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Introduction
Andrew Rudd; Stephen Satchell

Advisor Software; University of Cambridge

Who are the high net worth investors (HNWIs) and what makes
them tick? Our experience is that most people aspire to being
acknowledged as “high net worth”, except those that actually belong
to this category. Truly high net worth individuals tend to shun, if pos-
sible, the notoriety that comes with extraordinary wealth, but if they
are public figures, such as athletes, entertainment stars or politicians,
they typically accept their situation with as little comment as possi-
ble. A desire for confidentiality and, perhaps, some fear of being a
target play some role in this. Certainly, for those who gained their
wealth as a result of inheritance there would appear to be little to
be gained from being acknowledged as an HNWI beyond an emo-
tional and egotistical sense of well-being arising from being part of
an unusual, distinguishable group.

High net worth investors clearly have greater wealth than those
who are not, but how much more? And are there other character-
istics, such as location, of this high net worth demographic which
distinguish them from others? Most people would accept that bil-
lionaires belong to the HNWI category. According to the Wealth-X
(2013) report,! at the time of writing there is an estimated global
population of 2,160 billionaires, an increase of 185 over 2011-12. Out
of the 2012-13 global population of billionaires, there were an esti-
mated 480 in the US, 147 in China and 140 in the UK. We believe that
having a net worth of US$30 million or above should be indicative of
HNWI status. The Wealth-X report estimates this global population
amounts to 187,380, of which 60,280 are in the US, 11,245 in China
and 10,515 in the UK. By region, the estimated population is 42,895
in Asia, 53,440 in Europe and 14,750 in Latin America.

In contrast, it is not clear to us that having US$1 million or more
in investible wealth defines, in most peoples’ minds, membership of
the HNWI club. Although achieving millionaire status is unusual,?

L
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the media in the developed countries of the world tend to empha-
sise the amassing of staggering wealth and so accumulating a mil-
lion dollars does not seem to be such an achievement as it once was.
However, thisis a standard used quite frequently in the industry, pre-
sumably to engender positive feelings among would-be clients. The
millionaire cut-off is used in the World Wealth Report 2013 (Capgem-
ini and RBC Wealth Management 2013), another survey of the global
wealthy population, which estimates a global population of 12 mil-
lion millionaires, with 3.7 million in North America, 3.7 million in
the Asia-Pacific region and 3.4 million in Europe.

Other than the level of wealth, are their investment portfolios
different from those of the less wealthy? Do these investors have
other common attributes that are different to the less wealthy? Or are
the high net worth investors only interesting because they have more
wealth? Certainly, we would expect to, and do, see greater exposure
in the portfolios of the HNWI to those assets which only they can
afford. For example, we do observe in the portfolios of the HNWI
real assets such as significant real estate beyond a primary residence,
financial assets and products with high minimum investments, such
as alternatives, collections of art, jewellery, and “luxury collectibles”
such as automobiles, boats or jets.

One other aspect of HNWI behaviour towards their wealth is dif-
ferent to that of the less wealthy: as reported in Capgemini and RBC
Wealth Management (2013, p. 20), “HNWI focus on wealth preser-
vation is pronounced globally, but regional differences exist, with
HNWIs in some emerging markets focused more on wealth growth”.
A focus on wealth preservation can only be pursued if the accumu-
lated wealth is not needed for living expenses or other important
lifetime goals, suggesting by implication that only the HNWI can
afford to attend to the preservation of wealth. A related observation
concerns the HNWI attitude towards risk. It is generally observed
that many investors become HNWI as a result of concentrated bets,
in either an operating business or investment portfolio, but that con-
tinuing to maintain such concentrated bets as an HNWI potentially
leads to loss of wealth (JP Morgan Private Banking 2011). As a result
we observe a preference towards a generally conservative approach
to investing and wealth preservation, with this observation being
stronger among older HNWIs and those in the upper wealth
segments (Capgemini and RBC Wealth Management 2013, p. 23).

W, e

INTRODUCTION

This book brings together a wide variety of studies on the invest-
ment behaviour of high net worth investors. We have placed an
emphasis on quantitative methods, largely because this is an area in
which there has been a great deal of innovation. Although the chap-
ters vary considerably in the amount of actual quantitative finance
within them, they all rely on an analytical perspective to illustrate
their approach and emphasise their results.

