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The aim of this paper is to estimatethe effects of different balance sheet determinants on the interest rate risk exposure of
banks operating in developed and developing financial markets. The quantification of the analysed exposure contributes to
the process of identifying, monitoring and managing interest rate risk. As a sample of a developed financial market we
surveyed 65 bank holding companies in the United States, whereas the sample of a developing financial market included
10 banks from the Republic of Serbia, which are listed on the Belgrade Stock Exchange. A comparative analysis of the
influence of the balance sheet characteristics was conducted on the basis of the results of Stone’s regression model and the
Econometric panel model. Based on the obtained regression coefficients, we conclude that growth of total assets in banks
in the United States results in increases in exposure to interest rate risk, while in Serbia the relationship seems to be
inverse. Furthermore, the results show that an increase in the share of deposits in total assets of the U.S. banks reduces
exposure to interest rate risk, while banks in the Republic of Serbia experience an opposite effect. The coefficients also
suggest that there are some empirical factors whose effects are universal. For instance, both an increase in return on
average equity (ROAE) and a decrease in net interest income lead to reductions of interest rate sensitivity, regardless of
the level of development of the market where the banks operate.
Keywords: Financial Markets, Interest Rate Risk, Banks, Balance Sheet Characteristics, Panel Research.

Introduction
Interest rate risk is one of the key forms of financial
risk that banks encounter in their business operations
(Ivanovic, 2009; Bodie et al., 2009). Numerous factors
have recently attached greater significance to interest rate
risk management. The increase in interest rate volatility in
the financial markets caused by the economic crisis of
2008 has contributed to the instability of income, costs and
economic value of banks, whereas interest rate income has
remained the most important source of income to banks. It
is worthwhile pointing out that the regulatory framework
of business defined by the Basel Accords (Basel II, Basel
III) requires that reserves should be set aside according to
the assessed market risk exposure, which also influences
raising the question of interest rate analysis and
management. The exposure of banks to interest rate risk
has been the subject of research since 1970s. Many
prominent authors have, by the application of Stone’s
Two- Index Model of Returns (Stone, 1974), investigated
the relationship between interest rate and banks’ stock
returns (Flanery & James, 1984; Faff & Howard, 1999;
Fraser et al., 2002, Au Young et al., 2007; Ballester et al.,
2008). Stone’s model was the basis for developing two

approaches in investigating the influence of interest rate
risk on banks’ stock returns. The first approach is based on
investigating the relationship between interest rate
volatility and imbalances in maturity of assets and
liabilities of the balance sheet. The pioneers of this
approach were Flanery & James (1984), who first provided
empirical evidence of links between unanticipated interest
rate movements and banks’ stock returns. The results
supporting the existence of the negative correlation
between unanticipated interest rate movements and banks’
stock returns have been confirmed in the studies of many
authors (Yourougou, 1990; Kwan, 1991; Akella &
Greenbaum, 1992). The other approach in investigating the
influence of interest rate risk on the banking sector is based
on the identification and analysis of the influence of other
determinants for the exposure of the bank to interest rate
risk. Authors (Drakos, 2001; Fraser, 2002; Haq, 2007;
Saporoschenko, 2002; Reichert & Shyu, 2003; Au Yong et
al., 2007, Lileikiene & Likus, 2011) have discovered
statistically significant links between bank exposure to
interest rate risk and other numerous balance sheet
characteristics like bank size, working capital, equity
capital, non- interest income, off-balance sheet activities,
deposit on total asset ratio, loans to total asset ratio, etc.
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This paper has two aims. The first aim is to identify
factors which have a statistically significant influence on
bank exposure to interest rate risk, after a quantitative
assessment. The second aim is to carry out the comparative
analysis of the nature and intensity of this influence on the
banks operating in the developed and developing financial
markets. The financial market of the United States has
been taken as an example of a developed market, whereas
the financial market of the Republic of Serbia has been
cited as an example of a developing market.

