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Abstract Over the last years the Second European Directive on Banking and
Financial services demand that financial institutions develop asset liability manage-
ment tools to identify and measure the various financial risks they encounter. The
present paper develops a goal programming ALM model with a simulation analysis,
to assist a commercial bank in managing its exposure to interest rate risk taking into
account a duration gap framework. An application of the ALM model takes place on
a large commercial bank of Greece.

Keywords Asset liability management · Interest rate · Goal programming ·
Simulation · Duration-gap

1 Introduction

In their effort to manage effectively their assets and liabilities, financial institutions try
to find the best choice among the most available and appropriate methods that could
provide them with the most efficient asset liability management (ALM) tools.

Since ALM depends on the changes of interest rates in the market, it becomes
obvious that it is very important for a financial institution to measure, manage and
control interest rate risk. New laws imposed by the Second Directive on Banking
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and Financial services demand financial institutions to declare their interest rate risk
exposure and to develop rapidly tools for ALM. Deregulation of the financial indus-
try, the entrance of new players in investment banking, the creation of innovative new
products and the overall increase in competition force financial institutions to focus
on risk management and more precisely on asset liability management.

Many are the studies that have been developed concerning the bank asset liability
management techniques. Kosmidou and Zopounidis [16] present an overview of these
techniques. They indicate that asset liability management models can be either deter-
ministic or stochastic. Cohen and Hammer [5], Robertson [27], Lifson and Blackman
[21], Fielitz and Loeffler [10] are successful applications of the deterministic linear
programming model of Chambers and Charnes‘ model. Referring to the deterministic
models Eatman and Sealey [9] and Giokas and Vassiloglou [12] developed a multiob-
jective linear programming model for commercial bank balance sheet management and
a multiobjective programming for bank assets and liabilities management respectively.
Apart from the deterministic models, several stochastic models have been attempted
[1,3,4,8,14,15,19,22–25,28,31,35].

Among the above models there are other stochastic programming models that have
been applied to financial planning problems. These models are developed by Carino
et al. [2], Consigli and Dempster [6], Golub et al. [13]. Moreover, Kouwenberg [18]
proposed a stochastic programming model for asset liability management for pension
funds based upon Carino et al. [2] and Dert [7]. Moynihan et al. (2002) developed a
decision support system for asset and liability management. The authors incorporated
“what-if” analysis features into the system to determine the favorable alternatives in
changing market environments. Kosmidou and Zopounidis [17] developed an Asset
Liability Management model, that combines a goal programming model with a simu-
lation analysis and permit the bank managers to proceed to the consideration of various
optimal ALM strategies related to their future economic process.

Concerning interest rate risk, over the last decade a significant number of models
have been developed to measure and assess a bank’s interest rate risk. The most com-
mon are gap analysis and duration. Gap analysis is a technique that measures the
impact of changes in interest rates on the net interest income of financial institutions
[32]. Duration is a measure of time weighted average maturity resulting from the cash
flows of a financial instrument [20]. However, gap analysis is a short-term measure
of interest rate risk [11,34] and duration considers the time value of money but it
is difficult to comprehend and apply [26,34] . In order to avoid the limitations of
these techniques, simulation techniques could be considered to measure interest rate
risk.

The purpose of the present study is to develop a goal programming ALM model
with a simulation analysis, to assist a commercial bank in managing its exposure to
interest rate risk taking into account a duration gap framework.

