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Section 1

1.1 Introduction

Effective management of a country’s foreign exchange reserves
forms a crucial responsibility of a central bank, drawing fromits role
as the custodian of the reserves for the nation. Essentially, reserves
management 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
major currencies going into generalised floating since the mid-
seventies to surges in private capital flows experienced from the late
eighties, have resulted in significant increase in the size and nature
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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 in size and
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
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in international markets. Some of these securities houses and banks
provided a lead role in building up expertise in central banks on
portfolio managemeht. 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 as an 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
deployment of reserves is seen as a means of smoothening the inter-
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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 guided 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 shocks, accompanied by sharp reserve losses. Here,
reserves play more of a ‘showcase’ role implying no real
spending 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.
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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
risk, which for the purpose of this study is defined as variance or
volatility of expected returns. For a porifolio 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). Foranalytical 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 mostcentral 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
minimum for a given level of expected returns. Needless to say, the
assumption hereis 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) poor out-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 BoP problem
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. Itis pertinent to note that the healthy build-up of
reserves consequent to stabilisation and structural adjustment
programmes-enabled the country to regain its creditworthiness in the
international ‘financiall 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 in the overall balance of payments.
Developing countries in general pursue a policy of supplementing
domestic savings with foreign capital up to alevel that is considered
sustainable. A surplus in the overall balance would therefore result
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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 as 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 pre-
reform 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 an
official account. 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 the transaction financing motive, the
precautionary motive (i.e. to provide cushion é’éainst 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 éapital flows in total declined. During the three-
year 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 to 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 considerations 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, and preservation of value,
profitability considerations need to 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
has been done ‘within the framework of the 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 II. Section III presents a brief survey of the
literature on portfolio selection models and the merits of different
models. Ajustification 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
approachreported 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 variance-
covariance 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
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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 II
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 do 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
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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 and integration with the 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 on 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 Tablel as also GraphsIand II). Interms of import cover,
total reserves of the world represent 30 per cent of global imports,
up from 20 per cent in 1980 but of the same order as in 1972. Itis
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possible to 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 rederve 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)] 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
- beany standard indicator of reserve adequacy that could be applicable
to all countries. '

While the level of reserves could be the end-result of the macro-
economic 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.
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II 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 debt-
service 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. In semi-
industrialised 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.
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A diversified currency portfolio provides certain flexibility in
terms of import purchasing/debt servicing requirements which needs
tobekept in view. However, if static composition is 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
domestic currency (for instance negative shocks to terms of trade) the
domestic currency 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 III
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 an efficient set of
portfolios, and

(iii) selecting from the efficientset of portfolios, the one that suits
the investor’s performance.
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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 efficient sets 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 'n” 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 as a
vector of the proportions of the initial wealth to be invested in
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 minimises risk for a given level of expected return
one is led to the following quadratic programming problem :

Minimise (V2) xVx-©3 X, 1
Subjectto Y¥°, x. <1, x, 20; 1<i<n e (D)

Where “x.” denotes the proportion to be invested in security ‘i’,
denotes the expected return onsecurity ‘i’ and “V’ denotes the variance-
covariance matrix of the returns on the ‘n’ securities. In the above
formulation ‘©’ denotes a parameter representing the risk aversion of
the investor, the higher the value of ® the less being the aversion of the
investor to risk. For example, if ® = 1 then risk and return atéas's’i};ﬁéd
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
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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) an
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
used in this study. Itisto 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)].
Although such an approach has 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 no 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 and risk could be explicitly introduced as measurable
quantities. o
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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 multi-
stage 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 us a problem
with 5! different scenarios, a very large number of variables indeed.
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been recently proposed for selecting 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 non-
linear 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)].
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
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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 II each with a finite number of
actions. Suppose Player I has ‘m’ actions and Player 1I 'n’ actions.
Suppose Player [ plays his action ‘i’, and Player Il plays his action ‘j".
Then the cost incurred by Playerlis a, and the cost incurred by Player
Ilis b,. This is called a nonzero-sum game as the loss of Player I does
not necessarily yield an equal gain to Player II or vice versa. (In
other words, the matrix A+B is not the 0 - matrix.) Atthe outset, it is
not clear how 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 L.
Thus if q = (q,, q, ....q,,) is a probability vector, ie., ¢, >0, for all i
and 2.q, = 1, then g, specifies the probability that Player I will choose
his action i. Similarly the notion of a strategy of Player II is defined
as a probability vector over the set of actions available to Player II.
Let S, and S, be the set of strategies of the two players respectively.
Note that the unit column vectors of order m, e’ . with1asitsi-th co-
ordinate and O as other co-ordinates are in S,. Similarly, the vectors
e’ areinS, Suppose x and y are the strategies chosen by Players I
and II, respectively. It is easy to note that the expected cost to Player
I works out to be x*Ay and that of Player II to be x'By where A and B
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are the given m x n cost matrices. A pair of strategies x*, y" is called
a Nash equilibrium pair if :

X*Ay'<x*Ay" forall x € S, e (21)
x"By'<sx"By" forall y € S, ' e (22)

If (x",y") is an equilibrium pair, equation (2.1) states that as long as
Player II 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 II would be punished for
deviating from y* when Player I plays x". In this framework, the pair
is an equilibrium pair of strategies and the corresponding pair of
expected payoffs (x"Ay", x"By") 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 xe5,, it holds when

x=e! ,1<i<m.
This gives the equations :
(Ay" ). 2x"Ay’,1<i<m e (2.3)
Similarly, one has (x*B), 2x"By’, 1<j<n . (24)

Also, note that x’. = 0 for i such that (Ay"), > x™ Ay’
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Similarly, (x"B), > x"By" =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
case x"Ay" and x"By" are strictly positive, too. Hence we can divide
the equation (2.3) by x*Ay" and the equation (2.4) by x"By" to obtain :

Ay”>e; Bx"2e; (Ay™-e)x"=0; (Bx"-e)y =0 ....(2.5)
Where y" =y" / (x* Ay") and x"=x" / (x" By’)

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; w20, z=20;, wz=0 ... (2.6)

where wt = [ut, Vt]’ zt = [Xt, yt], qt — [_et’ _et]

_Joa

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 at that time.

The invention of this algorithm in computational dptimisation
is at least as significant as the invention of the simplex method for
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the 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 models 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 et al (1994) ].

