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Abstract

Traditional and DCF methods of property appraisal do not deal adequately with the
option nature of upward only rent reviews. DCF techniques typically value the higher
of the expected market level of rents after future rent reviews and the current rent.
However, the expected level of income after a review is higher than either of these
quantities because, assuming no voids, the distribution of rents is truncated at the
current rent until the lease comes to an end. This feature exhibits the same financial
characteristics as a fixed income security with a call option to exchange the fixed
income for the market rent if that is higher. The authors develop adjusted DCF
methods for pricing this option and then develop an option pricing approach. The
option pricing approach is an improvement on those previously published in the
literature because it does not need to make the unrealistic assumption of perfect
hedging. The DCF approach requires the input of a risk discount rate and the option
pricing approach requires a parameter which has to be estimated from other
investment market data.

1. Introduction

The traditional property lease in the UK involves an upward only rent review clause.
This clause is an embedded option. When the rent is reviewed the holder of the
freehold has the option of continuing to receive the higher of the market rent and the
rent receivable at the time of the review. The value of this option depends on the
probability that nominal rents will decrease. This depends critically on the expected
growth rate of nominal rents and the variance of nominal rents. The former may
depend on the rate of inflation if it is accepted that nominal rental growth and inflation
are related.



Traditional approaches to property appraisal involve capitalising the income stream at
an “all-risks yield”. It is assumed that the income stream is constant although implicit
allowance for future rental growth is taken into account by adjusting the all risks
yield. These approaches are discussed, for example, in Baum and Crosby (1988).
Discounted cash flow (DCF) approaches are also often used. These involve projecting
cash flows explicitly and discounting at an appropriate rate of interest: see, for
example, Adams, Booth and Venmore-Rowland (1993).

Neither of these approaches explicitly values the embedded upward only rent review
option. It is possible that the methods have evolved to take account of it implicitly.
This would involve lowering the all risks yield or lowering the discount rate in the
traditional and discounted cash flow approaches respectively. Such methods, however,
will be opaque with respect to the value of the option. If financial conditions change,
for example if we move to a lower inflation environment, the value of the option will
change but neither the traditional nor the DCF methods are sufficiently flexible to take
account of such changes.

A literature has begun to develop which takes an option pricing approach to property
appraisal. This was led by Ward and French, with the approaches being published in
Ward and French (1997). This paper provides a critique of those approaches and
develops, from first principles, an option pricing approach to valuing upward only rent
reviews based upon more realistic assumptions. To do this, it is also necessary to
develop a new framework of notation for appraisal using the DCF approach. The
valuation issues are slightly different for property which is over rented: here tie
option has effectively already been enacted. The over-rented property literature will
therefore also be considered. This paper only develops techniques for pricing property
with one review. The approach to valuation when there are several reviews is the
subject of further work. From a theoretical perspective, this latter situation is
significantly more difficult than were just one review exists because the probability of
the options being effected at each review will not be serially independent.

The format of the paper is as follows: in Section 2 we discuss contemporary property
and DCF approaches to appraisal. In Section 3 we discuss the literature which
recognised the option nature of the upward only rent review in the property domain.
In Section 4 we develop a new notational framework and express DCF approaches
using that framework. The errors from ignoring the embedded option are clear when
this new framework is used. A corrected DCF method is then developed using the new
framework. Section 5 develops an approach to pricing the option which uses
derivative theory. Numerical examples are developed in Appendix One. Appendices
Two, Three and Four look at related embedded options discussed in the financial
literature.

2 Property Appraisal
2.1  Option Characteristics of Upward Only Rent Reviews

If market rents increase between reviews, the rent receivable after the next review will
increase to reflect this. If market rents fall, the investor can continue to receive the
current passing rent. This is an embedded option which has the typical option



characteristic of a non-linear pay off. If we consider the probability distribution of
rents after the next review, there is a smooth distribution of probabilities above the
current rent and then a significant probability that the rent will not change. Standard
measures of risk, especially variance, do not capture the key features of this type of
distribution well.

The rental income can be thought of as a combination of income from rents subject to
either-way reviews together with options allowing the holder’s income not to fall. The
first part is more straightforward to value using discounted cash flow techniques
because the distribution of possible cash flows will be continuous. This makes it
easier to compare risk adjusted discount rates with those used for cash flows from
other investments. Derivative mathematics can then be used to value the option
component which, in this case, would be a “put” option. However, because either-way
rental income is not a traded asset, an extra parameter needs to be introduced in order
to obtain a value for the option. This is problematic but, because this parameter can be
related to risk, it is not more difficult to choose a'value for the parameter than it is to
choose risk discount rates in general. i

Another way of viewing rental income is as a combination of a level income (at the
current rent) and an option to exchange this for the market rent at a future review date.
This type of option is a “call” option. The first part of this package would just be
valued as a bond. The second part would require derivative pricing techniques.

2.2 Over-rented Property =

2.2.1 Appraisal Formulae

Over-rented property arises as a consequence of the upward only rent review clause
being “activated”. An option still exists on a property which is already over rented as,
at the next review, the landlord can collect the higher of the passing rent and the
market rent. Crosby et al (1997) discussed various approaches to the valuation of
over-rented investment properties. This contribution is important because they
develop models in the context of contemporary property theory but also incorporating
historical property market conventions. The formula for using the “modified DCF”
approach is as follows:

]+g m+cn
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The formula has been changed slightly to reflect the notation used in this paper, which
we define as follows:

¥, is the value of the property
R, is the annual market rent
Sf*R, is the annual passing rent (if /> 1, the property is over rented)

m is the number of years to the next rent review (4*m is an integer)



n is the number of years between rent reviews
c is the crossover point
g,is the estimated real growth rate of rents after the crossover point
g is the estimated nominal growth rate of rents before the crossover point
The crossover point is defined as the first value of ¢ for which:
(1+g)™ ™ > f> (1+g) V™

Thus the term rent is discounted at a given risk discount rate. Where the covenant
strength is good the risk discount rate would be based upon that used for an illiquid
bond. The second term involves discounting a perpetuity, using an “all-risks yield”.

