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1 INTRODUCTION 

In the aftermath of the global financial crisis 2008 - 2009, Basel Committee on 
Bank Supervision issued the Basel III framework as a response to the crisis. The 
purpose of the framework is to address a number of weaknesses in the pre-crisis 
regulatory framework and strengthen supervision and risk management of 
banks. Reform in level and quality of bank capital is one of the key issues of this 
framework, among other elements of leverage ratio, liquidity requirements and 
market discipline (disclosures). Minimum ratios and standard of capital are 
raised significantly from the old framework (Basel II) which was issued in 2004. 
In addition, a macroprudential overlay which includes capital buffers is added 
and applied for global systematically important banks (G-SIBs). The higher cap-
ital requirements are obviously beneficial for banking sector and the economy in 
long-term because they help banks in terms of robustness, ability to absorb un-
expected severe losses and withstand in economic downturns, thus enhance the 
stability of the financial system. On the other hand, these requirements lead to 
higher cost of capital, which impacts lending activity of banks and consequently 
impacts real activity of the economy. If the changes are significant and potentially 
affect the business performance, banks need to make adjustments in their balance 
sheet and business model. It is believed that their responses are different in crisis 
time and non-crisis time, and different among markets because how they react to 
the changes should depend on their specific characteristics (such as size, risk at-
titude, financial position, etc.) and macroeconomic conditions of the economy in 
which they operate.  

A large number of studies find different empirical results on the effects of 
high capital ratios. Furlong (1989) suggests that the Basel capital requirement re-
duces incentives for bank to increase risky asset portfolios, while Kim (1988) con-
cludes that it is not effective to limit insolvency risk of banks. U-shaped relation-
ship is found by Calem (1999). In terms of lending supply, improvement in capi-
tal ratio supports lending growth according to Hancock and Wilcox (1994), Gam-
bacorta (2004), Berrospide (2010), Francis (2011), Brei (2013). Contradicting evi-
dence is found by Noss (2016), De-Ramon (2016) and Haldane et al (2017). Find-
ings about impact of capital requirements on lending rate are mixed among in-
vestigations done by Slovik (2011), Cosimano (2011), Cecchetti (2014) and Šúto-
rová (2013). 

The previous research focuses on some major markets like US and Euro-
pean areas. Except for the case of Japanese banks, Asian banks in general are less 
examined as a separate group but usually included in all-bank sample together 
with banks in other regions. In addition, sample period in published articles had 
been until 2010 at the latest. Therefore, focus of this study is to analyze the rela-
tionship between the capital ratios and the traditional lending activity of banks 
in US, European and Asian markets separately over the period from 1995 to 2016 
which covers the most recent pre-crisis, crisis and post-crisis time. It also observes 
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the impact on income structure which is, to my knowledge, less examined in pre-
vious studies. In specific, the study seeks to answer the following questions: 1) 
how the banks change their capital ratio before and after global financial crisis 
2008 – 2009 in relative to regulatory capital requirements, 2) how the changes 
affect loan growth and loan loss provisions, 3) do the banks tend to shift to fee-
based services when facing the adverse impact on lending activity, and 4) what 
are the differences in the responses between large banks and small banks, and 
among the three markets. 

The report is structured as follows: section 2 summarizes background of 
the issue including the changes of regulatory framework over time and the ex-
pected effects, and literature review. Section 3 describes data and analysis 
method used in this study. Empirical results are presented in section 4. Section 5 
concludes.  
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2 BACKGROUND AND LITERATURE REVIEW 

2.1 Background 

2.1.1    Capital requirement changes under Basel framework 

Basel regulatory framework is a set of international banking regulations devel-
oped by the Basel Committee on Bank Supervision, aiming to strengthen regula-
tion, supervision and practices of banks worldwide, and enhance financial stabil-
ity. The very first framework, Basel I, was published in 1988 with the goal of min-
imizing credit risk. Bank assets are classified into five groups carrying different 
risk weights (0%, 10%, 20%, 50% and 100%) based on the nature of the debtors. 
For example, cash, central bank and government debts are categorized as 0% risk, 
residential mortgages are placed in 50% risk category, and private sector debts 
are placed in 100% risk category. International banks are required to maintain a 
minimum capital at 8% of risk weighted assets (RWA). 

In 2004, the revised framework, Basel II, was issued based on three pillars: 
minimum capital requirements, supervisory review and market discipline. The 
capital requirements still played the most important role. Although the minimum 
required capital ratio at 8% of RWA remained unchanged, there was a greater 
use of credit risk assessment in calculating RWA and regulatory capital in Basel 
II. Assets were assigned risk weights not only simply by asset category but also 
by their credit rating. Those with higher credit rating would carry lower risk 
weight and vice versa. Banks were allowed to use internal ratings-based ap-
proach (IRBA), i.e. using their own risk management system to measure credit 
risk of their portfolios. These banks, however, had to meet certain conditions and 
disclosure requirements, and obtain approval from their national authorities be-
fore adopting the IRBA approach. Other banks were required to adopt standard-
ized approach, using ratings from external credit rating agencies such as Stand-
ard & Poor’s, Moddy’s and Fitch to quantify their regulatory capital. 

Following the global financial crisis 2008 – 2009, it is realized that low 
amount and quality of capital in banking sector is one of the main reasons making 
the crisis became so severe, among other causes such as excessive leverage, li-
quidity mismatches, inadequate disclosure and performance measurement. Thus, 
Basel III was published in December 2010 to address the capital related problems 
arising during the crisis. It imposes higher standards on bank capital and intro-
duces new elements to monitor leverage and liquidity (the new elements, how-
ever, are not in scope of this master’s thesis). Table 1 below provides summary 
of changes in capital adequacy ratios in Basel framework. 
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Table 1. Strengthened capital framework from Basel I to Basel III 

 
 

 
Under the new framework (Basel III), total regulatory capital ratio is raised 

from 8% to 10.5%. Requirements of high quality capital increase more signifi-
cantly. Common equity to RWA ratio is raised from 2% to 4.5% effective on 1st 
January 2015 and fully effective at 7% on 1st January 2019. Tier 1 to RWA ratio is 
raised from 4% to 6% and to 8.5% effective on 1st January 2015 and 1st January 
2019 respectively. In addition, the new capital buffers are introduced in Basel III. 
Counter-cyclical buffer up to 2.5% and additional loss absorbing capacity for sig-
nificant important financial institutions (SIFIs) from 1% to 3.5% are to be imple-
mented by the national supervisor when there is excessive credit growth in the 
economy. Besides the increase in the capital adequacy ratio, stricter definition of 
capital under Basel III narrows down the scope of items that qualify as common 
equity and Tier 1 capital. For example, goodwill, minority interest, deferred tax 
assets, bank investments in own shares and in other banks, financial institutions 
and insurance companies are no longer included in common equity. Innovative 
instruments to generate Tier 1 capital are subject to more stringent conditions 
under new standards. As a result, different types of hybrid capital instruments 
that used to be eligible as Tier 1 capital under the old framework are now not 
qualified. These changes put more pressure on banks in raising capital to meet 
the new requirements. In addition, counter-cyclical buffer (CCyB) and additional 
loss-absorbing capacity for SIFIs are introduced, taking into account macroenvi-
ronment in which banks operate. When there is an excessive credit growth in the 
economy, the national supervisor would implement the CCyB to protect banking 
sector from the overheat of credit growth, which is often associated with the 
build-up of system risk. SIFIs are institutions those have significant influence on 
banking sector, and their collapse could trigger a financial crisis. Therefore, an 
extra capital - additional loss-absorbing capacity - is required on these institu-
tions to enhance their ability to suffer huge losses if any and continue to operate 
without threatening financial market stability. 
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2.1.2    Expected effects of higher capital requirements 

2.1.2.1   Benefits and costs of higher capital requirements 

In theory, higher capital requirements obviously bring certain benefits to banking 
sector and subsequently to the whole economy. Well-capitalized banks are able 
to absorb losses and withstand shocks better than poorly-capitalized banks. In 
the events of crisis, these banks are less likely to fail or require much support 
from government or taxpayers. Thus, strong bank capital would help to reduce 
the likelihood and severity of crises and contribute to stability of financial mar-
kets. Some empirical studies find evidence supporting this theoretical prediction, 
such as Berger (2013) on US banks over 25 years from 1984 to 2010, and Vazquez 
(2015) on 11,000 US and European banks over the period 2001 – 1009.  

At bank level, a healthy balance sheet structure with high capital ratio is 
believed to support lending growth because well-capitalized banks are in better 
position to accept loan requests compared to less-capitalized banks, especially in 
periods of economic downturn. In the event of failure, capital is the amount at 
risk for shareholders; therefore, banks tend to be more prudent in taking exces-
sive risky portfolios if their capital is high relative to their liabilities. For this rea-
son, capital also plays a preventive role in risk management. Another decisive 
condition of the effectiveness of bank capital in dealing with shocks is its quality. 
High quality capital is the component of capital that banks can use to absorb un-
expected losses while continuing their critical functions. Its importance is clearly 
seen in the lesson from the financial crisis 2008 - 2009, where low amount and 
quality of bank capital is one of the main reasons of the collapse of banking sector. 
Thus, it is justified that a regulation aiming to higher capital standards is neces-
sary. This helps to ensure that banks have sufficient solid capital to cope with 
situations of stress. Basel III has taken this issue as one of the key changes in its 
reform by requiring a much larger proportion of common equity and Tier 1 cap-
ital.  

