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Sitikantha Pattanaik

Section I
I. 1

Introduction

Effective management of a country's foreign exchange reserves
forms a crucial responsibility of a central bank, drawing from its role
as the custodian of the reserves for the nation. Essentially, reserves
inanagement means making a choice between alternative portfolios.
Portfolio management has developed over the years into a highly
sophisticated art despite the fact that the basic principle of portfolio
management, viz., to strike a balance among three fundamental
considerations of liquidity, safety and yield continues to be the same.
Several developments in the international financial markets,
beginning with sharper exchange rate volatility consequent upon the
inajor currencies going into generalised floating since the midseventies to surges in private capital flows experienced from the late
eighties, have resulted in significant increase in the size and nature
"Dr. S.R. Mohan is Professor in the Indian Statistical Institute, New Delhi. Shri
Nimadri Bhattacharya is Director, Department of External Investments & Operations, Dr.Ashok Kumar Nag is Director, Department of Statistical Analysis and
Computer Services a n d Shri Sitikantha Pattanaik is Assistant Adviser, Department
of Economic Analysis and Policy, Reserve Bank of India, Mumbai.

of risks in the financial markets. Two important consequences, each
having a bearing on reserves management, followed : first, unlike in
the Bretton Woods era when the US dollar provided international
liquidity and the US market the instruments for deployment of
reserves, the world moved over in the eighties to a multi-currency
liquidity system and several other markets grew i n size a n d
sophistication. There was the emergence of the Deutsche mark and
the Japanese yen as major reserve currencies along with the US dollar.
In fact, the share of the US dollar, which was about 84 per cent in
1973, fell to 59 per cent in 1996. Second, increased volatilities in
exchange rate, interest rate and prices of commodities like gold and
oil saw tremendous strides being made in development of risk
management instruments through the so-called derivatives
revolution. During the Bretton Woods era, reserves management
for most of the countries meant keeping balances at the Federal
Reserve and Bank of England with arrangements for investing the
same in short-term bank deposits/ government paper. Reserves
management was, therefore, considered a passive affair with hardly
any focus on risk and return. From the mid-seventies, however, the
situation has undergone a noticeable change because of the
deregulation of exchange rates and interest rates, leading to wider
fluctuations in rates on the one hand, and redistribution of world
reserves among the groups of countries, on the other. Both the Federal
Reserve and Bank of England started to impress upon countries
(whose reserves were hitherto being largely maintained with them)
to take direct responsibility for management of their reserves. A few
international security houses and banks visualised considerable
business opportunities as more and more countries with large
reserves could use the international currency and fixed income
markets in an increasingly active fashion for managing their reserves
directly. However, there was a large gap in terms of knowledge,
capability and expertise among the central banks to be able to operate

in international markets. Some of these securities houses and banks
provided a lead role in building up expertise in central banks on
portfolio manageme&. Ever since, there has flourished a good deal
of theoretical work in the area of reserves management, enabling
central banks to gain useful insights into some of the vital issues such
as the purpose of holding reserves and the optimal size thereof, the
desirable investment pattern, and the allocation and performance
benchmarks. As a result of these developments, it is now widely
recognised that identifying the desirable size of reserves as well as
the designing of an appropriate management strategy are of critical
importance for any central bank. Regardless of whether the authorities
make any explicit mention about the objectives of reserve management,
three broad patterns are noticeable. The industrialised countries, more
specifically the group of five (G-5) countries, manage their reserves
essentially with a view to ensuring international monetary and
exchange rate stability. As a consequence, reserves in these countries
evolve a s a n outcome of their monetary policy actions. The
management of reserves is a comparatively simple affair as practically
all foreign assets are held in short-maturity paper involving only one
or two currencies. The exception is the UK where a predominant
portion of the reserves represents a corpus of funds mobilised through
medium to long-term multi-currency borrowing by the government
for supporting the Government's exchange rate objectives. The Bank
of England performs an agency function in managing this corpus
actively.
Several countries in middle-east and south-east Asia which
have accumulated substantial reserves by running persistent and large
current account surpluses over years look upon the reserves as their
national wealth, which could be invested in long-term assets so as to
generate a steady stream of income in future. Earning from
cleployrnent of reserves is seen as a means of smoothening the inter-

temporal consumption pattern in the event of shocks. The risk profile
of investments of these countries is usually large : very long-term
bonds, equities as also real estate find place in their portfolios. In
Singapore, investment of a part of reserves in equities is done with a
strategic objective in mind i.e. to selectively acquire ownership stake
in those overseas companies which are important from the point of
view of supply of critical raw materials or intermediate products to
the country. Semi-industrialised and developing countries, on the
other hand, keep and manage external reserves with one or more of
the following objectives :
(i) To provide a cushion against current and capital account
shocks. The motive is g u i d e d by precautionary
considerations and use of reserves in financing current
account transactions is based on need.
(ii) To build up a portfolio of safe and liquid external assets to
enhance the country's creditworthiness. This is particularly
important for those countries which are prone to endemic
BOP sl~ocks,accompanied by sharp reserve losses. Here,
reserves play more of a 'showcase' role implying no real
sy ending of reserves.
(iii) To facilitate payment of certain categories of imports and/
or government debt service with the intention of reducing
transaction costs.
The philosophy underlying the investment strategy of the
reserves in almost all cases has been of low risk, both on account of
exchange rate as well as interest rate movements, and easy liquidity.
In recent years, many central banks, both from the developed
as well as the developing world, have preferred to be relatively open
with regard to their views on the purpose and objective of holding
reserves, based on country-specific macro-economic considerations.

The reserves management strategy as a first step involves adopting a
scientific approach to reserves management. The second relates
formally to defining the parameters that would guide investment
decision and portfolio selection. Central banks have started using
highly complex models and state-of-the art portfolio management
techniques for seeking answers to these issues.
The main task here is to define upfront the level of risk that is
acceptable and then to construct an efficient portfolio embodying that
risk. A portfolio is defined as efficient if the expected return on that
portfolio is the highest amongst all other portfolios having the same
for the purpose of this study is defined as variance or
risk, -whicl~
volatility of expected returns. For a pori-folio of assets, however, the
aggregate risk depends not only on the variance of the returns of
individual assets comprising it but also on their covariances
(correlations). For analytical purposes, the risk character of a portfolio
is expressed in a matrix of variances and covariances-variances of the
assets it is composed of. The problem of efficient portfolio selection is
to find out those combination of assets for which the risk and return
are optimal. As most central banks are price takers in the international
markets and hence cannot affect the expected return, the efficient
portfolio is the one for which the variance-covariance matrix is the
lninimum for a given level of expected returns. Needless to say, the
assumption here is that the historical returns on assets provide sufficient
information with which future return and risk could be predicted with
a reasonable degree of accuracy.
Classical mean-variance optimisation approach, however, has
certain frequently mentioned shortcomings, namely;
(i) instability of the parameters, which in turn renders the
optimal portfolio weights time variant,
(ii) y oor ou t-of-sample performance of portfolios thrown up
by models.