Crosby et al (1997) discussed the determination of discount rates. Quoting French and
Ward (1995), they suggest that a low-risk discount rate could be based on the
redemption yield on corporate bonds, paying due regard to matching redemption dates
to the unexpired term to rent revision and due regard to the strength of the tenant.
They suggest issues which may lead to differences between corporate bond yields and
the yields used to discount income from a particular tenant. For example, rent is a
prior charge on company assets before bond interest and properties can be re-let in the
event of a void. In general, the risk of different aspects of income from an over-rented
property is different and different risk discount rates should be used. It may be
necessary to divide the income into passing rent and market rent elements rather than
dividing it into term and reversion elements. Adams and Booth (1996) consider this
problem explicitly.

Adams and Booth reviewed traditional approaches to the appraisal of over-rented
property, as well as proposing alternative “actuarial” approaches. The method
described as the “conventional actuarial approach” involved the following formula
which has been slightly adapted:

R a(-i) m+cn (1 + g)"”'c"
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A nominal interest rate is required for valuing the annuity making up the first term.
The first term should be received with certainty, assuming no voids. A nominal
interest rate is also needed to discount the rents received after the crossover point from
the crossover point back to the valuation date. Finally, a real interest rate is needed to
discount the rents received after the crossover point to the crossover point. The first
interest rate could be derived from consideration of company bond yields of a
company of similar standing to the tenant. The second and third interest rates are more
difficult to rationalise but should be related to the rates used for valuing properties

which are not over rented. The “actuarial approach” is similar to the “real value”
approach in Crosby et al (1997).

V,= SR Ao +



An alternative to the conventional actuarial approach was described by Adams and
Booth (1996) as the “convertible bond™ approach. It used the traditional method of
valuing convertible bonds. This method involves valuing the property as if it were let
at open-market value and then valuing the “income advantage” (i.e. the difference
between the passing rent and the market rent) up to the crossover point. Using the
notation defined above, this gives rise to the following value:
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To use this formula, requires (m+c*n)/n to be an integer, so that the valuation is
taking place immediately after a rent review. The second and third term value the
income advantage by valuing the whole of the passing rent before the crossover point
and deducting the market rent received before the crossover point, which is already
valued in the first term.

2.2.2 Option Characteristics of Over-rented Property

The holder of an over-rented property could be regarded as holding the right to a fixed
income stream until the end of the lease. This could be valued at a rate of interest used
for a company bond of similar standing to the tenant. The investor then has an out of
the money call option to take the market rental stream if that becomes higher than the
passing rent. This is how investors view convertible bonds: see Rutterford (1993).
This rationalisation would lead us to choose one discount rate for the middle term of
formula 2.2.1.3 and a different rate for the first and third terms. The middle term is
only at risk if the tenant creates a void (“defaults” in corporate bond language). It
would therefore be appropriate to value this fixed income at a rate related to the return
from a similar corporate bond. A “risky” rate should be used for the first and third
terms although it is not clear what risky investment would have similar characteristics
to this call option.

Crosby, French and Ward (1997) and Baum and Crosby (1994) discuss the estimation
of discount rates. Baum and Crosby do, in fact, recognise that the characteristics of an
over-rented property are similar to those of a convertible bond. However, they do not
apply that analogy when determining the appropriate discount rate. They suggest that
the market rent is “doubly secured” (in the event of tenant default the property could
be re-let at the market rent). They suggest that the market rent should therefore be
valued at a lower rate of interest than that which would be used for a corporate bond.
A higher risk premium is regarded as justified for the difference between the market
rent and the passing rent because, if the tenant were to default, the property could be
re-let only at the market rent. The problem with this approach is that there are no
traded assets with which either of these payment streams can be compared.

3 Pricing the Embedded Option: Approaches in the Property Literature



Property pricing techniques may implicitly handle the fact that most rents in the UK
are subject to upwards only rent reviews by using a low discount rate to reflect the
guaranteed component of the income. However, when financial conditions change, the
value of the upward only rent review option will change. Implicit techniques will not
deal with this.

Ward and French (1997) have considered how to break down the value of a rental
income stream into two components. One component represents the value of the
income if the rent reviews could go either way and the other component is due to the
upward only rent review structire in the lease. A decomposition such as this may be
useful in comparing the value of different lease structures. It may also be helpful in
identifying how valuable an upward only rent review rule is if inflationary conditions
change. Ward and French (1997) made use of derivative pricing techniques. The
holder of a call option has the right to buy an asset for an agreed price in the future. In
the upward only rent review situation, Ward and French (1997) take the ‘asset’ to be
the rental income subject to either-way reviews and take the ‘price’ to be the rental
income prior to each review.

There are problems in applying the standard methods of derivative pricing to property.
The standard pricing methods, which Ward and French (1997) use, are only applicable
if the market value of the underlying asset behaves in a simple way. The underlying
asset here is the market value of rents. Unfortunately, changes in rents in one quarter
cannot be assumed to be independent of changes in rents in the previous quarter. A
second problem is that derivatives are generally short term contracts. Prices of options
can be calculated under the assumption that there will not be any fundamental changes
to the market for the underlying asset. The longer the time period involved, the less
secure is this assumption and the less reliable will be any model for the price of the
asset. If the rents to be valued have reviews several years away, there must be some
doubts about the validity of any model of rental income even if it could accurately
describe historical data.

