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Introduction
Recent years witnessed a new research trend of diversification effects on banks, which encourages regulators and banks to establish a comprehensive view of risk. Among the recent
literatures, how to deal with dependency between different types of financial risks and delve
how much diversification benefits can risk aggregation achieve have become a hot issue (Li et al.
2012, 2013).
The major role of banks within China is to provide loans to corporates and households.
Does diversification among sectors of credit portfolio help banks to achieve reduced risk as
traditional portfolio suggests? Does diversification indeed lead to increased performance of
banks? This paper serves as a tentative answer to these questions by investigating empirically
how credit portfolio diversification affects banks’ return and risk in Chinese banking system
from the aspect of sector.
In real world, we observe both diversification and concentration strategies adopted by
banks. On one hand, several countries possess rules limiting a bank’s exposure to a single
borrower (Basel 1991), encouraging them to “put eggs in more than on basket”. On the other
hand, however, some banks decide to involve in sectors which they have expertise and enjoy
comparative advantages. Subprime crisis, in the year 2008, which later lead to global financial
crisis is partly due to too much exposures to real estate industry which is highly related to
macro economy (Demyanyk, Van Hemert 2011). This crisis, caused by credit portfolio concentration, in return, hit the whole banking industry of US heavily. In the light of financial
crisis, diversification versus concentration has become one of the most important issues to
be discussed concerning financial stability.
Should banks diversify their loans or concentrate on those firms whose business they are
familiar with? There are some research works on the relationship between diversification and
performance of banks, however there is no consensus so far, because findings of different
countries vary, with evidences supporting both opinions.
On one hand, traditional banking theory suggests that banks should diversify their loans to
decrease credit risk, which is also in accordance with portfolio theory (Markowitz 1959). The
view is due to asymmetric information, diversification reduces financial intermediation costs
(Diamond 1984). In practice, Basel Committee on Banking Supervision (1991) reported that
many banking crises in the last three decades were caused by concentration, indicating that
risk is highly associated with concentration. Empirical studies in Argentina (Bebczuk, Galindo
2008), Japan (Sawada 2011), India (Pennathur et al. 2012), Pakistan (Afzal, Mirza 2012) South
Asia (Dempsey et al. 2013) and Austria (Rossi et al. 2009) are in favor of this point of view. De
Jonghe, Beck (2013) used a global sample over the period 2002 to 2011 for research and found that
sectorial specialization increases volatility and systemic risk, while not leading to higher returns.

On the other hand, corporate finance theory states that firms would enjoy additional
benefits resulting from reduced cost if they concentrate their activities on specific sectors
which they have expertise in or are familiar with (Acharya et al. 2006). There is empirical
evidence that specialized banks possess a higher monitoring quality than diversified banks,
therefore yield lower loan loss provisions and higher profitability (Böve, Pfingsten 2008).
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In addition, the diversification strategy is less attractive because it also induces competition
(Winton 1999). Empirical evidence can be found to support this argument in Italian banking
sector (Acharya et al. 2006), German banking sector (Hayden et al. 2007), Brazilian banking
sector (Tabak et al. 2011) and small European banks (Mercieca et al. 2007).
We summarize the existing empirical studies on this issue in Table 1. Region or country
studied, sample period, type of diversification and main findings are listed respectively.
Table 1. Summary of recent researches on the impact of diversification on banks’ return and risk
Region/country
studied
Germany

Authors

Period

Kamp et al. (2005)

1993–2002

Italy

Acharya et al.
(2006)

1993–1999

US

Stiroh, Rumble
(2006)

1997–2002

Europe

Mercieca et al.
(2007)

1997–2003

Germany

Hayden et al.
(2007)

1996–2002

Argentina

Bebczuk, Galindo
(2008)

1999–2004

China

Berger et al.
(2010)

1996–2006

Brazil

Tabak et al. (2011)

2003–2009

Japan

Sawada (2011)

1999–2011

India

Pennathur et al.
(2012)

2001–2009

Type of
Main findings
diversification
Economic
Concentration increases
sectors
banks’ return and
decreases LLP and NPL.
Economic
Concentration increases
sectors
returns and reduces
risks.
Sources of
Diversification is positive
income
for bank performance;
the expansion to more
volatile activities,
however offset the
benefits.
Sources of
No direct benefit of
income
diversification for small
banks.
Economic
Diversification is
sectors;
detrimental to banks’
geographical
return. High-risk banks
are less affected by
diversification.
Economic
There is a positive effect
sectors
of diversification on
profitability and risk
mitigation.
Geographical, Diversification reduces
loans, deposit profits and increases
costs.
and assets
Economic
Concentration improves
sectors
return performance and
reduces default risk.
Sources of
Positive effect of revenue
income
diversification on
franchise value, and
no strong evidence of
reducing risk.
Sources of
Diversification benefits
income
public sector banks with
reduced risk.
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Continued Table 1

Region/country
studied
Pakistan

Authors

Period

Afzal, Mirza
(2012)

2004–2009

South Asia

Dempsey et al.
(2013)

1999–2010

Global samples

De Jonghe, Beck
(2013)

2002–2011

Global samples

García-Herrero,
Vázquez (2013)

1995–2004

Type of
Main findings
diversification
Economic
Diversification is
sectors
considered as a relevant
tool for risk mitigation
as it is significantly
related to market-based
measure of risk.
Sources of
Income diversification
income
associates positively with
market to book value
and negatively with
return volatility.
Economic
Sectoral specialization
sectors
increases volatility while
does not lead to higher
returns.
Geographical

Returns were reduced by
concentration of bank
subsidiaries in specific
geographical regions.

