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|MPROVING ON VAR

DelVaR is a new mechanism for assessing the potential impact
of a trade on a firm% VAR. Mark Garman explains how it

works and the benefits it offers

A nalytic variance-covariance value-at-risk
is an established technique for measuring
exposure to market-based financial risk (Smith-
son, 1996i and 1996ii). Given a description of
the market characteristics and the user’ port-
folio, the objective of VAR is to determine how
much value might be lost over a given time,
with a given level of probability, in a given cur-
rency. For example, JP Morgan% RiskMetrics
provides a comprehensive analytical method-
ology for assessing VAR.

This form of VAR begins by replacing a
portfolio, or the trades within it, with a set of
cashflows reflecting those trades”current val-
ues and their risk attributes. (This process is
sometimes separately referred to as ““shred-
ding” the trades.) The resulting cashflows
(which can be in any currency, commodity or
other price risk source) are then aligned upon
certain “vertices” representing standardised
maturities and credit levels for the markets
in which the cashflows are traded, again pre-
serving their value and risk characteristics. (For
example, six-month Libor Deutschmark and
two-year dollar swap market flows might each
represent a vertex.) The complete process of
translating a trade into vertex cashflows is
called “mapping”. Having thus arrived at the
“cashflow map” (ie, the net result of mapping
a portfolio of trades), one next combines this
map with a covariance matrix whose index set
is the set of vertices, which yields the desired
result, the VAR number.

Yet after VAR is assessed, there remains an
important question: “What can one do to re-
duce VAR?” In this article, we introduce an ap-
proximation mechanism for improving VAR,
referred to here as DelVaR.

To present the issues in more concrete
terms, consider what feedback the VAR cal-
culation should provide to the trading activi-
ty of an institution. Which new trades will im-
prove VAR and which will degrade it? And
precisely how will we implement trading lim-
its based upon VAR, when such limits evi-
dently depend not only upon the proposed
trades themselves but also on the way in which
these trades interact with the existing portfo-
lio of the institution? Unfortunately, the non-
linear nature of VAR requires us to create a
new portfolio incorporating the proposed
trades, and then reassess the VAR of this aug-
mented portfolio. Among other things, this
means that the VAR limits imposed upon any

proposed new trade necessitate the re-evalu-
ation of all trades (perhaps tens of thousands
of these) in the institution revised portfolio,
which can be a demanding process.

The DelVaR approach offers a more eco-
nomical means for evaluating any new pro-
posed trade in terms of its effect on institu-
tional VAR, without the extensive recalcu-
lation of total VAR. This permits the realisa-
tion of rapid evaluation of candidate trades,
so that real-time VAR trading limits become
practical.

Also, by adding one additional feature to
the DelVaR mechanism, called “trade nor-
malisation™, it becomes possible to determine
not just whether certain trades will increase or
decrease VAR but, indeed, what relative rank-
ing those trades should enjoy for VAR reduc-
tion purposes.

The maths of DelvVaR
In this section we discuss the mathematical
basis of the DelVaR construct. As a first step,
we establish appropriate notation. Suppose
that:
{1 P is the existing institutional portfolio of
trades;
O A is the portfolio consisting solely of the ith
candidate trade, fori=1,2,. . .,N;
p =m(P) is a (column) vector of cashflow
amounts, where m() is a cashflow mapping
function?, and the index set of the resulting vec-
tor is the set of vertices;
a; = m(A)) isa (column) vector of cashflow

amounts for the ith candidate trade; and
O Q is a variance-covariance matrix scaled by
the square of the VAR probability standard de-
viations (for example, approximately 1.642 for
the 95% confidence level), the indexes of
matrix also being the vertex index set.

Using the definitions above, the VAR cal-
culation of the portfolio P would be given as:

VAR = v = ,/p’Qp

where the prime means transpose.’> We now
consider the standard approach, namely to
perform a new evaluation of the VAR of the
augmented portfolio R; = P + A; obtained after
the ith candidate trade is added to the exist-
ing portfolio. The “brute-force” method then
requires a complete recalculation of VAR,

namely:
W, = 1Qr

where r; = m(R)) is the cashflow map of the aug-
mented portfolio. The test of VAR improvement
occurs by examining the difference (w; - v). When
this quantity is negative, the candidate trade will
improve institutional VAR; when positive, it will
degrade VAR.

Compared with this standard method, the
DelVaR approach offers a more economical
means of evaluating (approximately) VAR im-
provement. The mathematical basis of DelVaR
is as follows.

Consider the cashflow map vector of a can-
didate trade, but scaled by the small positive
guantity g, so that VAR is now given by:

w(e) = | (e)Qi(e)
where r, = p +ea,. If we now perform a Tay-
lor series expansion of VAR around =0, we
have:

wi(e) = wi(0) + €[Vwi(0) “aj] + 0(-92)
=v+¢(DelVaR - a) + o( 82)

where V refers to the usual “del”” operator, or
derivative vector (where the vector index is
again vertices), giving rise to the “DelVaR”
label. From the latter equation, we see that if E
is sufficiently small (and positive, since we are
adding a positive amount of the new candi-
date trade to our portfolio), the improvement
of VAR will be governed by the sign and mag-
nitude of the second term of the last equation
above; the higher order terms (0(¢?) can rea-
sonably be ignored, provided eis sufficiently
small.