A third problem relates to ‘hedging’. Hedging, in this context, means continually
changing the amount of an asset which is held (and also changing the amount of cash
held) in a particular manner. The theory behind standard derivative pricing techniques
is only valid if there is an active market in small units of the underlying asset, which
allows a hedged riskless portfolio to be created. This is not the case with property. The
assumptions behind derivative pricing therefore become invalid. Also, there is no data
on the behaviour of rents from properties subject to either-way reviews. It is unlikely
that rental data based on upward only rent review rents would be a reliable guide to
this behaviour.

Despite these problems with applying derivative pricing theory to property income,
methods have been used in similar situations where there are long terms involved, no
active markets and no reason to believe that a simple statistical model of prices is
appropriate. These methods are discussed in Sections 4 and 5.

4 Corrected DCF Approaches to Property Appraisal

4.1 Framework of Notation



Traditional property approaches and DCF approaches to appraisal do not use notation
and terminology which is appropriate for valuing implicit options. Probability
notation is more useful as it enables us to understand explicitly the distribution of
expected cash flows from the investment. In this section, we derive and apply
appropriate notation to the upward only rent review appraisal.

We want to find expressions for the present value of the rental income in the five-year
period following a review. All the equations in this section apply to the next review
date only. The following notation will be used:

14 is the present value we are computing.

R is the current annual rent (paid quarterly in advance).

NG is the market rent at time ¢. It is unknowp.

i is the rate of interest appropriate for a corporate bond issued by

a company of the same quality as the tenant (any liquidity
issues will be ignored). ;

n ~ is the expected force of growth in § which could be negative.
This means that the expected value of S(¢) is given by

E[S()] = 5(0)-¢**

_ (The growth may alternatively be expressed in terms of the annual growth rate g, with
l1+g=¢e"))

&

In terms of this notation we are trying to find:

V[Max[k ~a§|‘? , 8(t)- a‘ﬁ“)ﬂ

5

The annuity function represents the value of five years of level income after the
review at time ¢. For i = 8%, the value of the five-year annuity is c'igi) =4.1904. It can

be taken outside the functions ¥ and Max. To simplify some of the expressions that
follow, the annuity term will therefore generally be left out. Hence we concentrate on
finding the value:

v[Max(R, ()]

For some of the methods we will look at, a probability distribution is needed. A
convenient assumption is that the logarithm of S(f) has a normal distribution with

variance 62 -¢.

In Section 4.2, discounted cash flow methods of property appraisal are described in
terms of the notation in Section 4.1; this enables us to understand the inaccuracies of
these approaches more clearly. In Sections 4.3 and 4.4, we will consider how this
inaccuracy can be corrected within a DCF framework. In Section 5 we will employ
option pricing techniques to value the cash flows. All examples using these methods
are in Appendix 1.



4.2. Expected Value Methods

4.2.1 Introduction

The general approach of the DCF methods is to take the value of the income stream as
the value of the higher of the current rent and the rent which would be achieved if
rents grow at the expected rate, i.¢.:

V[ Max(R, (1)) = [ Max(R, E[S(2)])]-

E[] is the expected value. The DCF and contemporary property methods differ only
in how the current rent, R, is split off from the rest of the rent. Two examples, which
relate to over-rented property, will be given.

Let the crossover time - be defined so that the expected market rent overtakes the
current rent at the crossover time.

4.2.2 “Risky plus Froth” Method

In this method, the rents are thought of as a continuously rising income plus some
extra amount before the crossover time. The extra amount is the difference between
the market rent and the current rent being received.

After crossover, the value is given by:

- E[S(1)]-

(1+5)
Before the crossover, the value is given by:

V= E[s()]+ ——{R-E[S()]}.

(1+)) (1+k)

A separate discount rate £ is introduced to value the income above the market rent: see
Section 2.2.2.

4.2.3 “Risk-Free plus Extra” Method

The value with this method is:
1 1
V= ‘R+ -Max(E|S(¢)|- R, 0).

This method is effectively the same as the “convertible bond” approach of Adams and
Booth (1996) reviewed in Section 2.2.1. Although this notation has a general
application to properties regardless of whether they are over rented.




4.3 Discounting the Expected Value

Before proceeding, it is important to appreciate the fundamental problem of the
conventional DCF approaches implied by the above formulae. A highly simplified
example helps illustrate this point for readers not familiar with probability theory.

Example

The current level of rents is 10 (the units are irrelevant). The level of market rents can
take any of the values 5, 6, 7, ..., 14 each with probability 0.1 (i.e. a uniform
distribution). Each of the methods in Section 4.2 would calculate E/S(¢)] = 9.5 and
compare with R = 10 and discount whichever is bigger (in this case R).

If the level of S(?) were 9.5 with certainty (i.e. a point distribution), exactly the same
present value would be discounted.

A corrected DCF approach or an option pricing approach would not discount the
higher of the two expected values but would discount the expected amount of the
actual income stream. In the case of the uniform distribution of rents, the expected
value of the income stream is:

0.1*(11+ 12+ 13+ 14)+ 0.6*10=11
(if S(¢) < 10, the rent will be 10: the probability of this is 0.6, thus there is a
probability weight of 0.6 at a rental level of 10)

In the case of the point distribution of market rents, the expected income stream is 10.

Thus the contemporary DCF approach does not take account of the probability
distribution of future rental outcomes in a way which allows properly for the non-
linear pay offs implied by the upward only rent review option.

Another example of the weakness of the above formula occurs of £/S(z)] < R. Assume
R =10 and S(¥) ~ N(x,1). If x =9.99, Pr (income receivable > 10) = 0.5;if x = 5, Pr
(income receivable > 10) = 0. However, an income stream of 10 would be valued in
both cases. Mathematically this problem with most published valuation approaches
arises from taking the maximum of two expected pay offs, rather than the expected
value of all possible pay offs. This is the fundamental weakness of the DCF expected
present value approach.