We have tried to cover most of what we consider to be the impor-
tant areas for HNWIs. Contributions to the book cover the spec-
trum from academic to practical approaches and also discuss some
of the related issues that arise in the lives of HNWIs. The two great
universals — death and taxes — are covered. We also consider some
near-universals such as fraud, luxury goods, divorce and real estate.
Other aspects of the human condition, such as dynastic risk and
longevity, were beyond the scope of this book.

STRUCTURE OF THE BOOK

in Chapter 2 Jarrod Wilcox looks at the management of discretionary
wealth. This is both intellectually interesting and driven by a life-
time of practical experience. Jarrod was one of the first to use this
approach, and many subsequent chapters, and work elsewhere, are
in debt to his ideas.

In Chapter 3 Dan diBartolomeo introduces a new procedure for
asset allocation, called the analytic hierarchy process (AHP). This is
arobust procedure which allows non-experts to “formulate multiple
decision criteria in the form of questions, with each question hav-
ing multiple discrete answers”. The advantages of such a technique
is that it can be used to supplement mean-variance, which is well
known to suffer from a lack of robustness. Dan makes the case that
AHP provides this robustness. The chapter is further enhanced bya
technical appendix with extra information on AHP.

In Chapter 4 Keith Quinton and Nicolas Brunetti address issues
of tax alpha. This chapter should be of direct use to HNWIs and
their advisors, as it gives practical information on how to improve
after-tax returns. As Quinton and Brunetti explain, tax alpha is not
about forecasting, it is about understanding tax laws and fund man-
agement. They show that the use of quantitative approaches in the

context of tax alpha leads to noticeable improvements.
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In Chapter 5, Greg Davies and Antonia Lim present an analy-
sis described by the phrase “managing anxiety to improve financial
performance”, which should be applicable to HNWIs. This is a most
interesting approach that is difficult to summarise in a few phrases,
but the thrust of what they are doing is to suggest behavioural per-
turbations that make the use of conventional financial tools, such
as mean~variance, more palatable. They make the case that HNWIs
(generally, with some exceptions) face the issue of managing their
flows of funds and assets rather than their stocks and thus require
more continuous monitoring than the more typical “buy and hold”
of the smaller investor. The term “anxiety” covers what the man
on the Clapham omnibus might think of as anxiety but actually
has a broader meaning. Anxiety is, to quote Davies and Lim, “any
short-term behavioural responses to investors” immediate circum-
stances, whether good or bad, that might make them uncomfortable
enacting, or sticking with, the long-term normative solution”.

Chapter 6 by Robert Dukes and Edward Smith present a fascinat-
ing practitioner model to capture regime switches in investing. This
has been built for individual investors. In many ways this makes
a similar point to Chapter 5 in that it offers private investors alter-
natives to static investment. The procedures they provide allow for
predictable volatility fluctuations to be modelled and incorporated
into a choice of assets. As Dukes and Smith themselves note, after
2007 the notion of static fixed weight investment seems ‘not only
unappealing but also non-intuitive.

In Chapter 7 Oliver Williams and Anders Petterson address the
role of expert opinion in markets for collectibles. The full picture
of HNWI behaviour should take account of how money is spent.
Spending above essentials (discretionary wealth, as discussed in
Chapter 2) is frequently spent on art, stamps, coins, etc, and such
investments have the attractive feature that they can be enjoyed by
investors, while the assets themselves increase in value. The determi-
nation of the price of such assets, however, is a much more complex
matter and is often determined by taste-makers, that is, the expert
opinion or people of high status. The obvious reason why this is so is
the lack of visible earnings accruing to the assets and, in many cases,
the absence of reasonable data on which to base values. This chapter
looks at how collecting information about taste-makers from auc-
tions and elsewhere can lead to predictable changes in the realised

INTRODUCTION

prices of artworks. The procedures are highly quantitative and can
be applied not only to the art market but also to any similar market.

The cost of socially responsible investing is examined by Mark
Kritzmann and Timothy Adler in Chapter 8. There are many
instances of funds/portfolios owned or sponsored by wealthy indi-
viduals that set out to achieve specific goals of a moral nature. The
cost of such activity, as Kritzmann and Adler note, is rather hard
to quantify, but at the simplest level boils down to adding extra
constraints to an optimisation problem. We would expect therefore
socially responsible investment to impact negatively upon perfor-
mance. That it indeed does sometimes, but on other occasions is
shown not to do so, is an interesting fact in itself and, to some extent,
is the focus of Kritzmann and Adler’s work.