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 paper 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 with a very large number of asset categories of all kinds
and, therefore, have to solve a significantly large size problem,
although the model is static. The modifications used by them may
not be of any advantage for the problem we consider in this work.
We use a simple and straightforward application of Lemke’s algorithm
using our own FORTRAN code. The linear complementarity
problems solved in the optimizer have the following form :
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w-Mz=q; w20; z20; wz=0 v (2.7)
wt = [ut,vY], zt=[x'y], q'=[-Op,-1] and

et o

This solves the quadratic maximisation problem
Minimise (1/2)x'Vx-©Ou'x

Subject to e'’x <1, x 20;

The 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 an 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 do test for the
stability of the variance-covariance matrix.. In addition we look
upon the variance-covariance matrix V computed from the past as
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 are

presented in the next section.
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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 income asset classes in each currency, namely :

(i) Money marketinstruments of maturity up to and inclusive
of 1 year, |

(i) 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 10 years.

The optimisation exercise has been undertaken for seeking
solutions to two problem:s :

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.
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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)*[E1/B2}- 1=R, where
‘r’ is the return in local currency;
‘R’ is the return in numeraire currericy;

‘E1" is the beginning-of-the-period exchange rate of the numeraire
curreney 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-
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the-period US$/Japanese yen exchange rates are 110 and 112

respectively, the return in terms of US dollar 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 local currency
and the movement of the exchange rate of the local currency vis-a-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.

Alook 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 stock-
market 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
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based test for testing the equality of two or more covariance matrices
may be undertaken (For details please see Appendix I). Bifurcating
the 11 year 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 the unknown “true” risk-matrix.
Accordingly, for the current exercise, it is assumed, without any loss
of generality, that the “true” risk matrix follows a Wishart
distribution, based on an underlying multivariate normal distribution
with zero mean vector. A random sample of 100 such variance-
covariance 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 vector forms one of the inputs to the
optimisation procedure. Ih the current exercise, the time horizon for
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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 time-
varying risk premium and, hence, about the expected future return on
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
well as of the mispricing. If an alternative term-structure theory is
considered to be a better describer of the observed term-structure then
the estimation of the expected return may have to be modified
accordingly. Several researches have attempted to identify variables
that can enhance the quality of forecasts regarding the short-term excess
bond 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 multivariate, provides an efficient and unbiased
estimate of the future returns for different asset classes.
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For each of the asset classes, three types of time series forecasts
were generated, viz., univariate ARIMA forecast, ARMAX forecastand
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. Asmentioned in Section III, the optimal portfolio depends
on a given risk-tolerance parameter (®), 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 ©, the gain
in return is much less as compared to the increase in risk, thereby
rendering such values of the parameter practically unacceptable.
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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 I and Graphs
III, IV, V and VL

The broad features of the optimum portfolios for each of the four
currencies considered in this exercise are summarized in the following
table.

Currency Low Risk | Moderate Risk High Risk |
Return Risk | Return Risk | Return Risk
Dollar 4.8 1.4 5.6 91 6.6 31.1
DM 3.1 3.6 5.8 295 7.0 46.1
Pound Sterling | 6.2 0.8 7.3 9.0 8.5 29.5
Yen 1.2 6.7 2.9 269 4.7 80.8

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

risk 1.0.
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The results are on the expected line. The risk return
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. Itis 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
maturity class (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
in 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 6.

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

32



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 5.8 per 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 return) as compared to dollar and sterling
denominated securities. 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 1 to 2 years). In respect of Yen
securities the expected return is found to be the lowest at between
1.1 to 1.5 per 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 the 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
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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 study
concludes that a two-stage decision process would be involved : first,
withregard to currency composition and second, with regard to asset
allocation within each currency segment.
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- 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 four-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
s0), 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 the currency
composition of reserve assets and the numeraire currency used for
accounting of transactions, valuation changes in terms of the
numeraire would result. Valuation changes arising on account of
fluctuation of the domestic exchange rate are however different.
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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 sharp 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 :

(i) Valuation shocks arising out of movements in the exchange
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 inter
se movemerts of the exchange rates of the currencies comprising the
reserves, it would be necessary to vary the composition thereof
dynamically for reducing valuation loss.

(ii) In applying the Markowitz mean-variance optimisation
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
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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 viz. 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 inall currencies
showed a concentration at the short-end of the yield curves.

(iif) . 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 ard
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 an 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 pre-
requisite for a successful optimisation process. The
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(i)

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 multivariate 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 methodologles that may be

applied to the problem.

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
for capturing the dynamic aspects of a portfolio
optimisation problem. Operationalisation of such an
approach at the policy level promises substantial gains
but would require enormous data and computational

capability.
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Table-1

GLOBAL FOREIGN EXCHANGE RESERVES AND IMPORTS

Non-gold Foreign Exchange Reserve Imports Reserves Cover
(in U. S. dollar million) (U.S.$ mn) Reserves Number
Year World Devel- Devel- World as % of of weeks
oped oping Imports of

Countries Countries _ (2) / (6) imports -

Asia

1 -2 3 4 5 6 7 8
1971 94517 72735 21781 5919 345000 0.2739%61 143
1972 120408 88701 31708 7898 405800  0.296719 155
1973 140951 96449 44503 10357 560000 0.251698 131
1974 176315 97757 78556 12602 822500 0.214365 11.2
1975 185788 99231 86555 12226 867300 0.214214 11.2
1976 216824 108715 108109 18542 972400 0.222979 11.6
1977 277526 . 145828 131698 - 26066 1113400 0.249260 13.0
1978 319822 188660 131162 29443 1288000 0.248309 13.0
1979 359457 204059 155401 34537 1625700 0.221109 11.5
1980 409758 237272 172485 37882 2000500 0.204828 10.8
1981 383751 217088 166663 42635 1983900  0.193433 10.2
1982 361738 204691 157047 47562 1854300 0.195081 10.3
1983 379353 215876 163478 57159 1794000 0.211457 11.2
1984 399012 218607 177464 66040 1912400 0.208645 11.0
1985 444677 252017 192660 72794 1936400 0.229641 12.0
1986 512063 307394 204669 97625 2115400 0.242065 12.6
1987 720074 460114 259960 139238 2474800 0.290962 15.2
1988 730333 475120 255213 - 148555 2823600 0.258653 13.5
1989 776667 502306 274362 157609 3042700 0.255256 13.3
1990 907286 589129 318156 180691 3466500 0.261730 13.6
1991 960967 573103 387864 222716 3608000  0.266343 13.9
1992 953825 545526 408301 224011 3861000 0.247041 13.0
1993 1051988 567907 484083 259946 3774900 0.278680 14.5
1994 1203492 633332 570160 333129 4291300 0.280449 14.6
1995 1412096 724956 687141 375199 5120800 0.275757 14.3
1996 1566048 789219 776829 - 425821 5366000 0.291846 15.2
1997 1678093 779485 898608 503410 5549000 0.302414 15.7

Source : Various issues of International Financial Statistics , IMF.
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Optimum Portfolio Selected Out of 20 International

Table II

Bonds, When All Returns Are in Numeraire Currency US($)!

