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Abstract 

The purpose of this paper is to study the portfolio allocation decisions of Greek banks over the 

Period 1955 to 1981. The theoretical approach used to derive the demand equations for bank assets is 

based on a modified version of the Dynamic Generalized Linear Expenditure System. This procedure 

allows us to calculate both the wealth and interest rate elasticities. We conclude that the Greek banks are 

relatively sensitive to changes in the various interest rates, with mortgages showing the highest own-

interest elasticity. 

1. Introduction 

Following the pitfalls paper of Brainard and Tobin (1968), studies of finan­
cial behaviour have recognized the need to use a complete systems approach 
incorporating the balance-sheet identities. Models of this type have been con­
structed for many countries, including the united States [Hendershott (1971)], 
Great Britain [Green (1982)], and Canada [Brox and Maclean (1986)]. 

A major problem frequently encountered in such efforts is the multicolli-
nearity associated with the term structure of interest rates. Backus et al. (1980) 
have suggested the use of Bayesian priors to help overcome this problem. Saito 
(1977) suggested applying the Linear Expenditure System (LES) in order to 
reduce the number of parameters that must be estimated while at the same time 
satisfying all of the theoretical restrictions of the system. 

The purpose of this paper is to show how some of the more recent advances 
in expenditure theory, specifically the DGLES (Dynamic Generalized Linear 
Expenditure System) variant of the expenditure systems family developed by 
Gamaletsos (1981), may be applied to yield more valuable insights into the 
portfolio allocation problem. As an empirical example, a model of the portfolio 
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allocation of Greek banks is estimated, allowing the calculation of the wealth 
and interest-rate elasticities and a relative measure of risk associated with each 
asset category. 

In section 2 of this paper the theoretical model is discussed. In section 3 the 
data sources, estimation techniques, and main empirical findings are reported. A 
summary of the major implications and some suggestion for further research are 
contained in the final section. 

2. The Theoretical Model 

The theoretical model used in this paper to derive the complete system of 
demand functions for financial securities is based on the traditional Linear 
Expenditure System (LES), widely used in consumer theory studies. Saito (1977) 
has shown that the LES-type model can be adapted to a form which is suitable 
for estimating the demand for financial securities of a national (or sectoral) 
economy. To accomplish this puprose, two modifications are required. Follow­
ing Saito (1977), the first modification involves maximizing an expected constant 
absolute-risk-aversion utility function [Equation (1)], subject to the wealth con­
straint [Equation (2)]; that is, 
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3. The Empirical Estimation of the Model. 
• 

3.1. Data and Method of Estimation 

This study uses annual Greek data for the period 1955 to 19814. Holdings 

and interest rates on six categories of bank assets, reserves, foreign currency 

assets, treasury bills, securities, loans, and mortgages are used. The total portfo­

lio holdings of the bank sector is defined as the sum of the six assets considered. 

The period chosen for this investigation: (1) reflects the unavailability of 

reliable time-series data for the post 1981 period, specifically for the interest-rate 

series; and (2) comprises a time span during which Greece underwent a number 

of economic, social and institutional changes. In particular, Greece moved from 

a period of rapid expansion (1953-1973) to a recession in 1974, caused mainly by 

the energy crisis, then a moderate growth path (1975-1979), and finally a stagna­

tion stage in the post study period, particularly in the early eighties, In their 

effort to stabilize the performance of the economy, government authorities, 

given policy objectives, enacted a series of laws and decrees relating to: (1) 

industrial growth in general and regional development in particular; (2) the 

promotion of exports; (3) the creation of highly specialized human capital; (4) 

the legal structure of labour institutions and labour market inefficiencies; (5) the 

operation and institutional structure of the banking system, etc5. Undoubtedly, 

both the institutional and legal changes which have taken place during the study 

period and the unstable character of the Greek economy have had a profound 

effect on the composition of bank assets. This, in turn, has set the basic frame­

work for exercising monetary policy options in accordance with the govern­

ment's overall stabilization goals. 

The theoretical model has been estimated using the full information maxi­

mum likelihood routine contained in the TROLL econometric package [TROLL 

Manual D0070R]. This system estimates regressions which are non-linear in the 

coefficients, but linear in terms of prices (interest rates), and income (wealth). 