As Chapter 9, we are delighted to include a Journal of Wealth
Management paper by Greg Gregoriou and Francois-Serge Lhabitant
titled “Madoff: A Flock of Red Flags”. This chapter makes the point,
very clearly, that there were numerous signals related to the perfor-
mance of returns and structure of Mr Madoff’s operation that wealth
managers should have picked up. The fact that in many cases they
did not and were happy to send their clients’ money to be managed
says as much about the naivety of certain experienced managers as
it does about the deficiencies of their counterparty.

Chapter 10, by Colin Lizieri and Robert Jalali, considers real estate
as an asset class and provides a useful overview for those consider-
ing commercial real estate for investment purposes. In can be con-
trasted with earlier chapters that discuss deviations from long-term
investment, as real estate is often seen primarily in long-run terms.
Lizieri and Jalali present a balanced view of the costs and benefits
of real estate investment.

In Chapter 11 Nandini Srivastava and Stephen Satchell investigate
the role of luxury goods for high net worth investment and also
for high net worth consumption. They consider collectibles but also
look at other classes of luxury goods. The analysis used is more
in line with microeconomics, and behaviour is defined in terms of
utility functions. Using such tools, Srivastava and Satchell provide
definitions of utility from luxury goods based on such notions as
status and wealth being an end in themselves (often referred to as
the “spirit of capitalism” model) rather than a means to increased

consumption. The approach is highly quantitative.
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Chapter 12, by Susan Thorp and Stephen Satchell, is titled “Mod- 1 Asurvey of the global wealthy population.
elling Sustainable Spending Plans for Family Offices, Foundations 2 For example, roughly coinciding with the top 1% of the population in the US.
and Trusts”. They consider the problem facing HNWIs as one that
can be described in terms of an infinitely lived investor. This pro-
vides a convenient analytic framework for solving the optimal con-
sumption rate while preserving wealth. They also address issues of Capgemini and RBC Wealth Management, 2013, “World Wealth Report 2013", URL:

. - . http://www.worldwealthreport.com.
family-name extinction.

Chapter 13 by Bernd Scherer investigates marriage, taken, not P Morgan Chase).
as the union of two souls, but as a complex multi-period deriva- Wealth-X, 2013, “World Ultra Wealth Report 2012-2013", Wealth-X, Singapore, URL:
tive. One of the issues surrounding the possession of a great deal hitp:// www.wealthoc.com.
of wealth is the costliness of marital breakdown. Scherer considers
marital breakdown as a contingent event and this chapter provides
a fascinating analysis of this issue. .

Finally, in Chapter 14, Andrew Rudd looks at the asset allocation
decisions for HNWIs and expresses the view that the very wealthy
tend to be relatively secretive about their financial activities and do .
not willingly provide data for quants to analyse and use to build
models. This provides a whole range of new challenges, not least
the observation that frequently multi-generational wealth preseirva- =
tion is probably more important motivation for the high net worth .
than wealth growth. Interestingly, a wealth-preservation strategy
reflected in high cash holdings flies in the face of conventional
finance theory, which is almost universal in assuming decreasing
absolute risk aversion. Rudd focuses on the practicalities of wealth
preservation from a US perspective, which not only should be useful
reading for those interested in the subject but leads to a number of
results for appropriate asset allocation policy.

As often happens in abook of this kind, certain themes are planned
ex ante in the construction of the book, such as discretionary wealth,
while others emerge ex post. In the latter category, the idea of sepa-
rating short-term planning from long-term planning is one example, i
and readers will no doubt detect others. We hope we have covered il
most aspects of the topicbut we are aware that history has a great ten- g
dency for surprising us and that events will create topicality possibly
even as the book goes to press. As an example, one topic not consid-
ered explicitly is the optimal choice of residence and its close relative,
global tax arbitrage, but Chapters 4 and 10 would certainly help a
researcher to prepare to investigate these areas in greater detail. Our
text is designed to benefit researchers, investors and their advisors. f
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 Acritical question for many high net worth individuals (HNWIs)
s how to best adjust spending rates when the investment outlook
- changes. This chapter sets out optimal spending plans for HNWIs or
amily offices. Unlike standard approaches, the plans derived here
-I allow for the fact that family offices often decide spending plans and
__investment strategy separately. The plans also account for the fact
_r ~ that many such HNWIs have high risk tolerance but a preference for
| steady consumption streams.

