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My dissertation project

The plan is to include the following four essays:
Antti Pirjetä – Antti Rautiainen (2005): ESO valuation under the new
IFRS 2 – considerations of agency theory and risk aversion.
Markku Kallio – Antti Pirjetä (2007): Computational methods for
incentive option valuation.
Antti Pirjetä – Seppo Ikäheimo – Vesa Puttonen (2007): Semiparametric
risk preferences implied by executive stock options. My presentation
today focuses on how this paper was revised.
Antti Pirjetä (2008): Nonparametric methods for incentive option
valuation and SPD estimation.

Co-authors in alphabetical order: Seppo Ikäheimo (HSE Accounting),
Markku Kallio (HSE Management Science), Vesa Puttonen (HSE
Finance) and Antti Rautiainen (JY Economics).
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Subjective ESO pricing:
continuous and discrete time methods

Start from the certainty equivalent idea:
for utility function u and risky payoff Y,
the CE value is based on u(VCE) =
E[u(Y)] implying VCE = u-1{E[u(Y)]}
The dynamic consumption-investment
problem can be solved using dynamic
programming as in DS99 or continuous-
time methods as in Ch. 19 of BJ04
Personally I prefer the continuous-time
presentation (see §2.3.2 of BD04),
where expected utility (1) is maximized,
subject to budget constraint (2)
The budget constraint shows the
evolution of wealth Xt, optimal portfolio
weights t and consumption ct
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The expectation is taken under a risk-
neutral measure Q that is in general
subjective, implying that…
Subj. risk-free rate market risk-free rate
EX: if the manager cannot sell short the
stock or has to hold a minimum position,
the subjective risk-free rate will be lower
than the market rate
This is shown by DS99 in discrete time
and IN06 in continuous time
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ESO market structure:
supply and demand sides

Subjective valuation applies to the supply side of the ESO market, but what
determines the demand?
The demand side is occupied by unconstrained market makers
Since subjective values are usually lower than risk-neutral values, the
arbitrage issue has to be dealt with
Both reviewers of a finance journal were concerned with:
“Why are ESO prices not driven to parity with standard options by
competition among market makers, especially when the supply is limited?”
Economic intuition: whether or not managers understand option pricing
does not matter, because in a competitive market the market makers will bid
up the prices

Cf. efficient market hypothesis (Fama) and risk-neutral valuation
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What causes hedging error?

The market maker (MM) buys the ESO from a manager and wants to hedge
this position using Nokia stock and risk-free loan or deposit
Note that we do not consider hedging using standard options, because they
have different strike prices, maturities and American-style exercise
Assume that the MM uses standard delta hedging: long position in ESO is
hedged with short position in stock and risk-free loan
In practice, the delta hedge is imperfect; value of the hedging portfolio may
be higher (resp. lower) than the option value, causing a loss (resp. profit)
Using the asymptotic formulas derived by HM05, two types of error are
measured: (1) discrete hedging error due to discrete pf updates, and (2)
relative hedging error due to uncertainty in implied volatility
The method is implemented by MC simulation of GBM sample paths
We find that hedging error causes substantial transaction costs, and
therefore reduces the market maker’s bid price for Nokia ESOs

4-Dec-07 Antti Pirjetä, HSE 6

References for this presentation

[BJ04] Björk, T. (2004) Arbitrage theory in continuous time. Second edition,
Oxford University Press.
[BD04] Broadie, M. and J. Detemple (2004) Option pricing: Valuation
models and applications. Management Science 50: 1145–1177.
[DS99] Detemple, J. and Sundaresan, S. (1999) Nontraded asset valuation
with portfolio constraints. Review of Financial Studies 12: 835–872.
[HM05] Hayashi, T. and Mykland, P.A. (2005) Evaluating hedging errors: an
asymptotic approach. Mathematical Finance 15: 309–343.
[IN06] Ingersoll, J.E. (2006) The subjective and objective valuation of
incentive stock options. Journal of Business 79: 453 – 487.