Since the six assets considered sum to total wealth, Σ Η ; = W, the variance-

covariance matrix of the full system would be singular. To avoid this problem, 

one equation, namely the equation for home mortgages, has been deleted from 

the estimation system and its coefficients have been computed from then n-1 

equations. The resulting estimates are invariant to the equations dropped and 

have the same asymptotic properties as maximum likelihood estimates. Furth­

ermore, this estimation process allows corrective procedures for autocorrelation 

across the expenditure and demand equations. It is well known that non-linear 

estimation may converge to a local solution, if at all. Iterative searches, there-
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wealth elasticities from both version of the model are reported in Table 3. Here 
we note that while the marginal allocation coefficients are constant over time in 
the LES version, they vary with the interest-rate structure in the DGLES ver­
sion. The results from the LES version suggest than 12.5 per cent of increases in 
the total portfolio would be allocated to primary reserves. The DGLES, on the 
other hand, indicates that the marginal allocation of reserves has fallen from 6.2 
per cent in 1955 to 4.9 per cent in 1981. This lower marginal allocation of new 
portfolio to holdings to primary reserves is closer to the results obtained in 
similar studies for other countries, including Hendershott (1977) in his study of 
the American banking sector, Green (1982) for the United Kingdom, and Brox 
and Maclean (1986) for Canada. 

Lower values of the marginal allocation coefficients from the DGLES ver­
sion are also found for foreign currency assets and other securities. On the other 
hand, the marginal allocation coefficients from the DGLES are higher for loans, 
mortgages, and the holdings of treasury bills. 

It should be noted that in this study we have not imposed any explicit 
estimation restrictions to capture the portfolio allocation effects rendered by the 
institutional nature of the Greek banking laws. However, the estimated parame­
ters may be interpreted to show the effects of such requirements via either 
changes in the so-called subsistence coefficients or the marginal allocation 
coefficients. 

Saito (1977) has shown that for the LES version of the model, the degree of 
risk associated with an asset is proportional to the size of the marginal allocation 
coefficients, that is, the bi's. On the other hand, in the case of the DGLES, risk is 
measured by the relative size of the δi's, which are functions of all rates of 
interest. Given this interpretation, we find that, first, in both models, loans 
represent the highest degree of risk for the banks, but the risk coefficient 
obtained from the LES (bs = 0.419) is somewhat lower than that obtained from 
the DGLES approach (δs = 0.468). Similar results are derived for mortgages, the 
second highest risk-bearing asset (b = 0.105, δ6 = 0.136). 

Second, and more important, the risk associated with reserves in the LES is 
surprisingly high (βι = 0.125) as compared to the risk coefficient obtained from 
the DGLES version (δι = 0.061). This fact alone provides strong support in 
favour of the DGLES over the LES framework. 

The wealth elasticities derived from the DGLES version [Table 3] evaluated 
at the sample mean, indicate that foreign currency assets, treasury bills, and 
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bered that the interest-rate elasticities derived in this model are calculated on the 
assumption that total portfolio holdings are not affected by the change in inter­
est rates (i.e., the wealth restraint holds the total portfolio to be allocated 
unchanged). Thus, if one assumes that changes in interest rates would encourage 
banks to raise interest rates on deposits and therefore to expand the size of the 
portfolio, the interest-rate elasticities would be even larger. 

With the exception of loans, the own-interest-rate elasticities derived from 
the DGLES version of the model are larger than those from the LES. Mortgages 
are found to be the least interest-inelastic asset (0.728) and securities have the 
smallest own-interest elasticity (0.285). Lending has the highest own-interest 
elasticity calculated from the LES model (0.728), but the second lowest (0.443) 
based on the DGLES estimates. Given the size of the proportions of the portfo­
lios directed into loans, the lower value derived from the DGLES is much more 
reasonable. 

The cross-interest-rate elasticities are given by the off-diagonal items in 
Table 4. These elasticities indicate from where funds will be shifted in response 
to changes in other interest rates. As expected theoretically, all of the cross-
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interest-rate elasticities are found to be negative, indicating that the Greek banks 
view all of the assets considered in this study to be gross substitutes. The largest 
responses to changes in other interest rates are found for changes in the lending 
rate. Here the largest effect is noted in the case of treasury bills where a one per 
cent increase in the lending rate will cause a 0.282 per cent decline in treasury bill 
holdings. Large shift effects are also noted in the case of foreign currency assets 
(-0.260), mortgages (-0.262), and reserves (-0.166) 

Since conventional lending accounts for nearly fifty per cent of the total 
asset portfolios, it is not surprising that the largest cross-interest elasticities are 
found in this case. However, the effects for other assets are also quite significant, 
particularly in response to changes in mortgage rates and the yield on treasury 
bills. 