| . Usingasophisticated recursive utility function (Weil 1990; Epstein
| and Zin 1989), we first model the optimal disbursement rate for a
perpetual entity with a predetermined asset allocation. Then, under
| general assumptions about investment returns, we use properties of
1 stochastic dominance to estimate modifications to the current con-
umption rate when the investment outlook changes. The capac-
o 1ty of the decision-maker to vary spending through time (elastic-
- ity of intertemporal substitution) is key to understanding optimal

| increases or decreases in consumption.
. Webegin by setting out the background needed to model optimal

isions, and briefly foreshadowing the main results. We address
Ustments to the set-up needed when planning for a real fam-
with finite survival prospects, and then describe and solve the
Ytical model for optimal consumption before giving a simple
Pirical example illustrating the important results. We derive prin-

Hples of scena:i? analysis, covering changes inboth expected returns
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) ’ RUSTS
and volatility. Overall, in this chapter we set out a sophisticateq thhoseholdinga controlling interest. On average, around one quar
but robust approach to planning disbursement rates from trusts or ter of wealth is tied fo operating business in the US ang Fitkops qS ol
endowments, including how to modify the optimal spending ryje HNW individuals or families are likely to be more ConstrajI;Ed -
for revisions in the investment outlook. asset allocation than in spending decisions. ———— :

ofﬁces have investment management committees. While the fam-
ily offices surveyed reported that trans-generational wealth man-

ROUND AND MODELLING FRAMEWORK ;
BACKGRO agement was their overarching purpose, investment goals ranged

Globally, in 2011, there were 11 million individuals with over USg] from aggressive wealth growth to conservative preservati

million in investable wealth, amounting to more than US$42 trj). expected utility models such s BT give the ﬂg}db_ lli'\!ahon, Non-
lion in assets. More than 3 million HNWISs resided in each of Asia- match this disjunction in tastes between investmen: ty needed to
Pacific, Europe and North America with the highest concentration | ,nd spending. management
of wealth in North America (CapGemini and RBC Wealth Man.- - In addition, when investment retumns can be treated as ;
agement 2012, p. 5). HNWIs often employ skilled professionals in ~ pendent and identi cally distributed (iid) the aeeer af;lle as inde-
family offices, foundations and trusts to manage their wealth for consumption decisions in this mog, ocation and

current and future generations (Martiros and Millay 2006).1 While reflecting a division between inves
concerns for privacy make it difficult to measure the size of the |._ ihe analysis to follow derives spendi
HNW sector separately, Martiros and Millay infer that it is sub- | “parios for returns that are conditiona]
stantial. The discussion of HNWI plans in this chapter extends folio. The framework also allows fam
naturally to many similar types of organisations, including per-—= o carry out general scenario analysi
petual charities and foundations. The charity sector is known | ---processes are lognormal. HNW]I portfolios include

to be very large: in 2012, the UK Charity Commission reported hedge funds and real estate in significant quantities in both E
over 161,000 charities, holding investments in excess of £78 billion _and North America (Amit ef g 2008) and since there is ev';rope
with annual spending over £53 billion,? and, for the US, Standard that returns to these asset classes are typically non-nonnal1 ence
& Poor’s Money Market Directories reported over 5,000 endow- general distributional assumptions are needed.* Congse uenﬂms}:e
ments and foundations, controlling more than US$946 billion in analysis is robust to many of the irregularities of financiial re{}:.l e
assets.? processes. ms
The wealth management problem for these organisations has The general problem of an entity making spending and i vest
some important non-standard features that are addressed here. ment plans over a finite or infinite horizon, e oy (;glmc EI_T al:; e
Specifically, the setting combines the Epstein-Zin—Weil (EZW) recur- > hﬂs generated a huge literature. St. andard models o _tY.
sive utility model (Epstein and Zin 1989; Weil 1990), which allows a 'h.r.neuaddiﬁ‘,e von Neum, ann-Morgensters utility clen e prise
separation of tastes for risk from tastes for consumption smoothing, | ity generated by lognormal diffusions, witﬁ’only a fewmeer-
with general assumptions on investment returns, and in an infinite j“_"h&re explicit solutions can be derived. Merton’s seminal Cafie;
time horizon. The model is particularly suited to HNW individu-~ = [Merton 1969) analyses an infinit ely lived entity with 5 const;::;?