Michaud (1989) offered the most critical comment made so far
on the mean-variance approach by arguing that mean-variance
optimizers tend to operate in a manner that magnifies the errors
associated with input estimates. Healy (1981), while acknowledging
the shortcomings of the mean-variance technique argued that
instability of the variance-covariance matrix could not be a sufficient
reason for rejecting this. approach.

I. 2 The Context of the Study
In the Indian situation, the case for a portfolio management
study for official reserve assets arises in view of the ongoing process
of liberalisation of the external sector and the sizeable build-up of
reserve assets. The critical importance of holding reserves for the
developing countries was evident from the recent Indian BOPproblem
in 1991, when reserves fell to a precariously low level equivalent of
only a few weeks of imports bringing in its wake a crisis in the external
payment situation. It is pertinent to note that the healthy build-up of
reserves consequent to stabilisation a n d structural adjustment
programmes enabled the country to regain its creditworthiness in the
international financial markets. With the substantial regaining of
strength in the balance of payments in the post-crisis period, reserve
management objectives have seen reorientation. What are the issues
specific to the developing countries in general and India in particular?
Movements in the levels of official reserves during any period
reflect the developments i n the overall balance of payments.
Developing countries &I general pursue a policy of supplementing
domestic savings with foreign capital u p to a level that is considered
sustainable. A surplus in the overall balance would therefore result

only when net capital account flows exceed the actual financing gap
in terms of current account deficit. Under a fixed/managed exchange
rate regime such surpluses in the overall balance are generally
absorbed in the form of accretion to reserve assets. Under a flexible
exchange rate regime, however, such surpluses lead to upward
pressures on the exchange rate. The impact of balance of payments
on official reserves, therefore, largely depends on the exchange rate
regime. With the shift in the exchange rate regime in India from an
officially determined exchange rate regime to a market determined
regime in March 1993 through a transitional phase of dual exchange
rate during 1992-93 there 'has been a transformation in the role
assigned to reserve assets. Furthermore, in response to the policy
reforms instituted in the areas of international trade, investment and
exchange control in general, and as a result of the policy induced
shift in the composition of capital flows in particular, the balance of
payment dynamics exhibit a different pattern.

The pre-reform period was characterised by restrictions on
current and capital transactions and involved foreign exchange
rationing at the officially determined exchange rate. As a result,
transaction financing motive primarily guided the decision regarding
desired levels of reserves. Capital flows were mostly policy induced
and the size of net capital flows were consistent with the needs of the
country in terms of financing a particular level of current account
deficit a s also achieving a desirable level of reserve build up. Capital
flows were in the form of external assistance, commercial borrowings
and NRI deposits (in the 1980s each accounted for about one third of
the total net capital inflows) imparting some degree of certainty and
stability to the capital account. Reserve adequacy during the prereform period was largely being analysed in terms of cover for several

months of imports since trade transactions dominated the balance of
payments and a sizeable part of the imports were paid for on a n
officialaccount. Reserve assets were thus assigned the primary task
of insulating the economy from temporary external payment
imbalances.
In the post-reform period in India, institution of measures such
as allowing exchange rate to be market determined and phasing out
of restrictions on most of the current and even several capital
transactions should have actually contributed to a decline in the
desired level of reserves. Emergence of other considerations,
however, necessitated a policy of maintaining higher levels of
reserves. Instead of t h e transaction financing motive, the
precautionary motive (i.e. t o provide cushion against future
unanticipated shocks) for holding reserve assets thus gained
precedence. The policy induced shift in the composition of capital
flows also imparted certain degree of instability to the capital account
as the share of normal capital flows in total declined. During the threeyear period 1993-96 portfolio investments accounted for 32 to 35 per
cent of the total external financing. Their share, however, fell to about
25 per cent during 1996-97. The capital account developments during
the post-reform period affected the policies relating t o reserve
adequacy from two different counts :
(a)

exposure of the economy to higher levels of volatile external
liabilities necessitated larger reserve build up, and

(b)

given the potential risk of exchange rate volatility associated
with such private flows, in a market determined exchange rate
regime, maintenance of extra reserves became critical.

Furthermore, strengthening confidence among foreign private
creditors was crucial under such systems for encouraging larger
inflows of capital, and a high level of reserves, on its own, serves as
an indicator of strength. Reserve adequacy considerations are thus
increasingly being guided by the developments in the capital account
in the balance of payments without undermining the importance
attached to current account developments. During the reform years,
imports as percentage of GDP rose from less than 10 per cent to about
13 per cent and correspondingly the reserve adequacy requirements
in terms of cover for specific months of imports also warranted an
increase in the level of reserves. Periods of exchange market volatility
often accentuate the leads and lags in import payments/realisation
of export earnings and the resultant expansion in the mismatch
between demand and supply fuels volatility in the forex market.
Reserve adequacy candiderations these days, therefore, also account
for such leads and lags as also debt service payments. With the
Reserve Bank maintaining higher levels of reserves compared to the
pre-reform period and in relation to conventional reserve adequacy
norms, the opportunity cost consideration also emerged as a major
issue of concern. This necessitated a more active management of the
reserves and as a result, along with the conventional overriding
considerations of safety, liquidity, a n d preservation of value,
profitability considerations n e e d t o be also attached some
importance.
\.

I. 3 Objectives and Scope of the Study
The main purpose of this study is to develop an implementable
theoretical model for selecting portfolio weights as regards interest
rate (market) exposure for a risk averse central bank and then to apply
it to the Indian case to solve certain decision-making problems. This
h a s been d o n e ,within t h e framework of t h e mean-variance

optimisation approach on the assumption that the currency allocation
for reserves is given. The study also attempts to address two
contentious issues (as mentioned above) which are associated with
the mean-variance approach viz, stability of the risk matrix and use
of past returns to generate statistical estimates of future expected
returns, which act as inputs for the model.
As a prelude to the description of the model and the results
obtained we wish to briefly outline two related aspects of reserves
management : viz., desirable size of reserves and currency allocation.
This is done in Section 11. Section I11 presents a brief survey of the
literature on portfolio selection models and the merits of different
models. A justification for our choice of the mean-variance model of
Markowitz (with some improvements) is also presented. Section IV
describes the standard analytical approach for solving optimisation
problems. We present a reformulation of the quadratic programming
problem as a linear complementary problem and solve it using
Lemke's complementary pivot algorithm. This section explains the
approach and the history of its development. Section V presents the
methodology of estimation of variance-covariance matrix and
expected rates of return. There are two improvements over the
approach reported in the literature. First, instead of using a historical
variance-covariance matrix estimated using data for a long period
(say over 20 years) which may not be reliable as the variances and
covariances may not be stable over long periods, we use short term
overlapping periods, over which the variances and covariances
remain fairly stable. Also, instead of using just one estimated
variance-covariance matrix, we treat the estimated variancecovariance matrix as a realisation from a Wishart distribution,
generate over 100 such matrices from this distribution randomly, solve
the problem for each such realisation and take an average of the
solutions. This is similar to scenario aggregation used in multi-period

models. Second, the time series forecasting models have been used
for estimating the'expected return vector. Section VI presents the
results and the conclusions. Broadly speaking, an efficient set of
portfolios has been generated which can be used as a framework for
defining a benchmark for investment of foreign exchange reserves in
each currency segment.

