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We discuss the concept of distributional alchemy. This is defined by transmutation maps
that are the functional composition of the cumulative distribution function of one
distribution with the inverse cumulative distribution (quantile) function of another. We
show that such maps can lead on the one hand to tractable mechanisms for the
introduction of skewness or kurtosis into a symmetric or other distribution, without the
pathology of Gram-Charlier expansions, and on the other hand to practical methods for
converting samples from one distribution into those from another, without the limitations
of Cornish-Fisher expansions. These maps have many applications in mathematical
finance and statistics generally.

We define two classes of map. First we define sample transmutation maps. These convert
samples from one distribution into another.

Similarly we define rank transmutation maps that are the mirror of sample transmutation
in rank coordinates.

An important application of sample transmutation maps is the assessment of
distributional risk in pricing and risk calculations, where quantities such as Value at Risk,
or related coherent or other risk measures may be recalculated with a variety of different
distributional assumptions with the elimination of Monte Carlo noise that might arise
from traditional resampling. Thus distributional risk may be assessed using a similar
methodology to e.g. price and volatility risk. As an example we describe accurate
methods for converting samples from the Normal distribution into samples from the
Student distributions or for converting one Student distribution into another. These may
be used to introduce fat-tailed behaviour into a Normal calculation without resampling.

Rank transmutation is a natural technique for modulation the moment structure of a base

distribution. We give examples of skew-uniform, skew-Normal and skew-exponential
distributions based on these techniques and suggest kurtotic variations. For the case of
skew- Normal and kurtotic-Normal distribution, we give a detailed characterization of the
moments of a two-parameter skew-kurtotic- Normal family of distributions that have
globally non-negative densities on a domain that we can characterize precisely. This is a
useful advance over Gram-Charlier series and allows a number of instruments with nearly
normal densities to be priced without anomalies.