) ) M afive . e
als or families who plan investment separately from spending. For ] .rr...a.h'oensk aversion utility function 5 I the )
example, if assets are concentrated in operating businesses, and/or . = &

are likely to be made largely independently of the spending infef ‘Consumption is constant, and opititial wea
ests of family members. Amit et al (2008) reported that 58% of f;_amg b i In Merton's case all calllations are come st
officesin their survey sample operated family businesses, with 7/ S tha“ discfetely. Although the key features of the Merton
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solution (a constant disbursement rate. and strictly positivi vs{fa_lﬂll)
are interesting and the solution is 1ielac‘clllvelty easy to compute, it only
the problem of this chapter. -
pa;?r};sd: rceoerlZ;uouI: time framework does not fit the decision-
making of a family office or frust, wh(?re boarn_is may rrf1eet quar-
terly or less often (Amit et al 2008). So this analysis s.olglres or amtmal
spending rates over an infinite horizon. (The surviva p;\osllg_ech s of
families, and how the problem could be modified in e light of
variation in survival, are also discussed below.) Sec_:onc}, joint log-
normality seems an excessively restrictive assumph9n ofrﬁretums,
given the asset classes invested in by HNWIS, family offices i.and
foundations. Third, as noted above, Amit et al (2008) and Martiros
and Millay (2006) describe processes of investment management that
are delegated to groups of in-house or ?x.ternal manag(.e;s,dso the
model below allows asset allocation dec131on.s .to .be deél/ e fsepif-
rately from disbursement rates. Fourth, beneficiaries an h.o; am ly
members may want smooth spending paths. -MOd?lS-wmlc app 5;
the usual time-separable expected utility ﬁtmchons 11.m1.t e scop;s;:
analysis by constraining relative risk aversion tobe the inverse of the

risk aversion must also be willing to transfer consumption across

time. However, for HNW individuals or families, risk aversionand -
: 3

aversion to intertemporal substitution are likely to be concil:l)tuat])lly
and practically distinct: many family trusts can tolerate (t*_ch>n51 ir\; tz
uncertainty over returns while aiming for fairly smooth pay
iciaries over time.
° ;Zrclzfrl;lje or non-expected-utility pref'erences N profptosizglS ;bo);
Kreps and Porteus (1978, 1979) allow a partial separation 0N ain =
risk and intertemporal consumption. Whereas the vorll et;ctaﬁon
Morgenstern agent is interested only in the condltu:_ma efxp i
of all future consumption (the timing of the resolution of un

how
outcomes does not matter), the Kreps—Porteus agent also cares

. . i
soon uncertainty over consumption will be resolved. If an entity

highly risk averse but willing to redistribute consur.nptlobn fcif o
time, then they prefer an early resolution of uncertainty, bu

: ing, dislikes transfef
entity is tolerant of risk and, relatively speakm.g, c.hshkes e
ring consumption across time, then later resolution is better.f 2
e
(1990) points out, this amounts to a trade-off between the safety

R tion &
stability of utility, where safety is improved by early i -

-

: 3 '.herr
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risk and stability by late resolution. The mod
Weil’s version of the Kreps-Porteus
sumption problem of HNWIs, an.
model under scenario analysis.6
Giovannini and Weil (1989) and Weil
mal constant disbursement rate for an

el used here adapts
preferences to the dynamic con-
d explores the properties of the

(1990) showed that the opti-

_ HNWI with EZw utility is set
- by therule

& m=1- (5q,(1—p)/(1—¢x))1/p (12.1)
{- where m is the proportion of wealth spent each year, 6 is a param-
=

eter which is a component of time preference,” « is relative risk
- aversion, 1/p is the elasticity of intertemporal substitution and @ is
- the expected value of Z1-% the tisk-adjusted return to wealth, where

Z s the gross return to the investment portfolio or family business.