Section I1
Reserve Adequacy
From a theoretical standpoint, foreign exchange reserves held
by a central bank are a residual, arising from a disequilibrium
situation in the foreign exchange markets, in which the supply of
foreign exchange exceeds the demand for it. For instance, if the
inflows on the capital account are in excess of the current financing
needs it is not always the fact that the exchange rate will clear the
market, as there are practical problems in letting the exchange rate
move freely to bring about such adjustments. In fact, if anything, the
real world is far from being in such equilibrium, as different central
banks exercise different degrees of control on exchange rate by
intervening in the market either to deplete or build reserves to
maintain a targeted level of exchange rate in their economies.
High opportunity costs of holding large reserves, and the
argument that reserves to a certain extent reflect the lack of absorptive
capacity or that they d o not contribute directly in the form of
productive investment, often affect the decision regarding reserve
adequacy. However, for countries with a record of persistent current

account deficit, keeping substantial reserves as a cushion against
unforeseen eventualities becomes a necessity. For one thing, a high
level of reserve leads to easing of 'external constraints' to growth.
For another, a comfortable reserve position facilitates the process
of liberalisation a n d integration w i t h t h e global economy.
Maintaining reserves through 'borrowed' resources is even
suggested for a developing country endowed with natural resources
(reserves) and human capital for realising the potential growth
opportunities. Ultimately, investment and productivity growth
would result in conversion .of available resources into tradables,
leading to accretion of 'owned' reserves. In sum, despite cost
implications, wider macro-economic responsibilities o n the central
banks often guide the reserve adequacy decisions. The degree to
which the exchange rate is managed and the level of NFA to currency
ratio that is preferred by the monetary authorities in their conduct
of monetary policy could also affect the reserve adequacy decision.
However, regardless of the differences exhibited by central
banks on what they consider as the appropriate or even the optimal
level for reserves, the fact remains that during the last 10 years or
so, there has been a significant surge in world reserves, accompanied
by a major redistribution among different groups of countries. Since
1989, global foreign exchange reserves have more than doubled to
over US$ 1.7 trillion. Reserves of semi-industrialised developing
economies have risen threefold during this period, leaving them
with well over half of the world stock. Reserves of industrialised
countries have also increased by about 60 per cent during this period
(please see Table1 as also Graphs I and 11). In terms of import cover,
total reserves of the world represent 30 per cent of global imports,
u p from 20 per cent in 1980 but of the same order as in 1972. It is

~ o s s i b l eto relate the growth as well as redistribution of world
reserves to increasing liberalisation and globalisation of economies.
The more open an economy and the greater the variability of trade,
the higher are the chances of external shocks (at least at the initial
stage) and hence the requirement for higher reserves. In this context
evaluating reserve position in terms of import cover does not have
much of a practical relevance.
In the more recent literature [Roger (1993), Nordman (1994),
Miller (1995),Pattanaik (1996), World Gold Council (1993), Report of
the Committee on Capital Account Convertibility (1997)l one finds
the use of multiple factors for the assessment of reserve adequacy
norms such as; imports or the total currency payments, the variability
of current receipts and payments, the leads and lags in receivables
and payments of foreign exchange, the degree of exchange rate
flexibility indicating the size of reserves that may be necessary for
intervention operations, the stock of short-term debt and other highly
volatile liabilities, the opportunity costs of holding reserves, the
sustainable level of CAB, the stock of outstanding external liabilities,
the level of international confidence and credit ratings and the ratio
of foreign exchange reserves to currency in circulation and/ or broad
money.
As a number of considerations go into the decision regarding
the 'desired' level of reserves and the fact that this may vary across
countries due to their varied economy - specific needs, there can not
be any standard indicator of reserve adequacy that could be applicable
to all countries.
While the level of reserves could be the end-result of the macroeconomic policies of the Government, active management of reserves
involves a two-stage decision : first, the desirable currency allocation,
and second, the investment pattern within each currency segment.

I1 1. Currency Composition of Reserves
This issue of currency distribution of reserves has also been
widely researched. Although central banks in general are reluctant
to reveal information on actual allocation, it is now known that their
decisions in this regard are fashioned by the following factors :
(i)

the country's exchange rate regime and the intervention
currency.

(ii) the invoicing pattern of international trade transactions
in goods and services.
(iii) the currency distribution of debt stock as well as debtservice payments.
A decision on optimal currency allocation would require
selecting the currencies first and then agreeing on the weights. So
far as the first issue is concerned, the currencies that find a place in
the allocation are those which are important from the external trade
and investment point of view. As regards the weights, a decision can
be arrived at following an analytical approach designed to address
the objective of minimising the risk arising out of exchange rate
changes. The currency risk of a portfolio is nothing but changes in
the value of the portfolio with changes in exchange rates. For this
purpose it would be necessary to define the value of reserves in terms
of a numeraire or reporting currency. Obviously, the minimum risk
configuration would be the one with overwhelming share of the
numeraire currency itself. Numerous mean-variance analyses on
optimal currency allocation corroborate this fact. I n semiindustrialised and developing countries, reserves are invariably kept
in a diversified currency portfolio with one of the major currencies
(or a combination thereof) as the reporting currency. Deciding on
the numeraire/reporting currency, which is nothing but a microcosm
of the currency allocation, is more a question of judgement than
applying any precise quantitative methodology.

A diversified currency portfolio provides certain flexibility in
terms of import purchasing/ debt servicing requirements which needs
to be kept in view. However, if staticcompositionis adhered to regardless
of exchange rate changes, the intrinsic value of reserves may suffer. To
illustrate this point further, if the domestic currency and the US dollar
exhibit high positive correlation, then at times of weakness of the
do~nesticcurrency (for instance negative shocks to terms of trade) the
do~nesticcurrency would also be weak and a reserve portfolio composed
pre-dominantly of the US dollar would tend to have a lower value than
if it were composed of currencies that were less correlated with the
domestic currency. This means that for preserving the intrinsic value of
reserves, measured in any numeraire currency, the currency allocation
will have to be dynamically varied alongside movements in exchange
rates.