Data and Methodology
The first part of the model applied in the paper is based
on the application of Stone’s linear two-index regression
model. (Stone, 1974). The aim of the model application is
to determine how changes in interest rate affect banks’
stock returns (Elyasiani & Mansur, 2004). Starting from
the fact that risk and potential return are positively
correlated, it may be said that the regression coefficient,
which is placed by the variable denoting interest rate
variations, represents a quantitative measure of bank
exposure to interest rate risk. Stone’s regression model can
be represented by the following (Kwan, 1991):
𝑅̂𝑗𝑡 = 𝛽0𝑗 + 𝛽1𝑗 𝑅̂𝑚𝑡 + 𝛽2𝑗 𝑅̂𝑖𝑡 + 𝜀̂𝑗𝑡

(1)

Rjt - the holding period return to the j- th bank's
common stock over the period ending at time t,
Rmt - the holding period return to the market portfolio
over the period ending at time t,
Rit - the holding period return on an index of constant
maturity risk-free zero bonds (interest rate approximation),
1j - regression coefficient which assesses the
sensitivity of stock return to the unit change of Rmt, and,
it - regression coefficient which assesses the sensitivity
of stock return to the unit change of Rit.
In the context of Stone’s model, the value of β2j
represents a response of holding period return of banks’
common stocks to the changes in interest rates taking into
account the simultaneous influence of the overall capital
market. Since the holding period return of treasury bonds
is negatively correlated with interest rate changes, the
positive value of β2j indicates that holding period return to
banks common stocks and interest rates are negatively
correlated. In case the correlation coefficient between
dependent variables of the model is high, market index
orthogonalization is applied. This means replacing the
original values of the Rmt variable with the residuals of the
model of returns, which can be represented by the following:
𝑅̂𝑚𝑡 = 𝛽1𝑗 𝑅̂𝑖𝑡 + 𝜀̂𝑗𝑡
(2)
The dependent variable of Stone’s model is the
variation of holding period return to banks common stocks
in a seven-day period. As for the US banks, the weekly
data on holding period return to banks common stocks are
taken from Thomson's data stream database. In the case of
the banks from the Republic of Serbia, the holding period
return to banks common stocks is calculated according to
the data from the Belgrade Stock Exchange using weekly
changes in prices of bank shares.

To assess the influence of the capital market on the
exposure to interest rate risk of the US banks, the weekly
returns on the S&P 1500 Composite index are used. The
companies whose shares compose the index cover 95 % of
the market capitalisation, which makes this index an
adequate indicator of the overall capital market in the
USA. The data on weekly index price movement is taken
from Thomson's data stream database. In the case of the
Republic of Serbia, the changes in the capital market are
monitored on the basis of weekly return variations on the
Belex 15 market index, which represents a reliable analytical
tool for analysing and monitoring the performances of the
most liquid segment of the market (Jeremic, 2009). The
weekly return on the Belex 15 is calculated according to the
data in its weekly prices taken from the Belgrade Stock
Exchange. The analysis of the influence of changes in
interest rates on the holding period return to banks common
stocks is conducted according to the variations of yield to
maturity of long-term zero-coupon bonds (Saunders &
Cornet, 2011). This concept of yield to maturity represents
the most accurate measure of interest rates (Mishkin, 2006).
In the case of the US financial market, ten-year constant
maturity risk-free zero coupon bonds were observed,
whereas for the Republic of Serbia the yield to maturity of
A2016 bonds, issued by the Republic of Serbia with the aim
to cover the debt outstanding for the "old" foreign currency
savings. According to the weekly changes of returns at
maturity, the variable "yield relative" was designed (Flanery
& James, 1984):
𝑦𝑖𝑒𝑙𝑑𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 = − [

𝑌𝑇𝑀𝑡 −𝑌𝑇𝑀𝑡−1
𝑌𝑇𝑀𝑡−1

]

(3)