Theta? | 1Year| 3Year | 5Year | 7 Year| 10Year | 1 Year | 3 Year | 5 Year | 7 Year |10Yeay
us Us Us Us Us Yen Yen Yen Yen Yen

0.1 ] 0.8086| 0.0387 0 0 0 0 0 0 0 0
0.2 { 0.7528 0.137 0 0 0 0 0 0 0 0
0.3 | 0.6168] 0.2298 0 0 0 0 0 0 0 0
0.4 ] 0.4943 ] 0.3253 0 0 0 0 0 0 0 0
0.5 0.358 1 0.4172 0 0 0 0 0 0 0 0
0.6 | 0.2283 ] 0.5031 0 0 0 0 0 0 0 0
0.7 | 0.1211} 0.5683 0 0 0 0 0 0 0 0
0.8 | 0.0521] 0.5974 0 0] 0.0001 0 0 0 0 0
0.9 | 0.0165] 0.5936 0 0 0.001 0 0 0 0 0
11 0.0065] 0.5619 0.001 0 0.0037 0 0 0 0 0
1.5 0] 0.3147 [0.0165 0] 0.0444 0 0 0 0 0
2 0] 0.0929 |0.0283 0} 0.0725 0 0 0 0 0
2.5 0| 0.0134 10.0104 0] 0.0433 0 0 0 0 0
3 0] 0.0004 0 0| 0.0137 0 0 0 0 0
3.5 0 0 0 0| 0.0019 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
4.5 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 o]
5.5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0

Note :1. Figures represent the share of the bond in the optimum portfolio
2. Theta : Risk Tolerance Parameter
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Table II (Contd.....)

Optimum Portfolio Selected Out of 20 International
Bonds, When All Returns Are in Numeraire Currency US($)!

Theta? | 1 Year | 3 Year |5 Year |7 Year |10 Year |1 Year |3 Year |5 Year |7 Year |10Year
DM DM DM DM DM UK UK UK UK UK

0.1 0 0 0 0 0 | 0.0427 ] 0.0002{ 0.0004 0 0
0.2 0 0 0 0 0 ] 0.0855]0.0013| 0.0033] 0.0001 0
0.3 0 0 0 0 0 ] 0.1226 | 0.0026| 0.0079] 0.0004 0
0.4 0 0 0 0 0 | 0.1611] 0.004} 0.0145] 0.0008 0
0.5 0 0 0 0 0 101973 ]0.0053} 0.0209} 0.0012 0
0.6 0 0 0 0 0 }10.2323]0.0063] 0.028| 0.002 0
0.7 0 0 0 0 0 0.262 1 0.0075] 0.0375| 0.0035 0
0.8 0 0 0 0 0 | 0.2814 ] 0.0088} 0.0545} 0.0057 0
0.9 0 0 0 0 0 ] 0.291210.0092] 0.0801{ 0.0084 0
1 0 0 0 0 0 | 0.2951 1 0.00891 0.1124] 0.0106 0
1.5 0 0 0 0 0] 0.3163 ] 0.0089] 0.2794| 0.0198 0
2 0 0 0 0 0 0.316 | 0.0069} 0.4562] 0.0273 0
2.5 0 0 0 0 0 ] 0.2445]0.0048} 0.6546| 0.029 0
3 0 0 0 0 0 | 01668} .0.004| 0.7829] 0.0321 0
3.5 0 0 0 0 0 | 0.1087 ] 0.0026] 0.8375] 0.0494 0
4 0 0 0 0 0 | 0.0688 ] 0.0011] 0.8495} 0.0806 0
4.5 0 0 0 0 0 | 0.0436 010.8254| 0.131 0
5 0 0 0 0 0 | 0.0265 0| 0.7715} 0.202 0
5.5 0 0 0 0 0 1 0.0152 0] 0.6905| 0.2943 0
6 0 0 0 0 0 | 0.0086 0] 0.6008} 0.3905 0

Note :1. Figures represent the share of the bond in the optimum portfolio
2. Theta : Risk Tolerance Parameter
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In U.S. Dollar billion
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Relationship between Theta, Expected Risk and Expected

Graph III
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Graph - IV :
Relationship between Theta, Expected Risk and Expected
Return: Deutsche Mark
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Relationship between Theta, Expected Risk and Expected

Graph-V
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Relationship between Theta, Expected Risk and Expected

Graph VI
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Relationship between Theta, Expected Risk and Expected