Section I11

Review of Portfolio Selection Models
The portfolio selection problem faced by an investor while
allocating initial wealth among 'n' risky securities available in a capital
market was formally introduced in the literature on financial planning
by Markowitz (1952) in his pioneering work. The approach of Markowitz
to this problem consists of :
(i)

estimating the future performance of securities assuming a
continuous distribution with finite mean and variance for
the rate of return,

(ii) analysing these estimates to obtain a n efficient set of
y ortfolios, and
(iii) selecting from the efficient set of portfolios, the one that suits
the investor's performance.

15

Following Markowitz (op. cit) there have been a number of
papers dealing with this problem, especially with regard to the second
stage, namely computation of efficientsets of portfolios. It may be noted
that the second of the three step procedure outlined by Markowitz
involves the solution of a number of quadratic programming problems.
To understand this clearly, one needs to note that if the rate of return on
a security is modeled as a random variable, there would be two
parameters that could be used to measure its performance; namely, the
expected rate of return and the variance of return. With 'nl securities in
the portfolio, we may model the vector of returns on these securities as
a multivariate random variable with a variance-covariance matrix.
Variance on the return of a security can be thought of as a measure of
the risk faced by an investor. If a portfolio of securities is defined 4s a
vector of the proportions of the initial wealth to be invested in 'n'
securities, one can compute its expected return and variance using the
given mean vector and the variance-covariance matrix. As one is looking
for a portfolio that minirnises risk for a given level of expected return
one is led to the following quadratic programming problem :
Minirnise (I/) xtv x - O Z5 pi
Subject to Z=
:,

xi 5 1; xi t 0; 1 5 i _< n

.... (1')

Where 'xif denotes the proportion to be invested in security 'it, p,
denotes the expected return on security 'i' and 'V' denotes the variancecovariance matrix of the returns on the 'n' securities. In the above
formulation '0' denotes a parameter representing the risk aversion of
the investor, the higher the value of O the less being the aversion of the
investor to risk. For example, if O = 1then risk and return a r e ' a s s h e d
equal weights by the investor.

The computational complexity of the portfolio selection problem,
therefore, is mainly due to the requirement of having to solve a large

number of quadratic programming problems with 'n' variables each
in order to evaluate the efficient portfolios. The development of the
literature in this area is also centred on the question of solving
efficiently convex quadratic programming problems. Sharpe (1962)
developed what he calls a critical line method to solve the quadratic
,programming problems and claims that as many as 2000 securities
can be analysed at an extremely low computing cost. Later on,
following the work of Lemke (1965) and Cottle & Dantzig (1968) a n
efficient pivoting method has been developed for maximising a
concave quadratic function, subject to linear inequalities. We shall
discuss this method in some detail in the next section as this has been
usedjn this study. It is to be noted here that the model proposed by
Markowitz is a single-period static model. In the literature, certain
other single-period static models for portfolio selection have been
proposed. These models introduce a concave utility function for
money and formulate the problem as one of maximising utility at
the end of the planning horizon. The utility function has to be built
incorporating a risk tolerance parameter and investor's preferences.
In addition to the computational issue of obtaining an optimal
portfolio in these models, there is also the problem of determining a
suitable utility function. [For a comparison of utility functions used
in these models see K.G. Kallberg and W.T. Ziemba (1983)). However,
the effect of risk aversion on the optimal portfolios obtained by
maximising the utility function at the end of the planning horizon is
not clear and is the subject of many papers [Li and Ziemba (1989)l.
Although s u c h a n approach h a s many interesting theoretical
properties, its use in practice is limited. We have also not found it
suitable for the purpose of our study, as there are n o accepted
guidelines for developing a utility function of money for a central
bank. The more widely used approach is based on the Markowitz
model and we use this in our study as in this approach both expected
return a n d risk could be explicitly introduced a s measurable
quantities.

As mentioned earlier, the mean-variance approach has been
criticised in the literature. Among the major criticisms is a feature
that it is a single-period static model that does not allow for review
and changes in the investment decisions to be made in shorter
intervals of'the fixed period of the planning horizon. An investor
willing to take risks in a capital market will prefer a model that allows
review of and changes in the investment decisions more often than
just once in the beginning of a one year period of planning horizon.
Since the late 1980s dynamic models for financial planning have been
considered in the literature. Dynamic problems of portfolio
management under uncertainty can be modeled as multistage
stochastic programs thereby capturing the dynamic aspects of the
problem as well as allowing for a number of realisations of the
uncertain quantities. The models that have- been suggested use a
concave utility function incorporating a risk tolerance parameter and
investor's- preferences for maximisation. In addition, a number of
other constraints also could be introduced. However, models of multistage stochastic programs exhibit a multiplicative growth in size with
the number of decision stages and the number of realisations admitted
in each stage. This has restricted the practical applications of such
models. It is hoped that in the near future it would be possible to
devise suitable applications of such models. It is hoped that in the
near future it would be possible to devise suitable application
software for tackling the enormous computational requirements of a
multi-variable dynamic programming model. To get an idea of the
growth in the size of the problem let us consider the following
situation : We use a four stage model and with only five different
securities. Suppose we admit only 5 different values for the rate of
return on each security at each stage. This will give u s a problem
with 54 different scenarios, a very large number of variables indeed.

.
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been recently proposed for sglecting portfolios of fixed income
securities include the models proposed by In reference Zenios (1991)
and Hiller & Eckstein (1991). The multi-period generalised network
models incorporating uncertainty in asset returns involving a nonlinear objective function in the stochastic program can be solved by
the progressive hedging algorithm of Rockafeller and Wets (1991).
[Also, general model proposed by Mulvey and Vladimirou (1992)l.
But as noted earlier, application of these ideas in practice, with a
sufficient number of scenarios being allowed, belongs to the future
when one has much better computing power than at present. In this
context see the remark in Mulvey (1994).
We are concerned with the problem of portfolio selection for
an investor such as a central bank which is not allowed, by law or by
custom, to take too much risk. Our problem is therefore restricted
and we need to consider only the fixed income asset categories of
low duration for the investment of the foreign exchange reserve. Thus
only five asset categories have been identified in each of the four
major foreign currencies considered in the model. Given the
assumption of low risk, it would be sufficient for our purpose if we
develop a static model for a one year planning horizon. This
restriction on the choice of our model is also partly due to 'the
computational difficulty mentioned earlier.

