic financial crisis are
presented in Table 11. We find that, conditional on the early warning
indicators in the benchmark model, the marginal effect of being a
small country is statistically significant (at the 10 percent level) and
increases the probability of experiencing a crisis by 0.7 percentage
points. Countries that are classified as “trade open” or “financially
open” are over 1 percentage point more likely to experience crises.
Focusing on the statistically significant interaction terms, crisis prob-
abilities are 1.2 percentage points higher in countries that are both
small and trade open, and 1.1 percentage points higher in coun-
tries that are both small and financially open. Finally, we find that
the marginal effect of being small and FDI dependent has a similar
impact on crisis likelihood (1.1 percentage point increase) as being
small and either trade or financially open.

To quantify how optimal capital varies in countries with these
types of macrofinancial structure, we first compute the marginal
benefits of additional tier 1 capital incorporating the impact of these
macrofinancial characteristics on the likelihood of financial crises.
Figure 3 illustrates how the optimal level of capital changes for
countries that are small and those that are trade open when crises
are assumed to have either permanent or temporary effects on out-
put. The marginal benefit curves from the benchmark models that
exclude structural characteristics are shown for comparison. The top
panel of Figure 3 shows that for small countries, the optimal level
of capital increases by 1 percentage point relative to the benchmark
in both scenarios for crisis-related output losses. The bottom panel
of Figure 3 shows the impact of being “trade open” on the optimal
level of capital. While small countries are typically also those that
are most open to trade, we find that the impact of the latter on the
appropriate level of capital is 50 basis points higher than the former
in our baseline case that assumes that crises have permanent effects
on output. However, in the case that the effects of financial crises
are transitory, the small country and trade open characteristics have
a similar impact on optimal levels of capital

16 Tt is important to note that the relative scale of the marginal effects associ-
ated with structural variables, vis-a-vis each other, does not necessarily translate
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Figure 3. Impact of Structural Characteristics on
Rightsized Capital Ratios
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Note: Impact of the “small country” and “trade open” characteristics on opti-
mal capital ratios when systemic crises are assumed to have either permanent or
temporary effects. The marginal benefit curves for all countries are plotted for
comparison.

The loadings on the benchmark capital ratio that are attribut-
able to each of the other macrofinancial characteristics are shown in
panel B of Table 12. To keep the presentation tractable, we focus on
the case where financial crises have permanent effects on output. For
completeness, we also include the loadings based on individual char-
acteristics, including those for FDI dependency and banking con-
centrations. As these coefficients are not statistically significant, any
inference based on their values is subject to the associated caveats.

into a similar scale of optimal capital adjustments. The inclusion of various struc-
tural variables in regressions is associated with variation in the coefficients of the
other EWS variables, depending upon which structural variable (or combination
thereof) is included. Thus the trajectory of the marginal benefit curve, and its
intersection point with the marginal cost curve, is altered, depending upon the
structural variable involved. Whereas the optimal capital point is influenced by
the marginal effect of the structural variable upon crisis probability, fitted values
for the latter are also affected by the variation in the other coefficients.
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However, the point estimates may be indicative of the magnitude of
capital loadings that could be appropriate in countries that exhibit
these characteristics. In these cases, the additional capital that is
appropriate given higher levels of systemic risk ranges from 1 per-
centage point in countries with banking systems that are highly con-
centrated in either the share of assets held by the largest three or
in their exposure to the real estate sector, to 2 percentage points in
countries that are FDI dependent.

Table 12 shows that the largest increase in optimal capital rela-
tive to the benchmark comes from being both small and dependent
on FDI, with an additional 3.5 percentage points of tier 1 capital
required to mitigate the systemic risks associated with these char-
acteristics. In countries that are small and open to trade, or small
and financially open, additional capital of approximately 1.25 to 1.5
percentage points above the benchmark level may be appropriate.
To our knowledge, these are the first estimates of how macrofinan-
cial characteristics can independently or jointly raise the level of tier
1 capital that is optimal for a country’s banking system.

In summary, the results in Table 12 show that estimates of appro-
priate levels of the tier 1 capital ratio in the banking system of
advanced economies when cyclical systemic risk is at its median
level can, depending on the particular calibration, range from 12.5
to 19 percent with a benchmark estimate of 16 percent. However,
when various structural macrofinancial characteristics are consid-
ered, that range and benchmark could be up to 3.5 percentage points
higher. From a financial stability perspective, therefore, our analy-
sis suggests that it may be prudent for macroprudential authorities
in countries that aim to incorporate systemic risk factors in their
calibration of required capital buffers to also consider the structural
macrofinancial dimension to these risks.

3.3  Capital Ratios, Risk Weights, and Cyclical Risks

While our framework is primarily designed to assess appropriate
capital ratios in the steady state, policymakers would also likely
require an analytical assessment of how rightsized levels of capital
vary due to risk weights and to cyclical risks. In terms of the for-
mer, we can derive the implicit average risk weights applied to bank
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Figure 4. Impact of Risk-Weighted Assets
on Structural Capital Delta
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Note: The figure plots the marginal benefits of additional tier 1 capital for all
countries, for small countries, and for small countries incorporating risk weights.
The marginal benefit curves assume that systemic banking crises have permanent
effects on output.

assets by country and over timell] This allows us to examine the
capital implications implied by higher risk weights, in addition to
the capital implications of different structural macrofinancial char-
acteristics considered above. For exposition purposes, we focus only
on the “small” structural characteristic in the case that crises have
permanent effects on output. Figure 4 illustrates how the incorpo-
ration of risk weights changes both the slope and position of the
marginal benefit curve. Importantly, it shows that, although higher
risk weights reduce the structure-related capital gap, they do not
eliminate it.