Graph VI

Return :Japanese Yen

Expected Risk

Expected Risk vs Theta

0.5

0.5-]
0.4+
0.4
0.3+
0.34
0.2
0.2

H

T

T

1 T T

0.1 T T T T T T T T T T T
0f 02 03 04 05 06 07

Theta

08 09 1.0 15 20 25 30 35 4.0

45 50 55 6.0

Expected Return

Expected Return

~ted Return vs Theta

0.6
0.5+
04
0.3 4
0.2

0.1
0.0 | —mmpmem—",

SPL COLL RBI
AR A

GR3534

0.50 RBI LIBRARY
0.45 o T T T e e
0.40 F S N
0.35
0.30

0.25
0.20
0.15

0.10 T T T T 1 T T T T T T T
0.01 0.03 0.09 017 0.27 0.40 0.40

Expected Risk

50



	00000001.JPG
	00000002.TIF
	00000003.TIF
	00000004.TIF
	00000005.TIF
	00000006.TIF
	00000007.TIF
	00000008.TIF
	00000009.TIF
	00000010.TIF
	00000011.TIF
	00000012.TIF
	00000013.TIF
	00000014.TIF
	00000015.TIF
	00000016.TIF
	00000017.TIF
	00000018.TIF
	00000019.TIF
	00000020.TIF
	00000021.TIF
	00000022.JPG
	00000023.TIF
	00000024.TIF
	00000025.TIF
	00000026.TIF
	00000027.TIF
	00000028.TIF
	00000029.TIF
	00000030.TIF
	00000031.TIF
	00000032.TIF
	00000033.TIF
	00000034.TIF
	00000035.TIF
	00000036.TIF
	00000037.TIF
	00000038.TIF
	00000039.TIF
	00000040.TIF
	00000041.TIF
	00000042.TIF
	00000043.TIF
	00000044.TIF
	00000045.TIF
	00000046.TIF
	00000047.TIF
	00000048.TIF
	00000049.TIF
	00000050.TIF
	00000051.TIF
	00000052.TIF
	00000053.TIF
	00000054.TIF
	00000055.TIF
	00000056.TIF
	00000057.TIF
	00000058.TIF
	00000059.TIF
	00000060.TIF
	00000061.TIF
	00000062.TIF
	00000063.TIF
	00000064.TIF
	00000065.TIF
	00000066.TIF
	00000067.TIF
	00000068.TIF
	00000069.TIF
	00000070.TIF
	00000071.TIF
	00000072.TIF
	00000073.TIF
	00000074.TIF
	00000075.TIF
	00000076.TIF
	00000077.TIF
	00000078.TIF
	00000079.TIF
	00000080.TIF
	00000081.TIF
	00000082.TIF
	00000083.TIF
	00000084.TIF
	00000085.TIF
	00000086.TIF
	00000087.TIF
	00000088.TIF
	00000089.TIF
	00000090.TIF
	00000091.TIF
	00000092.TIF
	00000093.TIF
	00000094.TIF
	00000095.TIF
	00000096.TIF
	00000097.JPG
	00000098.TIF
	00000099.TIF
	00000100.TIF
	00000101.TIF
	00000102.TIF
	00000103.TIF
	00000104.TIF
	00000105.TIF
	00000106.TIF
	00000107.TIF
	00000108.TIF
	00000109.TIF
	00000110.TIF
	00000111.TIF
	00000112.TIF
	00000113.TIF
	00000114.TIF
	00000115.TIF
	00000116.TIF
	00000117.TIF
	00000118.TIF
	00000119.TIF
	00000120.TIF
	00000121.TIF
	00000122.TIF
	00000123.TIF
	00000124.TIF
	00000125.TIF
	00000126.TIF
	00000127.TIF
	00000128.TIF
	00000129.TIF
	00000130.TIF
	00000131.TIF
	00000132.TIF
	00000133.TIF
	00000134.TIF
	00000135.TIF
	00000136.TIF
	00000137.TIF
	00000138.TIF
	00000139.TIF
	00000140.TIF
	00000141.TIF
	00000142.TIF
	00000143.TIF
	00000144.TIF
	00000145.TIF
	00000146.TIF
	00000147.TIF
	00000148.TIF
	00000149.TIF
	00000150.TIF
	00000151.TIF
	00000152.TIF
	00000153.TIF
	00000154.TIF
	00000155.TIF
	00000156.TIF
	00000157.TIF
	00000158.TIF
	00000159.TIF
	00000160.TIF
	00000161.TIF
	00000162.TIF
	00000163.TIF
	00000164.TIF
	00000165.TIF
	00000166.TIF
	00000167.TIF
	00000168.TIF
	00000169.TIF
	00000170.TIF
	00000171.TIF
	00000172.TIF
	00000173.TIF
	00000174.TIF
	00000175.TIF
	00000176.TIF
	00000177.TIF
	00000178.TIF
	00000179.TIF
	00000180.TIF
	00000181.TIF
	00000182.TIF
	00000183.TIF
	00000184.TIF
	00000185.TIF
	00000186.TIF
	00000187.TIF
	00000188.JPG
	00000189.TIF
	00000190.TIF
	00000191.TIF
	00000192.TIF
	00000193.TIF
	00000194.TIF
	00000195.TIF
	00000196.TIF
	00000197.TIF
	00000198.TIF
	00000199.TIF
	00000200.TIF
	00000201.TIF
	00000202.TIF
	00000203.TIF
	00000204.TIF
	00000205.TIF
	00000206.TIF
	00000207.TIF
	00000208.TIF
	00000209.TIF
	00000210.TIF
	00000211.TIF
	00000212.TIF
	00000213.TIF
	00000214.TIF
	00000215.TIF
	00000216.TIF
	00000217.TIF
	00000218.TIF
	00000219.TIF
	00000220.TIF
	00000221.TIF
	00000222.TIF
	00000223.TIF
	00000224.TIF
	00000225.TIF
	00000226.TIF
	00000227.TIF
	00000228.TIF
	00000229.TIF
	00000230.TIF
	00000231.TIF
	00000232.TIF
	00000233.TIF
	00000234.TIF
	00000235.TIF
	00000236.TIF
	00000237.TIF
	00000238.TIF
	00000239.TIF
	00000240.TIF
	00000241.TIF
	00000242.TIF
	00000243.TIF
	00000244.TIF
	00000245.TIF
	00000246.TIF
	00000247.TIF
	00000248.TIF
	00000249.TIF
	00000250.TIF
	00000251.TIF
	00000252.TIF
	00000253.TIF
	00000254.TIF
	00000255.TIF
	00000256.TIF
	00000257.TIF
	00000258.TIF
	00000259.TIF
	00000260.TIF
	00000261.TIF
	00000262.JPG