However, the existing literatures on diversification versus concentration are heavily concentrated in US and Europe markets. Only few works were about developing markets including
Brazil and Argentina. As one of the biggest and fastest-growing emerging economies in the
world, China has been playing an utmost important role in world economy. To the best of
our knowledge, however, only Berger, Hasan and Zhou investigated this issue in Chinese
banking sector from the geographical, loans, deposit and assets diversification leaving the
field much unexamined (Berger et al. 2010).
Chinese banks had been heavily influenced by policy makers and did not pay attention to
sectorial diversification in the past. Each bank had its own position in the banking system, and
produced its expertise on some certain sectors. They were often required by policy makers to
direct their loans (such as policy loans) to the sectors that they had expertise before 1990s.
Take Big Four banks of China as examples. Bank of China (BOC) was advised to concentrate
on the foreign exchange and currency businesses. Agricultural Bank of China (ABC) was
instructed to lend most of the loans to agricultural sector, especially in rural areas. Industrial
and Commercial Bank of China (ICBC) was required to provide majority of its lending to
manufacturing and commercial sectors. China Construction Bank (CCB) was instructed
to lend heavily to real estate and construction materials industries (Fu, Heffernan 2009;
Hasan et al. 2009; Lin, Zhang 2009).
Such restrictions gradually disappeared in the latter half of the 1990s, and now most of the
banks are involved in all the industries including farming, forestry, husbandry and fishing;
mining; manufacturing, production and supply of electric power, gas and water; construction;
transportation and warehousing; information technology; wholesale and retail trade; finance and
insurance; real estate; social service (including science, education and health); communication
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and culture, etc. Question arises that whether they should diversify across the industries or
specialize in one or few sectors? Will concentration on real estate bring higher risk just as US?
The primary goal of this paper is to analyze how credit portfolio sectorial concentration
affects Chinese bank profitability and risk, which is different from previous work of Chinese
banking system focusing on overall diversification (Berger et al. 2010). This work has direct
consequences to financial regulation and policy makers in this largest emerging economy,
for the reason that, in China, regulators and policy makers can incentivize or set limit on
exposures of certain sectors to ensure Chinese financial stability.
An important contribution of our work is that we do not only consider sectorial concentration, but also systematic risk of sectors themselves. Concentration does associate
with risk, but concentration on those sectors that are more volatile and closely related with
economic upturns and downturns brings more risk. To address this problem, we construct
a new diversification measure, taking systematic risk of different sectors into consideration
by weighting them with their betas.
The remainder of the paper is organized as follows. Section 1 introduces our methodology,
defining the variables of interest and the empirical models. Our data will be described in details
in Section 2. Section 3 displays our empirical results and the final section concludes the paper.
1. Methodology
1.1. Diversification measures

Previous research works applied several commonly-used traditional diversification measures including Hirschman-Herfindhl (HHI) (Berger et al. 2010; Hayden et al. 2007) and the
Shannon Entropy (SE) (Kamp et al. 2005; Tabak et al. 2011). Some of the papers also used
distance-based diversification measures to compare the differences between credit portfolio
composition and a benchmark. In most of the cases, the industry composition of the economy’s market portfolio is a benchmark for diversification. Distance-based diversification
measures therefore take the differences in sizes of each sector into consideration (Pfingsten,
Rudolph 2002; Tabak et al. 2011).
It’s important to highlight that the purpose of our work is to examine whether the sectorial composition in the banks’ credit portfolios affect the banks’ return and risk. Sectorial
composition means the banks’ relative exposures to certain sectors. Before we introduce our
proxies of diversification which are used in the paper at length, we briefly illustrate why we
do not consider distance-based diversification measures.
The particular circumstance in China is that sector classification and definition is slightly
different between that in economic activity1 and in security markets2. For example, K. Social
service in the 13-sector classification in security markets covers M. Science, P. Education,

1

20 sectors in total, set by National Bureau of Statistics of China. See Industry Classification of National Economy,
GB/T 4754-2011.