But is € “sufficiently small”” in our context?
In most institutions, the answer is normally
“yes”; most often, the size of a candidate trade
is insignificant relative to the size of the then-
current portfolio holdings (as perhaps mea-
sured via aggregate cashflow volume). This is

! see RiskMetrics - Technical Document, 1995

2 The cashflow mapping function m() embodies the
mechanisms which transform cashflows arising in the
trades of a portfolio into cashflows located at the vertices,
for which volatility, correlation and yield data are then
known; see RiskMetrics - Technical Document

3 Compare with the equation on page 29 of RiskMetrics -
Technical Document

4 A linear cashflow map has the property that m(A + B) =
m(A) + m(B) for all trades and portfolios A and B. Note
that if linearity of the map function is present, we can
speed the process of incorporating the new trade Ai by
merging only the mapped cashflows. At present, however,
even RiskMetrics contains non-linear mops, eg, for floating-
rate notes
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“normalised”), then it becomes sensible to as-
sert that one candidate trade or another is to
be preferred for the magnitude of its corre-
sponding VAR contribution. The key is prop-
erly to define and implement the nature of such
alternative comparability.

We suggest six methods of normalisation:
cashflow, VAR, return, price, capital and no-
tional. Each method involves dividing each
candidate trade® cashflow vector a by the pos-
itive scalar number A, (its ““norm”), where this
quantity is calculated in a manner (detailed
below) depending upon the trade in question
and the method selected. It is of course a mat-
ter of risk management policy as to which type
of norm is chosen.’

Cashflow normalisation (VAR change per
unit of cashflow). In this method, some simple
mathematical norm for the cashflow vector is
associated with each candidate trade. If a; =
(a8, ..., &) Is the vector of cashflows, then
the norm may be defined by:

n=lal= 54
]
(cashflow length) or

)" = "a'” = 2 ‘aul
(sum of absolute cashflow values) or

A=lal = maxJ{|aU|}

(maximal cashflow). Each of these sub-cases
may provide a slightly different result, but all
are dictated merely by the sizes of the mapped
cashflows which correspond to a candidate
trade.

VAR normalisation (VAR change per unit
of trade VAR). In this method, the scaling is
performed according to the VAR inherent in
the candidate trade itself. (In effect, each can-
didate trade is evaluated on the basis of equat-
ing the risk - as measured via VAR - as if the
candidate trade were held in isolation.) Ac-
cordingly, the norm is then calculated as:

A = 4/aa,

where Q is the scaled variance-covariance ma-

5 This policy issue can be addressed by asking “What is
the scarcest resource being employed in a trade?” If this is
“lines”, then perhaps cashflow normalisation might be
indicated; if it is capital, certainly capital normalisation
should be considered

6 To be a valid norm, this must always be positive

trix described more fully in the previous section.

Return normalisation (VAR change per unit
of return). In this case, the norm A, is select-
ed according to the anticipated future returns
accruing to the investment in the candidate
trade. For example, one might cumulate the
net present value of all future revenues and
payments of the candidate trade, as one such
measure of future economic value.® Closely
related is:

I Price normalisation (VAR change per unit
of price). Here, A is set equal to the market price
of the candidate trade. This equates candidate
trades according to their current mark-to-mar-
ket, ie, value by present market standards.

[ Capital normalisation (VAR change per unit
of capital). In this approach, &, is set equal to
the regulatory or other amount of capital which
must be allocated to sustain that trade. For ex-
ample, the Bank for International Settlements
guidelines provide formulas involving certain
amounts of capital underlying certain trade
types.

[ Notional normalisation (VAR change per ar-
bitrary unit of trade). In this approach, we em-
ploy the ““notional value™, ie, an otherwise ar-
bitrary market or other convention on the num-
ber of units involved in the candidate trade.
For example, swap contracts are typically de-
nominated in amounts involving $1 of prin-
cipal payment, regardless of the swap interest
rates involved. Because this norm is completely
arbitrary, it serves as a catch-all category for
trade normalisation.

The importance of normalisation is that it
permits a ranking of the relative risk-reducing
qualities of various candidate trades. By re-
moving the “size” issue through normalisa-
tion, trades now become subject to compari-
son among themselves, for risk reduction pur-
poses. Whatever norm is selected, the ranking
is then based upon the comparison of the quan-
tities:

DelVaR-(3; /M) =[p'Q/ v] (a/A)

Again, we note that the same DelVaR quanti-
ty is used throughout, regardless of the (nor-
malised) candidate trade.

Implementation

We now provide a more complete view of the
preferred means of implementing the DelVaR
and normalisation processes. If, say, a daily
VAR cycle is selected, then the DelVaR and
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VAR computations may be constructed at the
beginning of the day (perhaps via overnight
aggregation and calculation) by analysing the
complete portfolio of the financial institution.
(Note that there is only a very small marginal
effort required to create and store the DelVaR
vector in the process of computing VAR, as
shown in the figure opposite.)

Subsequently, the VAR limit computation
of any proposed trade during the day is done
as per the right-hand side of the figure: first,
the cashflow map of the proposed trade is con-
structed; second, ideally (but optionally), the
trade is normalised using one of the methods
described above; and third, the inner product
of the proposed trade’ cashflow map and Del-
VaR is computed. This latter quantity disclos-
es whether the corresponding trade is VAR-
increasing or VAR-decreasing and, if proper-
ly normalised, also makes a meaningful state-
ment about the relative magnitude of such
VAR augmentation.

Conclusion

The DelVaR and normalisation processes pro-
vide a way of determining the signs and rela-
tive magnitudes, respectively, of changes to
portfolio VAR resulting from proposed trades.
The inner product of DelVaR and the cashflow
map of any proposed normalised trade pro-
vides a good approximation of the per-unit im-
pact that a proposed trade will have, without
necessitating a full recalculation of augment-
ed portfolio VAR. DelVaR is therefore useful
for implementing real-time VAR trading lim-
its and other related calculations which must
rapidly assess the risk management impact
of a proposed trade. As a result of using the
DelVaR concept, the effect of VAR technology
upon trading activities becomes much more
direct, immediate and informative. ®
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