The negative sign of the variable "yield relative"
derives from the theoretical standpoint about the existence
of negative correlation between the movement of interest
rate and returns on the bonds.
The other part of the model applied in this paper is
based on the application of econometrical panel model.
The procedure of panel research represents a choice and
analysis of the model which best denotes the observed
relationships (Baum, 2006). The selection between the
Pooled, Fixed or Random effects models is carried out
according to the results of Hausman and Breusch Pagan
tests. The aim of the application of the econometrical panel
model is to assess the nature and intensity of the influence
of independent variables on annual values of the
coefficient βit, which represents a quantitative measure of
the exposure of banks to interest rate risk (Ballester et al.,
2009; Haq, 2007). The analysed model can be described by
the following equation:
it= 0+ 1 sizeit+ 2 capit+ 3 loansit + 4 depoit+
+ 5 nirit+ 6 niiit+ 7roaeit + 8sum_derit + ωit
(4)
βit – quantitative measure of bank's exposure to interest
rate risk over the year t;
vel - Ln (Assets);
cap - Equitu/ Total Assets;
loans - Loans/ Total Assets;
depo - Deposits/ Total Assets;
nir - Net Interest Revenue/ Average Assets;
nii - Non Interest Income/ Net Income;
roae - Return on Average Equity;
sum_der- Derivetives/ Total Assets.
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When specifying the presented regression panel model
a consideration of the influence of variations in balance
sheet sums on the exposure to interest rate risk was
avoided due to the fact that the values of natural logarithms
of annual balance sheet sums of banks are not within the
application area of other variables of the model. Therefore
the influence of the variable size on the exposure to interest
rate risk assessed by a special regression panel model whose
results are analysed in the comparative analysis.

The Results of the Application of the Model
The application of Stone’s regression model on the
sample of 65 US banks in the period between 2001 and
2010, after removing multicollinearity, autocorrelation and
heteroscedasticity (White, 1980; Newey & West, 1987),
has resulted in the estimates of coefficient which are
mostly negative, which indicates a positive correlation
between HPR banks and interest rate, i.e. the structure of
the balance sheet where the duration of the liabilities is
longer than duration of the assets (Racic, 2013). It is

important to emphasize that due to the relatively high value
of the correlation coefficient between independent
variables of the model (=0,4) orthogonalization of the
market index occurred, which contributed to an increase in
statistical significance of the estimates as well as to
changes in the sign of βit in most cases. Orthogonalization
is a procedure for removing multicollinearity which
completely eliminates the correlation between independent
variables in the regression model. Despite the fact that
there is a theoretical link between the capital market and
interest rates, many authors used the procedure of
orthogonalization as a legitimate statistical option in their
empirical research (Kwan, 1991).
Respecting the limits that the elimination of
correlation between independent variables of Stone’s
regression model brings, the economic interpretation of the
results of the panel research in the case of US banks starts
from the negative value of the coefficient βit. The
application of the Econometrics panel model has resulted
in the estimates of the coefficients presented in Table 1.
Table 1

The results of the application of the multiple Econometrics panel model on the sample of US banks
Varijabla
Coef.
Std. Err.

cons (0)
-1,0462***
(0,178)

cap (1)
-0,995
(0,855)

loans (2)
0,207
(0,169)

depo (3)
0,465**
(0,213)

nir (4)
-5,914*
(3,501)

nii (5)
0,0002
(0,0009)

roae (6)
1,770***
(0,183)

sum_der (7)
-0,0067*
(0,0039)

(*- significance 90 %; **- significance 95 %; ***- significance 99 %).

With respect to the joint effect of all factors on the
exposure of banks to interest rate risk, the estimates of
regression coefficients leads to several conclusions. The
first statistically significant factor which has impact on the
exposure of banks to interest rate risk is the share of the
deposits in relation to the total assets of the banks. Due to
its savings nature, the deposit base is a stable and relatively
inexpensive source of financing for US banks. According
to the value of 3=0,465 it is possible to make a conclusion
at the level of 95 % significance that there is a negative
correlation between the variation of the deposit share in the
total balance sheet sum and exposure of banks to interest
rate risk. These results are in accordance with the
theoretical standpoints stating that a larger deposit share in
the balance sheet sum decreases dependence from external
sources of financing, which contributes to a decrease in the
exposure of US banks to interest rate risk. The value of the
coefficient 5= -5,914 at the level of 90 % significance
confirms that there is a strong positive link between the net
interest income and the exposure of banks to interest rate
risk.An increase in the net interest income in relation to the
balance sheet sum may be achieved by an increase in the
loan share within the total assets of the balance sheet and/or
by an increase in interest spread. In the case of lending
activities of US banks, the given period saw a slight fall in
the loan share within the assets, which caused a decrease in
the exposure to interest rate risk. Likewise, the development
of US financial market has resulted in an increase in costs of
securing the finance sources and lower loan income, which
had a further influence on a decrease in interest spread and
exposure to interest rate risk. It is, however, important to
point out that a decrease in lending and pressure on the
interest spread indicate the "disappearance" of traditional

