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Safety-First and Portfolio Selection: An Econometric Study for Pakistan’s 

Banking Sector 

 

1. Introduction 

Numerous approaches have been advanced over the years to explain the portfolio 

behaviour of financial firms . These can perhaps be categorised roughly into “banking 

firm models”, “transactions and precautionary balance models” and “complete 

portfolio models”. Amongst the latter the predominant models have based upon the 

maximisation of the expected utility of portfolio profit or, more simply, on the trade 

off between the mean and variance, certainty-equivalent, of profit. Within the formal 

models the Safety First model of Roy (1952) has largely been ignored in the 

econometric literature as a vehicle for explaining portfolio behaviour. It has been used 

in the theoretical literature in money and finance, for example, in the context of the 

decision to hold a riskless asset in a portfolio in Roy’s framework, compared to the 

choice of such an asset in a portfolio under a mean-variance objective function (Pyle 

and Turnovsky (1970)). Also, three variants of it were proposed in the 1950s and 

1960s; but, as variants, none provides a general safety-first objective function that 

Roy adopts.1  

 In this paper we apply Roy’s model to the portfolio disposition of the banking 

sector taken in aggregate. As our case study we use the Pakistan banking sector. This 

is a substantial sector and it has changed relatively little (though it has changed as we 

note in the section 3) over the years, and certainly this is so in regard to other similar 

sized economies, which have changed radically consequent upon global deregulation. 
                                                 
1 The two that are more in the keeping with the spirit of Roy’s principle are those of 

Telser (1955-56) and Kataoka (1963). The other criterion is that advocated by Baumol 

(1963). We note what they are later, in footnote 3.  



 2

Accordingly, we use a long historical set of data; with its obvious econometric 

advantages. Also, we assume that all banks in the sector have the same objectives, 

face the same constraints and interest yields or costs. In effect, the latter are “market” 

rates, which are readily available. Studies of individual banks are not possible because 

of data requirements and the long time-span of our study (which involves changes in 

the status of some banks, for example).  

 Roy’s Safety First model defines the banking sector’s objective as one where 

it seeks to select that portfolio allocation, subject to any constraints that affect its 

selection, which will minimise the probability that the profit over the next interval 

will turn out to be lower than some pre-assigned disaster level. In effect, it is one way 

of incorporating “downside” risk in portfolio selection.2 At the decision point the 

bank then selects that portfolio which, given the constraints on its composition, will:  

DPr(min ≤π )                                                                                                               (1) 

Here: Pr, denotes probability; π denotes profit; and D denotes the disaster level.3 

                                                 
2 In regard to downside risk, Markowitz (1959) considered an investment strategy that 

sought to minimize the semi-variance of a portfolio’s returns. Other objective 

functions that incorporate downside risk have been developed in recent years, 

essentially in the literature on hedging (see, as examples, Cheung et al., (1990), Kolb 

and Okunev (1993), Shalit (1995), Chen et al., (2001), Cotter and Hanly (2006)). 

These are difficult to use in empirical work, since they cannot all be solved for the 

optimum hedging position, and accordingly for the broader portfolio allocation 

decision.   
3 Telser’s (1955-56) variant of equation (1) is: απµπ ≤≤ )Pr(..,max Dts  ; Katoaka’s 

(1963) objective function is: απ ≤≤ )Pr(..,max DtsD . Here: πµ is the expected value 

of profit. Baumol’s (1963) criterion is a variation on expected utility or mean-

variance, being a trade-off between the mean of profit and D. Telser (1955-56) that 

his formulation allows for the possibility that there is some riskless asset, such as 
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Obviously, unless the exact distribution of actual returns/costs, and so of 

profit, is known the precise probability given in equation (1) cannot be determined. 

However, Chebyshev’s inequality can enable an upper bound to be placed on that 

probability, namely:    

2)( D
D)Pr(

2

−
≤≤

π

µ

µ
σ

π                                                                                               (2) 

Should the distribution of profit be symmetric then the denominator in equation (2) 

would be multiplied by 2; and if the symmetric distribution happened also to be the 

normal, then equation (2) the inequality sign would become an equality sign. The 

safety first approach has a possible advantage over the mean-variance and the mean-

variance expected utility models, in that it does not depend upon a known, and a 

normal, distribution of returns. The models that we formulate and estimate in this 

paper are derived from equation (2). The observations for our estimates are semi-

annual (S) from 1964S1 to 2005S1; data for 2005s2 to 2008s2 are used for assessing 

the forecasting attributes of the models. No higher frequency data are available for 

this span of years; their having only become readily available in the 1990s.  

 Those models and their ability to account for, and predict, the portfolio 

composition of the banking sector are set out as follows. Section 2 provides an 

overview, and nothing more, of the banking sector in Pakistan, the composition of its 

portfolio and central bank controls that have been imposed upon it. The endogenous 

and exogenous assets and liabilities are then listed. Section 3 derives the equations 

that determine the holding of the endogenous financial claims, according to equation 

(2) and comments on the econometric methodology that we employ. This is followed 

                                                                                                                                            
cash. However, the latter is not riskless (which he partly concedes will be the case in 

the “long run”) because of inflation.  
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in Section 4 by an overview of the variables in those equations and their properties, 

such as their order of integration. Both static and dynamic versions of the portfolio 

model are estimated and the results are reported and analysed in Section 5. Further, 

we have estimated models wherein loans are entered via their different categories as 

described in Table 1, and wherein loans are aggregated. The dominant variant in-

sample is the dynamic model with loans disaggregated. However, out-of-sample 

forecasts of both that model and the static are presented and contrasted in Section 6: 

these confirm the superiority of the dynamic specification and indicate that it 

generates highly accurate forecasts. Section 7 contains a summary of our study and its 

findings.  

  

2. Overview of the Banking Sector and its portfolio 

Pakistan has a well-developed banking system, comprising 47 scheduled commercial 

banks, 6 DFIs (Development Finance Institutions), and 2 MFBs (Microfinance 

Banks). Here, we consider the portfolio behavior of the scheduled commercial banks, 

which operate in accordance with the provision of the banking companies Ordinance, 

1962 (and its later amendment in 1997: noted below). All such banks are classified 

into three main groups: public sector banks, domestic private banks and foreign 

banks. The public sector banks are sub-divided into commercial banks and specialized 

banks. The scheduled commercial banks are regulated by the State Bank of Pakistan’s 

Prudential Regulations, albeit through different wings, and are subject to different 

regulatory requirements. 
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 As the central bank, the State Bank of Pakistan (SBP), inaugurated on 1st of 

July 1947,4  is responsible for protecting the value of the currency, securing monetary 

stability, and sustaining an environment conducive to the growth of GDP. Under 

reforms to the financial sector, SBP was granted independence in February 1994. That 

autonomy was strengthened further on 21st January 1997 under three Amendment 

Ordinances (actually approved by the Parliament in May of that year) to previous 

legislation, namely, State Bank of Pakistan Act (1956), Banking Companies 

Ordinance (1962) and the Banks’ Nationalisation Act (1974). For example, the 

changes to the 1956 Act devolved full and exclusive control over the regulation of the 

Banking Sector; permitted SBP to conduct independent monetary policy; and, to set 

limits to the borrowing it provided to the government. The amendments to the 1974 

Act, further consolidated the authority of the SBP, by abolishing the Pakistan Banking 

Council (whose role had been to supervise the Nationalised Commercial Banks), and 

giving the SBP a role in the appointment and removal of the CEO and Boards of the 

Nationalised Commercial Banks and Development Finance Institutions. To enable it 

to meet those objectives the SBP has been granted both supervisory and regulatory 

powers over the Banking Sector.  