Again, with few exceptions, we find that the cross-interest-rate elasticities 
derived from the DGLES are larger than those obtained from the LES. This 
results from the fact that the marginal allocation coefficients, the bi's, are them­
selves functions of the interest rates in the DGLES, while in the LES they remain 
constant, no matter how much the interest rates change. 

In general terms, two basic lesson might be deduced from the analysis of the 
empirical findings. From a methodological point of view, the findings support 
the use of the DGLES as an approach for analyzing the portfolio allocation 
process of the Greek banks. This argument is supported by the fact that the 
DGLES: (1) corrects some of the ambiguities inherent in the LES version, 
including the static nature of the model, and the constancy of the allocation, 
subsistence and risk coefficients; and (2) as the estimates of the various elastici­
ties suggest, allows greater substitution possibilities among asset holdings. 

From the practical point of view, the findings have some rather significant 
policy implications related to more effective financial control of the Greek econ­
omy. Specifically, the relatively large values of the interest-rate elasticities found 
in this study imply that: 

1. The Greek banks might be willing to shift large amounts of funds quickly 
in response to changes in the structure of interest rates. That is, the authorities, 
by following a flexible interest-rate structure, could achieve a more optimal 
allocation of their total wealth among asset holdings. 

2. An effective financial control of the Greek economy via a more active 
interest-rate policy might, in turn, have further repercussions, positive or nega-
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tive, on the performance of the Greek economy in general and certain sectors in 

particular. For instance, lowering the rate of interest for loans would reduce the 

loan holdings (E : rii = 0.443) and would increase most the holdings treasury bills 

(-0.282), followed by mortgage holdings (-0.262). The relative increase in treas­

ury bill and mortgage holdings would affect the housing market, the business 

sector and, to a certain extent, the overall performance of the Greek economy. 

Similar implications could be derived by manipulating the interest rates for the 

remaining assets of our sample. 

4. Summary and conclusions 

The major objective of this paper has been to estimate the demand equa­

tions for portfolio assets of the Greek banks and then, based on these demand 

equations, to calculate wealth, and interest-rate elasticities. The methodology 

used to estimate the demand equations is a modified version of the DGLES 

demand system derived by maximizing an expected utility subject to the wealth 

constraint and assuming that the rates of return on the relevant financial securi­

ties follow a gamma density function. This methodology provides, among other 

things, information concerning: (1) the allocation of financial wealth among 

alternative portfolio holdings; (2) the degree of risk associated with the various 

forms of financial holdings; and (3) the degree of sensitivity and portfolio shifts 

with respect to changes in wealth and rates of interest over time. 

The empirical findings tend to confirm the theory and are in line with the 

estimates obtained by other studies of this nature. This induces us to believe that 

our model provides an alternative to the traditional approaches for estimating 

complete systems of demand equations for financial securities. 

Footnotes 

1. It should be noted that the risk which Saito measures is relevant only to the risk on 
individual assets and not to the risk on a portfolio of assets since the gamma distribution used 
assumes implicity that th covariances between the various assets are zero. 

2. It should be note that, in this form, equation (10) is equivalent to the GLES that is widely 
used in consumer demand theory, which is derived from a CES-type utility function subject to the 
income constraint. For a complete analysis of the GLES, see Gamaletsos [1970 and 1973]. It should 
also be noted that for a value of τ= 0, <αi= δ,, which is Saito's case. 
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3. As in the normal LES model the constraint Σbi= 1 insures that the wealth effects will sum 

to unity and the price (interest rate) effects will sum to zero, since in each equation the price effect is 

γiPi-biγiPi, and for the entire system, γιΡ,—ΣbiγiPi= 0. 

4. Data for the interest rates, with the exception of the rate on foreign currency assets, were 

taken from Bank of Greece, Department of Economic Studies, The Greek Economy, Research 

Report and Statistical Series, Vol 2, Athens, 1982. The interest rate on U.S. commercial paper, as 

reported in the Bank of Canada Review, was used for foreign currency assets. The data on security 

holdings were taken from the Statistical Yearbook of Greece, National Statistical Service of Greece, 

various issues. Details on the data construction or the actual series are available from the authors 

on request. 

5. For a further analysis of this issue see, K. P. Prodromidis, Products of Greece "84: The 

Export Performance of the Greek Manufacturing Sector, (Athens: Link International Ltd., 1984). 

6. For the properties of non-linear estimation, see Maddala [(1977) 171-181] and Pindyck 

and Rubinfeld [(1976) 225-234]. 

7. The evaluation of the estimates on the basis of the t-values should be considered with 

caution in light of the non-linear method of estimation. 
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