2

13 sectors in total, set by China Securities Regulatory Commission (CSRC). See Industry Classification Guidance
for Listed Companies, CSRC Public Announcement, 2012, No. 31.
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Q Health, etc. in 20-sector classification of economic activity3. However, most of the listed
commercial banks report their lending according to 13-sector classification set by CSRC
respectively. Therefore, it’s difficult to distinguish the difference between their sectorial composition of credit portfolio and the macroeconomic market portfolio of the whole country.
Due to the above reason, we choose Herfindhl-Hirschman Index as the basic measure
of diversification, and also construct a new one based on it, taking systematic risk of each
sector into consideration.
1.1.1. Hirschman-Herfindhl Index (HHI)

Hirschman-Herfindhl Index (HHI) is a commonly used accepted measure of market concentration (Rhoades 1993). It assumes perfect diversification as equal exposure to every sector.
Before we calculate the diversification measure, for each bank, relative exposure xit of each
N

sector i at time t is defined as its nominal exposure exit divided by the total exposure ∑ exkt :

xit =

exit

N

∑ exkt

k =1

.

(1)

k =1

HHI is the sum of the squares of the relative exposures. And thus for each individual
bank, it is defined as:
N
HHIt = ∑ xit2 ,

(2)

i =1

where N is the total number of sectors the banks provide their lending to. The lower and
1
and 1, representing a perfect diversified and a perfect focused
upper bound of HHI is
N
portfolio respectively. The higher HHI value, the less is the diversification of the bank.
1.1.2. Risk-adjusted HHI

Traditional HHI equals relative exposure of every sector; however, sector itself has different
vulnerability as a response to the whole economy’s up and down. Lessons learned from banking crises of the 1980s and early 1990s taught us that banks should not exposure too much to
only few sectors (FDIC 2007). Subprime crisis was partly due to too much exposure to real
estate industry which has especially high correlations with macro economy (Demyanyk, Van
Hemert 2011). To address the risk that a sector has high correlation with the macro economy,
we introduce systematic risk of each sector in diversification measure. That is to weight more
on relative exposures of the offensive sectors than these of the defensive sectors, rather than
equal them in traditional HHI.
Systematic risk of one sector defined in this paper is much in line with the concept in economics and finance. Systematic risk is vulnerability to events which affect aggregate outcomes
such as broad market returns, rather than individual return of a firm or an industry. It cannot
be eliminated through diversification in a portfolio. In William Sharp’s capital asset pricing
3

Details of the 20-sector classification is provided upon request, and 13-sector classification is described in subsection 2.2.
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model, the important concept to evaluate an asset’s exposure to systematic risk is beta. It is
an indicator of an asset’s vulnerability to systematic risk, and indicates the degree to which
an asset’s expected return is correlated with boarder market return (Sharpe 1963, 1964).
In our paper, we replace an asset with a sector in Sharp’s framework. Sector beta is used
to measure to which extent a sector move together with the entire market. Then we introduce
sector beta as weight of relative exposure of each sector respectively to construct our new
diversification measure.
Risk-adjusted HHI for each bank at time t as follows:
risk-adjusted HHI=
t

N

∑βit xit2 .

(3)

i =1

In Eq. (3), βit reflects systematic risk of each sector i at time t , defined as the covariance
between market return and sector return cov(R Mt ,R it ) divided by the variance of market
return σ2R , as with Sharp’s definition of beta.
Mt

βit =

cov(R Mt ,R it )
.
σ2R

(4)

Mt

The higher risk-adjusted HHI value means not only the bank’s credit portfolio is more
concentrated, but also focused too much on the sectors with higher systematic risk.
1.2. Dependent variables

In this part, we briefly introduce the dependent variables and other control variables we use
in our regression models.
1.2.1. Return performance measures

–– Return on assets (ROA): measured as the ratio of net income to total assets;
–– Return on Equity (ROE): measured as the ratio of net income to equity. The measure is
to describe the return performance of the bank from the perspective of stockholders;
–– We use both the measures for robustness check.
1.2.2. Risk Measure

–– Nonperforming loans: we evaluate the banks’ monitoring effectiveness. The variable is
interpreted as an ex post measure of the actual losses from lending activity, and easy
to be found in the banks’ annual reports.
1.3. Other control variables

We control for characteristics that are commonly used as control variables in similar studies
as (Acharya et al. 2006; Berger et al. 2010; Hayden et al. 2007). Control variables in our paper
are: asset, loan-to-deposit ratio and equity ratio to describe a bank from the three important
aspects – size, liquidity and capital structure.
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–– Asset: we use the continuous variable to measure the size of the bank as most of the
previous literatures did. This control variable is to capture size-related influences that
stem from differences in size among banks, and to control for the well-known size effect (Dempsey et al. 2013). In our regression analysis, squared term ln 2 (asset ) along
with ln(asset ) are also introduced to capture for the potential nonlinear relationship
between size and risk when the linear relationship is not significant.
–– Loan-to-deposit ratio: The control variable is defined as total loan divided by total
deposit. It is a commonly used statistic for assessing a bank’s liquidity. If the ratio is
too high, it means that banks might not have enough liquidity to cover any unforeseen
fund requirements; if the ratio is too low, banks may not be earning as much as they
could be. Therefore this ratio has the potential impact on banks’ return and risk that
should be controlled when doing regressions.
–– Equity ratio: This control variable is defined as equity divided by the total assets, reflecting the capital structure of the bank. The reciprocal of equity ratio is the well-known
equity multiplier which is associated closely with financial risk. Equity multiplier
is also used to calculate return on equity in DuPont formula for financial analysis.
Therefore, this variable is used mainly to control the influence of capital structure on
banks’ return and risk.
1.4. Model specification
1.4.1. The relationship between bank returns and credit portfolio diversification