Section IV

On the Algorithm used for Optimisation
As mentioned earlier, the quadratic programming problem
encountered in the static mean-variance model of Markowitz can be

solved efficiently by applying Lemke's complementary pivoting
method. In this section, we give a brief outline of this technique.
Lemke's (1965) complementary pivoting algorithm was an
extension of the algorithm proposed by Lemke and Howson (1964)
for proving constructively the existence of a Nash equilibrium point
of the bimatrix game problem. For a description of this issue, consider
two players, say, Player I and Player I1 each with a finite number of
actions. Suppose Player I has 'm' actions and Player I1 'n' actions.
Suppose Player I plays his action 'if, and Player I1 plays his action 'j'.
Then the cost incurred by Player 1 is a, and the cost incurred by Player
I1 is b,. This is called a nonzero-sum game as the loss of Player I does
not necessarily yield an equal gain to Player 11 or vice versa. (In
other words, the matrix A+B is not the 0 - matrix.) At the outset, it is
not clear h'ow such games can be optimally played by the two players
when we assume that there is no co-operation between them. John
Nash (1951) defined the notion of a pair of equilibrium strategies,
under non-co-operation, as follows : First, we extend the notion of
action to that of a strategy by defining a strategy for Player I as a
probability vector over the set of finite actions available to Player I.
Thus if q = (q,, q, ....q,) is a probability vector, i.e., q, t 0, for all i
and Xqi = 1, then q, specifies the probability that Player I will choose
his action i. Similarly the notion of a strategy of Player I1 is defined
as a probability vector over the set of actions available to Player 11.
Let S, and S, be the set of strategies of the two players respectively.
Note that the unit column vectors of order m, ei,with 1as its i-th coordinate and 0 as other co-ordinates are in S,. Similarly, the vectors
ei are in S,. Suppose x and y are the strategies chosen by Players I
and 11, respectively. It is easy to note that the expected cost to Player
I works out to be xtAy and that of Player I1 to be xtBy where A and B

are the given m x n cost matrices. A pair of strategies x', y' is called
a Nash equilibrium pair if :
~'~Ay'lx~Ay*
for all x

.

~'~By*lx*~By*
for all y

-

E

S,

E

S,

If (x*,y*)is an equilibrium pair, equation (2.1) states that as long as
Player I1 plays y' there is no motivation for Player I to play any
strategy other than x* as this is his best response against y*. Similarly
equation (2.2) essentially means that Player I1 would be punished for
deviating from y* when Player I plays x'. In this framework, the pair
is a n equilibrium pair of strategies and the corresponding pair of
expected payoffs (x*'Ay*,x * ~ B ~
is *called
)
a Nash equilibrium point in
the cost space. There may be more than one equilibrium point for a
game and it is possible that some equilibria are better in the sense of
lowering costs to each of the players than some other equilibria. Nash
suggested that in a non-co-operative set-up the players tend to settle
for a pair of equilibrium strategies and he proved using the notion of
fixed points for continuous functions, the existence of a pair of
equilibrium strategies for the bi-matrix game. His proof, however,
gave no clue to computing such a pair of strategies. The first step
towards a computational approach to this problem consists in noting
that the problem can be reformulated as follows :
Note that as equation (2.1)holds for all XES,, it holds when
x=ei,,, , 1 I i 5 m.
This gives the equations :

.... (2.3)

(Ay*)i 2 x*' Ay*, 1 5 i r m
Similarly, one has (X*'B)~
2 X ' ~ B ~1*<, j

<n

.. . . (2.4)

Also, note that x * ~= 0 for i such that (Ay'); > x*' Ay*

Similarly, (X'~B)~
> xetBy* 3 y; = 0. These are called the
complementarity conditions. We may assume without loss of
generality that the cost matrices A and B are strictly positive. In this
and
~ ' x ' ~ B ~are
* strictly positive, too. Hence we can divide
case X * ~ A
and
~ *the equation (2.4) by x*'By*to obtain :
the equation (2.3) by X * ~ A

> e; Btx" 2 e; (Ay**-e)L**
= 0; (B'~**-e)~y"
=0
Where y**= y* / (xetAy") and x**= x*/ (xntBy*)
Ay"

.... (2.5)

Thus the problem of computing a pair of equilibrium strategies
for the players reduce to finding a solution for the following problem :
Find vectors w and z, such that
w-Mz = q; w 2 0; z 2 0; wtz = 0

.... (2.6)

where wt = [ut, vt], zt = [xt, yt], qt = [-et, -et]

The problem defined in equation (2.6) is known as a linear
complementarity problem. Lemke and Howson [4] presented a
pivotal algorithm to solve a linear complementarity problem when
the matrix M and the vector q are of the form defined above,
corresponding to a given bimatrix problem. The algorithm is unique
in the sense that for its convergence it does not depend on the
monotonic nature of any objective function over the iterations, unlike
many of the optimisation algorithms known a t that time.
The invention of this algorithm in computational optimisation
is a t least as significant as the invention of the simplex method for

t h e linear programming problem. Apart from providing a
constructive proof for the existence of an equilibrium pair of
strategies and corresponding costs for a bi-matrix game problem, a
modification of this algorithm has provided a computational
procedure for the solution of the composite primal and dual linear
programming problem, convex quadratic programming problem and
the linear fractional programming problem. Further, it has been found
useful in the numerical solution of many engineering problems and
in variational inequalities. It has also significantly influenced the
development of algorithms for the computation of an equilibrium
price vector in the general equilibrium moclels of economics. For
references on the impact of this algorithm in various areas requiring
a computational approach see Cottle, Pang and Stone (1994). More
recent applications include the use of this algorithm in some special
cases of zero-sum and nonzero-sum stochastic game problems [ See
Mohan c t nl(1994) 1.
In our optimisation model of the portfolio selection problem
we shall be using the algorithm of concave quadratic maximisation
problems that arise in the model. Earlier work in this area includes
the payer of Pang, Kaneko and Hallman (1979) who use a parametric
linear complementarity problem and a modification of Lemke's
algorithm. However, they address the problem of a general investor
who deals ~ 4 t ah very large number of asset categories of all kinds
and, tl~erefore,kave to solve a significantly large size problem,
although the model is static. The modifications used by them may
not be of a n y advantage for the problem we consider in this work.
We use a siillyle and straightforward application of Lemke's algorithm
using our own FORTRAN code. The linear complementarity
problems solved in the optimizer have the following form :

wt = [ut,vtJ, zt = [xt,yt], qt = [-opt,-11 and

This solves the quadratic maximisation problem
Minimise (1/Z)x 'Vx-Optx
Subject to $X 5 1, x 2 0;
Thti Karush Kuhn Tucker conditions of the above problem leads
to the. linear complementarity problem defined in (2.7).
As already mentioned, another criticism regarding the
Markowitz approach is that it relies on a n estimation of the average
returns and the variance-covariance matrix using the past data
assuming that these parameters remain stable over time, at least
over the period for which the data collected is used for estimation.
It is clear that such an assumption is not realistic, especially when
for the sake of accuracy of estimation it is required to use data
spanning a sufficiently long period in the past. We d o test for the
stability of the variance-covariance matrix.. In addition we look
upon the variance-covariance matrix V computed from the past a s
the expectation of a matrix valued random variable with a Wishart
distribution whose expectation is V. We then generate scenarios of
various possible variance-covariance matrices, solve the problem
for each of these and aggregate the solutions over the scenarios
which in this case reduces to taking an average of the solutions
obtained for the scenarios. The details of this procedure a r e
presented in the next section.