On the other hand, there are concerns about the potential macroeconomic 
costs of the new standard. In order to meet the higher capital ratios, banks may 
either widen lending spreads to compensate for the increase of cost of capital or 
reduce loan volume. As a result, credit growth would be slowed down, affecting 
negatively real economic activity. It is noted that the basis of this concern con-
trasts to the Modigliani-Miller theorem, which states that under the assumption 
of efficient markets (no taxes, no transaction costs, no bankruptcy costs and sym-
metric information), market value of an entity is independent of its capital struc-
ture but determined by its future growth prospect and the riskiness of its under-
lying assets. The theorem argues that an increase in equity proportion lowers the 
riskiness for the entity, hence preserves the entity’s WACC. In practice, however, 
not all the assumptions hold. Therefore, the concern of a rise in cost of capital is 
worth of concern.  

It is important to recognize that there are also costs to individual banks to 
comply with the capital regulation, both in transition period (when banks adjust 
their capital) and in steady state (after the adjustment is completed). If banks 
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choose new equity issuance, costs related to raising equity from external sources 
(underwriting fees, professional fees, marketing fees) are not negligible. Alterna-
tively, banks may increase their capital using retained earnings to minimize the 
transition costs. Time constraint, however, is the issue of this strategy if banks 
need to raise capital level rapidly due market pressure. Post capital adjustment, 
banks incur costs associated with higher equity, for example, loss of tax shield 
advantage which they would otherwise benefit if having more debt in their fund-
ing mix. If banks choose asset reduction strategy, they may have to give up op-
portunities to grow their business and profitability.  
 

2.1.2.2   Other effects of the new capital regulation 

Apart from the effects on macroeconomic performance and bank balance sheet 
management as mentioned above, the change in capital requirements also causes 
considerable adjustments of business model and business strategy in banking 
sector. Exiting operation in geographical areas and/or lines of businesses is one 
of the strategies that banks, especially international banks, may adopt in the new 
situation because they need to rise margins but may not afford to do so in all 
areas. Banks are likely to review their portfolio and withdraw from business seg-
ments where return on capital is low, e.g. long-term infrastructure, industrial 
projects or public services. Similarly, with customer portfolio, banks may system-
atically review and focus only on high value or low default customers. This prac-
tice may go along with tightening lending standard to limit credit volume and 
improve loan quality. Banks may also adjust their business strategy to maintain 
profitability by shifting from traditional lending activity to fee-based services 
(such as underwriting, guarantee, advisory, account services, etc.), leading to a 
change in banks’ s income structure. The purpose is to increase non-interest in-
come in the face of declining net interest income resulted from higher cost of cap-
ital and lower credit volume. A positive impact of this move is improvement and 
innovation on non-fund services in banking sector.  

Higher cost of capital induces banks to review their internal processes to 
improve capital efficiency. For example, unnecessarily high buffers for loan loss 
provisions can be avoided with high data quality and flawless assessment pro-
cess, or with improvements in management information reporting system to help 
effective cost control.  

Overall, the regulatory change does have a positive impact in terms of ef-
fectiveness and efficiency of bank operation in long-run. The challenge posed to 
banks, however, is also considerable, and it seems unlikely for banking industry 
in short-run to achieve the profitability level of the pre-Basel III time.  
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2.2 Literature review 

This section reviews theoretical and empirical literature and summarizes ap-
proaches used in previous studies surrounding the relationship between capital 
requirements and balance sheet management. 

 

2.2.1    Bank behavior towards capital-based regulations before the Basel III 
reforms 

2.2.1.1   Capital regulations and bank’s choices of risky asset portfolio 

In the academic literature, studies about the impact of capital regulation on risk-
taking behavior of banks present different opinions about this issue among eco-
nomic theorists. Some view capital as a tool to mitigate the moral hazard created 
by deposit insurance. For example, Furlong (1989) finds that higher capital re-
quirements, theoretically, reduce marginal gains from increasing asset risk - one 
of the ways banks use to maximize the value of deposit insurance option, hence 
reduce the incentives for banks to do so. In contrast, other studies find that the 
effectiveness of higher capital ratios in risk control is ambiguous. A negative ef-
fect can be expected when higher capital requirements are imposed (Koehn, 1980), 
or simple high capital ratios in regulation is not effective to limit the insolvency 
risk of banks (Kim, 1988).  

The above studies, however, are conducted on a static basis where bank’s 
ex-ante capital position is fixed and only a marginal effect of an increase in capital 
on bank portfolio choice is considered, so the link between capital position and 
portfolio choice is not examined (Calem, 1999). Calem (1999), therefore, analyses 
the effects of capital-based regulations on banks with different capital positions. 
In particular, the paper assesses risk taking behavior of well-capitalized banks 
and undercapitalized banks. Data used in the study consists of year-end data 
from 1984 to 1993 of all US commercial banks having at least $300 million in as-
sets and equity-to-asset ratio at least at 6% as of year-end 1984. First, Calem (1999) 
builds a basic model in which banks are allowed to choose their portfolio com-
position only (not portfolio size), so bank size is fixed accordingly. Bank portfo-
lios consist of risky assets and safe assets, and the banks are subject to a flat min-
imum capital requirement, not a risk-based capital requirement. Stockholders’ 
earning is a function of realized return on risky assets and safe assets netted off 
by the gross cost of deposits, which incorporates a premium surcharge if bank 
capital does not meet the regulatory standard. As a result, the earning would be 
either positive, zero or negative, depending on risky assets in bank portfolio and 
cost arising from the gap between bank capital and the minimum required capital. 
Then the study considers the impacts due to regulatory reforms such as capital-
based deposit insurance premium, higher capital requirements. Finally, the basic 
model is expanded to wider real scenarios: banks choose to hold a higher capital 
level than required. Risk-based capital requirements (adopted in 1988) lead to a 
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more stringent standard, banks can raise their capital from external sources as 
well as fund their assets via uninsured liabilities.  

Calem (1999) shows that the relationship between bank capital and risk 
taking is U-shaped. Banks take risky loan portfolios when their capital is either 
low relative to regulatory minimum (because they want to maximize the value 
option of deposit insurance) or well above a threshold that insolvency is improb-
able. Banks are more prudent toward risky portfolios when their capital is close 
to or higher the regulatory minimum to the level at which future insolvency is 
less likely, to preserve their charter value. This finding reconciles conflicting 
views in previous literature as mentioned above. Another implication of the 
model is, in theory, that both flat capital requirements and risk-based standard 
can help to control bank’s risk taking. The former has effectiveness for banks with 
comparatively limited risk-taking opportunities while the latter is fairer and 
more efficient for banks facing different risk-taking opportunities. With regards 
to capital-based deposit insurance, the study concludes that it promotes risk-tak-
ing of undercapitalized banks while its impact on the behavior of well-capitalized 
banks is unnoticeable. Overall, Calem (1999) implies that capital-based regula-
tions do not have effectiveness in risk control on banks who hold a good buffer 
relative to required capital ratio.  

 

2.2.1.2   Capital requirements and lending adjustment behavior 

A number of theoretical and empirical researches advocate the view that shortfall 
in capital relative to desired capital ratio may lead to a decrease in bank lending 
supply. Hancock and Wilcox (1994) examine quarterly reports of US commercial 
banks from 31 December 1990 to 31 December 1991 and find clear evidence that 
shortfalls of capital relative to unweighted capital standard accompanied with 
contraction of bank credit (but the shortfalls relative to risk-weighted standard 
did not). Gambacorta (2004) performs cross-sectional analysis on 556 Italian 
credit cooperatives and banks, which represent 82% of total bank credit in Italy, 
from 3Q1992 to 3Q2001. He finds that capital shocks due to imposition of a spe-
cific solvency ratio (higher than 8%) for highly risky banks determine an overall 
reduction of 20% in lending after two years. Well-capitalized banks can better 
cope with temporary financial difficulties, e.g. GDP shocks, to maintain lending 
relationship with their borrowers. In addition, the effect of capital on lending is 
stronger for small banks compared to that for large banks. Nier (2006) studies 
data of more than 600 listed banks from 31 different countries over the period 
1993 – 2000 using regression method, in which loan growth is regressed on 
measures of bank’s strength (return on equity, capital ratio, loan loss provisions), 
loan demand (GDP growth), country dummy variables and time-fixed effects. He 
finds that thin bank capital leads to stronger reduction in bank lending supply 
during economic downturn.   

Similar empirical evidence is found in a more recent study. Berrospide 
(2010) examines how bank capital affects lending of 165 bank holding companies 
(BHCs) in the US during the period of 1Q1999 – 3Q2009. All BHCs in the sample 
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have total assets in excess of $3 billion as of 3Q2008, and the sample represents 
about 85% total assets in the banking sector. Besides panel-regression techniques, 
vector autoregression (VAR) model is also employed in this study to address the 
concern that negative capital shocks may cause some BHCs to leave the sample 
in the panel data. For panel regression, Berrospide (2010) models the loan growth 
as a function of its own lags, lags of aggregate economic growth real GDP, lags 
of inflation rate, lags of change in Federal funds rate, lags of lending standards, 
lagged BHC-specific characteristics, and estimates of bank capital sur-
pluses/shortfalls. For VAR approach, six variables include real GDP growth, 
GDP price inflation (excluding food and energy), the Federal funds rate, com-
mercial bank and thrift loan growth, aggregate capital-to-asset ratio of the com-
mercial bank sector and lending standards. Both methods give the same result of 
modest effects of capital shortfalls and capital ratio shocks on lending growth of 
the large BHCs. The study, however, finds that other factors such as loan demand 
of the market and risk attitude of banks are more important in lending decision.  