The basic question in this study is whether loan sectorial diversification yields higher returns.
We deal with this issue by regressing returns on diversification measures, while controlling
other important variables in the following equation.
returnkt = β0 + β1 ⋅ diversificationkt + γ ⋅ Vkt + εkt ,

(5)

where returnkt is the return of bank k at time t measured by ROA and also ROE. Vkt is a vector of control variables including asset, loan-to-deposit ratio and equity ratio. diversificationkt
is the variable we are interested in, representing separately HHI and risk-adjusted HHI
explained in the previous subsection. Finally, εkt is the residual value.
If β1 > 0 , concentration seems to be more advantageous than diversification from the aspect of return. Otherwise, β1 < 0 means that diversification across sectors yields higher return.
In addition, we also test the nonlinear relationship between credit loan diversification and
2 into the regression.
banks’ return by introducing squared term diversificationkt
2 + γ ⋅V + ε .
returnkt = β0 + β1 ⋅ diversificationkt + β2 ⋅ diversificationkt
kt
kt

(6)

If the regression model is significant, it seems to suggest that there exists U-shaped or
reversed U-shaped relationship between diversification and banks’ return.
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1.4.2. The impact of credit portfolio diversification on bank risk

This topic is to test how loan sectorial diversification impacts risk. We regress risk measure
on diversification measures in the following equation. Asset, loan-to-deposit ratio and equity
ratio are included in the regression as control variables.
riskkt = β0 + β1 ⋅ diversificationkt + γ ⋅ Vkt + εkt ,

(7)

where riskkt is the risk of bank k at time t measured by nonperforming loans. Since we
evaluate the banks’ monitoring effectiveness, absolute value of nonperforming loans is used.
diversificationkt is separately HHI and risk-adjusted HHI explained in the previous subsection.
Finally, εkt is the residual value.
In our regression analysis, squared term ln 2 (asset ) along with ln(asset ) are also introduced to capture for the potential nonlinear relationship between size and risk when the
linear relationship is not significant.
If β1 > 0 , concentration seems to be less attractive than diversification since risk is higher.
Otherwise, β1 < 0 means that diversification across sectors brings more risk.
In addition, we also test the potential nonlinear relationship such as U-shaped or reversed
U-shaped between credit loan diversification and banks’ return by introducing squared term
2 into the regression.
diversificationkt
2 + γ ⋅V + ε .
riskkt = β0 + β1 ⋅ diversificationkt + β2 ⋅ diversificationkt
kt
kt

(8)

2. Data
2.1. Sample and data source

In China, there are 16 listed commercial banks in all. These banks take a large asset proportion of the whole banking sector4. Our sample includes panel data of all the 16 Chinese
listed commercial banks in 2007–2011 period, 80 observations in total. The 16 commercial
banks are: Industrial and Commercial Bank of China (ICBC), Agricultural Bank of China
(ABC), Bank of China (BOC), China Construction Bank (CCB), Bank of Communications
(BOCOM), China Merchants Bank (CMB), Shanghai Pudong Development Bank (SPDB),
China Minsheng Banking Corporation (CMBC), China Citic Bank (CITIC), China Everbright Bank (CEBB), Industrial Bank Corporation (IBC), Huaxia Bank (HXB), Shenzhen
Development Bank (SDB, now is merged with Ping’an Bank), Bank of Beijing (BBJ), Bank
of Nanjing (BNJ), and Bank of Ningbo (BNB)5.
These commercial banks began to adopt new accounting standards in 2007. Besides, in
the period of 2007–2011, Chinese banking sector was developing stably without significant
4

The Big Five banks including ICBC, ABC, BOC, CCB and BOCOM take a percentage of 47.3% assets of the whole
banking sector in 2011. See 2011 Annual Report of China Banking Regulatory Commission (CBRC). It can be
estimated that the 16 banks included in the sample take at least 63.1% of the entire banking industry using asset
data acquired.

5

There are missing values of equity in ABC in 2007 and 2008. We calculate equity of 2008 according to equity ratio
of 2008 reported in 2009 annual report.
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reforms. Therefore, our choice of the time period helps to examine the stable relationship
between diversification and banks’ return and risk.
Sector exposures of every listed commercial bank of the five years are from their annual
reports. They direct their loans to the following sectors: farming, forestry, husbandry and
fishing; mining; manufacturing, production and supply of electric power, gas and water;
construction; transportation and warehousing; information technology; wholesale and retail
trade; finance and insurance; real estate; social service (including science, education and
health); communication and culture, etc. Their classification of sectors is mainly in accordance with the 13-sector classification standard set by CSRC; therefore, we only adjust some
of their reported sector loan exposures to ensure consistency between the 16 banks and also
the 13-sector classification standard.
Return performance measures and risk measure is from Wind database6. We also double
check them with those on the banks’ annual reports.
2.2. HHI and risk-adjusted HHI calculation