bank operations in the USA. Return on Average Equity
(ROAE) is the next factor which, by respecting the joint
effect of the other analysed factors, has an influence on a
decrease in the exposure of banks to interest rate risk.
According to the value of coefficient 7= 1,770 it can be
stated that there is a strong statistically negative link
between variations in ROAE and exposure of banks to
interest rate risk. This means that an increase in ROAE
protects banks from negative scenarios which can be
caused by unexpected changes of interest rates. The last
statistically significant factor included in the research is the
relationship between interest rate derivatives and balance
sheet sums of banks. Due to increasing competition, banks
are trying to generate income based on off- balance sheet
activities. In addition to income from fees and loans, they
often take speculative trading activities with instruments
primarily used for hedging. The value of the coefficient
8= -0,0067 at a 90 % significance level testifies that there
is a positive, although weak, link between derivative
activities of banks and exposure to interest rate risk. The
positive link between the use of interest rate derivatives
and exposure to interest rate risk confirms that banks use
interest rate derivatives mainly for speculative purposes.
As for the Serbian financial market, the application of
Stone’s regression model on the sample of 10 banks listed
on the Belgrade Stock Exchange in the period between
2006 and 2010 resulte in estimates of coefficients that in
most cases have positive signs, after eliminating
heteroscedasticity and autocorrelation, (Newbold, 2010).
This indicates the existence of a negative correlation
between banks’ stock returns and interest rate, or in other
words, the existence of maturity composition where the
duration of assets exceeds the duration of liabilities. Due to
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the low value of the correlation coefficient between returns
on market index and returns on government bonds (=
0,0164), there was no need to apply the procedure of
orthogonalization. Taking into account the annual values
of the regression coefficient βit, we assessed the influence

of the observed factors on the exposure to interest rate risk
for banks in the Republic of Serbia. The results of the
application of multiple Econometric panel model are
presented in Table 2.
Table 2

The results of the application of the multiple Econometrics panel model on the sample of banks in the Republic of Serbia
Varijabla
Coef.
Std. Err.

cons (0)
-0,654*
(0,364)

cap (1)
-0,789
(0,845)

loans (2)
0,227
(0,364)

depo (3)
0,854**
(0,334)

nir (4)
5,891**
(2,797)

nii (5)
-0,002
(0,002)

roae (6)
-0,458**
(0,221)

trans_depo (7)
-1,149*
(0,575)

(*- significance 90 %; **- significance 95 %; ***- significance 99 %).