In regard to the Banking Sector as such, and its development, we note, indeed, 

that the domestic banks were nationalised in the 1970s. The main purpose of that 

process was to render the banks more efficient and more capable of meeting the credit 

needs of the economy, especially of the agricultural and the public sector. Having 

achieved those initial objectives, banking reforms were introduced in two phases, one 

over the late 1980s/early1990s and the other over 1997/2001. The main aim of the 

                                                 
4 However, the Reserve Bank of India was authorized to work as the Central Bank of 

Pakistan up to 30th September 1948.  
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first set of reforms was to generate more competition in the Banking Sector, by such 

steps as freeing entry of private banks into the market, by downsizing the branches of 

the major Nationalised Commercial Banks and the Development Finance Institution. 

The second phase of the reforms was to complete that process of privatisation and 

liberalisation.  

As noted earlier under these reforms the SBP was given wide powers of 

authority, jurisdiction and control over the Banking Sector. Its supervision of the 

banks is now based on assessment of their CAMEL ratings amongst other things. The 

amendment to the Banking Companies Ordinance in 1997 empowered the SBP to 

prescribe capital requirements for banks; and it has done soon the basis of BASEL I 

The banks have to maintain a Capital Adequacy Ratio such that their capital and 

unencumbered general reserves are, at the minimum, 8% of their risk weighted assets, 

and effective from 1st January, 2003 banks are required to maintain a minimum paid 

up capital level of Rs.1 Billion. As the SBP has acknowledged, implementation of 

Basel II would offer further counterbalances to risk exposure.5 

 The SBP uses conventional instruments to control the size of the balance 

sheets of the banks: cash and liquidity ratios; open market operations; its discount and 

window rates. Those instruments it has employed over our data period: and open 

market operations together (especially) with alterations in the discount rate have been 

the predominant in attempts to alter money market conditions: as they seem to be in 

recent times (see Agha, et al, 2005). On occasions it has also used credit ratio 

constraints in an endeavour to limit the expansion of banking sector loans. We refer to 

these shortly and if they were binding and effective constraints on the banking 

sector’s portfolio allocation in the Kuhn-Tucker sense. Before we do so we 

                                                 
5 See the State Bank of Pakistan web site 
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summarise the main categories in the portfolio, and in doing so we introduce the 

notation that we adopt in the econometrics.  

Table 1: Choice and Non-choice Assets/Liabilities of the Pakistani Banks 

Notation Status Description 
Panel A : Balance Sheet   
Choice   
Govts Endogenous Loans to the Govt.Sector 
Pubs Endogenous Loans to the Public Sector 
Privs Endogenous Loans to the Private Sector 
Pers Endogenous Loans to the Personal Sector 
Others Endogenous Loans to the Others Sector 
Trust Endogenous Loans to the Trust Funds & Non-Profit Org.
Pgs Exogenous  Provincial Govt. Securities 
Sumb (liability) Endogenous Borrowing from SBP 
Fgs Endogenous Federal Govt. Securities (Bonds) 
Tbills Endogenous Treasury Bills 
Cash Endogenous Cash 
Non-choice   
Capital Exogenous Capital 
Reserves Exogenous Reserves 
Capres Exogenous Capital plus Reserves 
TTdeposits Exogenous Total Time Deposits 
TDdeposits Exogenous Total Demand Deposits 
TDTL Exogenous Sum  of Demand and Time Deposits 
Panel B: Rates of Return/Cost   
WAG Exogenous Warra (weighted average rate of return) 

Govt.    SectorLoans 
WAP Exogenous Warra Public Sector Loans 
WAPR Exogenous Warra Private Sector Loans 
WAPL Exogenous Warra Personal Sector Loans 
WAOTH Exogenous Warra Other Sector Loans 
WAT Exogenous Warra Trust Funds & Non-Profit Org. 
PGR Exogenous Provincial Govt. Securities Rates 
CMR Exogenous Call Money Rate—proxy for discount rates: 

cost of Sumb 
GBYLD Exogenous Govt. Bond Yield 
SIXMTBR Exogenous Six Month Treasury Bill Rate 
INFLN Exogenous Inflation (of the Consumer Price Index) 
 

The balance sheets of the constituent banks in the Banking Sector, whether 

under domestic or foreign ownership, are similar to, and their financial items in their 

portfolios embrace, the same broad categories (apart from the absence of derivatives) 
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familiar from Western Banking Sectors. The typical balance sheet is given in Table 1. 

There the constituents have been categorised as endogenous or exogenous for the 

econometric modelling reported later and, as remarked above, the notation is the basis 

of that used in the modelling.  

In the econometric work reported on in Section 5 we shall see that the desired 

levels of the endogenous portfolio variables are replaced by their ratios to a sum of 

exogenous scalar variables. Also, the interest rates, which, or their expectations, 

would be amongst the set of exogenous variables are also transformed from their 

intrinsic values. Hence, we do not now consider the basic variables listed in Table 1. 

We will present their transformed values in Section 4, where we will also consider 

their order of integration. However, at that time the basic interest rates will be 

considered (and given in Appendix I), where the possibility that the Banking Sector’s 

profit is normally distributed is investigated.  

We turn now to the delineation of the portfolio items as endogenous and 

exogenous. This necessitates some comments on the various controls on the portfolios 

that we noted earlier. The direct, “conventional”, controls, the cash and liquid asset 

ratios, as expected, have changed over the years of our study, 1964 to 2008, though 

only infrequently. Figure 1 graphs those ratios for the period of observations 

employed in our estimates, 1964 to 2005. The cash ratio remained at 3% from the end 

of 2005 to the first half of 2008, the period used to assess the predictive ability of our 

estimates of portfolio behaviour; whilst the liquid assets ratio was raised from 15% to 

18%.  
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Figure 1: Required Cash and Liquid Asset Ratios 
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The SBP’s definitions of the components of these reserve assets are: (1) Cash: 

Till money; Balances with SBP (upon which no interest is paid); Balances with Other 
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Scheduled Banks; Balances held Abroad; and Bills purchased and discounted; and, (2) 

Liquid assets: Cash plus high quality Securities and Shares, such as Federal 

Government Securities, Treasury Bills and Provincial Government Securities.6 The 

denominator of these ratios is the sum of Demand and Time Liabilities.  

Figure 1 indicates that the cash ratio was not binding. Additionally, for most 

of our period, neither was the liquid assets ratio. The few scattered observations in the 

period 1975-1980 when it was adhered to by the banks, obviously, could not be 

accommodated in our econometric modelling. Taking the constraint to be binding and 

effective then would have altered the status of the non-cash component of liquid 

assets from endogenous to exogenous.  

The other controls imposed upon the structure of the portfolios were credit 

controls.7 There have been four of these, namely: Credit Ceilings Regime (1973-

1992); Credit Deposit Ratio Regime (1992-1995); Indicative Credit Target Regime 

(1995-2001); and, Market – Based Credit Regime (2001- Onward). The Credit 

Ceilings and Indicative Credit Target regimes are more or less similar to each other, 

wherein banks are advised to limit their credit to certain level. Should they comply 

with the directive, they are obliged to pay a penalty to the central bank. In the Credit 

Deposit Ratio Regime, banks were directed by the SBP to extend their credit a 

percentage of their deposits to the private sector. Initially the figure was 30% for both 

local and foreign currency loans; and thereafter, the percentage was changed 

accordingly. Last but not least, the Central Bank of Pakistan’s credit policy was 

shifted to the Market-Based credit mechanism in 2001.SBP has liberalized the 

commercial banks to give credit to the private sector according to their own 
                                                 
6 The official publications of the SBP have over the years given confusing definitions 

of these ratios. The definitions used here were kindly provided by officials at the SBP.  
7 See Muhammad Ashraf Janjua (2005) 
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judgmental criteria but banks were advised to maintain prudential regulations (i.e., 

client specific and sector specific exposure, etc) and to strengthen their risk 

management framework (see, Atsushi Iimi (2004)).  