4.4 A Revised DCF Approach

If we correct for this by using a distribution for S(¢) it leads to the following formula
for the value of the future income, based on the “Risk Free plus Extra” method:
R VU -E[Max(S(¢) - &,9)].
(1+9) (1+/)




The mathematical adjustment is that the expectatibn is now outside the square bracket.
For certain simplified distributions for S(?) we can obtain precise valuation formulae.
If we choose a lognormal distribution for S(?) with:

E[S(r)] = $(0)-e*'

and
Var[log(S(t))] =c2-t
it leads to:
E[Max(S(2) - R, 0)] = E[S(?)]- M(a)) - R- N(a,)

with

. log(E[S()]/ R) +(0? /2) 1
and c-Vt

_ log(E[S()]/ B)-(c? /2) ¢
“ ot

Where N() is the cumulative normal distribution. When E[S(#)] is large compared

with R, N(a,) and N(a,) are both just below 1. When E[S(¢)] is small then they are
both just above 0. Putting the equations together leads to:
1 1
V= -R+ -{E|S(¢)]- N(a,;)- R- N{a, )t .
o R iy O] e R M)

This expression for ¥ is theoretically correct in that it gives values which change
smoothly with changes in the expected value of and variance of future rents. It has
allowed completely for the option characteristics of the property freehold. Using
numerical methods it could be applied to a property using any assumptions regarding
future distributions of market rents. It is compatible with the approach to option
pricing of Pemberton (1997).

The discount rate i is used to discount the fixed stream. For ease of reference this will
be described in this section, Section 5 and Appendix 1 as the “risk free rate”, as this
income stream is known with certainty, assuming no voids. In fact, this rate should be
related to corporate bond yields which could be expected to be paid by the tenant (or a
company of similar credit rating). This should be related to the yields on secured
rather than unsecured lending, although there should be an adjustment for the
illiquidity of property.

However, whilst this method might be used where closed form derivative solutions
are inappropriate because the necessary assumptions do not hold, it has not solved the
valuation problem. The difficulty lies in choosing the risk discount rate j. It might be
thought that a single rate j could be chosen to be appropriate for discounting any

~10-



quantity which involves the unknown element S(z). However, this is not possible as
the following argument demonstrates.

Suppose j could be used to value the expected value of the three unknown quantities
S(), Max(R — S(¢), 0) and Max(S(¢) — R, 0). The values may be found by finding the
mean of the probability distributions for each and discounting. A combination of one

of each of the first two items and minus one of the third has a value of R/ (1 + j)‘ .
However, this particular combination would provide the known amount R in all

circumstances and its value should therefore be R/ (1 + i)l . Thus j cannot be used for
valuing all these items and combinations of them.

This does not mean that the equation for ¥ is wrong, just that the discount rate j
cannot be applied generally to all amounts involving S(¢). This is inconvenient. It
would have been useful to be able to take j from a “familiar” situation such as
continuously rising rental income and use the same discount rate for valuations in less
standard circumstances.

Of course, difficulty in determining the risk discount rate is not an unfamiliar problem
in property appraisal, the same problem exists in contemporary DCF approaches: it is
necessary to determine the risk discount rate subjectively. The revised DCF approach
at least discounts the correct expected value and we believe it to be a useful approach
where option pricing approaches are inappropriate because the necessary assumptions
do not hold. However, an analytical derivatives approach may deal with this problem
of selecting a discount rate in particular circumstances.

5. The Development of Derivative Techniques to Price Upward Only Rent
Reviews

5.1 General Issues in Option Pricing

This section considers the basic elements in the approach to pricing derivatives.
Derivatives are based on some underlying quantity such as the price of an equity
share, the level of a stock market index or a measure of inflation. If analogies are to be
drawn between the value of rental income and the pricing of derivatives, the
underlying quantity most likely to be relevant would be the level of market rents.
These rents may be the actual level of rack rents (as with the call option mentioned
above) or a notional quantity relating to properties with either-way reviews (as with
the put option, or the option considered by Ward and French, 1997). A crucial element
in assigning a price to the derivative is a statistical model of the behaviour of the
underlying quantity.

A statistical model is required which describes changes to the underlying quantity
over time. If this statistical model is of a suitable form (described below) and if the
underlying quantity is traded (i.e. there is an underlying security) the value of the
derivative can be found by applying a “no arbitrage” rule. A risk-free rate of interest is
then used in discounting. For other statistical models, derivative pricing techniques
are still valid, but they lead to equations for the value of the derivative which are more
difficult to solve. It is possible to extend the techniques to cover derivatives based on
non-traded quantities, although a parameter relating to risk must be introduced.

—11-



As a starting point to the valuation of financial derivatives it is helpful to consider a
relatively simple situation where the derivative is based on underlying securities for
which the price S changes according to:

dS/S =y -dt+c-dZ

where ¢ is time, p is the average growth rate of S, o is the volatility of the movements
in logarithm of price and dZ is a normally distributed random variable with mean 0
and variance dt (see, for example, Hull, 1997 and Wilmott et al., 1995). This process
is a lognormal random walk. Although it is too simple to describe some asset price
patterns, the values of derivatives relating to assets with different behaviours can often
be related to the value of derivatives based on assets which do follow a lognormal
random walk. ’

There are several aspects of this random walk which might not be suitable for
describing changes in rents. Two of these will be discussed here. First, a constant
volatility may be inappropriate. There have been periods when rents have oscillated
strongly and other periods when changes have been much weaker. For example, 1986
to 1990 and 1994 to 1998 were, respectively, periods with high volatility and low
volatility according to the IPD monthly index of office rents. Second, changes in rents
may be serially correlated with each other. For example, a change in rent might be
more likely to exceed the mean growth rate if the previous change had also exceeded
the average than if the previous change had been below average. Both of these
dSpects, changing volatility and serial correlations, can be addressed by developing
derivative pricing techniques further. Whilst the derivatives method in this paper is
limited to the log normal random walk case, it is worth discussing approaches which
can be used in more general cases.