While recognizing the simultaneous effect of all
factors on the exposure of the banks to interest rate risk,
the estimates of regression coefficients lead to several
conclusions. A rise in the share of total deposit in the
balance sheet sum increases the exposure of the banks to
interest rate risk. The structure of deposits of banks in the
Republic of Serbia mainly consists of deposits with a
maturity period not longer than three months, which
increases the current positive maturity gap and this further
exposes banks to interest rate risk. In addition to short term
deposits, the reason for this nature is a high cost of
deposits paid by a domestic bank due to the high risk of the
country (BB minus) and the lack of funds on the capital
market at the global level. According to the value of the
coefficient 3= 0.854, at a level of 95 % significance it can
be concluded that a rise in the share of total deposits in the
balance sheet sum within the balance sheet by 1 %
increases the exposure of the bank to interest rate risk to
the extent of 0.854 %. The share growth in transaction
deposit in the balance sheet sum has an impact on reducing
the exposure of the banks to interest rate risk. Transaction
deposits are free funding sources for banks, which make
them independent from variations in interest rates.
According to the value of the coefficient 7= -1,149 it can
be concluded at the level of 90 % significance that the
increased share of transaction deposits in the balance sheet
sum by 1% leads to the reduction in the exposure of the
bank to interest rate risk to the extent of 1,149 %. Another
important factor is the net interest income whose growth
with respect to the balance sheet sum affects an increase in
the exposure to of the banks to interest rate risk. An
increase in the lending of the banks affects the growth of
the positive maturity gap in the banking sector in the
Republic of Serbia. Therefore, according to the coefficient
4= 5,891, at a 95 % significance level, it can be concluded
that an increase in net interest income in relation to the
total assets by 1 % leads to an increase in the exposure of
the bank to interest rate risk, to the extent of 5,89 %.
Finally, the last factor analyzed which has a significant
influence on the observed relationships is return on
average equity (ROAE), whose growth has an impact on
reducing the exposure of the bank to interest rate risk.
According to the estimates of the regression coefficient
6= -0,458, at a 90 % significance, level, it can be
concluded that the growth of ROAE by 1 % reduces the
exposure of the bank to interest rate risk to the extent of
0,458 %.

A Comparative Analysis of the Stone and Panel
Models of Returns in Serbian and U.S. Banks
The results of the application of Stone’s regression
model on the sample of developed and developing
financial markets differ in several segments. The first
significant difference is related to the sign of the regression
coefficient it. In the case of the U.S. banks the estimates
of the coefficient are mostly negative, while the
coefficientshave a positive sign in the case of Serbian
banks. On the basis of the existence of the negative
maturity composition in the structure of assets and
liabilities, it can be concluded from a speculative aspect
that the U.S. banks in the given period mainly expected the
growth of interest rates. Unlike the U.S. banks, which plan
hedging usually on the use of interest rate derivatives
(Reichert & Shyu, 2003; Zhao & Moser, 2006), the banks
in the Republic of Serbia, due to an underdeveloped
derivatives market, oriented hedging measures within
Asset-Liability Management. A positive value of the
regression coefficient it testifies that, from the speculative
aspect, domestic banks in the period between 2006 and
2011 had a balance sheet structure in line with expectations
of a fall in interest rates. Such expectations proved justified
in the conditions of the economic crisis, because in the
observation period there was a falling trend of interest rates
as a logical consequence of the need for additional liquidity
in the real sector of the Republic of Serbia. Another
significant difference in the results of the application of
Stone’s model refers to the size of the absolute value of the
coefficient it. The fact that the absolute value of the U.S.
banks’ittakes much higher values than is the case with
Serbian banks means that U.S. bank's stock returns respond
more forcefully to changes in the returns of government
bonds. This fact proves that banks operating in the United
States are exposed to a greater extent to interest rate risk
than banks operating in the financial market of the Republic
of Serbia.This indicates that Serbian banks tend to do safer
business operations. Expensive sources of capital and a
considerable decline in the number of potential creditworthy
borrowers are the main reasons for this. The second part of
the study, which is based on the application of Econometric
panel model, resulted in estimates of regression coefficients
on which it is possible to identify some differences when it
comes to the impact of the analysed factors on the exposure
of banks from developed and undeveloped market to
interest rate risk (Ballester et al., 2009).
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Table 3
Comparative overview of regression coefficients for banks from the United States and the Republic of Serbia
SAD (it 0)
Serbia (it 0)