The rest of the paper is organized as follows. The next section outlines the data and
the methodology used to develop an ALM model. Section 3 presents the results of
the analysis by applying the development of the ALM model to a commercial bank
of Greece. Finally, the last section presents the conclusions of the study and discusses
future research perspectives.
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Table 1 The decision variables of the goal programming formulation

X1: Cash and balances with the Central
Bank

Y1: Due to credit institutions

X2: Teasury bills and other securities Y2: Due to credit institutions with agreed
maturity

X3: Interbank deposits and loans
repayable on demand

Y3: Customer amounts

X4: Other interbank deposits and loans Y4: Other customer amounts

X5: Deposits and loans arising out of
sale and repurchase transactions

Y5: Commitments arising out of sale and
repurchase transactions

X6: Loans and advances to customers Y6: Debt securities in issue

X7: Securities issued by the Greek state Y7: Other debts evidenced by certificates

X8: Securities-corporate bonds Y8: Other liabilities

X9: Other securities Y9: Accruals and deferred income

X10: Shares and other variable-yield
securities

Y10: Provisions for liabilities and charges

X11: Investments in non-affiliates Y11: Withholdings in favor of social security
funds and other third parties

X12: Investments in affiliates Y12: Liabilities of reduced indemnity

X13: Intangible assets Y13: Share capital

X14: Tangible assets Y14: Paid-up capital

X15: Same shares and variable-yield
securities

Y15: Reserves

X16: Other assets Y16: Fixed assets revaluation reserve

X17: Deferred charges Y17: Retained earnings

2 Data and methodology

2.1 Data

The present paper, using data from a commercial bank of Greece, develops a goal
programming model of a one-year time horizon (2002). The financial statements of
the bank, such as balance sheet and income statement for 2002 were used in order
to produce a future course of ALM strategy for the year 2003. Variables familiar to
management were selected to form the goals of liquidity, return, risk and solvency.

The variables used in the specification of the model were taken directly from the
2002 financial statement of a commercial bank of Greece. 34 variables were used,
of which 17 correspond to assets (Xi , i = 1, . . . , 17) and 17 to liabilities (Y j , j =
1, . . . , 17)

2.2 Constraints and goals

Several constraints and goals were imposed to formulate the goal programming model.
More precisely, certain constraints are imposed by the monetary authorities, the market
and legal system.
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The following constraints

X6 ≥ 19, 017, 751 (1)

X6 ≤ 1.14 ∗ 19, 017, 751 (2)

indicate that loans are expected to maintain at least the previous year’s levels (that is
19,019,751) and cannot rise by more than 14% in relation to these levels.

Similarly, the following constraints

Y3 + Y4 ≥ 33, 444, 449 (3)

Y3 + Y4 ≤ 1.08 ∗ 33, 444, 449 (4)

indicate that deposits are not expected to increase by more than 8% above the previous
year’s levels (that is 33,444,449).

The following constraint

Y13 ≥ 1, 147, 761 (5)

Y17 ≥ 0.0024 ∗
17∑

i=1

Xi (6)

imposes restriction on the upper limit of capital (Y13) and on the proportion of retained
earnings to total assets (Y17).

Moreover, there are constraints (7)–(12) that refer to the structure of the banks’
balance sheet. More specifically, constraints (7)–(9) are derived from the obligation
of the bank to reserve a specific amount of its deposits in a special interest-bearing
account at the Bank of Greece.

(Y3 + Y4) − 33.94 ∗ X1 = 0 (7)

(Y3 + Y4) − 1.97 ∗
(

X2 +
10∑

i=7

Xi

)
= 0 (8)

(Y3 + Y4) − 1.76 ∗ X6 = 0 (9)

The equality relationship between assets, liabilities and net worth is reflected to the
following constraint

∑

i=1−17

Xi −
∑

j=1−12

Y j = 2, 544, 565 (10)

whereas constraints (11)–(12) indicate that total assets cannot rise by more than 10%
above the previous year’s levels.
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∑

i=1−17

Xi ≤ 1.10 ∗ 49, 116, 764 (11)

∑

i=1−17

Xi ≥ 49, 116, 764 (12)

The goal constraint

(Y13 + Y14 + Y15 + Y16 + Y17) − 8% ∗
∑

i=1−17

Xi + d−
1 − d+

1 = 0 (13)

involves the solvency goal which is related to the risk exposure of the bank. The sol-
vency ratio is used as a risk measure and is defined as the ratio of the bank’s equity
capital to its total weighted assets. The weighting of the assets reflects their respective
risk and greater weights correspond to a higher degree of risk. According to the pro-
posal of the Commission of the European Community, this ratio must be greater than
or equal to 8% in order to guarantee the required solvency.