A European call option gives the holder of the option the right to buy a particular asset
for an agreed price on a specified future date. This type of option is analogous to the
one embedded in an upward only rent review contract. The value of such a call option
relating to an asset with a price which follows a lognormal random walk is given by:

C=5-N(a))-E-exp[-r-(T~1,)] N(a,)

with
o2
log(S/ E)+ - (T 1)
“= cs-\/T—tO
o2
log(S/ E)+ r-= (T-1,)
a, =

c-T—t,
Here, E is the price to be paid at time T if the option holder chooses to buy the asset

then; ¢, is the present time and r is the rate of interest earned by cash. N () is the
cumulative distribution function for a standardised normal random variable. This

-12 -



expression for C is the Black Scholes formula for a European call option: see Adams
et al (1993) for a derivation. This formula can actually be used for some assets which
do not follow a straightforward lognormal random walk. In these circumstances, the
volatility (o) must generally be interpreted to mean something other than a constant
variance in (the logarithm of) the underlying asset price.

If the lognormal random walk is not a good description of changes in the value of the
underlying variable, adjustments can be made. If ¢ were to change in a known way
over time, i.e. o(f) were known, the Black Scholes formula can still be used to give
the value of a European call option so long as o’ is taken to be the average variance
over the lifetime of the option (see, for example, Section 6.5 of Wilmott et al. 1995).

Allowing for such changes in variability of rents is unlikely to be sufficient as future
changes to the volatility will not be known accurately in advance. A more useful
treatment would recognise that volatility might also depend on the underlying asset
value, S. If this is the case, the Black Scholes formula cannot generally be used, even
in a revised form (see Section 8.1 of Kemp, 1997). Where ¢ does depend on S it is
possible to express the price of an option in terms of a differential equation, the
solution to which would depend on the form of o(S).

An alternative is to use a stochastic model for the variance. This means that there is a
random element to the changes in the volatility of the underlying asset. This does
allow for a wider range of possible patterns in rental income. Methods for pricing
derivatives in such circumstances are discussed in chapter 19 of Hull (1997).

The lognormal random walk assumes that changes in the logarithm of price do not
depend on the preceding changes in price. This is a useful assumption for traded
securities because, if such dependencies did exist, it would be possible to devise low
risk trading strategies which would be expected to significantly outperform the market
(see Kemp 1996). For property rents, such serial dependencies could exist for an
extended period because of the absence of a sufficiently liquid market for the rental
income.

There has been some work on pricing derivatives where successive changes in the
value of the underlying asset are not independent of each other. One process,
described by Shimko (1992) is the mean reverting process:

dS=a-(5-S)-dt+c-8"-dzZ

If the parameter y = % an exact expression can be found for the value of a call option
based on an index following this process. If y = 1, any derivative based on an index
following this process would have the same value as a derivative based on an asset
following a lognormal random walk. In this case, the mean reverting nature is actually
irrelevant to the value of the option.

The derivative pricing methodologies mentioned above apply when the quantity
underlying the derivative is a traded security. This would not be the case with an
option relating to market rents. However, the same methodologies can be applied,
with modifications, when the underlying is not a traded security (Hull, 1997, chapter
13). Without a traded security, it is impossible to form an exact hedged portfolio for a
derivative, hence the value of the derivative must depend on some measure of risk.
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It is still necessary to have a stochastic model for the underlying quantity. If the
stochastic model is the lognormal random walk with parameters p and o, the formula
for the value of a derivative based on a non-traded quantity would generally be similar
to the formula for the value of a derivative based on a traded asset. The differences
relate to the risk free interest rate. If the value of a derivative based on a traded asset
were of the form: '

V= exp[—r-(T— to)]-g(S,E,r,c,T—tO)

the value of a derivative based on the non-traded quantity would be the same except
that in g the interest rate » would be replaced by 1 — A -o. The number A is related to
investment risk, and is called the “market price of risk”. Different investors may place
different values on A and therefore assign different values to these derivatives. A is
similar to the quantity p which appears in the capital asset pricing model, both are
linked to the excess return an investor needs above the risk free rate when holding a
risky asset.

We will approach the problem by using the method of Hull (1997) for a non-traded
quantity. We will, however, assume a log normal random walk for S(¢). For more
complex distributions of S(z), it may be better to apply the revised DCF approach of
Section 4.4 using simulation and numerical techniques.

5.2  Formulae for the Derivatives Approach

Because continuous hedging assumptions do not apply, the parameter A, is introduced
to represent risk (see Section 5.1). It replaces the risk discount rate j used in the
revised DCF method of Section 4.1. If rental income were securitised and a market
existed in the securities there would be no need for this risk parameter, as perfect
hedging would be possible. The value for the greater of the current rent and the market
rent at time ¢ is given by the expression:

V= - {R + E[Max(s(t) e _R, 0)]} :

1
(1+i)

i.e. using the corporate bond discount rate but reducing S(t) using the parameter A.

Using the distributional assumptions of 4.4 and taking the expected value leads to:

V= (1 +1i)' -{R+ E[S(t)].e-x.c.; 'N(bl)_ R- N(bz)} ,
with
, eSO R)+ (o 12)
1= c-\/;
and

, log(E[S(t)]-e""‘” /R)—(cr2 /2)‘t
2 ot




This is very similar to the equation in Section 4. The changes are that S(¢) is reduced
by using the risk parameter A before any values are found. This is offset by
discounting at the risk free rate of interest. Despite the similarities, the two approaches
are conceptually different. It is impossible to switch from one form to the other simply
by an appropriate choice of j and A. As is shown by the numerical examples in
Appendix one, if j and A are chosen to equalise the present value at one value for the
expected rate of rental growth, the present values will be different at another expected
rate of rental growth.