Francis (2011) points out some problems in the above analysis. First, the 
studies have not isolated the regulatory effects from market effects. The fact is a 
bank may raise its capital not necessarily because of the regulation, but due to 
market pressure. Therefore, even all banks are subject to a common set of capital 
requirements (minimum capital to risk weighted assets ratio at 8% prior to the 
reforms in Basel III), their behavior in growing loan book depends on the gap 
between actual bank capital ratio and the required ratio. For example, banks 
whose capital is near the Basel standard is likely to react more prudently com-
pared to others whose capital is high relative to the standard. Second, the studies 
have not examined whether banks mostly adjust their loans or alter the level of 
their capital, e.g. via retain earnings or new issuance, in response to the shocks.  

Francis (2011) seeks to address the constraints by using data of commercial 
banks in the UK, where individual capital requirements are a combination of the 
minimum ratio and add-ons established by the UK’s Financial Services Authority 
(FSA) after judging market conditions and bank’s corporate governance among 
other things. The purpose of using UK banks is to isolate regulatory effects. It is 
considered that this sample has implications beyond the UK because of substan-
tial global reach of UK banks. Sample covers the period of 1996 – 2007. After ad-
justing for merger and acquisition events, and dropping banks who have extreme 
and missing values, the author obtains the sample that accounts for over 90% of 
industry total assets on average. To separate regulatory effects and market effects 
on bank balance sheet management, the analysis proceeds in three steps. First, 
the author estimates a partial adjustment model of bank capital that depends on 
bank-specific features including individual capital requirements assigned by the 
UK’s FSA. Second, he derives each bank’s target capital and an index of bank 
capitalization (surplus or deficit) relative to its target. Third, he uses measures of 
bank capitalization to estimate model of lending, balance sheet and capital 
growth, i.e. how banks manage their balance sheet to maintain the target ratio. 
Panel regression method is employed to investigate five options available to 
banks in responding to regulatory capital requirements and achieving their own 
target ratios. The five options are changing loans, changing total assets, changing 
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RWA, revising regulatory capital, and adjusting Tier 1 capital. Control variables 
for the five estimates include general credit conditions (loan loss provision ratio, 
charge-offs over assets ratio), macroeconomic conditions (GDP, CPI, official bank 
rate set by monetary authorities), and quarterly dummy variable to capture sea-
sonal influences. In addition, to test how balance sheet adjustment differs if a 
known change in capital regulation occurred in the last five quarters, a binary 
variable is added for this purpose. The study result shows that loan growth, total 
asset growth and RWA growth increase when capital is improved (the gap be-
tween actual and target capital ratios increases), and vice versa. This is consistent 
with the result of previous studies. When facing a shock in capital requirements, 
UK banks tend to adjust regulatory risk-weighting of their asset portfolios (shift 
to lower RWA portfolios) rather than adjust volume of the asset portfolios. In 
addition, asset growth is adversely affected when credit quality goes down, re-
flecting via negative correlation between the growth of all balance sheet items 
with changes in loan loss provisions. On macroeconomic factors, it is found that 
both GDP and CPI are not important determinants of balance sheet growth. GDP 
has positive and statistically significant association only with capital growth, 
which may reflect the relatively lower cost of raising capital in favorable eco-
nomic conditions.  

Bahaj (2016) also studies UK supervised banks over the period of 1989 – 
2007, but the empirical evidence found is different from Francis (2001) findings. 
The sample in Bahaj (2016) focuses on large entities with a substantial UK loan 
book and a good number of observations, so it has 18 institutions with 573 bank-
quarter observations in the panel. This study focuses on the bank behavior fol-
lowing the changes in their individual capital requirements in interaction with 
economic prospects. An equation to estimate the relationship is constructed for 
this interest. Dependent variable “net flow of lending” is cumulatively affected 
by bank fixed effect (capture time invariant heterogeneity across banks), time 
fixed effect (capture common response across banks over time), bank specific 
controls (including current and lagged values of bank capital ratio, lending 
growth, capital requirement, liquidity position and loan loss provisions) and 
change in capital requirement. The last two independent variables are interacted 
with business confidence indicator (measures of economic prospects). Running 
regressions at different time horizons for the equation, the author finds that 
bank’s response to an increase in capital requirements depends on bank balance 
sheet and economic prospects. If current and new loans are expected to have low 
returns, banks adjust their balance sheet primarily by cutting lending. If the ex-
pected returns of new and current loans are high, banks raise their capital.  

After all, the above studies examine behavior of banks under Basel 1 cap-
ital framework. For Francis (2011) and Bahaj (2016) specially, the studies focus on 
UK banks which are regulated under a specific regime. With tighter definition of 
capital under Basel III, bank behavior among countries or zones may have signif-
icant differences. There is a large number of researches investigating impacts of 
the Basel III regulatory changes on bank lending and growth which we will re-
view in the following section. 
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2.2.2    Regulatory capital changes and bank lending after the global financial 
crisis 2008 - 2009 

2.2.2.1   Supporting role of bank capital to lending supply 

Brei (2013) investigates if bank capital supports lending and if recapitalization 
were effective in sustaining credit supply during the crisis. Data set of this study 
consists of 108 pro-forma (merger and acquisition adjusted) large international 
banks in 14 major advanced economies for the 16-year period, 1995 – 2010. Panel 
regression method is used, in which bank-specific characteristics are interacted 
with crisis dummy to estimate response of banks depending on state of economy. 
Macroeconomic controls and bank-specific rescue dummy (to differentiate be-
havior of banks that were rescued and those that were not) are other variables of 
the estimation. Bank specific characteristics include bank size, liquidity ratio, reg-
ulatory capital ratio and market funding ratio. Macroeconomic controls include 
country level- and time-specific variables, in which the former controls for GDP 
growth, and 3-month interbank rate, the latter controls for time-invariant differ-
ences in regulation, accounting standards across countries and fiscal differences. 
The tests examine the statistical significance of the coefficients between bank-spe-
cific characteristics and lending in normal time and crisis time. The results show 
that small banks tend to supply relatively more lending, probably due to stronger 
relationship with clients compared to that of large banks. Banks with lower mar-
ket funding ratio (or higher share of deposits) tend to supply more lending. Well 
capitalized and high liquid banks also have higher loan growth. The importance 
of capital for loan supply, however, differs in normal time and crisis time. In nor-
mal time, stronger capital ratio sustains loan growth, but in crisis, additional cap-
ital can lead to greater lending only once their capitalization already exceeds a 
critical threshold. 

Haldane et al (2017) analyze the correlation of capital position of large in-
ternational banks prior to the crisis (as at 2006) and their subsequent lending 
growth (from 2006 until 2016). They find that banks that entered the crisis with 
higher capital have been able to continue higher lending growth on average, and 
the relationship is statistically significant. After crisis, lending is backed by larger 
share of stable sources of funding. This trend is consistent with findings of Kapan 
(2013), who reports that banks with more stable sources of funding continue to 
lend more during the crisis relative to other banks, but the higher and better-
quality capital is still the key in supporting bank credit supply. Higher capital 
requirements, however, may have negative effects on lending supply. Haldane 
et al (2017) compare the changes in bank capital since Basel III was introduced 
with subsequent lending growth among a panel of large international banks and 
find that although lending grew over the period 2010 - 2016, the growth in net 
loans tended to be lower for banks who have seen largest increase in their capital 
ratio. Some other research using data of individual UK banks’ capital require-
ments finds similar result: higher required capital had negative effects on UK 
banks’ loan supply during favorable economic conditions (Noss, 2016) and the 
effects increased after the 2008 – 2009 crisis (De-Ramon, 2016).  
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2.2.2.2   Impacts of Basel III regulation on lending rate and lending growth 

Most of literature finds evidence of decline in lending volume and increase in 
leading rates/spreads as the results of Basel III capital requirements. Final report 
of Bank for International Settlements assessing macroeconomic impact of the 
transition to stronger capital requirements (BIS, 2010), estimates significant wider 
lending spreads and reduced lending volumes. The study assumes banks imple-
ment capital increase at a constant pace over eight years to achieve the regulatory 
requirements which will be fully effective as of 1st January 2019. For a one per-
centage point increase in capital ratio, lending volume is estimated to decline by 
1.4 percent by the 35th quarter and 1.5 percent at the end of the simulation, while 
lending spreads are expected to increase by 15.5 basis points, followed by a 12.2 
basis points increase relative to the baseline. 