∑

i=1−12,
15−17

Xi − 0.6 ∗
∑

j=1−12

Y j − d+
2 + d−

2 = 0 (14)

The above constraint (14) defines the liquidity goal, specified as the ratio of liquid
assets to current liabilities which is used as a liquidity risk measure. According to the
Bank policy this ratio should be approximately 0.60.

X6 − d+
3 + d−

3 = 1.14 ∗ 19, 017, 751 (15)

Y3 + Y4 − d+
4 + d−

4 = 1.08 ∗ 33, 444, 449 (16)

Constraints (15) and (16) define the goals for the growth of the loans (14% higher
than the previous year’s loans) of the deposits (8% above the previous year’s level).
Finally, the following constraint

∑

i=1−17

r X
i Xi −

∑

j=1−12

rY
j Y j − d+

5 + d−
5 = 10% ∗ 49, 116, 764 + 2, 544, 565 (17)

defines the goal for the overall expected return of the selected asset-liability strategy
over year of the analysis. This goal is set at 10% and is defined on the basis of the
expected returns for all assets r X and liabilities rY .

Moreover, there are goals

X1 − (−0.16) ∗ 49, 116, 764 + d−
6 − d+

6 = 0 (18)

X2 − 0.74 ∗ 49, 116, 764 + d−
7 − d+

7 = 0 (19)

(X13 + X14) − (0.21) ∗ 49, 116, 764 + d−
8 − d+

8 = 0 (20)
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reflecting that variables such as fixed assets, cash, cheques receivables and deposits
with the Bank of Greece should remain at the levels of previous years. Finally, the
goal

DA −
∑

j Y j∑
i Xi

∗ DL + d−
9 − d+

9 = 0,

where

DA =
⎛

⎝
∑

t,i=3,...,6

(Xi ∗ iL) ∗ t

(1 + iL)t
+

∑ (Xi ∗ i0) ∗ t

(1 + io)t

⎞

⎠
/ ∑

i=1,...,17

Xi (21)

DL =
⎛

⎝
∑

t, j=1,...,7

(Y j ∗ iD) ∗ t

(1 + iD)t

⎞

⎠
/∑

j

Y j

denotes the duration gap framework of assets and liabilities. The duration of each bal-
ance sheet item is first calculated and then the market value weighted average duration
for assets and liabilities.

2.3 Methodology

Taking into account all the above the proposed goal programming formulation is
described below1:

min z =
9∑

k=3

d+
k +

9∑

k=3

d−
k + 2d−

2 + 3(d−
1 + d+

1 ) (22)

Subject to

X6 ≥ 19, 017, 751 (23)

X6 ≤ 1.14 ∗ 19, 017, 751 (24)

Y3 + Y4 ≥ 33, 444, 449 (25)

Y3 + Y4 ≤ 1.08 ∗ 33, 444, 449 (26)

Y13 ≥ 1, 147, 761 (27)

Y17 ≥ 0.0024 ∗
17∑

i=1

Xi (28)

(Y3 + Y4) − 33.94 ∗ X1 = 0 (29)

1 The decision variables of the model are described in Table 1
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(Y3 + Y4) − 1.97 ∗
(

X2 +
10∑

i=7

Xi

)
= 0 (30)

(Y3 + Y4) − 1.76 ∗ X6 = 0 (31)
∑

i=1−17

Xi ≤ 1.10 ∗ 49, 116, 764 (32)

∑

i=1−17

Xi ≥ 49, 116, 764 (33)

∑

i=1−17

Xi −
∑

j=1−12

Y j = 2, 544, 565 (34)