In terms of cyclical risks, our analysis has focused on appropri-
ate levels of capital when risks are held at median levels. To address
the issue of how rightsized capital ratios change when risks are ele-
vated, we evaluate the marginal benefits of additional capital when
each leading crisis indicator is at a “stressed” level. Note that as
the macroeconomic models we use to estimate the marginal costs of

17 For example, where tier 1 capital to total assets are reported alongside tier
1 capital to risk-weighted asset ratios such as in BCBS (2010), the risk-weighted
assets and the average risk weights may be determined. See also footnote 1.
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Figure 5. Rightsized Capital in
an Elevated Risk Environment
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0.00%

Note: The figure plots the marginal benefits of additional tier 1 capital when
EWS variables are at their 75th percentile for cases in which banking crises have
temporary (MB-Temporary) and permanent (MB-Permanent) effects. The mar-
ginal costs of additional capital are simulated using a DSGE (MC-EireMod) and
semi-structural (MC-COSMO) model and relate to average macroeconomic costs
over the cycle.

additional capital are linear, these costs do not vary over the cycle.
To keep the discussion concise, we focus on the benchmark capital
models and thus abstract from the impact of macrofinancial struc-
ture. Figure 5 illustrates how the rightsized level of capital changes
when all early warning indicators reflect a stressed value represented
by the 75th percentile. We find that the rightsized levels increase
by approximately 2 percentage points to 18 percent when systemic
crises have permanently harmful effects, and by 1 percentage point
to circa 14.5 when crises are assumed to have temporary effects on
output. With the caveat that our framework is more suitable for
assessing long-run capital requirements, these results suggest that
accounting for an elevated risk environment can materially affect
the calibration of appropriate macroprudential buffers.

4. Robustness Checks

We assess the robustness of our results across several dimensions. To
ensure that our results are not driven by a single crisis episode or
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country, we drop each crisis observation sequentially and reestimate
the logistic model. These changes in the composition of our sample
do not affect our results. We also estimate the model over different
time periods and similarly find that our primary findings are broadly
unchanged.

More fundamentally, we adjust the classification scheme for defin-
ing dummy variable according to each macrofinancial structural
characteristic. Instead of assigning a particular characteristic to a
country depending on whether they are above or below the top or
bottom tertile value of the macrofinancial variable, we consider dif-
ferent thresholds such as quartiles and quintiles. We do find that
some results are sensitive to these changes. The reclassification
mainly affects bank concentration indicators with the coefficients on
the HHI and market-sector exposure variables changing sign when
the thresholds change.

As O’Brien and Wosser (2022) show however, when these struc-
tural characteristics are included in the estimation in continuous
instead of discrete form, they are shown to be positively and sig-
nificantly correlated with higher crisis likelihood. Moreover, when
the dummy variables are more narrowly defined based on quartiles
or quintiles, it becomes more difficult to distinguish between coun-
try cohorts sharing multiple characteristics, and thus the underlying
structural characteristic become more difficult to identify. Accord-
ingly, we argue that, while a more granular classification would
be preferable a priori, our approach based on classifying coun-
tries according to whether they are above or below the top or
bottom tertile of a particular variable is apposite given the rel-
atively small number of country-financial crisis episodes that is
available.

5. Conclusions

The analysis in this paper suggests that when the prevailing sys-
temic risk environment is neither elevated nor subdued, the appro-
priate tier 1 capital range for the banking systems of advanced
economies can plausibly lie in a range between 12.5 and 19 per-
cent, with our benchmark specification indicating an optimal value
of approximately 16 percent.
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Additionally, we show that a country’s macrofinancial structural
characteristics can materially influence the appropriate level of cap-
ital by an additional 3.5 percentage points. The characteristics we
find to be most important in determining steady-state capital ratios
include whether a country is “small” in terms of its contribution to
global GDP, the extent to which it is “open” to trade and capital
flows, and the degree to which it is FDI dependent.

The range we identify is relatively broad but is consistent with
prior literature, especially with those studies that use panel data
similar to that used here. Our results, particularly in terms of the
marginal benefits of higher capital for given macrofinancial char-
acteristics, could therefore help inform the calibration of optimal
capital ratios across different banking systems. Further, the analyti-
cal framework we outline in this paper is sufficiently flexible to allow
policymakers to derive a country-specific range for appropriate levels
of bank capital by combining local estimates of the marginal macro-
economic costs of higher capital requirements, which are assumed to
be constant, with our results for the marginal benefits (which are
nonlinear).

To further narrow the optimal capital range, additional analysis
is warranted. On a country-by-country basis, a bottom-up approach
toward “rightsizing” banking system capital should also be consid-
ered given that prior research has shown that the results achieved
in top-down studies, such as we have adopted, can yield results
indicating a higher capital range than suggested by a bottom-
up approach. However, our results do point to the relevant addi-
tional capital that macroprudential policymakers could consider
when framing an approach to capital buffers in small open advanced
economies.

While our finding that the assessment of appropriate levels
of capital should incorporate structure-related factors is novel, it
should be noted that these recommendations relate to a “long-run”
perspective and refer specifically to normal or median systemic risk
levels. In particular, the transitional costs associated with shifting to
higher levels of capital could be relatively large depending on how the
introduction of additional capital requirements is sequenced. When
making specific policy decisions regarding the calibration of these
ratios, macroprudential authorities would also need to evaluate the
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impact of prevailing economic and systemic risk conditions, as well
as any associated transition costs to the steady state (or normal
times), on their rightsized level.
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