_cons
-1,046***
-0,654*

kap
-0,995
-0,789

kred
0,207
0,227

depo
0,465**
0,854**

nkm
-5,914*
5,891**

The first significant difference is in favour of the claim
that the total assets of U.S. banks increase their exposure to
interest rate risk, while the situation with domestic banks is
different. From the standpoint of reducing exposure to
interest rate risk, it can be stated that the U.S. financial
markets should apply strategies that lead to a reduction in
the value of the Herfindahl-Hirschman index. Conversely,
the study of the Serbian banking sector shows that the
bigger banks are less exposed to interest rate risk. Due to
the high cost of capital and scarce market of potential
creditworthy borrowers, domestic banks withsmaller
balance sheet sums are forced into risky business. This
leads them to an increased risk of insolvency, which may
undermine the stability of the entire banking sector. The
conclusion is that in the financial market of the Republic of
Serbia there are too many banks in relation to the needs of
the market and that their number should be reduced. The
following statistically significant factor is the share of
deposits in the balance sheet sum. Deposits as a cheaper
funding source should affect the reduction of dependence
on external sources and thus reduce the exposure of the
bank to interest rate risk. In the case of U.S. banks, it can
be said that the impact of the increasing share of deposits
in the balance sheet sum is in full compliance with the
baseline assumption, whereas in the Republic of Serbia,
the situation is completely different. A large proportion of
short- term deposits in the total deposit base, as well as the
high interest rates that banks pay for them, lead to the
situation that a rise in the share of total deposits in the
balance sheet sum increases the exposure of the bank to
interest rate risk. This is supported by the fact that an
increased share of transaction deposits, which are a free
funding source for banks, reduces the exposure to interest
rate risk. According to previous results, it can be concluded
that the financial managers from banks in the Republic of
Serbia should make every effort in order to find a less
expensive deposit sources with longer maturities, which is
difficult to achieve during the current economic crisis. The
following statistically significant factor affecting the
exposure of the bank to interest rate risk is the share of net
interest income in total assets. As for banks from both
financial markets, the growth of the share of net interest
income leads to an increase in the exposure of the bank to
interest rate risk. Therefore, if necessary the bank should
reduce exposure to interest rate risk, reduce lending and/or
make a better diversification of credit lending. Finally, the
last factor included in the research which performs a
statistically significant impact on the exposure of banks to
interest rate risk is the return on average equity (ROAE).
For banks from both markets, it can be concluded that the
growth of ROAE reduces exposure to interest rate risk.

nekam
0,0002
-0,002

roae
1,770***
-0,458**

sum_der
-0,0067*
-

trans_depo
-1,149*

Conclusions
The results of the research suggest that the nature and
intensity of the impact of certain balance sheet
characteristics on the exposure of banks to interest rate risk
depends on the degree of development of the analysed
markets.
The banks with the largest balance sheet amounts
operating on the U.S. financial market show less aversion
to risk-taking in comparison to the major banks operating
in the financial market of the Republic of Serbia. Large
banks from developed financial markets have easier access
to capital market, as well as the ability to use an economy
of scale and economy of scope. Likewise, it is easier to
take a speculative position and thus a "too big to fail"
concept, which refers to the government guarantees that
the solvency of major banks will be defended with the aim
of protecting the overall financial system. Conversely,
large banks operating in developing financial markets have
limited access to the capital market. Countries whose
financial markets are developing typically have a low
credit rating. In times of economic crisis investors rarely
invest in such financial markets, so banks are forced to
have placements based on the deposits collected on the
market where they operate. The lack of awareness of the
high cost of capital causes banks from the developing
financial market to have a tendency to conduct safer
business regardless of the size of their assets. The interest
rate that banks pay on deposits has a significant impact on
the nature of their exposure to interest rate risk. The
passive interest rate that banks pay on deposits of the
United States is much lower than the interest rate paid on
deposits by banks from the Republic of Serbia. Therefore it
can be said that the growth of the deposits, as a cheap
source of funds, decreases exposure to interest rate risk in
the case of banks from developed financial market.
However, high interest rate on deposits paid by banks from
developing markets are an expensive source of funds so an
increase in their share in the structure of liabilities
increases exposure to interest rate risk.
Finally, the results of the research showed that there
are empirical determinants of exposure to interest rate risk
whose effect on the exposure of banks is of the same
direction regardless of the development of financial
markets where analysed banks operate. Therefore, an
increase in the share of net interest income in the case of
all banks increases the exposure to interest rate risk,
whereas a rise in ROAE protects banks from this exposure.
This means that, with the aim of reducing bank`s risk
sensitivity to interest rate changes, profitability should be
mostly based on the concept of traditional banking, the one
which implies a widely diversified portfolio of low-risk
loans financed by low-cost financing sources.
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