(Y13 + Y14 + Y15 + Y16 + Y17) − 8% ∗
∑

i=1−17

Xi + d−
1 − d+

1 = 0 (35)

∑

i=1−12,
15−17

Xi − 0.6 ∗
∑

j=1−12

Y j − d+
2 + d−

2 = 0 (36)

X6 − d+
3 + d−

3 = 1.14 ∗ 19, 017, 751 (37)

Y3 + Y4 − d+
4 + d−

4 = 1.08 ∗ 33, 444, 449 (38)
∑

i=1−17

r X
i Xi −

∑

j=1−12

rY
j Y j −d+

5 +d−
5 = 10% ∗ 49, 116, 764 + 2, 544, 565 (39)

X1 − (−0.16) ∗ 49, 116, 764 + d−
6 − d+

6 = 0 (40)

X2 − 0.74 ∗ 49, 116, 764 + d−
7 − d+

7 = 0 (41)

(X13 + X14) − (0.21) ∗ 49, 116, 764 + d−
8 − d+

8 = 0 (42)

DA −
∑

j Y j∑
i Xi

∗ DL + d−
9 − d+

9 = 0,

where

DA =
⎛

⎝
∑

t,i=3,...,6

(Xi ∗ iL) ∗ t

(1 + iL)t
+

∑ (Xi ∗ i0) ∗ t

(1 + io)t

⎞

⎠
/ ∑

i=1,...,17

Xi (43)

DL =
⎛

⎝
∑

t, j=1,...,7

(Y j ∗ iD) ∗ t

(1 + iD)t

⎞

⎠
/ ∑

j

Y j

The objective function involves the minimization of the deviations d+ and d− from
the target values of goals, where d+ denotes the over-achievement of a goal and d− the
under-achievement. The deviations corresponding to different goals are weighted in
the objective according to the significance of the goals. It should be mentioned that the
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above goal programming formulation is based on the version that gives first priority
level to the solvency goal, second priority level to the liquidity goal and third priority
level to the rest goals (version 1). More precisely, the selected weighted scheme assigns
higher weight to under-achievement of the solvency goal (d−

1 ), considering that it is
achieved with a priority rank 3/2 higher than the priority rank that is imposed to the
over achievement of the liquidity goal (d+

2 ) and three times higher than the priority
rank of the remaining goals ((d+

k + d−
k ), ∀k = 3, . . . , 9).

Once the optimal solution z∗ of the goal programming problem (22)–(43) is obtained,
a post-optimality stage is performed to investigate the sensitivity and the robustness
of the optimal solution. This is achieved through the investigation of the existence
of sub-optimal solutions that correspond to objective function values lower than
z∗ + k(z∗), where k(z∗) is a small portion of the optimal solution z∗. In this case
study k(z∗) is set equal to 5% of z∗. This additional constraint is incorporated into the
initial goal programming formulation and the new goal programming formulation is
solved 34 times. Each of the 34 obtained solutions corresponds to the maximization
of the asset and liability variables. The final ALM solution is specified as the average
of the 34 solutions obtained during the post optimality analysis.

2.4 Simulation analysis

The major unknown element in the above goal programming formulation which is
of interest to the bank’s managers is the return of the assets and liabilities used in
the goal constraint (39) and the duration gap framework denoted by goal (43). These
goals involve the bonds’ interest rates, the interest rates of the loans and the interest
rates of the deposits to the bank. In order to encounter the uncertainty raised by these
parameters the Monte Carlo simulation technique is employed. Monte Carlo simula-
tion consists in the development of various random scenarios for the uncertain variable
(interest rates) and the estimation of the essential statistical measures (expected return
and variance), which describe the effect of the interest rate risk to the selected strategy.
In the present study, 2,500 scenarios were considered on the aforementioned interest
rate variables. 50 scenarios are generated for the deposit’s interest rates (iD), which are
log-normally distributed random [29,30]. For each deposit’s interest rate scenario, 50
scenarios are also generated for the bond’s interest rates (iO ), which are considered as
log-normally distributed random variables. Moreover, taking into account that banks
determine the loans’ interest rates (iL ) at higher levels than those of the deposits, the
loans’ interest rates are determined as follows:

iL = iD + s

where s is the spread between the loans’ interest rates and the deposits’ interest rates.