	00000263.TIF
	00000264.TIF
	00000265.TIF
	00000266.TIF
	00000267.TIF
	00000268.TIF
	00000269.TIF
	00000270.TIF
	00000271.TIF
	00000272.TIF
	00000273.TIF
	00000274.TIF
	00000275.TIF
	00000276.TIF
	00000277.TIF
	00000278.TIF
	00000279.TIF
	00000280.TIF
	00000281.TIF
	00000282.TIF
	00000283.TIF
	00000284.TIF
	00000285.TIF
	00000286.TIF
	00000287.TIF
	00000288.TIF
	00000289.TIF
	00000290.TIF
	00000291.TIF
	00000292.TIF
	00000293.TIF
	00000294.TIF
	00000295.TIF
	00000296.TIF
	00000297.TIF
	00000298.TIF
	00000299.TIF
	00000300.TIF
	00000301.TIF
	00000302.TIF
	00000303.TIF
	00000304.TIF
	00000305.TIF
	00000306.TIF
	00000307.TIF
	00000308.TIF
	00000309.TIF
	00000310.TIF
	00000311.TIF
	00000312.TIF
	00000313.TIF
	00000314.TIF
	00000315.TIF
	00000316.TIF
	00000317.TIF
	00000318.TIF
	00000319.TIF
	00000320.TIF
	00000321.TIF
	00000322.TIF
	00000323.TIF
	00000324.TIF
	00000325.TIF
	00000326.TIF
	00000327.TIF
	00000328.TIF
	00000329.TIF
	00000330.TIF
	00000331.TIF
	00000332.TIF
	00000333.TIF
	00000334.TIF
	00000335.TIF
	00000336.TIF
	00000337.TIF
	00000338.TIF
	00000339.TIF
	00000340.TIF
	00000341.TIF
	00000342.JPG
	00000343.TIF
	00000344.TIF
	00000345.TIF
	00000346.TIF
	00000347.TIF
	00000348.TIF
	00000349.TIF
	00000350.TIF
	00000351.TIF
	00000352.TIF
	00000353.TIF
	00000354.TIF
	00000355.TIF
	00000356.TIF
	00000357.TIF
	00000358.TIF
	00000359.TIF
	00000360.TIF
	00000361.TIF
	00000362.TIF
	00000363.TIF
	00000364.TIF
	00000365.TIF
	00000366.TIF
	00000367.TIF
	00000368.TIF
	00000369.TIF
	00000370.TIF
	00000371.TIF
	00000372.TIF
	00000373.TIF
	00000374.TIF
	00000375.TIF
	00000376.TIF
	00000377.TIF
	00000378.TIF
	00000379.TIF
	00000380.TIF
	00000381.TIF
	00000382.TIF
	00000383.TIF
	00000384.TIF
	00000385.TIF
	00000386.TIF
	00000387.TIF
	00000388.TIF
	00000389.TIF
	00000390.TIF
	00000391.TIF
	00000392.TIF
	00000393.TIF
	00000394.TIF
	00000395.TIF
	00000396.TIF
	00000397.TIF
	00000398.TIF
	00000399.TIF
	00000400.TIF
	00000401.TIF
	00000402.TIF
	00000403.TIF
	00000404.TIF
	00000405.TIF
	00000406.TIF
	00000407.TIF
	00000408.TIF
	00000409.TIF
	00000410.TIF
	00000411.TIF
	00000412.TIF
	00000413.TIF
	00000414.TIF
	00000415.TIF
	00000416.TIF
	00000417.TIF
	00000418.TIF
	00000419.TIF
	00000420.TIF
	00000421.TIF
	00000422.TIF
	00000423.TIF
	00000424.TIF
	00000425.JPG
	00000426.TIF
	00000427.TIF
	00000428.TIF
	00000429.TIF
	00000430.TIF
	00000431.TIF
	00000432.TIF
	00000433.TIF
	00000434.TIF
	00000435.TIF
	00000436.TIF
	00000437.TIF
	00000438.TIF
	00000439.TIF
	00000440.TIF
	00000441.TIF
	00000442.TIF
	00000443.TIF
	00000444.TIF
	00000445.TIF
	00000446.TIF
	00000447.TIF
	00000448.TIF
	00000449.TIF
	00000450.TIF
	00000451.TIF
	00000452.TIF
	00000453.TIF
	00000454.TIF
	00000455.TIF
	00000456.TIF
	00000457.TIF
	00000458.TIF
	00000459.TIF
	00000460.TIF
	00000461.TIF
	00000462.TIF
	00000463.TIF
	00000464.TIF
	00000465.TIF
	00000466.TIF
	00000467.TIF
	00000468.TIF
	00000469.TIF
	00000470.TIF
	00000471.TIF
	00000472.TIF
	00000473.TIF
	00000474.TIF
	00000475.TIF
	00000476.TIF
	00000477.TIF
	00000478.TIF
	00000479.TIF
	00000480.TIF
	00000481.TIF
	00000482.TIF
	00000483.TIF
	00000484.TIF
	00000485.TIF
	00000486.TIF
	00000487.TIF
	00000488.TIF
	00000489.TIF
	00000490.TIF
	00000491.TIF
	00000492.TIF
	00000493.TIF
	00000494.TIF
	00000495.TIF
	00000496.TIF
	00000497.TIF
	00000498.TIF
	00000499.TIF
	00000500.TIF
	00000501.TIF
	00000502.TIF
	00000503.TIF
	00000504.TIF
	00000505.TIF
	00000506.TIF
	00000507.TIF
	00000508.TIF
	00000509.TIF
	00000510.JPG
	00000511.TIF
	00000512.TIF
	00000513.TIF
	00000514.TIF
	00000515.TIF
	00000516.TIF
	00000517.TIF
	00000518.TIF
	00000519.TIF
	00000520.TIF
	00000521.TIF
	00000522.TIF
	00000523.TIF
	00000524.TIF
	00000525.TIF
	00000526.TIF
	00000527.TIF
	00000528.TIF
	00000529.TIF
	00000530.TIF
	00000531.TIF
	00000532.TIF
	00000533.TIF
	00000534.TIF
	00000535.TIF
	00000536.TIF
	00000537.TIF
	00000538.TIF
	00000539.TIF
	00000540.TIF
	00000541.TIF
	00000542.TIF
	00000543.TIF
	00000544.JPG
	00000545.TIF
	00000546.TIF
	00000547.TIF
	00000548.TIF
	00000549.TIF
	00000550.TIF
	00000551.TIF
	00000552.TIF
	00000553.TIF
	00000554.TIF
	00000555.TIF
	00000556.TIF
	00000557.TIF
	00000558.TIF
	00000559.TIF
	00000560.TIF