The details of some of these credit ratios and directives are rather sketchy. 

However, from the information we have been able to garner from the SBP, an 

examination of the banking sector’s balance sheets over the relevant episodes, suggest 

that these constraints did not impinge upon the banks own choice of portfolio. This 

certainly applies to loans to the personal sector. Consequently, these directives do not 

necessitate, for example, separating out loans to that sector as being exogenously 

determined by the SBP; and so figuring in the econometric modelling by reducing the 

exogenous scalar variable deposits, by the SBP minimum ratio.  

 Having mentioned “exogenous variables” we move on finally to comment on 

the delineation of the variables in the balance sheet. All of the assets, except for the 

holdings of Provincial Government Securities (Table 1), are taken to be endogenous. 

It claiming that we follow the vast majority of studies of mean-variance portfolio 

selection by arguing that the interest rates on the assets are either set by the banks 

themselves (on the basis of market conditions or central bank rate setting) before they 

determine their portfolio allocation, or are given by the activities of the Ministry of 

Finance or the central bank, in regard to such securities as Treasury Bills and 

Government Bonds. Provincial Government Securities are a kind of anomaly in the 

financial system: they are no longer issued and they are redeemed according to the 

choice of the Provincial Governments themselves. The rate of return on them is fixed 

for all time; and as they have been redeemed the quantity in the banking sector has 

declined over time.  
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 Similarly, in respect of the liabilities side of the portfolio, the working 

assumption is that the rates of interest on deposits are set by the banks, in line with 

SBP policy and conditions in the financial market (as, for example, in Brainard and 

Tobin (1968)). Then, for given income of the non-banking sector, the latter’s demand 

for deposits, hence obviously, the banking sector’s supply of deposits, becomes 

exogenous. Capital and Reserves are also traditionally taken to be exogenous. In a 

fully integrated banking sector model, taking cognisance of Basel I and II regimes, 

Capital and Reserves might need to be incorporated more systematically.  

 Now, a comment on the interest rates listed in Table 1. In respect of loans 

these have all had to be taken at weighted averages of the various types of loans 

within a given sector. These are the only rates that are available from the SBP, and 

they mean, of course, that we have to use the broad categories of sectors that we have 

done: there being no information on loans to the various economic agents in each 

category and their interest costs. The Call Money Rate is used for the cost of banking 

sector borrowing from the central bank. We might expect that this cost would bear 

some relationship to the discount rate. However, in fact: (1) the discount rate has only 

changed at discrete intervals, remaining at a given level sometimes for several years; 

and, (2) as it happens, the discount rate is I(1), consequently, it cannot be used in our 

econometric modelling. The inflation rate is taken to be the return on cash.  

 Finally, we note again that the endogenous balance sheet items are entered as 

ratios to the sum of all liabilities (which are entered as negative in the system); as we 

shall see in Section 3. This is because the levels of all the scalar variables are I(1).  
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3: The portfolio demand equations in the safety first approach  

As remarked earlier, we assume that all banks in the banking sector have the same 

probability distribution of profits, use the safety-first rule and have identical disaster 

levels of profit. In doing so we shall refer to “the” bank which is the shorthand for the 

(aggregate) banking sector. At any time, in making its choice of portfolio the bank’s 

profit will be: 

LA rLrA ′+′=π                                                                                                             (3) 

Here: A and L are vectors of assets and liabilities, respectively; with liabilities entered 

as negative values; and, the column vectors Ar  and Lr denote the returns, and costs, 

respectively per unit of holding of the individual assets and liabilities. We suppose 

that the bank forms expectations of the returns on the assets (which are their actual 

returns determined by them or by monetary conditions or by the central bank: as noted 

earlier), and hence an estimate of the risk (variance) attached to them at any given 

time when the portfolio allocation is being determined. Additionally, therefore, it is 

assumed that the bank works in a competitive environment so that its demand for any 

asset will not affect its promised return.  

 To determine its static desired demand equations for the assets, the bank has to 

minimise:  

2)( D

2

−π

µ

µ
σ

                                                                                                                   (4) 

Subject to:  

AA AΩ′=2πσ                                                                                                                  (5) 

LA eLeA ′+′=πµ                                                                                                          (6) 

0=′+′ LA iLiA                                                                                                             (7) 
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Here: in equation (6), Ae  for example is the column vector of expected returns per 

unit of investment in the assets; in equation (5), AΩ is the covariance matrix of the 

returns on the assets, the endogenous items; and, in equation (7), Ai and Li are 

appropriately dimensioned unit vectors, with the equation itself being the balance 

sheet constraint.  

 Clearly, given that the vector of first derivatives of the objective function is 

non-linear in the assets, the optimum choice of assets cannot be determined directly 

from minimising equation (4) subject to equations (5)-(7) (Roy (1952)). That choice 

has to be determined by means of the efficient investment frontier and a “market 

opportunity line”. Letting the latter be:  

ππ σµ hD +=                                                                                                             (8) 

The safety-first bank’s objective is to obtain the highest mean profit for given D, and 

risk. Effectively, this means that it selects that portfolio at which the slope of the 

mean and variance (or standard deviation) of profit is h; which latter is the maximum 

value of the probability given by equation (4).  

As a consequence, we have these static demand equations (hence, we have 

omitted the subscript t), the proof of which is provided in the Appendix I:  

L
AAALLA

ALLAA iL
iiiLDeLe

iiLDeLeA ′
Ω′′−′−

′−′−Ω
−= −

−

1

1

}]/)[({
}]/)[({                                                              (9) 

AAL
AAALLA

ALLAA MsinceiL
iMiiLDeLe

iiLDeLeMA 11,:
}]/)[({

}]/)[({ −− Ω=Ω′
′′−′−
′−′−

−=                   (9)(a) 

Where AM is the adjugate matrix of AΩ .  

If we expand equation (9)(a), for example, for two assets, simply labelled 1 and 2, in 

the vector A, we have:   
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′−′−+′−′−

−=
]/)([]/)([
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11

2121
2

L

L
                   (11) 

Here, ijm  denote the elements of the adjugate matrix. Hence, in estimating these static 

equations we can impose symmetry ( jiij mm = ) on the coefficients across the 

numerators and adding-up constraints on the parameters of the denominators of the 

form:  

∑
=

=
n

j
kjk mm

1

                                                                                                               (12) 

 Clearly, it is a strong assumption that the banking sector’s portfolio is in an 

optimum position at all times. There are several ways in which the possibility that a 

dynamic adjustment process is involved in the determination of the optimum 

portfolio. One that is favoured in many studies, and which was rationalised by 

Brainard and Tobin (1968) in their system-based study of the interaction between 

financial intermediaries, is the partial stock adjustment principle. The econometric 

results reported here are based on that as the best specification of a dynamic structure: 

the alternatives, such as the use of wider distributed lag framework, are almost 

impossible to estimate in this non-linear environment. We will also note later in the 

paper, when we consider our econometric findings that a similar dynamic model can 

be derived using explicit specification of transactions costs of changes to portfolios: 

but it is dominated by the model below.  