3 Analysis of results

The goal programming formulation (22)–(43) is solved for each of the 2,500 interest
rate scenarios and 2,500 different solutions are obtained. Each of these solutions is
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Table 2 Results of the scenario
simulation

Solutions Expected return Standard deviation

N D1 346,153,533.50 24,760,558.09

N D2 344,895,243.00 24,685,961.67

N D3 344,586,190.10 24,880,693.28

N D4 342,857,881.90 24,527,996.69

N D5 341,517,531.90 24,657,985.62

N D6 341,114,634.50 24,679,192.81

N D7 340,740,173.10 24,471,088.67

N D8 340,213,160.30 24,629,321.23

N D9 338,860,971.30 24,373,597.50

N D10 338,016,364.90 24,323,407.02

evaluated to calculate the expected present value and the corresponding risk of return
(standard deviation) among the solutions, resulting in 207 solutions, non-dominated
by any other solution in terms of their expected present value and risk.

Table 2 presents the results (expected return and standard deviation) for the 10 (out
of the 207 non-dominated solutions) N D1, N D2, . . . , N D10 solutions, that are best
in terms of expected return.

Tables 3 and 4 present the final values of the asset and liability variables respectively.
Each of these solutions can be considered as equivalent ALM strategies to implement
during the year 2003.

If we analyse the content of Tables 3 and 4, we observe that although the bank’s
financial statement does not change among the 10 aforementioned ALM strategies,
the values of the variables that concern the partial accounts differ from most of the
solutions and especially from the most basic categories of the balance sheet accounts.
This is due to the fact that during the formulation and development of the model, the
asset and liability management is related to the uncertainty of the risk management
and especially of the interest rate risk. The simulation analysis on the ALM strategy
and the duration gap goal through the scenario generation becomes essential for the
values of deposits’, loans’ and bonds’ interest rates. The consideration of these scenar-
ios contributes to the choice for the bank’s optimal solution. In case different interest
rate scenarios are considered, different optimal solutions may arise.

4 Conclusions and future perspectives

The present paper deals with the development of a goal programming model for the
asset liability management of a commercial bank by generating interest rate risk sce-
narios through a combined technique of simulation and duration-gap analysis.

Taking into account the preferences of the bank managers as well as the policy and
the strategy that the bank plans to follow, several constraints and goals were imposed
in order to develop the proposed model. The analysis of the results indicated that there
are significant differences from the variables of the accounts of demands and liabilities
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toward the customers and the financial institutions. It becomes obvious, that in a com-
mercial bank, the largest percentage of income arises from the deposits and the loans
and thus these accounts are assumed to be the most significant to the configuration of
the bank balance sheet. The results of this study imply several strategies that the bank
could possibly follow in order to modulate its balance sheet to accomplish an optimal
asset liability management taking into account the management of interest rate risk.
The service quality in banks is one of the strategies that should be taken into account.
Bank managers should develop operational, human resource and marketing strategies
and target those strategies in terms of the gender differences in quality perceptions
among their customers [33].

Finally, although the development of an ALM model allows banks to proceed to
various scenarios of their future economic process, further research in this field should
be considered. The consideration of derivatives would be interesting in order to know
how they hedge the interest rate risk. The development of an integrated information
system for asset liability management will also give the bank manager the possibil-
ity to proceed to various scenarios of the economic process of the bank in order to
monitor its financial situation and to determine the optimal strategic implementation
of assets and liabilities. It would be also interesting to improve the model by incor-
porating multi-stage stochastic framework to deal better with the stochastic nature of
returns/price fluctuations of assets and liabilities.
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