	00000561.TIF
	00000562.TIF
	00000563.TIF
	00000564.TIF
	00000565.TIF
	00000566.TIF
	00000567.TIF
	00000568.TIF
	00000569.TIF
	00000570.TIF
	00000571.TIF
	00000572.TIF
	00000573.TIF
	00000574.TIF
	00000575.TIF
	00000576.TIF
	00000577.TIF
	00000578.TIF
	00000579.TIF
	00000580.TIF
	00000581.TIF
	00000582.TIF
	00000583.TIF
	00000584.TIF
	00000585.TIF
	00000586.TIF
	00000587.TIF
	00000588.TIF
	00000589.TIF
	00000590.TIF
	00000591.TIF
	00000592.TIF
	00000593.TIF
	00000594.TIF
	00000595.TIF
	00000596.TIF
	00000597.TIF
	00000598.TIF
	00000599.TIF
	00000600.TIF
	00000601.TIF
	00000602.TIF
	00000603.TIF
	00000604.TIF
	00000605.TIF
	00000606.TIF
	00000607.TIF
	00000608.TIF
	00000609.TIF
	00000610.TIF
	00000611.TIF
	00000612.TIF
	00000613.TIF
	00000614.TIF
	00000615.TIF
	00000616.TIF
	00000617.TIF
	00000618.TIF
	00000619.TIF
	00000620.TIF
	00000621.TIF
	00000622.TIF
	00000623.TIF
	00000624.TIF
	00000625.TIF
	00000626.TIF
	00000627.TIF
	00000628.TIF
	00000629.TIF
	00000630.TIF
	00000631.TIF
	00000632.TIF
	00000633.TIF
	00000634.TIF
	00000635.TIF
	00000636.TIF
	00000637.TIF
	00000638.TIF
	00000639.TIF
	00000640.TIF
	00000641.TIF
	00000642.TIF
	00000643.TIF
	00000644.TIF
	00000645.TIF
	00000646.TIF
	00000647.TIF
	00000648.TIF
	00000649.TIF
	00000650.TIF
	00000651.TIF
	00000652.TIF
	00000653.TIF
	00000654.TIF
	00000655.TIF
	00000656.TIF
	00000657.TIF
	00000658.TIF
	00000659.TIF
	00000660.TIF
	00000661.TIF
	00000662.TIF
	00000663.TIF
	00000664.TIF
	00000665.TIF
	00000666.TIF
	00000667.TIF
	00000668.TIF
	00000669.JPG
	00000670.TIF
	00000671.TIF
	00000672.TIF
	00000673.TIF
	00000674.TIF
	00000675.TIF
	00000676.TIF
	00000677.TIF
	00000678.TIF
	00000679.TIF
	00000680.TIF
	00000681.TIF
	00000682.TIF
	00000683.TIF
	00000684.TIF
	00000685.TIF
	00000686.TIF
	00000687.TIF
	00000688.TIF
	00000689.TIF
	00000690.TIF
	00000691.TIF
	00000692.TIF
	00000693.TIF
	00000694.TIF
	00000695.TIF
	00000696.TIF
	00000697.TIF
	00000698.TIF
	00000699.TIF
	00000700.TIF
	00000701.TIF
	00000702.TIF
	00000703.TIF
	00000704.TIF
	00000705.TIF
	00000706.TIF
	00000707.TIF
	00000708.TIF
	00000709.TIF
	00000710.TIF
	00000711.TIF
	00000712.TIF
	00000713.TIF
	00000714.TIF
	00000715.TIF
	00000716.TIF
	00000717.TIF
	00000718.TIF
	00000719.TIF
	00000720.TIF
	00000721.TIF
	00000722.TIF
	00000723.TIF
	00000724.TIF
	00000725.TIF
	00000726.TIF
	00000727.TIF
	00000728.TIF
	00000729.TIF
	00000730.TIF
	00000731.TIF
	00000732.TIF
	00000733.TIF
	00000734.TIF
	00000735.TIF
	00000736.TIF
	00000737.TIF
	00000738.TIF
	00000739.TIF
	00000740.TIF
	00000741.TIF
	00000742.TIF
	00000743.TIF
	00000744.TIF
	00000745.TIF
	00000746.TIF
	00000747.TIF
	00000748.TIF
	00000749.TIF
	00000750.TIF
	00000751.TIF
	00000752.TIF
	00000753.TIF
	00000754.TIF
	00000755.TIF
	00000756.TIF
	00000757.TIF
	00000758.TIF
	00000759.TIF
	00000760.JPG
	00000761.TIF
	00000762.TIF
	00000763.TIF
	00000764.TIF
	00000765.TIF
	00000766.TIF
	00000767.TIF
	00000768.TIF
	00000769.TIF
	00000770.TIF
	00000771.TIF
	00000772.TIF
	00000773.TIF
	00000774.TIF
	00000775.TIF
	00000776.TIF
	00000777.TIF
	00000778.TIF
	00000779.TIF
	00000780.TIF
	00000781.TIF
	00000782.TIF
	00000783.TIF
	00000784.TIF
	00000785.TIF
	00000786.TIF
	00000787.TIF
	00000788.TIF
	00000789.TIF
	00000790.TIF
	00000791.TIF
	00000792.TIF
	00000793.TIF
	00000794.TIF
	00000795.TIF
	00000796.TIF
	00000797.TIF
	00000798.TIF
	00000799.TIF
	00000800.TIF
	00000801.TIF
	00000802.TIF
	00000803.TIF
	00000804.TIF
	00000805.TIF
	00000806.TIF
	00000807.TIF
	00000808.TIF
	00000809.TIF
	00000810.TIF
	00000811.TIF
	00000812.TIF
	00000813.TIF
	00000814.TIF
	00000815.TIF
	00000816.TIF
	00000817.TIF
	00000818.TIF
	00000819.TIF
	00000820.TIF
	00000821.TIF
	00000822.TIF
	00000823.TIF
	00000824.TIF
	00000825.TIF
	00000826.TIF
	00000827.TIF
	00000828.TIF
	00000829.TIF
	00000830.TIF
	00000831.TIF
	00000832.TIF
	00000833.TIF
	00000834.TIF
	00000835.TIF
	00000836.TIF
	00000837.TIF
	00000838.TIF
	00000839.TIF
	00000840.TIF
	00000841.TIF
	00000842.TIF
	00000843.TIF
	00000844.TIF
	00000845.TIF
	00000846.TIF
	00000847.TIF
	00000848.TIF
	00000849.TIF
	00000850.TIF
	00000851.TIF
	00000852.TIF
	00000853.TIF
	00000854.TIF
	00000855.TIF
	00000856.TIF
	00000857.TIF
	00000858.TIF
	00000859.TIF