Section V
Estimation of Return Vector and Variance-Covariance Matrix
The empirical exercise for selection of an optimum portfolio
of fixed income assets for deployment of foreign exchange reserves,
in the backdrop of the optimising framework earlier discussed,
involves mainly two steps': (i) forecast of expected return vector, and
(ii) working out of the risk matrix for the set of assets considered for
this purpose.
The two-step optimisation process has been undertaken for a
multi-currency multi-market portfolio comprising the US dollar, the
German mark, the Japanese yen and the Pound sterling', with five
fixed incoime asset classes in each currency, namely :
(i) Money market instruments of maturity u p to and inclusive
of 1year,
(ii) Government bonds of maturity between 1 to 3 years,
(iii) Government bonds of maturity between 3 to 5 years,
(iv) Government bonds of maturity between 5 to 7 years,
(v) Government bonds of maturity between 7 to 1 0 years.

The optimisation exercise has been undertaken for seeking
solutions to two problems :
First, to estimate optimal asset-class weights for investments
within each currency segment. Obviously, the assumption here is
that the currency composition is exogenously determined and is
given.
--

-

1. Euro cannot be considered at this stage since it was introduced only from January
01,1999 and there are not many observations for purposes of analysis.

Second, to estimate optimal currency as well asset class
weights (within each currency segment) for each currency segment.
However, since for the second exercise it would be necessary to treat
return and risk of assets across different currencies in a unified
manner, it would be essential to express these in terms of a single
currency, which is also the numeraire, reporting or base currency.
We adopt the US dollar for this purpose. Historical monthly return
figures for the five asset classes in the four currency segments, both
in terms of local currency as also in US dollar terms for the last 11
years have been taken from the publications of Salomon Brothers. It
may be mentioned that certain large international security houses
and banks publish periodic data regarding the performance of
various equity and fixed income markets world-wide. For fixed
income instruments, since the rate of return is different for
instruments (having the same credit) with different maturities, the
yield curve is divided into suitable (finite) maturity buckets and the
aggregate return for instruments in each bucket is calculated on the
basis of a valuation index. The rate of return in respect of each
standard bucket in local currency terms could then be converted into
a US dollar rate of return by applying the following formula :

( 1+ r )

*FI/E~1 R, where
=

'r' is the return in local currency;

'R' is the return in numeraire currertcy;
'El' is the beginning-of-the-period exchange rate of the numeraire
currency against the local currency;
'E2' is the end-of-the-period exchange rate of the numeraire currency
against the local currency.
For example, if the return in a particular asset class in the
Japanese market is, say 2 per cent and the beginning- and end-of-

the-period US$/Japanese yen exchange rates a r e 110 and 112
respectively, the return in terms of US dbllar for the same period
would be :

( 1 + 2) * (110/112) - 1= 1.95
It is obvious that the return in numeraire currency terms
would combine the effects of interest rate movement in locaI currency
and the movement of the exchange rate of the local currency vis-2-vis
the numeraire currency. Thus, when we take the historical return
data in terms of the US dollar for estimating the optimal currency
and asset weights for a multi-currency multi-market portfolio both
the exchange rate and interest rate effects are captured.
A look at the return data used in the present exercise would
reveal that returns are extremely volatile from year to year even in
respect of own currency return. The volatility (i.e., standard
deviation) increases manifold when returns in US dollar terms are
considered.
It is a general practice to implement the mean-variance
optimisation technique by calculating a historical variance-covariance
matrix based on a fairly long return series relating to chosen set of
securities. However, serious doubts have been raised in various
studies about the stability of such a historical variance-covariance
matrix. Elton, Gruber and Urich (1978) have compared the ability of
various methods to forecast the correlation structure between stockmarket securities and their conclusion is that "the historical
correlation matrix was the poorest of all techniques". In fact, we
carried out certain statistical tests to examine the stability of the
observed variance-covariance between selected securities. Under the
assumption that the return vectors follow a multivariate normal
distribution - a rather strong assumption indeed - a likelihood ratio

based test for testing the equality of two or more covariance matrices
may be undertaken (For details please see Appendix I). Bifurcating
the 11year period under study into two non-overlapping periods of
equal duration, it is observed that equality of two underlying
variance-covariance matrices is rejected for returns data of various
currencies. However,
the equality of variance-covariance matrices
,
can not be rejected when regimes are overlapping and of shorter
duration, say, two to three years. On close scrutiny of the data it was
found that a variance-covariance matrix based on last two years
returns data would give a fair approximation of the risk structure
that is likely to obtain in the coming one year, which is the forecast :
period for our exercise. Accordingly, the optimisation procedure was
implemented with variance-covariance matrix based on the two years
data ending March 1996 for each currency. Since the observed
variance-covariance matrix is based on a realisation of the underlying
data generating process, the "true" variance-covariance matrix may
differ from it by an unknown degree of error. It would, therefore, be
appropriate to work out the optimum portfolio of securities for
different realisations of the underlying "true" risk matrix since it is
expected to be much more robust in that it would not be too sensitive
to small perturbations to t h e u n k n o w n "true" risk-matrix.
Accordingly, for the current exercise, it is assumed, without any loss
of generality, t h a t the "true" risk matrix follows a Wishart
distribution, ba'sed on an underlying multivariate normal distribution
with zero mean vector. A random sample of 100 such variancecovariance matrices was drawn from this Wishart distribution and
optimum portfolios were worked out for each such randomly drawn
variance-covariance matrix. The final optimum portfolio, for a given
risk-tolerance parameter is based on average of these 100 portfolios.
The expected return vectoi forms one of the inputs to the
optimisation procedure. 1111the current exercise, the time horizon for

decision period is taken to be one year. Accordingly, forecasts have to
be generated for 12 lead periods based on the monthly returns data.
High volatility makes prediction of yields in fixed income markets a
highly hazardous job. Although all the monthly return series except the
money market returns are found to be stationary in their original levels,
the series mean is often a very poor forecast of short-term movement in
yields because of large variance of the innovation process. This also
makes any time series forecast of future yields very fragile. Furthermore,
time series forecast, particularly the univariate forecasting of returns of
individual asset classes, suffers from a very important shortcoming,
which is that an investor in a fixed income market is interested in future
shape of the yield curve. She wants to know whether it is possible to
identify in advance when the reward for duration extension is likely to
be very high or very low. Economic theories postulate that the current
shape of the yield curve provides valuable information about the timevarying risk premium and, hence, about the expected future return Qn
assets. For example, the popular of them all viz. the expectations theory
of term-structure of interest rates states that all fixed income
instruments of the same credit risk must give the same rate of return
over any specific time horizon. Thus, the next period's expected return
for any bond is simply the one-period spot rate. This conclusion
undergoes modification if it is recognised that bonds may be mispriced.
Then the expected return will be a function of one-period spot rate as
?ell as of the mispricing. If an alternative term-structure theory is
considerdd to be a better describer of the observed term-structure d e n
the estimation of the expected return may have to be modified
accordingly. Several researches have attempted to identify variables
thit can enhance the quality of forecasts regarding the short-term excess
boqd return. In the current exercise, we proceed on the assumption
that the expected returns vector given by the pure time-series forecast,
univariate and perhaps mhltivariate, provides an efficient and unbiased
estimate of the future returns for different asset classes.