Definition and classification of sectors in the 16 listed commercial banks’ loan exposures
reports show slight differences in some sectors. We adjust the inconsistent ones to ensure
that we can compare the calculated HHI between the banks and also between the different
years. 13-sector classification specified by CSRC is listed in Table 2.
Table 2. 13-sector classification specified by CSRC
Sector code
A
B
C
D
E
F
G
H
I
J
K
L
M

Description
farming, forestry, husbandry and fishing
mining
manufacturing
production and supply of electric power, gas and water
construction
transportation and warehousing
information technology
wholesale and retail trade
finance and insurance
real estate
social service
communication and culture
comprehensive industry

The 16 listed banks all reported their exposures in the following sectors: B, C, D, E, F, H,
and J. However, some of the banks classified one, some or all of the Sector A, G, I, M into
“others”, and the rest banks reported them separately if they provided loans to any of Sector
A, G, I, M. Besides, some banks had their own sector “science, education, culture and health”,
6

Wind database is a widely used service provider of financial data in China.
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“public service” in their reporting, while other confirmed to 13-classification regulation in
which “communication and culture” is an independent sector. To overcome the inconsistency,
we adjust our classification standard shown as Table 3.
Table 3. Adjusted sector classification standard
No
I1
I2
I3
I4
I5
I6
I7
I8
I9

Description
mining
manufacturing
production and supply of electric power, gas and water
construction
transportation and warehousing
wholesale and retail trade
real estate
social services: science, education, culture and health leasing
and business service communication and publication
others: (any, some or all of the following) farming, forestry,
husbandry and fishing information technology finance
and insurance comprehensive industry

Sector code
B
C
D
E
F
H
J
K, L
A, G, I, M

The most important issue in calculation of risk-adjusted HHI is to estimate sector betas.
First, we choose the right proxy of market return. Cross correlations between Shanghai index
(SH), Shenzhen index (SZ) and Hushen 300 index (HS 300) are calculated. Since they are
highly positive related with correlation coefficient higher than 0.85, we choose return rate
of Shanghai composite index as proxy of market return because it covers a wider range thus
better describe the market. Shanghai composite index is available in Wind database, which
is in daily frequency.
Then, we prepare return rate of all the sectors. Wind database provides indices of all the
13 sectors in accordance with CSRC standard, all in daily frequency. To eliminate unnecessary volatility, we calculate weekly return of market and all the sectors by doing logarithmic
transformation of weekly closing index series respectively.
cov(R Mt ,R it )
is used to estimate sector betas. Note that we list our results according to
βit =
σ2R
Mt

CSRC 13-sector classification. When we introduce the sector betas to calculate risk-adjusted
HHI, we do adjustment according to our new classification standard.
Original beta values of Sector B, C, D, E, F, H, and J is used. Average of Sector K and
L’s betas is replaced with I8 in our new standard. For I9, we calculate beta of each bank according to the sectors included in “others” category (one, some or all of Sector A, G, I, M)
by averaging their betas. For example, we classify Sector I and M for BOC into I9 “others”,
average beta of Sector I and M is used to replace I9’s beta. Table 4 presents the calculated
betas of each sector of the five years.
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Table 4. Sector betas in 2007–2011 period
A
B
C
D
E
F
G
H
I
J
K
L
M

2007
0.885
1.117
1.017
0.971
1.130
0.921
0.784
1.086
1.112
1.213
0.976
0.867
1.121

2008
1.074
1.092
1.055
0.888
1.067
1.075
0.952
0.976
1.166
1.232
1.166
0.961
1.078

2009
1.042
1.238
0.998
0.881
1.008
1.086
0.918
0.995
1.065
1.421
1.145
0.950
1.112

2010
0.845
1.358
0.966
0.812
0.914
1.069
0.899
0.825
0.929
1.068
0.848
0.788
0.970

2011
1.148
0.769
1.251
1.009
1.238
1.047
1.128
1.175
0.855
1.269
1.254
1.377
1.387

2.3. Summary statistics

Table 5 presents the summary statistics of the variables that we use in our models specified.
The most important issue in our study, by analyzing the mean and standard deviation of the
concentration measure, is that Chinese banks’ credit portfolios seem to be well diversified.

Equity ratio

Asset

Loan-to-deposit
ratio

ROE

ROA

Nonperforming
loan

Risk-adjusted
HHI

HHI

Table 5. Summary statistics of the variables

Mean

0.187

0.197

56657.36

1.079

19.904

67.853

3388097

5.837

Median

0.173

0.183

13993.95

1.105

19.400

69.682

1527874

5.772

Maximum

0.372

0.381

303020

1.720

41.120

83.784

15476868 13.071

Minimum

0.145

0.144

271.839

0.150

4.180

50.840

75510.77

2.204

Std. Dev.