 In stochastic format the minimalist specification of the principle, which we 

employ, is:  

tttt AASA ε+−=∆ − )( 1
*                                                                                              (13) 
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Here, S is the ( nn× ) matrix of speeds of adjustment from the actual to the desired 

levels of the individual assets. The desired asset vector (represented by the preceding 

equations, (9), (9(a)) we have here labelled *
tA  to avoid confusion with its actual value 

on the left-hand side of equation (13); since we utilise equation (13) in this form:  

1
*

1
* )( −− +=−+= ttttt RASAASISAA                                                                          (14) 

Hence:  

1}]/)[({
}]/)[({

−+′
′′−′−
′−′−

−= tL
AAALLA

ALLAA
t RAiL

iMiiLDeLe
iiLDeLeSM

A                                                 (15) 

For a given asset then:  

 111211
11

1111
1 ][

][][
][][

−+′
−+−
−+−

−= tnL
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anna ARRRiL
cekcek
cekcek

a L
L

L
                              (16) 

Where:  

LL iLDeLc ′−′= /)(                                                                                                (16)(a) 

Consider now the restrictions embodied in this dynamic system. First, no symmetry 

conditions ( jiij kk = ) on the coefficients of the “net returns” ( ane ) are implied by the 

matrix ASM : such a condition could only if the matrix S should be either identical to 

the variance-covariance matrix AΩ  or be an Identity matrix. In the latter case, 

adjustments to individual asset holdings would be independent of each other. Second, 

the summation restrictions on the coefficients carry over from the static system:  

∑
=

=
n

j
iji kk

1

                                                                                                                  (17)  

This follows from the assumption (now generally accepted in the literature) that the 

adjustment matrix has column sums of 1:8  

                                                 
8 Brainard and Tobin (1968) claimed that S should satisfy the Cournot condition, in 

which case R would exhibit Engel Aggregation. That claim was challenged (see, for 
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AAAAAA iMMiSMi ≡′=′                                                                                             (18) 

Third, a Cournot aggregation condition holds on the matrix of coefficients on the 

lagged variables:9  

0=′ RiA                                                                                                                       (19) 

In Section 4, we consider the estimates obtained for the systems given in equations 

(9(a)) and (15), for appropriate specification of the choice and non-choice assets. As 

discussed in Section 5, there are no effective constraints to allow for when deriving 

and estimating those equations. The two models are compared not only over the 

estimation sample of observations, but in terms of their forecasting attributes using 

observations out of sample, up to 2008.  

 We again repeat that the asset levels were I(1) and so the equations are 

estimated in terms of the ratios of the assets to the sum of exogenous liabilities (plus 

assets in the case of Provincial Government Securities)). Accordingly, equation (9(a)) 

is set out in ratio form when the dynamic equations are formulated. So equation (15) 

in ratio form then has the vector 1−tA  equal to )/( 11 Ltt iLA −− ′ .  

 

 

 

                                                                                                                                            
example, Ladenson ((1971), (1973) and Clinton (1973)) and was accepted by White 

(1975), despite the further counter claims of Smith (1975).  
9 Following on from the preceding footnote, logically the Cournot condition must hold 

“first”, as it were, since one asset ratio can only be higher in the previous period, for a 

given set of net returns and exogenous scalar variables, if at least one other ratio is 

lower. The sum of any such re-alignments must be 0. From that Cournot condition, 

the Engel condition must hold for the S matrix by definition, 

since: AAA iRIiSi ′=−′=′ )( .  
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4: Estimation: Methodology and Data  

4.1 Methodology 

It is well-known, due to the pioneering paper by Barten (1969), that linear expenditure 

systems must be estimated by FIML, because the equations are linearly dependent by 

the balance sheet or budget constraint, and so one equation must be omitted when the 

equations are being estimated. Unless FIML is employed then the parameter estimates 

will depend upon which equation is omitted. Of course, it can happen that the system 

of equations to be estimated is too large or too non-linear to produce convergence; 

and so it might seem that the system is singular. In that eventuality the literature has 

suggested the use of the estimator SUR, even though it cannot generate unique 

parameter estimates. It does have the advantage that any contemporaneous covariance 

between the residuals is accommodated in the estimation. Since such covariance can 

be implied by the nature of the systems it is incumbent upon the investigators to test 

for them, and for serial correlation, when using FIML.10 This we do.  

 Consideration of equation (10), as an example, permits us to see that the 

coefficients in the static and dynamic systems are not identified uniquely. To 

circumvent that problem, the coefficients on the “net interest rates” are normalised by 

dividing them by nm for the static system and by nk for the dynamic system. 

Similarly, to repeat the point made previously: both sides of equations 9(a) and (15) 

are divided by the sum of the exogenous scalar variables. So the equations are for 

asset ratios.  

                                                 
10 This was the subject of the paper by Berndt et al., (1980). They criticized the two 

papers by Parkin et al., (1970) and Parkin (1970), which however did not employ 

SUR, but used the even more “incorrect” estimator RLS; and performed no tests for 

the presence of correlation between the residuals nor for auto-correlation. Berndt et al. 

(1980) then re-estimated their models using ML.  
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4.2 Data and their properties:  Asset ratios and net interest rates and costs 
 
The asset ratios (which include the liability borrowing from the central bank) for the 

disaggregated model are graphed in Figures 2(a) and 2(b).  

Figure 2(a): Asset ratios 
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Figure 2(b): Asset ratios continued 
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The tests of unit roots for the ratios are given in Table 2. They indicate that we can 

take them to be I(0). That is not surprising given Figures 2(a) and 2(b): except for the 

Trust ratio. The latter clearly looks as though there was a structural break in it series 

around 1997: that was confirmed by the various Perron (1997) tests.  

 
Table 2: Unit root tests: Ratios 
 
 

Ratio Unit root tests: t-statistics and probabilities 
 ADF 
Govts -3.891887 (0.0032) 
Privs -3.564245 ( 0.0086) 
Others -3.087933 ( 0.0314) 
Sumb -3.964685 ( 0.0026) 
TBills -3.837104 ( 0.0195) 
Cash -3.888555 ( 0.0169) 
  
 Phillips-Perron 
  
Pubs -2.965866 (0.0424) 
Pers -3.916092 ( 0.0030) 
Fgs -2.722452 (0.0746) 
  
 Perron (1997): Structural Break test 
Trust Model I01, all methods: -10.88(0.00) 
 Model I02, all methods: -10.80(0.00) 
 I(0), with a break at 19971s1 

 
 
 

The vector of interest rates and costs in the model are now the net rates given by 

equation (16(a)). We refer to these as “efors”. Their time series are graphed in Figure 

3(a) and Figure 3(b).     
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Figure 3(a): The efors 
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Figure 3(b): The efors continued 
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The results of unit root tests for the net returns and costs are recorded in Table 3. It is 

apparent from Figure 3 (b) that the cash return in particular might be problematic. 
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However, we see from Table 3 that it is possible to claim that it is I(0) with a 

structural break at 1989/1990.   

 
Table 3: Unit root tests for the efors 
 

efor Unit root tests: t-statistics and probabilities  
 

 ADF 
eforgovt -4.65053 (0.0003) 
eforpubs -3.67876 (0.0062) 
eforprivs -3.60329 (0.0077) 
eforpers -2.65913 (0.0856) 
eforothers -3.31341 (0.0174) 
efortrust -3.57059 (0.0085) 
eforsumb -4.24255 (0.001) 
eforfgs -3.2984 (0.0181) 
efortbills -2.88463 (0.0515) 
  
 Perron(1997): Structural Break test, Model AO 
eforcash Method UR: -4.8 (0.05), I(0) with a break at 

1990s1; 
Methods Studabs and Stud: -4.72 (0.05), I(0) 
with a break at 1989s1 

 

5: Estimates 

5.1 A summary comparison of the in-sample estimates for the Static and 

Dynamic Models: with and without parameter restrictions.  