	00000860.TIF
	00000861.TIF
	00000862.TIF
	00000863.TIF
	00000864.TIF
	00000865.TIF
	00000866.TIF
	00000867.TIF
	00000868.TIF
	00000869.TIF
	00000870.TIF
	00000871.TIF
	00000872.TIF
	00000873.TIF
	00000874.TIF
	00000875.TIF
	00000876.TIF
	00000877.TIF
	00000878.TIF
	00000879.TIF
	00000880.TIF
	00000881.TIF
	00000882.TIF
	00000883.TIF
	00000884.TIF
	00000885.TIF
	00000886.TIF
	00000887.TIF
	00000888.TIF
	00000889.TIF
	00000890.TIF
	00000891.TIF
	00000892.TIF
	00000893.TIF
	00000894.TIF
	00000895.TIF
	00000896.TIF
	00000897.TIF
	00000898.TIF
	00000899.TIF
	00000900.TIF
	00000901.TIF
	00000902.TIF
	00000903.TIF
	00000904.TIF
	00000905.TIF
	00000906.TIF
	00000907.TIF
	00000908.TIF
	00000909.TIF
	00000910.TIF
	00000911.TIF
	00000912.TIF
	00000913.TIF
	00000914.TIF
	00000915.TIF
	00000916.TIF
	00000917.TIF
	00000918.TIF
	00000919.TIF
	00000920.TIF
	00000921.TIF
	00000922.TIF
	00000923.TIF
	00000924.TIF
	00000925.TIF
	00000926.TIF
	00000927.TIF
	00000928.TIF
	00000929.TIF
	00000930.TIF
	00000931.TIF
	00000932.TIF
	00000933.TIF
	00000934.TIF
	00000935.TIF
	00000936.TIF
	00000937.TIF
	00000938.TIF
	00000939.TIF
	00000940.TIF
	00000941.TIF
	00000942.TIF
	00000943.TIF
	00000944.TIF
	00000945.TIF
	00000946.TIF
	00000947.TIF
	00000948.TIF
	00000949.TIF
	00000950.TIF
	00000951.TIF
	00000952.TIF
	00000953.TIF
	00000954.TIF
	00000955.TIF
	00000956.TIF
	00000957.TIF
	00000958.JPG
	00000959.TIF
	00000960.TIF
	00000961.TIF
	00000962.TIF
	00000963.TIF
	00000964.TIF
	00000965.TIF
	00000966.TIF
	00000967.TIF
	00000968.TIF
	00000969.TIF
	00000970.TIF
	00000971.TIF
	00000972.TIF
	00000973.TIF
	00000974.TIF
	00000975.TIF
	00000976.TIF
	00000977.TIF
	00000978.TIF
	00000979.TIF
	00000980.TIF
	00000981.TIF
	00000982.TIF
	00000983.TIF
	00000984.TIF
	00000985.TIF
	00000986.TIF
	00000987.TIF
	00000988.TIF
	00000989.TIF
	00000990.TIF
	00000991.TIF
	00000992.TIF
	00000993.TIF
	00000994.TIF
	00000995.TIF
	00000996.TIF
	00000997.TIF
	00000998.TIF
	00000999.TIF
	00001000.TIF
	00001001.TIF
	00001002.TIF
	00001003.TIF
	00001004.TIF
	00001005.TIF
	00001006.TIF
	00001007.TIF
	00001008.TIF
	00001009.TIF
	00001010.TIF
	00001011.TIF
	00001012.TIF
	00001013.TIF
	00001014.TIF
	00001015.TIF
	00001016.TIF
	00001017.TIF
	00001018.TIF
	00001019.TIF
	00001020.TIF
	00001021.TIF
	00001022.TIF
	00001023.TIF
	00001024.TIF
	00001025.TIF
	00001026.TIF
	00001027.TIF
	00001028.TIF
	00001029.TIF
	00001030.TIF
	00001031.TIF
	00001032.TIF
	00001033.TIF
	00001034.TIF
	00001035.TIF
	00001036.TIF
	00001037.TIF
	00001038.TIF
	00001039.TIF
	00001040.TIF
	00001041.TIF
	00001042.TIF
	00001043.TIF
	00001044.TIF
	00001045.TIF
	00001046.JPG
	00001047.TIF
	00001048.TIF
	00001049.TIF
	00001050.TIF
	00001051.TIF
	00001052.TIF
	00001053.TIF
	00001054.TIF
	00001055.TIF
	00001056.TIF
	00001057.TIF
	00001058.TIF
	00001059.TIF
	00001060.TIF
	00001061.TIF
	00001062.TIF
	00001063.TIF
	00001064.TIF
	00001065.TIF
	00001066.TIF
	00001067.TIF
	00001068.TIF
	00001069.TIF
	00001070.TIF
	00001071.TIF
	00001072.TIF
	00001073.TIF
	00001074.TIF
	00001075.TIF
	00001076.TIF
	00001077.TIF
	00001078.TIF
	00001079.TIF
	00001080.TIF
	00001081.TIF
	00001082.TIF
	00001083.TIF
	00001084.TIF
	00001085.TIF
	00001086.TIF
	00001087.TIF
	00001088.TIF
	00001089.TIF
	00001090.TIF
	00001091.TIF
	00001092.TIF
	00001093.TIF
	00001094.TIF
	00001095.TIF
	00001096.TIF
	00001097.TIF
	00001098.TIF
	00001099.TIF
	00001100.TIF
	00001101.TIF
	00001102.TIF
	00001103.TIF
	00001104.TIF
	00001105.TIF
	00001106.TIF
	00001107.TIF
	00001108.TIF
	00001109.TIF
	00001110.TIF
	00001111.TIF
	00001112.TIF
	00001113.TIF
	00001114.TIF
	00001115.TIF
	00001116.TIF
	00001117.TIF
	00001118.TIF
	00001119.TIF
	00001120.TIF
	00001121.TIF
	00001122.TIF
	00001123.TIF
	00001124.TIF
	00001125.TIF
	00001126.TIF
	00001127.TIF
	00001128.TIF
	00001129.TIF
	00001130.TIF
	00001131.TIF
	00001132.TIF
	00001133.TIF
	00001134.TIF
	00001135.TIF
	00001136.TIF
	00001137.TIF
	00001138.TIF
	00001139.TIF
	00001140.TIF
	00001141.TIF
	00001142.TIF
	00001143.TIF
	00001144.TIF
	00001145.TIF
	00001146.TIF
	00001147.JPG
	00001148.TIF
	00001149.TIF
	00001150.TIF
	00001151.TIF
	00001152.TIF
	00001153.TIF
	00001154.TIF
	00001155.TIF
	00001156.TIF
	00001157.TIF