Slovik (2011) investigates potential impact of Basel III on lending spreads 
of banks in three main OECD economies - US, Eurozone and Japan - based on 
bank lending spread sensitivities and capital increases. Under Basel III, minimum 
required capital ratio for common equity is raised from 2% to 4.5% of RWA and 
Tier 1 capital from 4% to 6% of RWA effective as of 1st January 2015, and further 
increases to 7% and 8.5% are required by 1st January 2019. However, prior to the 
introduction of Basel III in Dec 2010, the banks already increased their capital 
relative to pre-crisis level (as of end-2006) due to market pressure, so the author 
estimates the remaining increases in capital ratio that the banks need to raise fur-
ther to meet the new requirements. On the part of lending spreads, it is assumed 
that banks can directly affect the spreads only on their loans to households and 
non-financial corporations. Other bank assets such as interbank assets, govern-
ment bonds, assets held on trading book, are market driven, and bank cannot 
directly affect the pricing of these assets. By postulating the return on banks as-
sets equal to bank funding costs, the author calculates how much lending spreads 
need to be increased in response to the additional capital increase. Aggregated 
bank balance sheets averaged over the last three pre-crisis years 2004 – 2006 are 
used to estimate the spread sensitivities, which in turn are used in estimating 
expected spread increases. This exercise predicts that the banks could widen their 
lending spreads by approximately 15 and 50 basis points by 2015 and 2019 re-
spectively to compensate for higher funding cost arising from a one percentage 
point increase in bank capital requirements. Cohen (2016), which analyzes data 
of 101 large banks from advanced and emerging economies over the period 2009 
- 2012, draws a similar conclusion that lending spreads increase as an effect of 
higher capital requirements. In addition, this paper points out that higher GDP 
growth is not accompanied by higher credit growth for advanced countries, 
though this relationship is stronger for emerging countries. 

Cosimano (2011) finds that increase in equity-to-asset ratio is associated 
with increase in loan rate and decline in loan volume in long run. The author 
examines annual data of commercial banks and BHCs for a large number of ad-
vanced countries over the period 2001 – 2009. The examination is conducted for 
three groupings of the sample: 100 largest commercial banks and BHCs (meas-
ured by total assets in 2006), commercial banks and BHCs that experienced a 
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banking crisis between 2007-2009, and commercial banks and BHCs that did not 
experience a banking crisis between 2007-2009. Cosimano (2011) uses generalized 
method of moments estimation for empirical tests as banks simultaneously 
choose optimal level of capital to hold, the loan rate and the loan volume. As 
viewed by the author and some previous studies (Chami and Cosimano, 2001, 
2010; Barajas and others, 2010), to decide optimal capital level, banks forecast 
whether future loans bring them higher marginal cost or higher marginal reve-
nue. Therefore, in the first-stage regression to determine the optimal level of cap-
ital, the author considers the following variables: the change in the capital-to-
asset ratio, interest and non-interest expenses, nonperforming loan-to-total asset 
ratio, and the interaction of these variables to capital-to-asset ratio of the previous 
period as well. The predicted optimal capital level is then used in regression for 
loan rate in the second stage. Increase in costs of deposits, loan loss provisions, 
and economic activity (measured by real GDP and inflation rate) are other varia-
bles taken into account in the second regression. Finally, regression for the loan 
volume is estimated using the predicted loan rates and the level of economic ac-
tivity. The estimates find that the largest banks in the world would increase their 
lending rates on average by 16 basis points for a 1.3 percentage point increase in 
their equity-to-asset ratio to meet the new regulation of 7% for equity-to-RWA 
ratio, and the increase in lending rates would cause a reduction of loan growth 
by 1.3 percent in long-run. For country-by-country estimations, it is found that 
most of the countries, regardless whether they experienced the crisis or not, ex-
pect negative effects on lending as the result of the new capital regulations. For 
the crisis countries (group 2), the average impact of a 1.3 percentage point in-
crease in equity-to-asset ratio is a 4.6% decline in lending growth. For non-crisis 
countries (group 3), the impact is significantly stronger with a reduction of 14.67% 
on average, especially Denmark (32.61%) and Japan (19.81%). The lending rates 
increase by 11 and 22 basis points for group 2 and group 3 respectively. If the 
crisis period is excluded from the estimation (tests for the period of 2001 – 2007), 
the drop of loan growth of countries in group 3 is higher with 17.96%. The impact 
of Basel III is different among groups, and this is explained by cross-country var-
iations in bank’s net cost of raising equity and elasticities of loan demand towards 
changes in lending rates. 

Kashyap et al (2010) report similar finding for large US banks (with total 
assets greater than $10 billion as of 2008). To assess the effects, Kashyap et al use 
model-based calibration approach instead of simply basing only on an analysis 
of historical data. Two scenarios are considered for calibrations: i) increase in cap-
ital requirements leads banks to replace long-term debt financing with equity, 
and ii) increase in capital requirements leads banks to replace short-term debt 
financing with equity. A key assumption is made for the approach: bank’s cost 
of equity falls when banks shift to a capital structure with more equity financing. 
The rationale of the assumption is that a bank is less risky with the more equity 
financing capital structure, so its investors should demand a lower risk premium 
for holding the equity. Under each scenario, the authors calculate the incremental 
effect of a given increase in equity-to-asset ratio on weighted average cost of cap-
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ital (WACC) and hence on loan rates. The results of the calibrations show an in-
crease in WACC and loan rates. The increase, however, is insignificant with a one 
percentage-point increase in the capital requirements leads to only 2.5 to 4.5 basis 
points increase in loan rates. The authors conclude that the more stringent Basel 
III capital requirements probably do not cause major concern on cost of lending, 
but raise the concerns relating to the reshaping of how credit will be provided. 

De-Ramon (2016), a study focusing on balance sheet management practice 
of UK banks concludes that a one percentage point increase in capital require-
ments lowers total asset growth by 14 basis points before the crisis and 20 basis 
points after the crisis. The effects on loan growth, however, are similar before and 
after the crisis, by 8 basis point decrease. This paper examines semi-annual data 
of UK banking institutions with time spanning from 1989 to 2013. Data filter and 
three-step approach are performed similarly to those conducted in Francis (2011) 
as mentioned in section 2.2.1.2 above.  

Empirical findings in Cecchetti (2014), interestingly, are not as the above 
papers predict. This study reviews the impact of capital requirements on perfor-
mance and lending of about 200 largest banks in the world over the period 2009 
– 2013 based on data of lending spreads of selected economies (US, Euro area, 
Germany, UK and Japan), survey responses on lending standards (sourced from 
Federal Reserve Board, European Central Bank, Bank of England and Bank of 
Japan) over the studied period, and bank credit-to-GDP ratio in 2006 and 2013 of 
countries where the banks in the sample operate. The author finds that, with ex-
ception of Eurozone, banks’ total assets increased, lending spread narrowed, 
lending standard eased, and credit-to-GDP ratio went up. For Eurozone, the op-
posite effects are explained by the sequence of stress tests and capital exercise 
conducted in this zone. Instead of raising additional capital to offset the shortfall 
like US banks did, European banks shrank their total assets and RWA by cutting 
lending to meet the stricter capital requirements. In general, the author concludes 
that rapid increase in capital has very little impact on anything but banks’ prof-
itability as their net interest margin and profits are down.  

Šútorová (2013) estimates support Cecchetti (2014) finding about the ef-
fects on EU banks. The paper employs data of 594 EU banks during the period of 
2006 – 2011 to investigate impact of Basel III regulation on EU lending rates. The 
results suggest a small reduction in level of loans (by 2% from the level as of 2011) 
and a modest increase in lending rates of only 18.8 basis points on a one percent-
age increase in common equity ratio. One of reasons for the mild effects is that 
many European banks are already complying with the new capital requirements 
while they still have 7 years to fully achieve the requirements (by 1st January 
2019). In addition, elasticity of demand for loans in EU zone is relatively low at 
0.156.  

Andrle (2017) assesses bank response in nine EU emerging economies to 
the new regulations. Five largest commercial banks in each country are chosen 
based on their asset size, but the final sample consists of 38 banks after excluding 
those whose accounting data are not available over the entire period of 2008 - 
2014. All banks in the sample have total capital ratio higher than 8% in 2008. 
These banks, however, are small as measured by the world-asset-size ranking, 
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and most of them are subsidiaries of a parent bank in an advanced market coun-
try. As the paper identifies, possible strategies which banks can adopt to achieve 
higher capital ratio are new equity issuance, dividend payment reduction, re-
tained earnings and RWA adjustments. Accumulative capital - book value of eq-
uity - is decomposed into subcomponents based on accounting identity: book 
value of equity in previous period, newly-issued equity, net interest income, net 
operating income, other net income, dividend payments and revaluations. This 
decomposition is employed to inspect via which strategies banks raise their cap-
ital. The outcome of the exercise shows that while increasing retained earnings is 
most adopted, cutting lending to meet the stricter capital requirements happens 
only in countries where banking sector struggles with profitability.  
 

2.2.2.3   Optimal capital ratio and Basel III benchmarks 

Basel III framework requires capital ratio for common equity at least at 7% of 
RWA. The ratio applied for global systematically important banks (G-SIBs) is 
9.5%. Minimum Tier 1 capital and total capital are required at 8.5% and 10.5% of 
RWA respectively. 