 
Before providing the detailed estimates for the best model, a dynamic model, we give 

summary statistics for the in-sample estimates to confirm the superiority of the 

dynamic model.  These are the Log Likelihood values for the comprehensive set of 7 

models, detailed in Table 4. The superior specification is equation (15) with the 

symmetry condition imposed. Later it will be shown that the best dynamic model does 

outperform the best static model in explaining the portfolio items over the in-sample 

period.  
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Table 4: Log Likelihood values and LR-tests 

 Models 
Log-

Likelihood Restrictions  LR-Test Results  
 Static Models  
     

Model 1 2141.92 None      
Model 2 2080.27 Symmetry 123.3> )05.0,36(2χ = 48     Rejected 
Model 3 2021.16 Sum im  241.52> )05.0,9(2χ = 16.9  Rejected 
Model 4  1776.75 Sym+ im  728.34> )05.0,45(2χ =60 Rejected 

     
 Dynamic Models  
     

Model 5 2415.39 None      

 Model 6 2404.46 Symmetry 21< )05.0,36(2χ  = 48        Accepted 
Model 7 1333.23 Sym + ik  2164.32> )05.0,45(2χ =60 Rejected 

     
 
 
 
5.2: The estimates of the dynamic model with symmetry 

We now proceed to provide the estimates of the sets of coefficients in equation (17) 

with symmetry imposed.  

5.2.1: The stability of the system and the properties of the residuals 

We begin by detailing the eigenvalues of the long-run matrix, R. They are: 0.772597 

± 0.176615i; 0.788413; 0.697971 ± 0.315665i; 0.455681 ± 0.357562i; 0.307269; 

0.245821, 7.75644x 1610− . Accordingly, the estimated system is mathematically stable 

and so can be analysed 

The Durbin-Watson statistics (which, despite their possible deficiency, are the 

information on the residuals that is obtainable from the estimation procedures per se 

in available software, including TSP which we used) indicate that there is no 

autocorrelation in any of the nine estimated equations in the model. These are in 

equation order: Govts (2.42), Pubs (2.68), Privs (2.15), Pers (2.30), Others (1.84), 
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Trusts (1.63), Sumb (2.40), Fgs (2.23), and TBills (2.12) Other tests on the residuals 

outside the context of the estimation procedure are not possible in this model; save for 

those for orders of integration and normality.  

 All the residuals, naturally, are I(0). The majority are also normally 

distributed. Several standard tests for the presence of a normal distribution were used: 

the Jaque-Bera, the kernel density test, and the various EDFs. Some residuals were 

found to be normally distributed on the basis of all three types of tests. The only 

residuals that were not normally distributed on any of the criteria were those for 

Federal Government Securities (these tests, which would occupy too much space, are 

available upon request from the authors).  

Correlation of the errors across the equations appears not to be a problem, 

though there are outliers that are above 0.5. The determinant of the covariance matrix 

should obviously not diverge too much from the product of the variances on the 

diagonal: it does so differ, but out of the 36 covariances, 27 are below ± 0.0000001 

and the highest of the remainder is 0.000787.  

 

5.2.2: The overall results 

The goodness-of-fit of the nine estimated equations are given in Table 5. There we 

also record the outcome from including data for observations outside the sample used 

for the initial estimation, which we used to assess the stability of our estimates and, 

hence, their forecasting ability.   
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Table 5: Goodness-of-fit: in-sample and in-sample plus out-of-sample 

 2R ( 2R ) 

 
In-sample 

1964:1  2005:1 
All observations 
1964:1  2008:1 

Govts 0.49 (0.21) 0.50 (0.26) 
Pubs 0.77 (0.64) 0.32 (0.12) 
Privs 0.75 (0.61) 0.41 (0.27) 
Pers 0.55 (0.29) 0.64 (0.48) 
Others 0.74 (0.59) 0.33 (0.12) 
Trust 0.88 (0.81) 0.46 (0.66) 
Sumb 0.71 (0.56) 0.52 (0.25) 
Fgs 0.78 (0.66) 0.76 (0.66) 
Tbills 0.82 (0.72) 0.82 (0.74) 

 
 
 
For the in-sample period the only “weak” equations are those for loans to the 

Government and Personal Sectors. The 2R s, which indicate the value of the equations 

in tracking the means of the dependent variables, clearly suggest that the safety-first 

model performs well. The fitted and actual values in-sample are illustrated in Figure 

4(a) and Figure 4(b). There the suffix “F” denotes the fitted value.  

For the extended range of observations, the outcomes for Government 

Securities and Treasury Bills do not really alter, both being excellent. For Personal 

Loans the explanatory power of the equation has been increased, substantially in 

terms of the adjusted goodness of fit. For other asset ratios, particularly, Loans to 

Other Sectors, the explanatory power has fallen somewhat.  
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Figure 4(a): Actual and fitted values, in-sample 
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Figure 4(b): Actual and fitted values, in-sample 
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5.2.3: The estimates of the coefficents: for the “efors” and their interpretation 
 
The estimates for the coefficients involving the “efors” are given in Tables 

6(a) and 6(b).  
 
Table 6(a): Estimated ijk  coefficients  
 
Eqn. 

1ik   2ik  3ik  4ik  5ik  6ik  7ik  8ik  9ik  10ik  
Govts -27.3 246.2 -231.7 -48.47 3.7 -13.1 336.1 67.1 -334.4 -47.6 

  [-0.28] [2.68]* [-0.92] [-0.95] [0.19] [-2]** [0.82] [1.02] [-1.10] [-1.4] 

Pubs 246.2 195.39 -616.81 -143.66 -14.23 18.69 980.19 28.75 -785.03 32.72 

  [2.7]* [0.64] [-0.98] [-1.7]*** [-0.37] [1.18] [1.24] [0.25] [-1.39] [1.10] 

Privs -231.7 -616.81 1960.46 236.24 125.03 -17.02 -3258.89 -389.47 2554.02 -76.03 

  [-0.92] [-0.98] [1.94]*** [1.17] [1.19] [-0.34] [-3.44]* [-1.8]*** [3.21]* [-1.3] 

Pers -48.47 -143.66 236.24 45.8 -50.89 3.71 -89.09 -65.42 131.73 5.66 

  [-0.95] [-1.7]*** [1.17] [0.81] [-3.63]* [1.00] [-0.27] [-1.12] [0.54] [0.24] 

Other 3.7 -14.23 125.03 -50.89 -29.44 0.4 -55.24 19.12 1.82 15.09 

  [0.19] [-0.37] [1.19] [-3.63]* [-2.5]** [0.11] [-0.33] [0.91] [0.01] [2.8]* 

Trust -13.1 18.69 -17.02 3.71 0.4 5.47 22.47 3.2 -18.86 -1.26 

  [-1.98] [1.18] [-0.34] [1.00] [0.11] [1.19] [0.28] [0.46] [-0.32] [-0.8] 

Sumb 336.1 980.19 -3258.89 -89.09 -55.24 22.47 5744.75 362.98 -4093.15 -17.23 

  [0.82] [1.24] [-3.44]* [-0.27] [-0.33] [0.28] [2.35]** [0.95] [-1.9]*** [-0.4] 

Fgs 67.1 28.75 -389.47 -65.42 19.12 3.2 362.98 258.77 -205.07 20.41 

  [1.02] [0.25] [-1.8]*** [-1.12] [0.91] [0.46] [0.95] [2.28]** [-0.62] [0.69] 