5.3  An Interpretation of A

In the context of derivative theory the parameter A is called the “market price of risk”.
The concept is developed in financial texts such as Lentz and Tse (1995), Hull (1997)
and Shimko (1992). One way of choosing a value for A is by comparing the value of a
quantity under the derivatives approach with one obtained using risk discount rates,
for a particular set of parameter inputs (see Appendix one).

Suppose that the risk discount rate for S(¢) can be agreed to be j. Then the value of S(¢)
can be written as: .

The value according to the derivatives approach is:

A—— E[S(t)]- e

(1+3)'
The two values will be equal when:

}»-c=10g[(1+j)/(1+z’)]:j—i

A different meaning may be attached to A by comparing values relating to S(¢) with
values of traded assets. Suppose a portfolio of assets is constructed with a behaviour
that closely matches that of rental income. (The portfolio might consist of a mixture of
bonds and shares, including property company shares.) Denote the expected return on
this portfolio by pp and the variance in the logarithm of the portfolio value by op. Let
p be the correlation between changes in S and changes in the value of the portfolio.
The portfolio should be chosen so that p is close to 1. The risks associated with S may
then be priced by using the relationship:

pp —log(1+i)
Cp

A=p

This resembles the relationship between returns on risky assets in the Capital Asset
Pricing Model. However, there is no need to take the portfolio to be the whole market.
If a portfolio can be found showing a high degree of correlation with rent levels, then
most of the risk relating to uncertainties in the rental income will be allowed for in A.
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Whilst it is possible to deal with the problem that perfect hedging is not possible by
using the adjustment factor before discounting, it is not possible to deal with the more
complex distributional assumptions for S(?) which would be more realistic than a log
normal random walk in a straightforward way. This and the extension of the
methodology to cover a series of reviews is the subject of further work. The revised
DCF approach of Section 4.4 can easily be extended to include more complex
distributions for S(?) if numerical calculation methods are used.

6 Conclusion

This paper has reviewed the literature on property pricing and upward only rent
reviews. It finds that options embedded in upward only rent reviews are not properly
priced using DCF or traditional approaches. Ward and French (1997) have developed
techniques for valuing the option but the assumptions necessary for those techniques
to work do not‘hold.

A new notational framework is developed and the DCF approach to valuation
described within that framework. That framework allows us to see clearly why the
DCF approach to valuation may mis-price property. In Section 4.4 a revised DCF
approach to valuation is developed. This takes account of the embedded option and is
used to obtain a formula for the value of the option for simple assumptions regarding
the pattern of rental growth. Numerical methods could be used where rental growth
asstimptions are more complex. A risk discount rate has to be chosen if this method is
used. In Section 5, a pure derivatives approach to pricing the embedded option is
developed. A risk discount rate does not have to be chosen and an analytical
framework for determining the necessary risk parameter can easily be established. The
disadvantage of this approach is that it requires rather restrictive assumptions to hold.
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Appendix One: Numerical Examples

In this section methods described in this paper are used to produce values for the
rental income in excess of the current rent in various circumstances. We only look at
the rent up to the second review from the purchase point.

In the examples, the current rent receivable is 1, the next review date is 4 years away
and the “risk-free” (or corporate bond) interest rate is 6%. The value of unit income

from a property with no reviews would be: dg—? =7.0549. The tables give the
additional present value of rents arising after the next review, due to the upward only
rent review, calculated by the three different methods. Methods 2 and 3 allow for the
option nature in some way; method 1 simply calculates the higher of the two expected
values: the current rent receivable or the market rent based on anticipated rental
growth. The total present value of the next 9 years rent is found by adding 7.0549 to
the value in the tables.

The quantities which are varied are the current market rent (S(0) = 1 and 0.9): the
latter value implying over renting; the expected growth rate of rents (i = 0%, 1%, 2%,
3%, 4% and 5%) and, where it is needed, the standard deviation or rents (¢ = 2% and
10%). 10% is the standard deviation estimated from the data, the 2% rate is used for
comparison, given the importance of this parameter in determining the value of the
upward only rent review. Values are calculated for two risk discount rates (j = 8% and
10%). For each S(0) two values of A are used for the option pricing method. These
values are chosen so that when pu = 3% the second and third methods agree on the
value of the extra rental income for the two different risk discount rates used in the
second method.

Table 1
Value of Extra Rental Income when S(0) =R, ¢ = 10%

Method  Risk, Expected growth rate, u

jora

0% 1% 2% 3% 4% 5%
8% 0 0.1311 0.2675 0.4095 0.5572 0.7110
10% 0 0.1218 0.2285 0.3805 0.5178 0.6607

8% 0.2558 0.3317 0.4212 0.5242 0.6406 0.7700
10% 0.2377 0.3083 0.3914 0.4871 0.5953 0.7155
0.035 0.2504 03272 0.4185 0.5244 0.6448 0.7794
0.069 0.2274 0.2995 0.3858 0.4867 0.6022 0.7321

W W=~
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Table 2
Value of Extra Rental Income when S(0) =R, , 6 =2%

Method = Risk, Expected growth rate, pu
jorh
0% 1% 2% 3% 4% 5%
1 8% 0 0.1311 0.2675 0.4095 0.5572 0.7110
1 10% 0 0.1218 0.2485 0.3805 0.5178 0.6607
2 8% 0.0512 0.1420 0.2686 0.4095 0.5572 0.7110
2 10% 0.0476 0.1319 0.2496 0.3805 0.5178 0.6607
3 0.035 0.0421 0.1290 0.2598 0.4096 0.5675 <0.7319
3 0.069 0.0319 0.1083 0.2329 0.3804 0.5370 0.7001
Table 3