Cline (2016) estimates the optimal level of common equity by reviewing 
benefit and cost of higher capital requirements from macroeconomic view. For 
benefit side, the paper quantifies expected output (GDP) losses and frequency of 
banking crises. A “benefit curve” is then translated from the expected losses 
avoided thanks to the higher capital requirements which help to reduce the risk 
of occurrence of banking crises. For cost side, a “cost curve” is estimated from 
economic costs to the level of bank capital. The increase in cost of capital for banks 
is passed to lending rates, raises the cost of capital to the economy, consequently 
reduces investment and output. The optimal capital ratio is at the level at which 
the slopes of the benefit curve equals to the slope of the cost curve. The study 
uses data of 22 banking crises from 1977 to 2008 in advanced industrial countries 
and average growth rate of real GDP from 1980 to 2014 of the countries. The cal-
culation result suggests that optimal level for tangible common equity is about 
6.6% of total assets and 11.7% of RWA. Conservative estimate at the 75th percen-
tile is about 7.9% and 14.1% respectively. According to this result, the Basel III 
benchmarks are significantly lower than the optimal ones estimated by the paper. 

For Tier 1 risk-weighted capital, the Long-term Economic Impact (LEI) 
study implies this ratio should range between 16-19%, while the Bank of England 
judges that the optimal Tier 1 capital is 13.5% of RWA (Haldane et al, 2017). These 
estimates are also surprisingly higher than Basel III requirement at 8.5%. 

The most recent information of actual balance sheet adjustment from 2007 
to 2016 for 189 G-SIBs and domestic systematically important banks (D-SIBs) is 
provided in Haldane et al (2017). The capital changes over the time were signifi-
cant: Tier 1 risk-weighted capital ratios almost doubled from 7-8% to 13-14%, and 
leverage ratio also doubled from 3% to 6%. It is interesting to observe that the 
actual capital held by the banks are very close to the estimated optimal level. This 
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means these banks do maintain good capital buffers above the minimum stand-
ard. Thus, it is questionable that if the current Basel III requirements are sufficient 
to minimize the probability of banking crisis, and if they should be revised up.  
 

2.2.2.4   Effect on income structure 

As a result of the regulatory changes which effect lending, it is predicted that 
banks would shift from interest income to non-interest income in the transition 
to higher bank capital ratios. In the situation that traditional banking activities 
face constraint and interest margins are compressed, banks need to diversify their 
income generating sources to maintain profitability level and support growth. 
The level of the diversification would differ across bank types (e.g. foreign banks 
vs. domestic banks, large banks vs. small banks), or banks’ activities (e.g. sav-
ing/cooperative banks vs. investment banks).  

Some studies find evidence of the shift toward fee income, despite this 
move associates with increased risk in terms of volatility of bank return. William 
(2013) examines annual reports of 56 Australian banks from 1988 to 2010 and 
points out that there is a trade-off between fee income and interest margin. Alt-
hough there is fluctuation, the share of fee income in total revenue increases in 
general, implying the trend of income diversification. It drops when credit is 
blooming and notably goes up during the economic recessions (early 1990s and 
2008-2009). Cohen (2016) analyzes data of 101 large banks from advanced and 
emerging economies from 2009 to 2012 and finds that the predicted effect took 
place for the emerging-economy banks but did not take place for the advanced-
economy banks and the whole sample.  

Overall, the common conclusion of literature is that solid capital and sta-
ble deposit-funding sources do support bank lending supply. When facing a 
shock of capital requirements, banks behave differently in adjusting their capital 
size and capital composition, depending on their balance sheet position and eco-
nomic prospects. Lending spreads are widened in most of countries as an effect 
of higher required capital ratios. The effect on lending growth and income struc-
ture of banks varies among markets, e.g. between EU and non-EU, between ad-
vanced economies and emerging economies. And it seems that macroeconomic 
factors (GDP and CPI) have weak relationship with credit growth, especially in 
advanced markets.  
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3 DATA AND METHOD  

3.1 Data description 

Bank level data are obtained from Datastream for current active banks during the 
period of 22 years from 1995 to 2016. Banks whose information of loans and cap-
ital are missing for more than 10 years are dropped from the sample. The final 
sample is divided into three geographical areas: US, Europe and Asia with the 
number of banks are 131, 101 and 86 respectively. Table 2 provides the list of 
number of banks in the sample by country and information of their total assets 
as at end of 2006.  

 
 
Table 2. Total assets of the banks in the sample by country. Source: Datastream 
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As at end of 2006, average total assets of the US sample is USD54.3 billion, 
with only 3 banks out of 131 banks having total assets of over USD1,000 billion. 
The figure for the sample of 101 European banks is USD225.4 billion, mainly con-
tributed by 10 big banks from UK (3), France (2), Switzerland (2), Germany (1), 
Spain (1) and Italy (1) whose total assets are over USD1,000 billion. For Asian 
market, Japan dominates the sample in terms of number of banks (60 Japanese 
banks out of 86 banks in total), and the average total assets is USD47.5 billion.  

Table 3 shows statistics of bank specific variables by region used in this 
study, including bank size, total capital adequacy ratio (CAR), Tier 1 capital ad-
equacy ratio (CAR_Tier1), leverage ratio, market funding ratio and annual lend-
ing growth rate. The statistics base on bank level annual data from 1995 to 2016. 

Bank size - one of the important factors that may affect lending policy - is 
measured by the natural logarithm of total assets, which are reported in USD. For 
banks whose reporting currency is not USD, total assets are converted into USD 
using exchange rate of respective reporting year to ensure a consistent basis in 
size measurement. CAR and CAR_Tier1 are RWA based. The ratios reflect the 
level of meeting minimum capital requirement of banks. Information of the cap-
ital ratios are obtained directly from Datastream. Market funding ratio tells us 
how much a bank relies on non-deposits to fund its assets. Leverage ratio 
measures the level of financial obligations, of which total debt represents all in-
terest bearing and capitalized lease obligations. It is noted that the leverage ratio 
measure in this study is different from capital leverage ratio in Basel III frame-
work. The one in Basel III is calculated by ratio of Tier 1 capital to Exposure meas-
ure and serves as a non-risk based metric to supplement risk based capital ratios. 
Market funding and leverage ratios are calculated with the following formulae:  

 
Market funding ratio: 

MkFundR = (Total Liabilities – Total Deposits) / Total Assets. 
 
Leverage ratio: 

LeverageR = Total Debt / Total Assets  
 

 
Table 3. Description of variables by geographical area. Source: Datastream 
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Annual lending growth rate of the US and European banks in general is 
considerably higher than the lending growth rate of the Asian banks. Asian banks 
seem to rely much on deposits for asset funding, reflected via low market fund-
ing ratio of 9.3%. This ratio for the European banks is significantly higher (42.3%), 
suggesting these banks are more vulnerable to changes in wholesale markets, 
hence face higher risk of liquidity problem. US banks’ market funding ratio 
(15.6%) is quite higher than that of the Asian banks but still much lower than that 
of European banks. Leverage ratios of the three areas have similar pattern, sug-
gesting balance sheet structure of European banks is riskier relative to that of the 
US and Asian banks.  

It is interesting to note that mean value of capital adequacy ratios in the 
three geographical areas (ranging from 12% to 14.8% for CAR and 11.3% to 13.1% 
for CAR_Tier1) are well higher than the Basel 3 requirements (CAR at 10.5% and 
CAR_Tier1 at 8.5%). Figure 1 further shows the trend of average level of total 
capital ratio and Tier 1 capital ratio for each geographical area over the period 
2003 – 2016, in which capital data of the majority of the banks are available. For 
Tier 1 capital ratio of Asian banks, the period is 2007 – 2016 because the data for 
most of the Asian banks is not available before 2007. It can be seen from the figure 
1 that, overall, banks have been holding capital level above required level before, 
during and after the global financial crisis 2008 – 2009. The capital ratios of US 
banks strongly increased right after 2008, widening the gap between bank capital 
ratio and the required ratio to about 8%. However, the decreasing trend after 2012 
made the gap smaller, about just above 4% towards 2015 – 2016. European banks 
keep raising their capital ratios after the crisis in line with Basel requirements and 
also maintain a stable buffer at the same time. For Asian banks, Tier 1 capital ratio 
fell off to about 10% (but still higher than Basel requirement) before a rise starting 
from 2010. Total capital ratio gradually increases over the period with a slight 
decline since 2014.  

Subsamples of large and small banks are selected based on total assets as 
at fiscal year-end 2006. Small banks are banks with total assets equal or smaller 
than 10 billion USD. Large banks are those with total assets equal or higher than 
50 billion USD. Detail of the subsamples are shown in Table 4. In Asia, capital 
ratios and credit growth rate of small banks are in average lower than that of 
large banks. The opposite situation is observed in the US banks: small banks hold 
higher level of capital ratios and have higher credit growth. For the European 
banks, large banks hold lower capital ratio but have stronger lending growth rel-
ative to small banks. The common characteristics among the three subsamples 
are that small banks rely less on wholesale markets and have lower debt-to-assets 
ratio. The gap between large and small banks in these two indicators is quite big 
in all three areas, implying a riskier balance sheet structure of large banks. 
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Figure 1. Average level of total capital ratio (CAR) and Tier 1 capital 
ratio (CAR_Tier1) in % for three samples of the US, European and 
Asian banks. Basel requirements are shown for comparison.   
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Table 4. Description of data in subsamples of small and large banks. Source: Datastream 

 

3.2 Method 

Because of unavailability of data for some banks mainly in the early stage of the 
examined period (unbalanced data), and further to Hausman test, fixed effects 
regression method is employed in this study. Following the approach used in 
Brei (2013), the regressions (1), (2,) and (3) below are estimated to examine how 
lending growth, loan loss provisions and income structure respectively change 
over the sample period: 
 

ΔLit = αi + ωCt + (β + β*Ct)Bit-1 + ƴMt + εit   (1) 
 

RProvit = αi + ωCt + (β + β*Ct)B’it-1 + ƴMt + εit  (2) 
 

RFeeIncit = αi + ωCt + (β + β*Ct)B’it-1 + ƴMt + εit  (3) 
 
where ΔLit is annual growth rate of loans, RProvit is the ratio of loan loss provi-
sions to total loans, and RFeeIncit is the ratio of fee income to total operating in-
come, in period t of bank i. Bank specific variables are denoted by B and B’, mac-
roeconomic controls are denoted by M and C represents crisis dummy variable. 
Bank specific variables are lagged once (t-1) in regression to mitigate a possible 
endogeneity problem. 