Tbills -334.4 -785.03 2554.02 131.73 1.82 -18.86 -4093.15 -205.07 2900.55 -17.11 

  [-1.10] [-1.39] [3.21]* [0.54] [0.01] [-0.32] [-1.9]*** [-0.62] [1.51] [-0.3] 

Cash -47.6 32.72 -76.03 5.66 15.09 -1.26 -17.23 20.41 -17.11   

  [NA] [NA] [NA] [NA] [NA] [NA] [NA] [NA] [NA]  

*: Significant at 1% level. **: Significant at 5%level. ***: Significant at 10% level. NA: not available 

 
Table 6(b): Estimated ik coefficients  
 

 
Equation 

 
Govts Pubs Privs Pers Others Trust Sumb Fgs Tbills 

ik  2478.4 6975.6 -27077 -685.35 572.88 772.49 42908 3209.5 -31094 

S.E [0.81] [1.04] [-5.48]* [-0.26] [0.48] [0.81] [3.56]* [1.17] [-2.50]* 

 

Of a total of the 90 estimated coefficients in Table 6(a), 19 are statistically 

significantly different from zero; 3 of the 9 adding-up constraints in Table 6(b) are 

statistically significant. We intercede, that this is from much better, however, than for 

the static model.  
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Those coefficients taken at their face the value, however, cannot be very informative 

about the impact of the net returns on the portfolio composition, because of the non-

linearity of the demand equations. It is the slopes of the demand equations, and more 

especially, the resultant “efor” elasticities that can do so; and the latter are listed in 

Table 7. Of course, we cannot attach any statistical significance to these, since they 

are affected by all of the coefficients in Tables 6(a) and (b).  

 
Table 7: Elasticities for the efors  

 
 Efors for the assets/liabilities specified in the equation column 
Eqn govts pubs privs pers others trust sumb fgs tbills cash 
Govts 0.054 0.050 0.242 -0.320 -0.003 0.022 -0.170 -0.047 0.223 -0.051 
Pubs -0.271 0.120 0.096 -0.068 0.027 -0.004 -0.079 0.024 0.124 0.030 
Privs 0.001 -0.021 0.081 -0.002 -0.024 -0.008 -0.052 0.009 0.025 -0.009 
Pers 0.056 -0.040 -0.195 0.148 0.051 -0.008 -0.029 0.038 -0.026 0.005 
Others -0.330 1.226 -2.024 -0.061 0.744 -0.069 -0.033 -0.460 1.348 0.356 
Trust 0.624 -0.118 0.499 -0.697 -0.010 -0.220 -0.301 -0.058 0.320 -0.039 
Sumb -0.029 0.004 0.092 -0.088 0.049 0.031 -0.219 0.000 0.166 -0.006 
 Fgs -0.028 0.027 0.058 0.030 -0.007 0.003 0.037 -0.077 -0.054 0.010 
Tbills 0.110 -0.046 -0.118 0.138 -0.039 -0.044 0.115 -0.040 -0.064 -0.011 
Cash 0.046 -0.005 -0.080 0.011 -0.006 0.004 0.109 0.001 -0.081 NA 

 

What conclusions can be extracted from those tables? The most important 

conclusion is that we can identify “unique”, or two-way, complementarity or 

substitutability, between the endogenous ratios. Such relationships are summarised in 

Table 8. 

We can ascribe economic interpretations to these relationships, which fit in 

with the risk-return characteristics of the demand equations. Consider for example, 

the two safest assets in the portfolio, ignoring cash: Federal Government Securities 

and Treasury Bills. As would be expected, other things being equal, they are 

substitutes. For given, almost identical, low, risk on each, as the return on the one 

increases, the other remaining fixed, it is purchased by a switch from the other 
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security. Consider an increase in the return on Federal Government Securities and the 

supply of loans and the borrowing ratio. In regard to the provision of loans, as the 

holdings of securities increase, they produce a reduction in the holdings of 

Government Sector Loans, and those to Other Sectors. The former are probably more 

lucrative, though riskier, than securities, in that they are probably viewed as more 

difficult to offload, as perhaps are Other Sector Loans, which are to a more diverse 

group of borrowers. The increase in the apportionment of the portfolio to loans to the 

Public, Private and Personal, Sectors, will suggest that these offer higher return per 

unit of risk than do securities; so that to maintain the required balance between the 

risk-return characteristics of the portfolio, their holdings are increased, pari passim, 

with the increased holding of government securities. Finally, the increase in the return 

on securities that has prompted their increased share in the portfolio would be 

expected to increase the borrowing from the central bank, at the expense of some of 

the loans in the portfolio, since that would provide funds for investing in securities.  

 

Table 8: Complementarity and substitutability across the asset ratios 

Complements (Y) and Substitutes (X) Ratio 
Govts Pubs Privs Pers Others Trust Sumb Fgs TBills Cash

Govts   Y  X Y X X Y  
Pubs     Y   Y   
Privs    X X   Y   
Pers  X X   X X Y   
Others X  X   X  X   
Trust Y X  X X      
Sumb X   X  Y  Y   
Fgs X Y Y Y X  Y  X  
TBills Y      Y X   
Cash   X Y    Y X  
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There is one further aspect of the impact of the returns on the shares in the portfolio 

then we can extract from the estimates, that related to the “cost of capital” element in 

the net returns. The slopes and elasticities of the demand equations with respect to 

component of the net returns are given in Table 9.  

 
Table 9: Slopes & Elasticities for CN  
 

Equation Slope Elasticity 
Govts 0.00057 0.135408
Pubs -0.00025 -0.019119
Privs 0.001457 0.014003
Pers 0.000252 0.01900
Others 0.00014 0.267331
Trust 5.17E-05 0.129043
Sumb 0.001901 0.055354
 Fgs 0.001555 0.059464
Tbills -0.00045 -0.024218
Cash -0.00091 -0.034602

 
 

The data in Table 9 match obvious a priori expectation. A ceteris paribus increase in 

the cost of capital increases the ratio of the main earning assets, with the exception of 

Public Sector Loans. The cost, obviously, is a reduction in liquidity, as Treasury Bills 

and Cash holdings are reduced; but to provide a correct balance between return and 

risk, the ratio of Government Securities (with their higher return that Treasury Bills) 

is increased (for example, as some kind of yardstick, the ratios of the mean net returns 

on the securities and Treasury Bills are, respectively, 1.44 and 1.36).  

 

5.2.4: The coefficients on the lagged ratios 

The final sets of coefficients are those for the matrix on the lagged ratios (R) and the 

consequent adjustment matrix (S). The former is detailed in Table 10. Of the 90 

coefficients, 37 are statistically significant; and as would be expected, 8 of the 9 own-

lagged variables are significant. Nevertheless, the outcome is no one where all that 
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has occurred by including the lagged dependent variables is to demonstrate that time 

series have an auto-regressive structure. As we have already seen, many of the other 

coefficients in the system are statistically significant. The net returns across the 

portfolio help to determine and explain the portfolio composition.  