For each of the asset classes, three types of time series forecasts
were generated, viz., univariate ARIMA forecast, ARMAX forecast and
a state-space model based forecast. For ARMAX forecast, one particular
asset class in a given currency group was selected as an additional
input to the ARIMA model for other securities in the same currency
group, the selection of the input asset class being done on the basis of
cross-correlation structure between the input series and the forecasted
series. The underlying assumption is that the particular asset class
would provide some early signal for the future movement of returns
in respect of other asset classes. Alternatively, it may be said that the
changes in the returns of the particular asset class act as a leading
indicator for others and that there is positive feedback. In all currency
segments, the 1 to 3 year asset class was selected for this purpose on
the basis of various criteria, like, cross-correlation,final prediction error
etc. The state-space models have been selected on the basis of similar
automatic model selection procedure.
The optimum portfolio for each currency has been generated
following Lemke's algorithm of solving a quadratic programming
problem. As mentioned in Section 111, the optimal portfolio depends
on a given risk-tolerance parameter (O), which determines the trade
off between risk and return for a given portfolio selection strategy.
Such optimal portfolios have been worked out for various values of
the risk-tolerance parameter.
It has been observed that above a certain range of 0, the gain
in return is much less as compared to the increase in risk, thereby
rendering such values of the parameter practically unacceptable.

As we have already noted, the volatility of the return series
becomes manifold when we consider return of different markets in
terms of the US dollar, indicating the high volatility of the foreign
exchange market. As a result, the forecast of expected return vector
becomes extremely difficult. Moreover, as the number of securities
becomes much larger for the exercise (20 securities all taken together),
a multivariate forecasting procedure, like the state-space model based
forecast breaks down. It is also not possible to develop an ARMAX
model as the structure of correlation between various assets does not
provide any unambiguous clue to the choice of a small set of
explanatory input variables. We have, therefore, used only the
univariate ARIMA procedure to work out the expected return vector.
The risk-matrix has been worked out in the same manner as in the
case of estimating optimal asset allocation for different currency
segments. The result of this exercise is given in Table I1 and Graphs
111, IV, V and VI.
The broad features of the optimum portfolios for each of the four
currencies considered in this exercise are summarized in the following
table.
Currency
Dollar
DM
Pound Sterling
Yen

Low Risk
Return Risk
4.8
3.1
6.2
1.2

1.4
3.6
0.8
6.7

Moderate Risk
Return Risk

5.6
5.8
7.3
2.9

9.1
29.5
9.0
26.9

High Risk
Return Risk
6.6
7.0
8.5
4.7

31.I
46.1
29.5
80.8

Note: - The return figures are averages of annualized rates of return on the seIected
portfolio for three forecasts of return vector. The risk is an average of standard deviation
expressed as percentage to portfolio rate of return. The value of risk tolerance parameter
(8) for the above three categories of risks are low risk 0.10 moderate risk 0.50 and high
risk 1.O.

The results a r e on the expected line. The risk r e t u r n
characteristics of the optimum portfolio clearly brings out the positive
association between the riskiness of portfolio as measured by the
standard deviation of the portfolio returns and the expected return
of the portfolio. As the optimum portfolio is contingent upon the
given value of risk tolerance parameter in the objective function,
composition of optimum portfolio has been worked out for different
values of these parameters. It is observed that beyond a certain level
of the risk tolerance parameter, gains in returns are negligible while
the risk continues to be increased.
The expected return for the least risky portfolio for the dollar
securities ranges between 4.5 to 5 per cent per annum depending on
the choice of the forecasting model of expected return vector. The
average risk associated with this portfolio works out to a range
between 1 to 2 per cent of the expected rate of return. The resulting
portfolio is overwhelmingly dominated by the securities of shortest
~naturityclass (below one year) while a small proportion of around 2
per cent of total investible amount is shared by securities of a next
maturity band (1 to 3 yr.) The composition of the portfolio changes
uniformly in favour of securities in the maturity band of one to three
years as we increase the value of risk tolerance parameter. What is
interesting to note is that at no reasonable level of risk tolerance
parameter securities with any higher maturity period gets selected
i n the optimum portfolio. The risk of optimum portfolio for moderate
level of risk tolerance parameter is observed to be quite high at around
9 per cent of rate of return, and this increases to around 31 per cent
for high value of 8.
For sterling denominated securities the expected return in
terms of own currency is much higher at 6 to 6.4 per cent for the
lowest level of risk tolerance parameter. The expected risk of sterling

denominated portfolio is found to be among the lowest among all
currencies for the comparable level of risk tolerance parameter, The
composition of portfolio in terms of securities of various maturity
bands looks almost similar to the one obtained in respect of dollar
securities.
For the securities denominated in Deutsche Mark the annualized rate
of return for the least risky portfolio is found to be much lower at 2.2
to 3 per cent. For a moderate level of risk parameter the expected
return of the portfolio increases to around 5.8per cent and for higher
level risk the return goes up to around 7 per cent. The riskiness of
the portfolio for the lowest value of the tolerance risk parameter in
respect of these securities is relatively much higher (3 to 5 per cent
of the expected r e t u r n ) as compared to dollar a n d sterling
dei~ominatedsecurities. As regards composition of the portfolio, the
share of the lowest maturity period securities is somewhat lower as
compared to dollar and sterling denominated securities. For a
moderate level of risk tolerance parameter the portfolio appears to
be overwhelmingly dominated by the securities of next asset class
(i.e. maturity period ranging between 1to 2 years). In respect of Yen
securities the expected return is found to be the lowest at between
1.I to 1.5per cent per annum even for the least risky portfolio. The
expected risk is also much higher for this portfolio with lowest value
of risk tolerance parameters. The rate of expected return increases to
around 2.8 per cent for moderate level of risk tolerance parameter
and rises to around 4.6 to 4.8 for high level of risk tolerance parameter.
The composition of the portfolio is again biased in favour of shortest
maturity period but with a much higher share accruing to securities
falling in thc next maturity band i.e. within 3 to 5 years.
When all the securities are considered in terms of the returns
denominated in numeraire currency i.e. the US dollar, the resulting

portfolio that emerges out of the current exercise appears to be quite
interesting. It is observed that the optimum portfolio for the lowest
level of risk tolerance parameter provides that a certain amount of
the portfolio to be kept in cash; in fact around 17 per cent of the
portfolio is recommended to be kept in cash as per the current exercise.
The securities which get selected are obviously dominated by U.S.$
securities, that too, overwhelmingly, in favour of securities in the
shortest maturity band. Apart from dollar dominated securities the
only other currency that gets selected in the optimum portfolio relates
to those of Sterling securities. The share of the Sterling securities is
around 20 per cent for the moderate level of risk tolerance parameter
and its share rises to around 30 per cent for a pretty high risk of risk
tolerance parameter.