Five bank specific characteristics of bank size, CAR, CAR_Tier1, leverage 
ratio and market funding are included in Bit-1 of equation (1) to investigate the 
possible effect of the changes in balance sheet items on lending growth. B’it-1 in 
equation (2) and (3) includes four bank specific variables of bank size, CAR, 
CAR_Tier1 and lending growth. Leverage and market funding are not consid-
ered in these two regressions because by nature, they should not be the factors 
that influence loan loss provisions as well as income structure. Lending growth 
is added as an observed variable in equation (2) since lending has a direct link 
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with the dependent variable of loan loss provisions and in equation (3) to test if 
the constraint on lending activity affects income structure of banks.  

Macroeconomic variables are real GDP growth rate and CPI at country 
level. In addition, monetary policy rate is included in regression for US banks 
(FED funds rate). For European and Asian samples, however, this macroeco-
nomic variable is not included due to certain reasons. While in Europe, there 
were structural changes in regime and monetary policy of some countries when 
Euro-zone was formed in 1999 and other countries who joined the monetary un-
ion later during the sample period, in Asia, most of countries, except Japan, do 
not have efficient money market; therefore, including monetary policy rate for 
these two samples may give an inaccurate regression result. 

In order to distinguish the effects in normal time and crisis time, crisis 
dummy variable is created for the estimate and interacted with all bank specific 
variables. With regards to crisis time of the financial crisis 2008 - 2009, the seizure 
in the banking system in the US and Europe actually began in August 2007 and 
quickly spread across regions. Toward the end of 2007, most of the Asian econo-
mies were impacted and entered the recession as well. The global economy was 
on the turn from the second quarter of 2009 in Asian economies, followed by the 
US and European markets in the second half of 2009. Crisis variable is, therefore, 
defined based on the stages of the crisis in each region and the information of 
fiscal year-end of each bank during the time. It takes the value of 1 in crisis time 
and zero otherwise.  
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4 EMPIRICAL RESULTS 

4.1 Lending growth   

Table 5 shows the set of coefficients for the US, European and Asian areas follow-
ing panel data regressions for the sample in the period 1995 – 2016. For each area, 
the first two columns report regression results when crisis is not interacted with 
bank specific variables (C = 0), and the last two columns report the results when 
crisis is included in the regression (C = 0 or 1).  

The results of the US area show that all variables have statistical significant 
effect on lending growth of the banks. While bank size and total capital ratio have 
negative impact on lending growth, the effect of Tier 1 capital is positive. Lever-
age ratio has negative relationship with lending growth as expected. Positive co-
efficient with market funding ratio implies that banks who rely more on whole-
sales market may primarily use this source to fund for customer loans. When 
crisis variable is included in the regression, the signs of the coefficients and the 
significance level are mostly more or less the same. The three macroeconomic 
variables have the expected signs as well.   

For European banks, the coefficient of bank size gains a statistical signifi-
cance with negative relationship like the US sample. Coefficients of capital ratios 
have the same sign (positive for Tier 1 capital and negative for total capital) but 
are lower compared to that in the US banks. The relationship of lending growth 
with market funding and with leverage ratio are in opposite sign with the result 
in the US sample; they are, however, not statistically significant. When crisis var-
iable is taken into account, the coefficients reported are higher and statistically 
significant for variables of size, total capital ratio and leverage ratio. Similar to 
the result for US market, macroeconomic controls (GDP and CPI) also have sig-
nificant and positive coefficients with lending growth.  

For Asian banks, there is a resemblance in correlation between variables 
to that of US banks. In general, bank size, total capital ratio and leverage ratio are 
factors having negative coefficients, while Tier 1 capital, market funding ratio, 
GDP and CPI have positive effects on lending growth. Total capital and GDP, 
however, do not have statistical significance. The result also does not suggest sta-
tistical significant effects of these variables in crisis time.  

There are common results on size, capital ratios and macroeconomic vari-
ables for the three geographical areas. Size have negative relationship with lend-
ing growth, suggesting that small banks have been more flexible in adjusting 
lending policy to increase their loans. Positive coefficient of Tier 1 capital with 
lending growth implies that banks having higher capital ratio have been able to 
increase their loan growth rate even during the crisis. This positive relationship 
is particularly significant for the US and Asian banks while the evidence is not 
strong for the European banks (the relationship is negative for these banks in 
crisis time). Total capital ratio, however, is reported having a negative (but not 
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statistically significant) coefficient with annual lending growth rate. As such, the 
result implies that high Tier 1 capital ratio, rather than total capital ratio, provides 
a competitive advantage for banks to expand lending. In terms of macroeconomic 
controls, the result suggests that overall, they do have strong impact on lending 
growth rate (except for only GDP in Asia area where the positive coefficient is 
not statistically significant). This finding is different from previous studies as 
mentioned in section 2.2 above, that macroeconomic factors have weak relation-
ship with credit growth, especially in advanced markets.  

The finding in this study that high total capital ratio has adverse effect on 
lending growth is different from to the conclusion in Brei (2013) which suggests 
that total regulatory capital ratio plays a very important role in supporting bank 
lending, and Francis (2011) which finds that loan growth is improved when the 
gap between actual and targeted capital ratios increases. This study finds that 
Tier 1 capital ratio is the component that helps banks to sustain their lending 
growth; Francis (2011) and Brei (2013), however, do not investigate the effect of 
Tier 1 capital ratio on loan growth separately. It is also noted that Francis (2011) 
focuses on UK banks only, and the sample periods in Brei (2013) and Francis 
(2011) do not cover post crisis time. The importance of high quality capital Tier 1 
in supporting credit supply for banks who have high market funding and low 
liquidity ratios is also evidenced in Kapan (2013). Figure 2 provides charts of the 
development of average year-on-year lending growth and capital change in the 
three areas. The trend suggests that lending growth rate have strong correlation 
with the change of bank capital over the whole sample period 1995 - 2016, espe-
cially in Europe and the US. Before a sharp decline in 2008-2009 as a result of 
global financial crisis, capital increased significantly in the period 2004 – 2007 for 
the US and Asian banks. In European banks, the increase and decrease in capital 
take place in earlier stage of about 2 years. This change is probably due to the 
issuance of Basel II framework with changes in RWA calculation and hence cap-
ital required. Forward looking of economic prospect based on GDP and market 
pressure might also be other reasons for banks to raise their capital. After crisis 
time, capital and lending in US and Asia have a pick-up (though there is some 
fluctuation), but in Europe the decreasing trend continues.   

In terms of market funding ratio, finding in this study is strikingly differ-
ent from Brei (2013) and Kapan (2013). Except for European area, positive and 
statistically significant coefficients are found for the cases of the US and Asian 
banks, especially in normal time, which means banks who are more dependent 
on market funding have better expanded their lending relative to other banks. 
This may be explained by the significant low level of market funding ratios in 
these two areas (15.6% for the US banks and 9.3% for the Asian banks as seen in 
Table 2) compared to that in European area. Thanks to the large share of deposits 
in balance sheet, the US and Asian banks are less vulnerable to the volatility of 
wholesale markets, so they may use market funding source to further increase 
their loans in normal time. In crisis time, the effect becomes weak for the US 
banks and negative for Asian banks; but the coefficients are not statistically sig-
nificant nevertheless. European area is different because of very high market 
funding ratio (42.3%). These banks are more sensitive to changes in the wholesale 
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markets, therefore those with more stable deposit funding source have higher 
lending growth rate. The relationship, however, is not statistically significant. 

Table 6 presents regression results of small and large banks in each geo-
graphical area. The sign of coefficients for small US banks is same as that for the 
whole US sample, i.e. Tier 1 capital ratio and market funding ratio have positive 
effect while size, total capital and leverage ratio have negative effect on annual 
lending growth rate, and all the effects are statistically significant. For large US 
banks, only size and capital ratio gain statistical significance. Lending growth of 
both small and large categories have strong relationship with macroeconomic 
controls, especially GDP and FED funds rate.  

For European banks, size still matters (negative) to lending growth rate 
and capital ratios impact differently for small banks and large banks. The regres-
sion result suggests that small banks with higher Tier 1 capital ratio have been 
able to better extend credit in normal time, but the effect become negative in crisis. 
For large banks, the coefficients are in opposite sign, low and not statistically sig-
nificant, implying that capital ratios do not have significant effect on lending ac-
tivity of these banks. Market funding and leverage ratio effects on lending 
growth are also different between small and large size group; the relationships, 
however, are insignificant.  