  
Table 10: Estimated Dynamic Matrix R 
  

Equations Govts(-1) Pubs(-1) Privs(-1) Pers(-1) Others(-1) Trust(-1) Sumb(-1)  Fgs(-1) Tbills(-1) Cash(-1) 

Govts 0.617 -0.204 0.226 -0.252 1.708 -1.109 -0.31 0.123 -0.025 -0.207 

  [4.780]* [-1.6]*** [3.58]* [-1.380] [1.95]*** [-0.871] [-3.04]* [1.590] [-0.511] [-1.490] 

Pubs 0.442 0.743 -0.038 0.399 -0.757 2.419 -0.067 0.054 0.063 -0.192 

  [4.21]* [7.57]* [-0.713] [2.84]* [-1.097] [2.25]** [0.842] [0.914] [1.597] [-1.8]*** 

Privs 0.185 0.492 0.848 0.084 -0.632 -2.888 -0.264 -0.082 0.103 -0.119 

  [0.745] [2.18]** [7.26]* [0.253] [-0.379] [-1.271] [-1.382] [-0.570] [1.083] [-0.474] 

Pers -0.182 -0.045 0.071 0.435 0.986 -0.819 -0.027 0.002 0.0002 0.112 

  [-2.41]** [-0.635] [1.95]*** [4.35]* [1.85]*** [-1.051] [-0.467] [0.039] [0.009] [1.408] 

Others 0.057 0.002 0.006 0.028 0.497 0.526 -0.034 0.029 -0.009 -0.058 

  [3.42]* [0.123] [.649] [1.191] [4.41]* [2.93]* [-2.71]* [2.89]* [-1.306] [-3.42]* 

Trust 0.011 0.009 -0.004 0.008 -0.06 0.858 -0.001 -0.001 0.005 0.007 

  [1.97]*** [2.01]* [-1.300] [1.217] [-1.9]*** [17.53]* [-0.325] [-0.262] [2.26]** [1.392] 

Sumb -0.536 -0.305 -0.515 0.27 0.208 1.143 0.173 -0.153 -0.078 0.132 

  [2.77]* [1.77]*** [5.48]* [-1.059] [-0.164] [-0.683] [-1.19] [1.422] [1.027] [-0.712] 

Fgs 0.151 -0.095 0.073 -0.286 0.016 1.298 0.077 0.734 0.06 0.016 

  [1.356] [-0.920] [1.353] [-1.855] [0.020] [1.131] [0.872] [11.31]* [1.432] [0.140] 

Tbills 0.161 0.346 -0.288 0.452 -2.659 -0.326 -0.08 -0.18 0.609 0.629 

  [0.870] [2.08]** [-3.06]* [1.80]*** [-2.19]** [-0.187] [-0.546] [-1.625[ [7.89]* [3.27]* 

Cash -0.906 -0.943 -0.379 -1.138 0.693 -1.102 -0.745 -0.526 -0.7282 -0.32 

  [NA] [NA] [NA] [NA] [NA] [NA] [NA] [NA] [NA] [NA] 

*: Significant at 1% level. **: Significant at 5%level. ***: Significant at 10% level. NA: 
not available because not estimated directly. 

 

For formal completeness the he constituents of the adjustment matrix are given in 

Table 11. The adjustment costs differ across just about all assets and they are certainly 

not symmetric. Also, virtually none is zero.  
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Table 11: Adjustment matrix S 

 
Govts(-

1) 
Pubs(-

1) 
Privs(-

1) 
Pers(-

1) 
Other
s(-1) 

Trust(-
1) 

Sumb(
-1) 

 Fgs(-
1) 

Tbills(-
1) 

Cash(-
1) 

Govts 0.38 0.20 -0.23 0.25 -1.71 1.11 0.31 -0.12 0.03 0.21 
Pubs -0.44 0.26 0.04 -0.40 0.76 -2.42 0.07 -0.05 -0.06 0.19 
Privs -0.19 -0.49 0.15 -0.08 0.63 2.89 0.26 0.08 -0.10 0.12 
Pers 0.18 0.05 -0.07 0.57 -0.99 0.82 0.03 0.00 0.00 -0.11 
Others -0.06 0.00 -0.01 -0.03 0.50 -0.53 0.03 -0.03 0.01 0.06 
Trust -0.01 -0.01 0.00 -0.01 0.06 0.14 0.00 0.00 -0.01 -0.01 
Sumb 0.54 0.31 0.52 -0.27 -0.21 -1.14 -0.45 0.15 0.08 -0.13 
Fgs -0.15 0.10 -0.07 0.29 -0.02 -1.30 -0.08 0.27 -0.06 -0.02 
Trusts -0.16 -0.35 0.29 -0.45 2.66 0.33 0.08 0.18 0.39 -0.63 
Cash 0.91 0.94 0.38 1.14 -0.69 1.10 0.75 0.53 0.73 1.32 

*Some of the column sums differ from 1 because of rounding error 

 

6. Alternative specifications: Transactions costs and Aggregation of Loans 

Within the confines of the Safety First model alternative specifications were 

estimated. These consisted of (1) aggregating the seven categories of loans to see if 

there were gains from disaggregation; and, (2) creating a dynamic system by re-

interpreting adjustment costs as transactions costs, introducing ways of specifying 

them, then re-estimating the resultant system of equations for both the disaggregate 

and aggregate variants.  

 In reporting on the findings from so doing, we consider point (2) first. 

Endeavours to incorporate transactions costs into the non-linear system that is 

generated by the safety-first model are restricted since some obvious specifications 

are themselves non-linear in the vector of the endogenous assets. Specifications such 

as that proposed by Parkin (1970) are also inadmissible: see Appendix II. 

Additionally, the costs are not known and have to be estimated; and they might or 

might not consist solely of “brokerage charges”, being affected by encashment costs 

generated by having to sell assets at a loss, and also might embody administrative 

costs. The structure that we assumed is given in equation (A27) in Appendix II; and 

the resultant system of asset demands is given in equation (A29).  
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 This system contains 10 more coefficients, in the form of the unit costs of 

adjustment for each asset. However, convergent estimates were obtained of the basic 

disaggregate model, and that model with symmetry and the “sum” constraints 

imposed upon the parameter. Overall, the results were much inferior to those reported 

in Section 5. The Log Likelihood of the unrestricted model was 1792; and neither the 

symmetry nor the “sum” constraints hold (the 2χ values both had probabilities of 

0.0). The maximum goodness-of-fit of the equations was 0.05. Notwithstanding those 

inferior findings, all 10 of the transactions costs were statistically significantly 

different from zero.  

 Now, turning to the Aggregate Model, wherein all 7 categories of loans were 

combined, the Log Likelihood was 666. Again, neither set of restrictions held, all four 

estimated equations had serial correlation. The goodness-of-fits lay between 0.16 and 

0.57. Neither model could clearly rival the disaggregated dynamic model of Section 5.  

 We now consider point (1) listed at the opening of this section. Invariably 

empirical work on portfolio behaviour whilst not only concentrating on the mean-

variance approach, has also segregated the balance sheet into major categories, with 

Loans or Advances as one of them. This is only an appropriate procedure if there is no 

information lost thereby, which means that all the constituents of Loans are perfect 

substitutes in the portfolio.   

 Estimation of such an aggregate dynamic model produced a Log Likelihood of 

822.125. Both sets of restrictions on the coefficients were rejected. The model was 

stable with eigenvalues of: 0.922638 ± 0.14469i; 0.836592; 0.442254; and, 1.21E-16. 

The goodness-of-fit for the 4 ratios that were estimated over the period 1964S1 to 

2005S1 were, with those for the disaggregated model in square brackets: Loans (0.75) 

[0.81]; Sumb (0.55) [0.71], Fgs (0.78) [0.78] and, TBills (0.82) [0.82].  These figures 
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indicate the superiority of the disaggregated model. The aggregate model reduces the 

substitutability of Central Bank Borrowing for certain types of loans by taking loans 

as one asset. It also overrides the underlying substitutability across the set of loans, 

which are not perfect substitutes. The results show that Federal Government 

Securities and Treasury Bills are substitutes largely for the set of loans and borrowed 

funds; or might be a sub-portfolio of their own.  