Value of Extra Rental Income when S(0) = 0.9*R, 6 = 10%

Method  Risk, Expected growth rate,
jori
0% 1% 2% 3% 4% 5%
1 8% 0 0 0 < 0.0474 0.1804 0.3188
1 10% 0 0 0 0.0440 0.1676 0.2962
2 8% 0.1153 0.1592 0.2144 0.2821 0.3629 0.4573
2 10% -10.1071 0.1479 0.1992 0.2621 0.3372 0.4249
3 0.035 ]0.1103 0.1537 0.2088 0.2769 0.3589 0.4555
3 0.069 0.0979 0.1377 0.1886 0.2522 0.3294 0.4210
Table 4

Value of Extra Rental Income when S(0) = 0.9*R, 6 =2%

Method  Risk, Expected growth rate, p

jork

0% 1% 2% 3% 4% 5%
8% 0 0 0 0.0474 0.1804 0.3188
10% 0 0 0 0.0440 0.1676 0.2962

8% 0.0002 0.0027 0.0202 0.0787 0.1856 0.3192
10% 0.0001 0.0025 0.0188 0.0732 0.1724 0.2966
0.035 0.0001 0.0017 0.1530 0.0674 0.1732 0.3134
0.069 0 0.0010 0.0107 0.0533 0.1496 0.2854

W W=

Commentary on the Tables

Clearly a significant number of comparisons between the tables could be drawn. We
will focus on the issues relating to the rationale for developing this paper. Intuition
suggests that the value of the option will be high when there is a high chance of a



property becoming over rented. This will happen at high values of rental standard
deviation and low values of rental growth. 10% is the value for standard deviation of
rents which has been estimated from the data. The concern of the authors is that, as we
move to an inflation environment which implies lower nominal rental growth, DCF
and traditional methods of valuation will not take account of the changed financial
conditions. Nominal rental growth of 0% and 5% would be reasonable for low and
medium inflation environments. Thus we will look at results of different valuation
methods with expected rental growth of 0% and 5%. We will make comparisons for
standard deviation of rental growth of 10% and then look at the effect of assuming
standard deviation of rental growth of 2%.

The value of the level rent for nine years is 7.0549 at a 6% “risk free” rate. The
pricing inaccuracy from using method 1 rather than one of the technically correct
methods 2 or 3 could be defined as:

100*(value of additional rent after review using method 2 or 3 - value of additional
rent after review using method 1)/(value of additional rent after review using method
1+7.0549) %

In other words, the percentage increase in the value of the property from using the
correct method; the value of the property includes the value of the constant unit rent.
For expected rental growth of 0% and j = 8% this value would be: 3.6% for method 2
and not significantly different for method 3. For expected rental growth of 5% this
mispricing would be 0.76%. Thus the increase in value of the upward only rent
review clause due to a fall in expected rental growth from 5% to 0% is 2.8%. This is a
change arising only from the increased value of the option and is independent of any
effects caused by a change in the yield basis or changes in real rental growth. If this
additional value has not been priced into the market over the period during which
inflation expectations have fallen, due to the pricing techniques used by property
practitioners, property prices will be 2.8% below their value when an allowance is
made for the increased value of the upward only rent review. Reflecting that 2.8% rise
in value over a five year period would have increased performance by 0.55% per year.
The figure of 2.8% can also be used as an estimate of the increased cost of the upward
only rent review clause to tenants and the rise in equilibrium rents which could take
place which would exactly compensate for the removal of the clause.

By way of comparison, it can be seen from table 2 that the difference between
methods 1, 2 and 3 is negligible at all rates of expected rental growth when the
standard deviation of rents is 2%. It can be seen from all the tables that, when
expected rental growth is high, the difference in the value calculated from methods 2
and 3 is also very small. This arises because there is a lower probability of negative
rental growth the higher is expected rental growth.

Appendix Two: Real Estate Development Options

The owner of a property often has the option to develop the property in the future.
Such real estate development options are long term and are related to assets which are
not traded securities. Although this type of option is very different from financial
derivative options, there have been papers which apply derivative approaches to these
“real” options.
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There are overlaps between the valuation of these options and the valuation of rental
income in general, including the complications such as upward only rent reviews and
over-renting which we have been considering. Here, we outline very briefly the
approach taken by Lentz and Tse (1995); their paper also contains several references
to the literature on development options.

e The aim is to value a series of uncertain cash flows related to the property -

e These cash flows are assumed, without any attempt at justification, to
follow a lognormal random walk

e In order to derive a value for these cash flows, a portfolio of traded
securities is constructed. The behaviour of this portfolio is also taken to be
a lognormal random walk and should be similar to the development of the
cash flows: Riddiough (1995) explains how such a portfolio may be found.

e The value of the cash flows then depends on the expected growth of the
cash flows, the expected growth of the hedging portfolio, the variances of
these two items, the correlation between the stochastic elements of the two
processes, a risk free interest rate and the size of current cash flows

Shimko (1992) considers this same method for valuing non-traded assets, although not
specifically in the context of property related income. For the case where the cash
flows are rental income, the results would be the same as those discussed in the
previous section. The approach gives a particular meaning to the quantity A which
featured in the values in Section 5, it may be re-written as

Oy —r

A=p
Sy

where o and o are the mean and variance for the lognormal random walk followed
by the hedge portfolio and # is the risk-free rate of interest. The correlation between
the cash flows and the hedge portfolio are described by p. This is defined as follows:
if the random element for the cash flows is dZ and the random element for the hedge
portfolio is dZy then p-dt = dZ - dZ,,. Under this definition —-1<p<1.