Bank size supporting loan growth is the exceptional case for small Asian 
banks. The positive coefficient means that in the group of banks whose total as-
sets is less than 10 billion USD, bigger banks have grown their credit portfolio 
stronger than smaller ones. However, bank size effect becomes adverse in crisis 
time. Another exception in Asian area is negative relationship between lending 
expansion and Tier 1 capital for large banks in normal time, which means higher 
Tier 1 capital ratio have slowed down credit growth. In crisis, however, Tier 1 
capital is a supporting factor for the banks to increase lending. Effect of market 
funding and leverage ratio on lending are similar between the two categories.  

Overall, there is no major difference between small and large US banks in 
terms of relationship between capital ratio and lending growth rate. This is, how-
ever, not the case for European and Asian samples, where higher Tier 1 capital 
seems to be beneficial for small banks but adverse for large banks. It is also found 
in these two samples that the relationship in small banks is stronger and statisti-
cally significant relative to large banks.  
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Table 5. Regression results of equation 1 for lending growth by geographical area. The sample consists of 131 US banks, 101 European banks and 86 Asian 
banks. The period is 1995 – 2016. 
 

 
Note: 
- Size is measured by logarithm of total assets, CAR and CAR_Tier 1 are RWA-based total capital ratio and Tier 1 capital ratio respectively, MkFundR is Market Funding 

Ratio, measured by (Total Liabilities – Total Deposits)/Total Assets, LeverageR is Leverage ratio, measured by Total Debt/Total Assets. 
- ***, ** and * represent significance at the 1%, 5% and 10% level respectively.   
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Figure 2. Year-on-year loan growth and capital change of banks in each 
geographical area. Average numbers are shown.   
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Table 6. Regression results of equation 1 for lending growth for subsample of small and large banks of each geographical area. The period is 1995 – 2016.  
 

 
Note: 
- Small and large banks are categorized based on their total assets as at end of 2006. Banks with total assets equal or less than 10 billion USD are small banks. Banks with total assets equal or 

more than 50 billion USD are large banks.    
- Size is measured by logarithm of total assets, CAR and CAR_Tier 1 are RWA-based total capital ratio and Tier 1 capital ratio respectively, MkFundR is Market Funding Ratio, measured by 

(Total Liabilities – Total Deposits)/Total Assets, LeverageR is Leverage ratio, measured by Total Debt/Total Assets.  
- ***, ** and * represent significance at the 1%, 5% and 10% level respectively. 
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4.2 Loan loss provisions  

This section discusses how loan loss provision ratio is affected by lending growth, 
size, capital ratios and macroeconomic variables. According to traditional capital 
management hypothesis, loan loss provisions is managed to reduce expected reg-
ulatory costs associated with not adhering to capital requirements (Fonseca, 
2008). Low-capital banks tend to increase their loan loss provisions because part 
of the provisions can be included in total capital (general provision is a compo-
nent of Tier 2 capital). Thus, a negative coefficient between loan loss provisions 
and capital ratios is predicted. With regards to the relationship with GDP and 
with annual growth rate of loans, positive coefficients are expected because 
growing GDP leads to credit expansion, which in turn requires a higher provision 
to take into account additional credit risk. This effect is also predicted in risk 
management hypothesis, which states that for income smoothing purpose, banks 
would build up provisions for expected losses in good times to draw on in bad 
times (Fonseca, 2008).   

Table 7 presents the coefficients between loan loss provisions and the con-
trol variables. Statistically significant and negative coefficients between Tier 1 
capital ratio and loan loss provisions are found for three areas and this result is 
consistent with the prediction of capital management hypothesis and findings in 
some empirical researches, e.g. Bouvatier (2014) on European commercial banks 
in the period of 2004 - 2009 and Anandarajan (2007) on Australian commercial 
banks in the period of 1991 - 2001. The coefficients of total capital, however, are 
positive for the cases of the US and European banks. This is contrary to the hy-
pothesis, but consistent with finding in Fonseca (2008), the empirical research ex-
amines non-US banks over the period of 1995-2002 and finds that their capital 
has positive relationship with loan loss provisions. 

Lending growth and GDP are positively related with loan loss provision 
ratio as predicted by the risk management hypothesis for Asian banks, indicating 
that the provision is built up in this group when there is credit expansion. The 
coefficients for the US and European banks, however, are negative. Their loan 
loss provision ratio decreases when GDP and lending growth rate increase. A 
possible reason of this relationship is creditworthiness of banks’ customers. 
When economic prospect is positive and reflected in GDP, opportunities for busi-
ness growth improve ability to repay loan and lower probability of default, and 
the creditworthiness of banks’ customers is better. As a result, banks reserve for 
loan losses at a lower level relative to the level when the economy is in slow-
downs.  

Bank size has positive coefficient for the case of the US banks, which is 
same as the finding in Anandarajan (2007) for Australian banks. This result indi-
cates that larger US banks have higher loan loss provision ratio probably due to 
wider scope of business activity, hence more provision for additional risk. The 
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relation of size and provisions in the European and Asian banks, however, are 
negative.  

Table 8 shows the regression results by small and large banks of each area. 
The coefficients of the macroeconomic variables in small US banks suggest that 
these banks see a lower credit risk when the economy is in good times. The effect 
is different for large US banks with strong evidence of uncorrelation between 
provision ratio with the variables (all coefficients are zero), probably because 
large US banks do not take these external factors into assessment of creditwor-
thiness of their customers. Among bank specific characteristics, capital ratios and 
lending growth have similar coefficients between the two categories and same 
signs as those of the whole US sample. For size effect, the coefficients are positive 
in small size group and negative in large size group. The result of large size group 
saying that in the group of banks having total assets more than 50 billion USD, 
bigger banks estimate lower loan loss provisions relative to others, is contrary to 
the result of the whole US sample. 

In European area, size and lending growth rate have similar effect in both 
categories of large and small banks. On average and in normal time, larger size 
and higher growth rate are seen associated with lower provision ratio and vice 
versa. The coefficients are statistically significant for small size group. In crisis, 
the relation turns to positive, meaning larger banks reserve more relative to 
smaller banks. The effects of total capital ratio and Tier 1 capital ratio on loan loss 
provisions in each category are different, and they are also different between cat-
egories. In small size category, Tier 1 capital ratio have negative relation (which 
is consistent with capital management hypothesis) while total capital ratio has 
positive relation with provision ratio. The signs are opposite for large size group. 

For Asian subsamples, except for size and lending growth rate, other con-
trol variables have same sign effects on loan loss provisions when comparing 
small and large bank groups. The relationship with size is negative for small 
banks and positive for large banks. Correlation of lending growth rate and loan 
loss provisions are moderate in both groups.    

Table 7 and 8 raise the following points. First, impact of capital ratios on 
loan loss provisions are similar in terms of sign of the coefficients between large 
and small banks in the US and Asia but mixed within European subsamples and 
among geographical areas. The opposite effect of total capital and Tier 1 capital 
implies that Tier 2 capital causes the difference. This raises a question if general 
loan loss provision (which is included in Tier 2 capital) is estimated for reporting 
purpose rather than for risk purpose, and if yes, to what extent. Second, there is 
evidence of different provisioning practice between Asian group and the other 
two. In upswings, Asian banks tend to make high provision while US and Euro-
pean banks reduce it. In recession, the trend reverses. The behavior is same for 
small and large Asian banks but varies across small and large size groups in the 
US and European samples. Figure 3 illustrates the development of loan loss pro-
vision ratio by region over the sample period. The trend for banks in Asia is quite 
stable with just a slight increase in crisis time, probably thanks to the release of 
provisions accumulated in good times. Provision ratios of the US and European 
banks increase significantly in 2008 and reach the peak in 2009 after a decreasing 
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trend during 2002 – 2007. This fact indicates that banks in the US and Europe 
hold insufficient reserves for loan losses in upswings and delay bad debt provi-
sion until too late. As such, Asian banks is observed to have more prudent prac-
tice in bad debt provision than US and European banks. This finding is contrary 
to the empirical result of Laeven (2003), which finds that insufficient provision 
during good times is more common among banks in Asia than among banks in 
US and Europe. However, it is noted that the sample examined in Laeven (2003) 
covers the period of 1988 – 1999. There might be change in practice in countries 
over time.  
 
 

 
Figure 3. Development of loan loss provision ratio over the period 1995 – 2016 of US banks (131), 
European banks (101) and Asian banks (86). Average numbers are shown. Source: Datastream.
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Table 7. Regression results of equation 2 for Loan Loss Provision ratio. The sample consists of 131 US banks, 101 European banks and 86 Asian banks, and 
covers the period of 1995 – 2016.  

 

 
Note: 
- Loan loss provision ratio (RProvit) is the ratio of Loan Loss Provisions to Total Loans. Size is measured by logarithm of total assets, CAR and CAR_Tier 1 are RWA-

based total capital ratio and Tier 1 capital ratio respectively. ΔLit is annual growth rate of loans. 
- ***, ** and * represent significance at the 1%, 5% and 10% level respectively. 
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Table 8. Regression results of equation 2 for Loan Loss Provision ratio for subsample of small and large banks of each geographical area. The period is 1995 – 2016. 