 

7. Concluding observations 

The unadorned Safety-First principle of Roy (1952), without the alternative and, in 

terms of the derivation of an optimum vector of assets, complex variations suggested 

in the subsequent literature, provides us with valuable information on the banking 

sector’s portfolio and the factors which influence its composition. Besides producing 

high goodness-of-fit for a portfolio model, it does provide many coefficients that are 

significantly different from zero, offers explanations of the portfolio structure that can 

be adumbrated by standard economic rationale. Furthermore, our models have 

demonstrated the potential aggregation bias that (probably) exists in most empirical 

studies of portfolio structures, which aggregate over all types of loans. Overall, the 

dynamic model offers results and insights which are not solely the consequence of the 

present of lagged dependent variables: and this is true both within-sample and out-of-

sample. However, the latter results are not as good as the former.  

 There is no opportunity in this paper for the inclusion of full details on the 

findings obtained from the estimation of a set of specifications for portfolio 

composition that arise from the orthodox mean-variance, expected utility, model. 

Suffice it to state that for that model the best specification was a dynamic, 

disaggregated one, but all the standard restrictions implied by the theory did not hold, 
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and fewer interest rate and other coefficients were statistically significant than in the 

model presented in this paper. Further the goodness-of-fit statistics were lower; and 

the residuals suffered from auto-correlation and there was substantial correlation 

between the residuals across the equations.  
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Appendix I: The optimum vector of endogenous financial claims 

 
To obtain the optimum portfolio allocation the objective is to maximise this 

Lagrangean function:  

)(2)(2 21 LALAA iLiAeLeAAA ′+′+′−′−+Ω′=Ψ λµλ π                                        (A1) 

The first-order conditions for a maximum of (A1) enable us to deduce that:  

)( 21
1

AAA ieA λλ −Ω= −                                                                                                (A2) 

 Using that we can write the variance and mean of the portfolio, and the sum of 

exogenous scalar variables as:  
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21 )( −Ω′−−=′ λλ                                                                                      (A5) 

Expanding (A3) and using (A4) and (A5):  
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2 =′−′−− LL iLeL λµλσ ππ                                                                               (A6) 

Using equations (A4) and (A5):  
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Hence, the Lagrange multipliers are:  

                                                    (A8)        

 

Inserting these expressions into equation (A6), the efficient investment frontier 

becomes: 
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In equation (A9) φ  is the denominator in equation (A8).  

Equation (A9) can be simplified by dividing it through by ( AAA ii 1−Ω′ ) and letting: 
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Hence:  

2222 )]([)( ZQZ δµγδφησ ππ −−=−+                                                                   (A11) 

Now, to solve for the optimal value of the mean value of profit, in order to evaluate 

the Lagrange multipliers, we first replace that value in equation (A11) by:  

ππ σµ hD +=                                                                                                          (A12) 

So that:  

2222 )]([)( ZQhDZ δσγδφησ ππ −−+=−+                                                          (A13)                               

For equation (A12) to be tangential to the frontier requires that equation (A13) have 

only one solution for the standard deviation. Its discriminant will be zero when:  
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Given the definitions of the components of equation (A14) this square of the slope can 

be written as:  

}]/)[({}]/)[({ 12
ALLAAALLA iiLDeLeiiLDeLeh ′−′−Ω′′−′−= −                             (A15) 

Using (A15) it is now possible to solve for the optimum value of the mean of profit 

and hence for the Lagrange multipliers, and so for the optimum vector of assets. At 

the point of tangency of equation of the “market opportunity” line and the frontier, the 

slope of that line, h, must obviously equal the slope of the frontier, equation (A13). 

The slope of the latter is:  
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Setting equation (A16) equal to h:    
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Then, for the simplest, writing 2h  as function of πµ from equation (A17), and setting 

the resultant expression equal to equation (A.14) (rather than to A.15 for notational 

simplicity) the optimum value of πµ is obtained:  
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Using this expression in equations (A7) we have:  
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Equation (A2) can now be solved by using equations (A19) and (A20):  
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By definition: 

A

A
A

M
Ω

=Ω−1                                                                                                               (A22) 

Here, AM is the adjugate matrix of AΩ , the (i,j)th element of which is ijm . Assuming 

that n assets are to be chosen, then letting the row sum of the adjugate matrix be im ; 

where:  
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The second equality in equation (A23) holds because since AΩ is symmetric so too 

must AM be.  

 Given equation (A22) and the associated notation, the equation for any one 

asset can be extracted from equation (A21). Thus, letting a given element of the 

vector A be ia , and the associated return be aie , we can deduce for n choice assets, 

that:  
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To simplify notation, we let:  
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Then, for example, we can write the asset equations in more detail for two assets to 

see their properties and the links between the demand equations. So:  
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These are the equations in the text for the static version of the model. It is seen, as 

stated there, that the theoretical framework generates “interest rate” effects that are 

symmetric, as implied, of course, by the covariance matrix (since, jiij mm = ). 

Additionally, from the additional property of the adjugate matrix, the sum of the 

“interest rate” coefficients in the denominator provides an adding-up constraint.  
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Appendix II: Transactions costs and an alternative route to the dynamic version 
of the model:  
 
In the text we have transformed the model into a dynamic one by means of an 

adjustment matrix for the vector of assets, which in effect captures the extent to 

which, and therefore implicitly the speed by which, the Banking Sector’s portfolio is 

aligned with what it sees as its optimum composition at any time. Such an adjustment 

mechanism, as noted in the main text, could embody several factors, inertia, 

administrative costs involved in selling/buying assets, and the fundamental 

transactions costs incurred by trading in the various financial claims.  

 Transactions costs, in the usual sense of “brokerage” costs and possible losses 

on the surrender of some assets before maturity (such as Government Securities), are 

generally ignored in the empirical assessment of portfolio models of the kind that we 

have estimated. However, there has been some discussion of these in the context of 

the Expected Utility framework; but when attempts have been made to formulate and 

then estimate a consequent model, they have been unfruitful or impossible to estimate 

satisfactorily. That is the case with possibly the first, and most rigorous, attempt to do 

so by Parkin (1970).  

 Parkin (1970), for example, assumes that transactions costs (TC) take this 

form:  

)()( 11 −− −Γ′−′= AAAATC                                                                                      (A26) 

Here, the time subscript (t) has been omitted from the A vectors. The matrix Γ  is 

defined as a diagonal matrix; therefore, transactions costs for any asset/liability 

depend only upon the specific asset itself. However, it is not possible to utilise 

specification (A26) in the Safety First model, even if  Γ  is assumed to diagonal. This 

is simply because doing so renders the first derivative of the optimum investment 

frontier linear in the choice vector, A.                  
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 Amongst the alternatives is this:  

TAATC )( 1−′−′=                                                                                                    (A27) 

The transactions cost matrix, T, is assumed to be 1×n . Costs again are dependent 

upon the own-costs. However, this specification can be incorporated into the static 

version of the Safety First model, which it will transform into a model where the 

equations to be estimated become dynamic, having a structure similar to that the 

dynamic model in the text.   

 Assimilating equation (A27) into the static Safety First model we find that the 

static demand equations have become:  
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That is:  
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Here, of course, A is the vector at time t, and 11 −− = tAA .  
 
 As is apparent from equation (A29), allowing for transactions costs which are 

simply a deduction from (addition to) the returns/costs of a given asset/liability, 

produces the static version of the model, but with the vector of those costs, T, to be 

proxied somehow, or to be estimated by the econometrics. It is those estimates, and 

those of equation (A29) which are summarised in the text.  

 
 
 
 
 
 
 
 
 
 