0.039

0.043

80658.06

0.261

5.144

6.790

3963708

1.841

Skewness

2.312

1.868

1.472

–0.810

1.036

–0.175

1.370

1.306

9.558

7.266

3.789

4.602

6.956

2.588

3.604

6.367

Jarque-Bera

Kurtosis

214.641

107.2

30.971

17.302

65.636

0.974

26.233

59.759

Probability

0

0

0

0.00018

0

0.614578 0.000002

0

Observations

80

80

80

80

79

80

80

79

Cross
sections

16

16

16

16

16

16

16

16
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We compare average HHI of Chinese banking sector with the main findings of the
previous study. In general it is more diversified than Italians’ whose average HHI is 0.237
(Acharya et al. 2006), Irish’s (McElligott, Stuart 2007) and German’s (Hayden et al. 2007)
in which HHI both equal 0.291. For emerging markets, Brazilians’ and Argentines’ are also
more concentrated than Chinese’s with HHI 0.316 (Tabak et al. 2011) and 0.55 (Bebczuk,
Galindo 2008) respectively.
Table 6 depicts the cross correlations of the variables we are interested in with asset.
Table 6. Correlations of HHI, risk-adjusted HHI and asset
HHI
HHI

Risk-adjusted HHI

Asset

1

Risk-adjusted HHI

0.895

1

Asset

–0.408

–0.358

1

This provides evidence that a not absolutely pronounced correlation exists between HHI
and risk-adjusted HHI, suggesting that the effects of both on return performance and risk may
be at least slightly different. So it is necessary to observe the effects of both on return and risk.
Besides, there is an obvious negative correlation between credit loan concentration and the
size of bank. A possible reason to explain is that larger banks have accesses to more resources,
possess more adequate capital and have deeper understanding in lending to several sectors.
0.25
0.2
0.15
0.1
HHI

0.05
0

2007

2008

risk-adjusted HHI

2009

2010

2011

Fig. 1. Tendency of HHI and risk-adjusted HHI in 2007–2011

Figure 1 shows the tendency of average HHI and risk-adjusted HHI of the 16 banks in
the five years. It is easy to find that there is a decreasing tendency of sectoral concentration as
HHI reduces with time passes, which seems to indicate that credit portfolios are less concentrated. However, risk-adjusted HHI grows sharply in 2011, suggesting that more exposures
to sectors with higher systematic risk such as real estate, manufacturing and construction.
This may also result from increased systematic risk of these sectors at the same time. An
increased risk-adjusted HHI may be a sign of higher risk resulting in more nonperforming
loan, but it cannot be captured by traditional measure HHI.
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3. Empirical results
We present the results of our empirical regression models in this section. In the first subsection, we examine the effect of credit portfolio diversification on banks’ return performance.
In the second subsection, we analyze the effects of diversification on risk.
Panel data models are used to analyze the two issues. We test the presence of unit root
for the variables including those we are interested and control variables, but they reject unit
root in all cases. Our sample includes all the Chinese listed commercial banks. So it is safe
for us to choose fixed effect models for regressions. We also apply Hausman test for all the
models to validate our choice.
3.1. Th
 e relationship between bank returns and credit portfolio diversification

We try to investigate the effects of credit portfolio diversification measured by HHI and
risk-adjusted HHI on ROA and then ROE, respectively, while controlling the bank’s size, the
equity ratio and the loan-to-deposit ratio.
To capture the potential nonlinear relationship between sectorial diversification and return
performance, we also estimate equation with squared term of HHI and risk-adjusted HHI.
Table 7 presents the results of regression model Eq. (5) and Eq. (6).
In the specification Eq. (5), the coefficients for risk-adjusted HHI are positive and significant at 5% level for return performance measured both by ROA and ROE. HHI is also positive
and significant at 10% level when ROE is the dependent variable. Risk-adjusted HHI is better
to capture the relation between credit diversification and return measure when systematic
risk is taken into consideration.
However, in estimation of Eq. (6), both the original and squared term of HHI and risk-adjusted HHI reject the significance, while control variables remain significant. This suggests
that there is no nonlinear relationship between diversification and return performance.
The above results give evidence that concentration seems to positively influence banks’
return but not in a nonlinear form, indicating that on average, focused credit portfolio to
fewer sectors yields higher profits than diversified portfolio. One of the most possible reason
is that diversification may result in higher monitoring costs, which reduces the overall profits
(Acharya et al. 2006). Banks may have an expertise on some of the sectors, but not all. Thus
involving more sectors means more costly to monitor.
The three control variables: the bank’s size, the equity ratio and the loan-to-deposit ratio
are all significant indicating that they indeed have the impact on return performance.
The coefficients of the bank’s size remain positive and strongly significant in all the
8 models, which tends to suggest that larger banks have higher return performance than
smaller banks. In addition, the coefficients of equity ratio are significantly positive in ROA
estimations and significantly negative in ROE estimations. This indicates that an increase
of equity ratio, which changes the capital structure, helps to achieve higher asset return but
have a negative effect in the management of equity. This is also the case in Brazil, another
emerging country, agreed by the previous literatures (Tabak et al. 2011; Tecles, Tabak 2010).