 

 
Note: 
- Small and large banks are categorized based on their total assets as at end of 2006. Banks with total assets equal or less than 10 billion USD are small banks. Banks with total assets equal or 

more than 50 billion USD are large banks. 
- Loan loss provision ratio (RProvit) is the ratio of Loan Loss Provisions to Total Loans. Size is measured by logarithm of total assets, CAR and CAR_Tier 1 are RWA-based total capital ratio 

and Tier 1 capital ratio respectively. ΔLit is annual growth rate of loans. 
- ***, ** and * represent significance at the 1%, 5% and 10% level respectively.
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4.3 Fee income ratio  

As discussed above, ratio of fee income to total operating income is predicted to 
increase as a consequence of the regulatory and economic changes after the crisis. 
Table 9 presents regression results of equation (3), and Table 10 shows summary 
statistics of fee income ratio and annual growth rate of loans before and after 
crisis. For statistics in Table 10, crisis time is excluded because the extremely high 
volatility of operating income in this period would otherwise distort the average 
number of fee income ratio.  

Expected negative coefficient between lending growth rate and fee income 
ratio are found for the samples of US and Europe. Moreover, significant decrease 
in annual growth rate of loans associated with increase in fee income ratio after 
the financial crisis against before crisis of these two samples (Table 10) support 
the prediction. The shift toward fee income, however, does not seem to occur 
among Asian banks, probably because they do not experience sharp decline or 
fluctuation in lending like banks in the US and Europe (as seen in Figure 2). Lend-
ing growth of Asian banks is quite stable over the whole study period and even 
reaches a higher average level after crisis (from 3.8% to 4.6%). As such, the result 
implies that banks deal with pressure on lending via income diversification, of 
which offering more fee-based services is one of the solutions. 

Macroeconomic variables’ effects on fee income ratio are positive and sta-
tistically significant in European banks. As concerned in previous literature, fee-
based income, especially from non-traditional activities, is risk increasing rather 
than risk reducing because this income type is more volatile than interest-based 
income (e.g. DeYoung 2004, DeYoung 2013). The positive relationship, therefore, 
indicate that a good economic condition helps reduce the volatility and the banks 
expect to gain benefits from income diversification. However, for the case of the 
US banks and Asian banks, the effects are mixed and the coefficients are mostly 
not statistically significant.  

Impact of capital and size varies across samples. This result might be af-
fected by population of small and large banks in each sample and key activities 
(e.g. traditional vs. non-traditional activity) among banks and regions. Regres-
sion by size discussed in the following part will provide some more information 
on the difference. 

Table 11 shows the regression results of fee income ratio with variables for 
small and large size categories in each region. For both categories of US banks, 
the positive coefficients between Tier 1 capital ratio and fee income ratio indicate 
that in general, US banks with higher Tier 1 capital have increased fee income 
ratio more than those have lower Tier 1 capital ratio on average and in normal 
time, but in crisis, the relationship turns to negative, implying a less diversifica-
tion of income during bad times. They probably aim to reduce risk exposure 
caused by high volatility of income from fee-based services and focus in tradi-
tional lending activity (reflected via positive coefficient between Tier 1 capital 
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and lending growth in regression results of equation 1. The result of coefficients 
by size implies that overall small US banks tend to increase the share of fee-based 
income more than large banks. This is possibly explained by different effects from 
income diversification to banks similar to findings in some studies such as Köhler 
(2015), William (2016). These papers conclude that high ratio of non-interest in-
come is good for small banks since this source of income helps them to be less 
dependent on the interest income, while it may increase risk for large banks 
(mostly investment banks) who already have large number of non-traditional ac-
tivities. Thus, the risk of overdiversification could be the reason that reduces the 
trend of offering more fee-based services among large banks.  

For European and Asian banks, the relationship between fee income ratio 
and size, in both whole sample and subsample, are in contrast with the result for 
US banks. Testing on the whole samples shows that larger banks have higher 
share of fee income in total revenues. While the same positive relation is observed 
for large size group (and statistically significant for large Asian banks), negative 
relation is found for small size group, i.e. among banks whose total assets is equal 
or less than 10 billion USD, smaller banks have higher fee income ratio. Lending 
growth rate positively correlate with fee income ratio across European and Asian 
subsamples on average and in normal time. Expected negative correlation is only 
found for Asian banks and large European banks in crisis.    

With regards to macroeconomic factors, the impact overall is stronger 
(and statistically significant) on small banks than on large banks. There is also 
strong evidence of no correlation between macroeconomic controls and the shift 
of income structure for large US banks.  

As such, the trend of increasing fee income ratio as a result of decreasing 
annual growth rate of loans is seen among banks in the US and Europe, who have 
experienced large fall or fluctuation in lending. This is not the case for Asian 
banks, probably thanks to quite stable loan growth compared to those in the US 
and Europe. The result implies that when interest-based income faces (potential) 
decline, banks increase fee-based services to supplement the decrease in interest 
income. If banks can still maintain loan growth, they may not make the shift be-
cause fee-based income is more volatile than interest income. The effect on small 
and large European banks, however, is not consistent with the whole sample, 
suggesting further detail examination may be desired. The relationship between 
size and fee income ratio also varies across small and large size groups within 
each area and among areas.  
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Table 9. Regression results of equation 3 for Fee Income Ratio. The sample consists of 131 US banks, 101 European banks and 86 Asian banks, and covers 
the period of 1995 – 2016. 

 

 
Note: 
- Fee Income Ratio (RFeeit) is the ratio of Fee Income to Total Operating Income. Size is measured by logarithm of total assets, CAR and CAR_Tier 1 are RWA-based 

total capital ratio and Tier 1 capital ratio respectively. ΔLit is annual growth rate of loans. 

- ***, ** and * represent significance at the 1%, 5% and 10% level respectively 
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Table 10. Statistic data of fee income ratio and lending growth rate before and after the financial crisis 2008 – 2009. Source: Datastream 
 

 

Note: Fee income ratio is the ratio of fee income to total operating income. Before crisis covers the period from 1995 to 2007. After crisis covers the period from 2010 to 
2016. 
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Table 11. Regression results of equation 3 for Fee Income Ratio for subsample of small and large banks of each geographical area. The period is 1995 – 2016. 
 

 
Note: 
- Small and large banks are categorized based on their total assets as at end of 2006. Banks with total assets equal or less than 10 billion USD are small banks. Banks with total assets equal or 

more than 50 billion USD are large banks. 
- Fee Income Ratio (RFeeit) is the ratio of Fee Income to Total Operating Income. Size is measured by logarithm of total assets, CAR and CAR_Tier 1 are RWA-based total capital ratio and Tier 

1 capital ratio respectively. ΔLit is annual growth rate of loans. 
- ***, ** and * represent significance at the 1%, 5% and 10% level respective
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5 CONCLUSIONS 

The study examines the relationship between bank capital ratios, lending growth 
and loan loss provisions, and reviews the change on income structure as a conse-
quence. The sample consists of three separate data sets of the US, European and 
Asian banks over the period from 1995 to 2016.  

On average, banks in the three areas have been holding Tier 1 and total 
capital ratios well above the Basel requirements over the whole sample period. 
The study finds that overall Tier 1 capital supports banks to increase loans while 
total capital ratio has negative effect in most of the cases. This implies that there 
is a difference between impacts of Tier 1 and Tier 2 capital ratios, and that a high 
Tier 2 capital ratio does not help banks in lending growth. This is a new finding 
not yet discussed in published research, which has focused on Tier 2 capital. It is 
probably because the sample period of this study covers the most recent post-
crisis time. Annual growth rate of loans is affected by capital change stronger in 
the US and European banks than in the Asian banks. In terms of size, negative 
correlation across the three regions suggests that small banks are better in adjust-
ing lending policy to increase their loans compared to large banks. On the analy-
sis by subsample, while the relation between capital ratio and lending growth 
rate is same for small and large banks in the US, supporting role of Tier 1 capital 
is seen in small European and Asian banks (with statistically significant coeffi-
cients), but not seen in large size group.  

Effect of market funding ratio on lending activity varies depending on the 
level of the market funding ratio. Banks who have relative low reliance on whole-
sale markets (which are US and Asian banks in our data) may use market funding 
as a source to increase loans in normal time. Among banks who are much reliant 
on wholesale markets (which are European banks in our data), those have more 
stable deposit funding source have been able to better grow lending.   

Loan loss provision practice in Asian banks is found different from that in 
the US and European banks. Asian banks make high provision during upswings 
to withdraw in downswings, thus their loan loss provisions do not jump up in 
crisis time like the US and European banks. This approach is proved to be more 
prudent given the fact that Asian banks do not hit huge losses due to significant 
loan loss provisions during the recent global financial crisis and still maintain 
better lending growth relative to the banks in the US and Europe. With reference 
to the empirical result of Laeven (2003), this finding suggests that the banks have 
changed their practice overtime. Fee income ratio has negative relationship with 
lending growth among banks in the US and European regions who experience 
strong fluctuation or decline in lending activity. Meanwhile, the relationship is 
positive for Asian banks. This result implies that banks move to fee-based activ-
ities to diversify source of income when facing difficulty in traditional lending. 
As such, in general, Asian banks behave differently from the US and European 
banks in responding to the changes that affect lending activity.  
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Finally, macroeconomic factors are found to have statistically significant 
positive relationship with annual growth rate of loans in all three geographical 
areas. This finding is different from many previous papers, which conclude that 
the relationship is weak, especially in advanced economies.    
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