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PREFACE

With the globalization of the modern economy, it becomes more and more
important to take into account various factors that can affect the economic
situation and market conditions in different industries, and a crucial issue
here is developing efficient methods of analyzing this information, in or-
der to understand the internal structure of the market and make effective
strategic decisions for successful operation of a business.

In recent years, a significant progress in the field of mathematical mod-
elling in finance and supply chain management has been made.

Among these advances, one can mention the development of novel ap-
proaches in risk management and portfolio optimization - one of the most
popular financial engineering problems first formulated and solved in the
famous work by Markowitz in the 50-s. Recent research works in this field
have resulted in developing new risk measures that utilize historical infor-
mation on stock prices and make the portfolio optimization models easily
solvable in practice. Moreover, new techniques of studying the behavior of
the stock market based on the analysis of the cross-correlations between
stocks have been introduced in the last several years, and these techniques
often provide a new insight into the market structure.

Another important problem arising in economics and finance is assess-
ing the performance of financial institutions according to certain criteria.
Numerous approaches have been developed in this field, and many of them
proved to be practically effective.

One more practical research direction that has been rapidly emerging
in the last several years is supply chain management, where mathematical
programming and network optimization techniques are widely used.

The material presented in the book describes models, methodologies,
and case studies in diverse areas, including stock market analysis, portfo-
lio optimization, classification techniques in economics, supply chain op-
timization, development of e-commerce applications, etc. We believe that
this book will be of interest to both theoreticians and practitioners working
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in the field of economics and finance.

We would like to take the opportunity to thank the authors of the chap-
ters, and World Scientific Publishing Co. for their assistance in producing
this book.

Panos M. Pardalos
Athanasios Migdalas
George Baourakis

August 2003




CHAPTER 13

PORTFOLIO OPTIMIZATION WITH DRAWDOWN
CONSTRAINTS

A. Chekhlov

TrendLogic Associates, Inc.;
One Fawcelt Place, Greenwich, Ct 06850;
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E-mail: zabarank@ufl. edu

We propose a new one-parameter family of risk measures, which is called
Conditional Draw-down-at-Risk (CDaR). These measures of risk are
functionals of the portfolio drawdown (underwater) curve considered in
an active portfolio management. For some value of the tolerance param-
eter 3, the CDaR is defined as the mean of the worst (1 — 3) * 100%
drawdowns. The CDaR risk measure includes the Maximal Drawdown
and Average Drawdown as its limiting cases. For a particular example,
we find the optimal portfolios for a case of Maximal Drawdown, a case of
Average Drawdown, and several intermediate cases between these two.
The CDaR family of risk measures is similar to Conditional Value-at-
Risk (CVaR), which is also called Mean Shortfall, Mean Access loss, or
Tail Value-at-Risk. Some recommendations on how to select the opti-
mal risk measure for getting practically stable portfolios are provided.
We solved a real life portfolio allocation problem using the proposed
measures.
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1. Introduction

Optimal portfolio allocation is a longstanding issue in both practical port-
folio management and academic research on portfolio theory. Various meth-
ods have been proposed and studied (for a recent review, see, for example,
Ref. 6). All of them, as a starting point, assume some measure of portfolio
risk.

From a standpoint of a fund manager, who trades clients’ or bank’s
proprietary capital, and for whom the clients’ accounts are the only source
of income coming in the form of management and incentive fees, losing
these accounts is equivalent to the death of his business. This is true with
no regard to whether the employed strategy is long-term valid and has very
attractive expected return characteristics. Such fund manager’s primary
concern is to keep the existing accounts and to attract the new ones in order
to increase his revenues. A particular client who was persuaded into opening
an account with the manager through reading the disclosure document,
listening to the manager’s attractive story, knowing his previous returns,
etc., will decide on firing the manager based, most likely, on his account’s
drawdown sizes and duration. In particular, it is highly uncommon, for a
Commodity Trading Advisor (CTA) to still hold a client whose account
was in a drawdown, even of small size, for longer than 2 years. By the same
token, it is unlikely that a particular client will tolerate a 50% drawdown in
an account with an average- or small-risk CTA. Similarly, in an investment
bank setup, a proprietary system trader will be expected to make money in
1 year at the longest, i.e., he cannot be in a drawdown for longer than a year.
Also, he/she may be shut down if a certain maximal drawdown condition
will be breached, which, normally, is around 20% of his backing equity.
Additionally, he will be given a warning drawdown level at which he will be
reviewed for letting him keep running the system (around 15%). Obviously,
these issues make managed accounts practitioners very concerned about
both the size and duration of their clients’ accounts drawdowns.

First, we want to mention Ref. 7, where an assumption of log-normality
of equity statistics and use of dynamic programming theory led to an exact
analytical solution of a maximal drawdown problem for a one-dimensional
case. A subsequent generalization of this work for multiple dimensions was
done in Ref. 3. In difference to these works, which were looking to find a
time-dependent fraction of “capital at risk”, we will be looking to find a
constant set of weights, which will satisfy a certain risk condition over a
period of time. We make no assumption about the underlying probability
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distribution, which allows considering variety of practical applications. We
primarily concentrate on the portfolio equity curves over a particular past
history path, which, effectively, makes the risk measures not stochastic but
historical. Being perfectly aware of this insufficiency, we leave the issue of
predictive power of a constant set of weights for future research, trying to
introduce and test the new approach in this simplified version. To some
extend we consider a setup similar to the index tracking problem [4] where
an index historical performance is replicated by a portfolio with constant
weights.

In this chapter, we have introduced and studied a one-parameter family
of risk measures called Conditional Drawdown-at-Risk (CDaR). This mea-
sure of risk quantifies in aggregated format the number and magnitude of
the portfolio drawdowns over some period of time. By definition, a draw-
down is the drop in the portfolio value comparing to the maximum achieved
in the past. We can define drawdown in absolute or relative (percentage)
terms. For example, if at the present time the portfolio value equals $9M
and the maximal portfolio value in the past was $10M, we can say that
the portfolio drawdown in absolute terms equals $1M and in relative terms
equals 10%. For some value of the tolerance parameter 3, the -CDaR is
defined as the mean of the worst (1 — ) * 100% drawdowns experienced
over some period of time. For instance, 0.95-CDaR (or 95%- CDaR) is the
average of the worst 5% drawdowns over the considered time interval. The
CDaR risk measure includes the average drawdown and maximal draw-
down as its limiting cases. The CDaR takes into account both the size
and duration of the drawdowns, whereas the maximal drawdown measure
concentrates on a single event — maximal account’s loss from its previous
peak.

CDaR is related to Value-at-Risk (VaR) risk measure and to Condi-
tional Value-at-Risk (CVaR) risk measure studied in Ref. 13. By definition,
with respect to a specified probability level 3, the 3-VaR of a portfolio is
the lowest amount o such that, with probability 3, the loss will not exceed
« in a specified time 7 (see, for instance, Ref. 5), whereas the 5-CVaR
is the conditional expectation of losses above that amount e. The CDaR
risk measure is similar to CVaR and can be viewed as a modification of
the CVaR to the case when the loss-function is defined as a drawdown.
CDaR and CVaR are conceptually closely related percentile-based risk per-
formance measures. Optimization approaches developed for CVaR can be
directly extended to CDaR. Ref. 11 considers several equivalent approaches
for generating return-CVaR efficient frontiers; in particular, it considers an