0.050182***
(0.015200)
–0.027848***
(0.006078)
7.47×10–8***
(1.35×10–8)
2.233330***
(0.440391)
79
16
0.8353
0.7822
15.7452
0.0000

14.7903
0.0000

0.988403**
(0.455902)

0.056557***
(0.015549)
–0.027913***
(0.006249)
7.54×10–8***
(1.40×10–8)
2.408383***
(0.468169)
79
16
0.8265
0.7706

–0.082899
(0.743625)

* represent significance level of 10%;
** represent significance level of 5%;
*** represent significance level of 1%.

Observations
Number of banks
R-squared
Adjusted
R-squared
F-statistic
Prob (F-statistic)

Constant

Loan-to-deposit
ratio
Asset

Risk-adjusted
HHI
Risk-adjusted
HHI2
Equity ratio

HHI2

HHI

Eq. (5)

Dependent variable: ROA

13.9200
0.0000

14.7962
0.0000

2.406871
(2.640425)
–2.999231
(5.456306)
0.053663***
0.052365***
(0.016337)
(0.015798)
–0.028553*** –0.027632***
(0.006369)
(0.006127)
7.40×10–8*** 7.42×10–8***
(1.43×10–8) (1.36×10–8)
2.761923***
2.050047***
(0.746530)
(0.554477)
79
79
16
16
0.8276
0.8361
0.7681
0.7796

–2.575014
(4.152449)
4.879007
(7.996725)

Eq. (6)

3.9632
0.0000

–1.367032***
(0.486986)
–0.513867**
(0.195702)
1.19×10–6***
(4.39×10–7)
51.10950***
(14.66240)
79
16
0.5607
0.4192

40.87778*
(23.28929)

3.8106
0.0000

–1.334105***
(0.493937)
–0.532980***
(0.197526)
1.04×10–6***
(4.39×10–7)
55.67481***
(14.31105)
79
16
0.5510
0.4064

23.82586**
(10.91088)

Eq. (5)

Dependent variable: ROE

Table 7. Regressions on return performance on diversification measure and other control variables

3.7112
0.0000

–1.32308**
(0.512895)
–0.50415**
(0.199965)
1.21×10–6***
(4.49×10–7
45.74041*
(23.43756)
79
16
0.5614
0.4100

78.72472
(130.3676)
–74.09588
(251.0601)

3.559
0.0001

29.10667
(86.02423)
–11.16585
(177.7648)
–1.325976**
(0.514694)
–0.532175***
(0.199626)
1.04×10–6**
(4.44Í10–7)
54.99247
(18.06468)
79
16
0.5510
0.3962

Eq. (6)
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3.2. The impact of credit portfolio diversification on bank risk

In this part, our goal is to evaluate the effects of credit portfolio diversification measured by
HHI and risk-adjusted HHI on banks’ risk, proxied by nonperforming loan (in absolute value),
while controlling the bank’s size, the equity ratio and the loan-to-deposit ratio. Note that we
also try to introduce squared term ln 2 (asset ) along with ln(asset ) to describe the potential
nonlinear relationship between size and risk when the linear relationship is not significant.
To capture the potential nonlinear relationship between sectorial diversification and risk,
we also estimate equation with squared term of HHI and risk-adjusted HHI.
Table 8 presents the results of regression model Eq. (7) and Eq. (8).
Regarding the portfolio diversification measure, in the specification Eq. (7), the coefficients
for risk-adjusted HHI are positive and significant at 5% level to bank’s risk both when bank’s
size is proxied by asset absolute value and by squared term ln 2 (asset ) along with ln(asset ).
HHI is also positive and significant at 10% level when bank’s size is described by ln 2 (asset )
and ln(asset ).
However, in estimation of Eq. (8), significance of nonlinear form of HHI and risk-adjusted HHI are both rejected. This suggests that there is no significant nonlinear relationship
between diversification and risk measure.
These results provide evidence that portfolio concentration significantly positively related
to the bank’s risk, which is in agreement with the idea of Diamond (1984), stating that the
expansion of banks’ credit lines to new sectors reduced the bank’s probability of default.
Moreover, concentrated credit portfolio will be vulnerable to economic downturns since they
only expose themselves to few sectors. The bank risk would be higher if the few sectors which
the bank exposes to have higher systematic risks, which can be explained by our regression
results when risk-adjusted HHI is used as diversification measure.
But our findings contradict the conclusions that concentration reduces risk from other
existing research works in both developed and developing countries (Acharya et al. 2006;
Kamp et al. 2005; Tabak et al. 2011).
It can be observed that variable asset itself is not significant in all the four regression
models. But when we introduce squared term ln 2 (asset ) and ln(asset ) to describe bank’s
size, their coefficients become significant at 1% level, indicating that there exists nonlinear
relationship (a reversed U shape with great probability between bank’s size and risk. To
investigate this issue in detail, the axis of symmetry is ln(asset ) ≈ 13 , which means that if
asset ≥ e13 =
442413 , larger banks will face less risks resulting from monitoring efficiency
possibly. Among the samples, only the assets of Bank of Nanjing, and Bank of Ningbo during the five years are less than the threshold: 442413. That means, for majority of the listed
commercial banks, larger banks are less exposed to risk.