This form for the price of risk is similar to that which arises in the capital asset pricing
model (CAPM). As with the CAPM, a low or negative correlation leads to a higher
value for a particular asset than if the correlation were more strongly positive. Also,
any uncertainty which is not related to the correlation is not priced. Note, however,
that there is no reason why the hedge portfolio should be the whole “market”. In fact,
the most appropriate hedge portfolio might be one designed to produce a value of p
close to 1. In this case most of the uncertainty would be reflected in the value assigned

to the cash flows. Where p is large, A is large and the value assigned to the cash flows
is reduced.

Appendix Three: With-Profit Insurance Policies

In looking for ways to value the upward only rent review option for property, one
could turn to the techniques of analysing with-profit liabilities within insurance
companies. A with-profit contract guarantees a particular sum assured for the policy.
Reversionary and terminal bonuses are then declared from the profits of the company.
Terminal bonuses are not paid until the policy matures. The analogy with property is
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as follows. The term of the policy is analogous to the term of the lease (although
property, unlike the insurance policy has a value after the lease has expired). The
guaranteed sum assured is analogous to the market level of rents. The reversionary
bonus which, once added, cannot be taken away is analogous to the market level of
rents increasing at a rent review.

There are at least two differences of principle between with-profit policies and upward
only rent reviews. Firstly, the initial market level of rent is not in the control of the
property freeholder but the insurance company can set a guaranteed sum assured well
below the level which could be achieved from investment in guaranteed fixed interest
investment: in other words, the insurer could set the guarantee so that it is
significantly “out of the money” and choose an investment policy so that the
guarantee can be achieved with near certainty. An analogy here would be if the
upward only rent review clause had the floor on rents set at, say, x% of the market
level of rents negotiable between the landlord and the tenant, where x<100. Secondly,
the office often chooses to *“smooth” policyholder’s returns. It can therefore transfer
wealth from policyholders who have held their policies when investment returns have
been high to those who have held them when investment returns have been low. There
is an element of discretion in the management of the fund which does not exist with
freehold property investment.

The most common practical approaches to bonus setting and valuation do not use
option pricing theory. Daykin et al (1994) illustrate how the bonus may be set. The
bonus would be set in such a way that the reserves the insurance company need to
hold to pay guaranteed sums assured plus bonuses already declared would be
significantly less than the value of the total investment fund available to pay bonuses.
At maturity, the surplus of the investment fund over the guaranteed sum assured plus
declared bonuses is used to pay a terminal bonus.

Wilkie (1987) proposed an option pricing approach to bonus setting. However, this
was more of a device to ensure equity between policyholders than a device to price or
value the cost of the guarantees. Wilkie proposed looking at the combination of
equities and put options which would have been necessary to produce a particular
level of guaranteed bonuses. The rationale was that, when bonus guarantees were
added, the insurance company was implicitly selling put options to the policyholder at
prices which were known retrospectively.

Other work on guarantees in life insurance policies, for example Beenstock and
Brasse (1986) and Dodhia and Sheldon (1994) have concentrated on maturity
guarantees. These involve a more simple structure than a with-profit policy. A
guaranteed minimum maturity value is paid which is equivalent to a long-term put
option. Dodhia and Sheldon refer to “lock-in guarantees”. Here gains in a relevant
investment index are “locked in” to the contract. For example, if the FTSE 100 index
rises to 25% above its level at the beginning of the contract, the higher level becomes
the guarantee. The authors have not found any specifically actuarial literature on these
products. Under certain assumptions, they can be priced using derivatives theory or
cash-flow techniques which are discussed in the literature and used for valuing
upward only rent reviews in Sections 4.4 and 5.
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We conclude this section by commenting that with-profit policies are a useful analogy
with upward only rent reviews. However, there is little literature on which the authors
can usefully draw to develop valuation techniques for upward only rent reviews.

Appendix Four Convertible Bonds

In the simplest form, a convertible bond provides the holder with the income and
redemption proceeds of a bond together with the right, at any time up to the
redemption date, to exchange the bond for shares in the issuing company.

There are clear similarities between this type of asset and over-rented property: there
is a period of level income followed, potentially, by a period of rising, but uncertain,
income. For property, the value of the income might be given by the general form

¥V = PV( fixed income until the end of the lease @ rate i ) + ' x PV( extrarincome @ rate k)

The extra income will be evaluated from time ¢, the crossover point, onward. This -
cross-over time would depend on the expected growth rate of market rents. The
interest rate ; would be lower than the nominal rate & and the discount factor v might
correspond to an interest rate between i and k.

Convertible bonds can be thought of as being similar to call options, with the
“exercise price” being the fixed income forgone by exchanging the bond for shares.
Derivative techniques can be used to value convertible bonds. A key feature of simple
convertible bonds, as far as derivative pricing is concerned, is that the option may be
exercised at any time. Such options are called American options in contrast to the
European options mentioned in Section 5. Exact formulae cannot be found for the
values of American options. Instead, differential equations are obtained which link the
value of the option to other quantities. These equations must be solved numerically.
The “other quantities” include, for a convertible bond, the coupon paid on the bond,
the share price, the share price volatility, the level of dividend payments and the bond
yield (see Wilmott et al. 1995, chapter 18).

The items effecting the value of convertible bonds have counterparts in the context of
the income from over-rented property. The coupons are equivalent to the rent being
received now, the dividends are equivalent to the income if market rents were being
charged. The share price cannot be interpreted so directly: the counterpart to the share
price is the present value of future income, at market levels of rent, in perpetuity. The
volatility of this quantity would replace the volatility of share price if this approach
were to be used to value properties.

There is one aspect which applies to rental income which does not apply to
convertible bonds. One of these is that “conversion” cannot take place at all times, it
can only happen on review dates. This aspect can be dealt with in the derivative
pricing framework by treating the option as European although, if there is more than
one review date, it would have to be a sequence of European call options. The fact that
the options are European makes them simpler to value.
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