Section VI

Conclusions
In the present study certain cardinal issues relating to the
management of foreign exchange reserves by a risk averse central
bank have been addressed. On the question of the optimal size for
the reserves of a country, the study provided a general discussion,
articulating the main issues. The view that emerges here is that a
normative approach, based either on considerations of ideal and safe
import cover or on a more rigorous cost-benefit analysis does not
fully encompass all the relevant issues.
On management of foreign currency reserves, the s t u d y
concludes that a two-stage decision process would be involved : first,
with regard to currency composition and second, with regard to asset
allocation within each currency segment.

In respect of currency composition, the study corroborates the
result of many similar attempts made elsewhere viz. once the
numeraire or reporting currency for the reserves (which could be a
single currency, like the US dollar or a composite currency index to
which the domestic currency is pegged or a synthetic currency unit
such as the SDR) is identified, the minimum risk currency composition
is the one closely resembling the numeraire itself. The study estimated
optimal currency composition weights for a f,our-currency portfolio
with the US dollar as the numeraire currency. The minimum risk
configuration turned out to be the one with an overwhelming share
of the US dollar and only a very small presence of the Pound Sterling.
The implication of this conclusion is that if macro-economic
considerations indicate the need for maintaining a diversified
portfolio in terms of currencies, which is equivalent to saying that if
natural exposures in all/ some of major currencies are justified, a priori,
on macro-economic grounds (and there are good reasons for doing
so), then estimating the optimal currency composition through a
mean-variance optimisation exercise may not be of much help for
the central banks. Put differently, the numeraire currency itself
represents the currency composition at the lowest risk level:
Balance sheets of central banks are drawn in their respective
domestic currencies. So, if the domestic currency is pegged to a single
currency that is also used as the numeraire currency for all accounting
purpose (like the US dollar, or to an index) there would be no
valuation gain/loss for the foreign exchange reserves. In all other
cases, i.e., where there is a divergence between t h e currency
composition of reserve assets and the numeraire currency used for
accounting of transactions, valuation changes i n terms of the
numeraire would result. Valuation changes arising o n account of
fluctuation of the domestic exchange rate are however different.

,

Insofar as valuation changes (in terms of domestic currency) are
concerned they have both balance sheet and fiscal implications. This
brings forth a very crucial question :how to tackle the adverse balance
sheet impacts of a policy involving currency composition of reserves
in the short-term? For central banks, which treat the currency
revaluation gain/loss as revenue items, a fall in the value of reserves
in domestic currency terms would lead to a fall in the current income,
other things remaining the same. Even where the revaluation gain/
loss is treated as a balance sheet item - being routed through a
'provision/reserve' account - any shafp fall thereof would warrant
more retention of profit for rebuilding the internal reserve - a step
which would affect disposable surplus. The following framework
for addressing currency valuation risks is suggested :
Valuation shocks arising out of movements in the exchange
(i)
rate of the domestic currency against the currency composition is, in
reality, an exchange rate policy-related issue and may, therefore, be
kept outside the focus of portfolio optimisation analyses. The only
safeguard against adverse implication of an appreciation of the
domestic currency on the value of reserves is a sufficient cushion in
the balance sheet of the central banks. For tackling the impact of infer
se movements of the exchange rates of the currencies comprising the
reserves, it would be necessary to vary the composition thereof
dynamically for reducing valuation loss.
In applying the Markowitz mean-variance optimisation
(ii)
technique in estimating an optimal asset mix, it was found that the
variance-covariance matrix representing the risk profile of the
portfolios was not stable over two non-overlapping sub-periods
comprising the period, 1985-1996. However, the variance-covariance
matrix for a two/ three-year overlapping period indicated reasonable
degree of stability over time. Hence, for the purpose of making

forecasts of risks for a one year time horizon, variance-covariance
matrix calculated on the basis of the previous two years return data
were used. For generating forecasts about returns of different asset
classes in the one year horizon period, various time-series forecasting
models aiz. ARIMA, ARMAX and state space were considered and
statistically univariate ARIMA forecasts were found to yield superior
results. The lowest risk configuration of asset classes in all currencies
showed a concentration at the short-end of the yield curves.
(iii) The optimiser provided different asset allocations for different
levels of risk in all the four currency groups. The optimal risk/return
co-ordinates could be used to identify the efficiency frontiers. For
setting up benchmarks for investments in different currency segments
a particular point on the frontier needs to be chosen which represents
-the acceptable level of risk and return for the central bank. If the
central bank operates at any one point on the frontier for the implicit
tolerable level of risk the probability of return being minimised would
be quite high. For active management of reserve assets, tolerable
risk bands on both sides of the benchmark point could be fixed by
the authorities. While identifying the band a reasonable balance
needs to be maintained between the considerations of liquidity and
safety of a country's reserves and the need to optimise return.
The endeavour of a researcher would remain incomplete unless
the unresolved questions and a n agenda for future studies are
explicitly stated. To us, the following two areas appear to be of critical
importance for any central bank.
(i)

Identification of an appropriate variance-covariance
matrix for the time period for which an optimal portfolio
is to be estimated remains the most important prerequisite for a successful optimisation process. The

present exercise proposes one robust method for arriving
at the risk matrix on the basis of return for example, data
of recent vintage. There are other ways of doing this,
namely, a mu1tivaria te ARCH or GARCH model could be
fitted to the observed return data for projecting the future
risk matrix. It is necessary to make a comparative study
of the usefulness of various methodologies that may be
applied to the problem.
(ii) The limitations of a static mean-variance optimiser have
been referred to in this study. Multi-period stochastic
programming models have been proposed in the literature
f o r c a p t u r i n g the dynamic aspects of a portfolio
optimisation problem. Operationalisation of such a n
approach at the policy level promises substantial gains
but would require enormous data and computational
capability.
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Table I1
Optimum Portfolio Selected Out of 20 International
Bonds, When All Returns Are in Numeraire Currency US($)l

Note :l. Figures represent the share of the bond in the optimum portfolio
2. Theta : Risk Tolerance Parameter
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