159017.2*** 153960.5***
(38187.34) (35745.69)
79
79
16
16
0.9869
0.9877
0.9827
0.9837
234.1616
249.2869
0.0000
0.0000

* represent significance level of 10%;
** represent significance level of 5%;
*** represent significance level of 1%.

Observations
Number of Banks
R-squared
Adjusted R-squared
F-statistic
Prob (F-statistic)

Constant

Squared Ln(asset)
124420.4**
(60806.55)
79
16
0.9870
0.9826
220.7359
0.0000

110969.6**
(44135.69)
79
16
0.9882
0.9842
243.4712
0.0000

Dependent variable: Nonperforming loan
Eq. (7)
Eq. (8)
HHI
49862.27
293736.7
(60655.57)
(338226.5)
HHI2
–477451.9
(651351.7)
Risk-adjusted HHI
95504.19**
428219.3**
(45121.52)
(210174.7)
Risk-adjusted HHI2
–703498.0
(434315.6)
Equity Ratio
–1835.937 –2200.050*
–1552.718
–1687.920
(1268.325) (1233.741)
(1330.657) (1257.503)
Loan-to-deposit Ratio –1026.239** –1047.892**
–963.6039* –997.2073**
(509.6950) (493.3739)
(518.7907) (487.7268)
Asset
–0.010099
–0.010339
–0.009961
–0.010457
(0.01144)
(0.01096)
(0.01164)
(0.01084)
Ln(asset)

Table 8. Regressions on risk on diversification measure and other control variables

251059.7*** 237563.5***
(65353.89)
(60561.71)
–9555.769*** –9193.122***
(2352.275)
(2190.062)
–1497298*** –1365682***
(471432.9)
(438440.8)
79
79
16
16
0.9796
0.9801
0.9721
0.9728
130.3308
133.8695
0.0000
0.0000

548.2004
–8.753741
(1971.717)
(1950.147)
–1615.209** –1793.330***
(649.2136)
(626.4851)

255166.9*** 244610.9***
(61428.90)
(58743.29)
–9705.137*** –9432.828***
(2208.387)
(2130.392)
–1514540*** –1401091***
(459395.0)
(430727.6)
79
79
16
16
0.9796
0.9800
0.9725
0.9731
139.1513
142.3015
0.0000
0.0000

122437.5**
(58930.45)

Eq. (8)
231547.0
(438411.1)
–169463.0
(859592.0)
270417.7
(283188.3)
–315872.3
(591081.7)
580.7714
56.11938
(1995.113)
(1966.021)
–1603.231** –1804.813***
(657.4739)
(630.7457)

Eq. (7)
146795.1*
(85255.64)
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Conclusions
This paper investigates the effects of credit portfolio sectorial diversification on the banks’
return and risk in Chinese banking sector. Panel data on 16 Chinese listed commercial banks
during the 2007–2011 period is used for analysis. We construct a new diversification measure,
taking systematic risk of different sectors into consideration by weighting them with their
betas and compare the results to those of more conventional measure HHI.
We find that Chinese banks’ credit loan portfolios are more diversified than all the countries’ reported in previous studies, which may be due to strict regulation and supervision of
our country.
Our main finding of empirical study is that sectorial diversification is associated with
reduced return and also reduced risk at the same time, which contradicts existing findings
in developed countries such as Italy and Germany, and also in emerging economies such as
Brazil and Argentina. The reason to explain this may be that diversification may result in
higher monitoring costs, which reduces the overall profits. At the same time, diversification
helps offset the specific risks to achieve lower risks. The overall effects of Chinese sectorial
diversification versus concentration on banks seems to be ambiguous and cannot be determined without taking a stand on what consists an efficient risk-return trade-offs.
Our analysis may also provide important implication for regulators and policy makers
in other emerging economies.
From the aspect of regulators, it is more important to control risk to ensure financial
stability than high profits of the banking industry. Therefore, we suggest setting limits on
those sectors with higher systematic such as real estate to avoid second “subprime tragedy”.
For those large banks, which are less vulnerable to risk, it is possible for them to be moderately focused especially on those they have expertise on to reduce cost in order to achieve
higher return.
Another one of our main contributions is the newly constructed diversification measure,
which takes systematic risk of sector into consideration. Risk-adjusted HHI performed well
to capture the changes of sectors systematic risk and of exposures to sectors at the same time.
We observe that there is a decreasing tendency of HHI in the five years in a row, which seems
to indicate that credit portfolios are less concentrated. However, the year of 2011 witnessed a
sharp increase in risk-adjusted HHI, suggesting that more exposures to sectors with higher
systematic risk. The phenomenon should be noticed by the regulators, because an increased
risk-adjusted HHI may be a sign of higher risk resulting in more nonperforming loan. This
information, however, cannot be implied by traditional measure HHI.
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