	00001158.TIF
	00001159.TIF
	00001160.TIF
	00001161.TIF
	00001162.TIF
	00001163.TIF
	00001164.TIF
	00001165.TIF
	00001166.TIF
	00001167.TIF
	00001168.TIF
	00001169.TIF
	00001170.TIF
	00001171.TIF
	00001172.TIF
	00001173.TIF
	00001174.TIF
	00001175.TIF
	00001176.TIF
	00001177.TIF
	00001178.TIF
	00001179.TIF
	00001180.TIF
	00001181.TIF
	00001182.TIF
	00001183.TIF
	00001184.TIF
	00001185.TIF
	00001186.TIF
	00001187.TIF
	00001188.TIF
	00001189.TIF
	00001190.TIF
	00001191.TIF
	00001192.TIF
	00001193.TIF
	00001194.TIF
	00001195.TIF
	00001196.TIF
	00001197.TIF
	00001198.TIF
	00001199.TIF
	00001200.TIF
	00001201.TIF
	00001202.TIF
	00001203.TIF
	00001204.TIF
	00001205.TIF
	00001206.TIF
	00001207.TIF
	00001208.TIF
	00001209.TIF
	00001210.TIF
	00001211.TIF
	00001212.TIF
	00001213.TIF
	00001214.TIF
	00001215.TIF
	00001216.TIF
	00001217.TIF
	00001218.TIF
	00001219.TIF
	00001220.TIF
	00001221.TIF
	00001222.JPG
	00001223.TIF
	00001224.TIF
	00001225.TIF
	00001226.TIF
	00001227.TIF
	00001228.TIF
	00001229.TIF
	00001230.TIF
	00001231.TIF
	00001232.TIF
	00001233.TIF
	00001234.TIF
	00001235.TIF
	00001236.TIF
	00001237.TIF
	00001238.TIF
	00001239.TIF
	00001240.TIF
	00001241.TIF
	00001242.TIF
	00001243.TIF
	00001244.TIF
	00001245.TIF
	00001246.TIF
	00001247.TIF
	00001248.TIF
	00001249.TIF
	00001250.TIF
	00001251.TIF
	00001252.TIF
	00001253.TIF
	00001254.TIF
	00001255.TIF
	00001256.TIF
	00001257.TIF
	00001258.TIF
	00001259.TIF
	00001260.TIF
	00001261.TIF
	00001262.TIF
	00001263.TIF
	00001264.TIF
	00001265.TIF
	00001266.TIF
	00001267.TIF
	00001268.TIF
	00001269.TIF
	00001270.TIF
	00001271.TIF
	00001272.TIF
	00001273.TIF
	00001274.TIF
	00001275.TIF
	00001276.TIF
	00001277.TIF
	00001278.TIF
	00001279.TIF
	00001280.TIF
	00001281.TIF
	00001282.TIF
	00001283.TIF
	00001284.TIF
	00001285.TIF
	00001286.TIF
	00001287.TIF
	00001288.TIF
	00001289.TIF
	00001290.TIF
	00001291.TIF
	00001292.TIF
	00001293.TIF
	00001294.TIF
	00001295.TIF
	00001296.TIF
	00001297.TIF
	00001298.TIF
	00001299.TIF
	00001300.TIF
	00001301.TIF
	00001302.TIF
	00001303.TIF
	00001304.TIF
	00001305.TIF
	00001306.TIF
	00001307.TIF
	00001308.TIF
	00001309.TIF
	00001310.TIF
	00001311.TIF
	00001312.TIF
	00001313.TIF
	00001314.JPG
	00001315.TIF
	00001316.TIF
	00001317.TIF
	00001318.TIF
	00001319.TIF
	00001320.TIF
	00001321.TIF
	00001322.TIF
	00001323.TIF
	00001324.TIF
	00001325.TIF
	00001326.TIF
	00001327.TIF
	00001328.TIF
	00001329.TIF
	00001330.TIF
	00001331.TIF
	00001332.TIF
	00001333.TIF
	00001334.TIF
	00001335.TIF
	00001336.TIF
	00001337.TIF
	00001338.TIF
	00001339.TIF
	00001340.TIF
	00001341.TIF
	00001342.TIF
	00001343.TIF
	00001344.TIF
	00001345.TIF
	00001346.TIF
	00001347.TIF
	00001348.TIF
	00001349.TIF
	00001350.TIF
	00001351.TIF
	00001352.TIF
	00001353.TIF
	00001354.TIF
	00001355.TIF
	00001356.TIF
	00001357.TIF
	00001358.TIF
	00001359.TIF
	00001360.TIF
	00001361.TIF
	00001362.TIF
	00001363.TIF
	00001364.TIF
	00001365.TIF
	00001366.TIF
	00001367.TIF
	00001368.TIF
	00001369.TIF
	00001370.TIF
	00001371.TIF
	00001372.TIF
	00001373.TIF
	00001374.TIF
	00001375.TIF
	00001376.TIF
	00001377.TIF
	00001378.TIF
	00001379.TIF
	00001380.TIF
	00001381.TIF
	00001382.TIF
	00001383.TIF
	00001384.TIF
	00001385.TIF
	00001386.TIF
	00001387.TIF
	00001388.TIF
	00001389.TIF
	00001390.TIF
	00001391.TIF
	00001392.TIF
	00001393.TIF
	00001394.TIF
	00001395.TIF
	00001396.TIF
	00001397.TIF
	00001398.TIF
	00001399.TIF
	00001400.TIF
	00001401.JPG
	00001402.TIF
	00001403.TIF
	00001404.TIF
	00001405.TIF
	00001406.TIF
	00001407.TIF
	00001408.TIF
	00001409.TIF
	00001410.TIF
	00001411.TIF
	00001412.TIF
	00001413.TIF
	00001414.TIF
	00001415.TIF
	00001416.TIF
	00001417.TIF
	00001418.TIF
	00001419.TIF
	00001420.TIF
	00001421.TIF
	00001422.TIF
	00001423.TIF
	00001424.TIF
	00001425.TIF
	00001426.TIF
	00001427.TIF
	00001428.TIF
	00001429.TIF
	00001430.TIF
	00001431.TIF
	00001432.TIF
	00001433.TIF
	00001434.TIF
	00001435.TIF
	00001436.TIF
	00001437.TIF
	00001438.TIF
	00001439.TIF
	00001440.TIF
	00001441.TIF
	00001442.TIF
	00001443.TIF
	00001444.TIF
	00001445.TIF
	00001446.TIF
	00001447.TIF
	00001448.TIF
	00001449.TIF
	00001450.TIF
	00001451.TIF
	00001452.TIF
	00001453.TIF
	00001454.TIF
	00001455.TIF