Under constant relative risk aversion (CRRA) preferences, the
__spending rule simplifies tom = 1 — (§ @)% The analysis to follow
—also gives the conditions for the convergen

ce of the value function
~ for this problem. Given plausible parameter values and historical

pY ]

-—T,'_—estimates of investment returns, optimal spending rates might lie
elasticity of intertemporal substitution, so that agents who have low .

| between 1% and 3%

of wealth per annum in real terms.

Shifting probability mass from the lower to the upper tail of the
- returns density, and working with mean-preserving spreads, allows
~ foran analytical and numerical calculation of the trade-off between
. income and substitution effects and the ensuing changes to disburse-
* ment rates when the investment returns distribution changes. Fur-
while superficial intuition might predict that spending out of
.an endowment will be positively related to an optimistic invest-
. ment outlook and negatively linked to pessimism, this is true only

for a sub-set of preferences and the reverse reaction can be optimal.
Estimation of these effects indicates that optimal consumption rates
:.-ﬂm remarkably sensitive to small changes in beliefs about future
: distributions. The direction of revisions to optimal consump-
N depends on whether the elasticity of intertemporal substitution

S greater than or less than 1, not on tastes for risk, but the size of
8ions will be sensitive to relative risk aversion. Stochastic dom-
¢ arguments confirm, extend and illustrate analytical results
d in Giovannini and Weil (1989), Weil (1990) and Bhamra and
Pal (2006), which demonstrate the pivotal role of the elasticity of

mﬂeﬂ‘iporal sub%titution for consumption paths.
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MODELL
ING SUSTAINABLE SPENDING PLANS FOR FAMILY OFFICES, FOUNDATIONS AND TRUSTS

set out the reasons for our choice of utility function and
approach to returns distributions, we now address the question of
the planning period, or expected lifetime of the foundation, family
office or trust.

Having

MODELLING FOR PERPETUAL ENTITIES AND FAMILIES

A crucial question for disbursement decisions is the planning horj-
zon of the endowment or frust. Embedded in the planning horizon
are questions of intra- and inter-generational equity, so important
to the management of family offices and foundations. Two main
strands of economic literature have studied the management of
wealth over generations. The first relates to perpetual foundations
such as university endowments, and the second relates to families,

Perpetual foundations and endowments
ity endowment behaviour look for a disbursement |
” while preserving |

Studies of univers
rate rule that satisfies “inter-generational equity
capital over the long horizon (see, for example, Tobin 1974; Litvack

et al 1974; Nichols 1974). Most are not interested in deriving optimal o
endowments. Tobin proposed consuming -
out of permanent foundation income (ie, from the long-run rate of
return on assets). However, Woglom (2003) showed that Tobin’s def-
injtion of inter-generational equity (fixed real consumption across
time) implied a zero rate of intertemporal substitution. For agents
with CRRA utility functions this means infinite risk aversion, an
assumption thatis contradicted by endowment investment patterns.
Using a deterministic, continuous-time model, Woglom argued that
endowments should consume from recurrent capital gains, but he
relaxed the inter-generational equity constraint to allow optimal real
consumption to vary over time.

portfolio allocations for

¢ tha.t most endowments will want short-run spending certainty whill

maintaining long-run viability. He argued for a dynamic portfolliz

 insurance strategy where the institution creates a riskless perpetuit

- matched to the current minimum spending level while maintai.niny
exposure to risky returns.® This strategy is probably too conservag-
tive for most HNWIs, and the analysis to follow allows more flexible
intertemporal consumption and investment plans.

Families and family survival

Studies of university endowments treat the decision-making enti
as a unified whole with one set of preferences. The second line :)}1:
 literature studying family utility maximisation explores intra- and
-inter-generational preferences. As Xu (2007) notes, the family is a
place of both conflictand cooperation: Amitet al (2008, p. 10) reported
that the average single family office in their survey sample served
“13 households, 40 family members and two to three generations”
“—Asimplifying approach to inter-generational transfers is to treat thl;
head (altruist or dictator) as deciding consumption among current
|~ and future members of the family so that the welfare of the family is
~ indistinguishable from the welfare of the head (Becker 1974 19851)
For family trusts and family offices, a trust deed or cons,titutio1"1
‘can stand in the place of a family “head”, deciding on allocations
between beneficiaries. The fact that most HNWI families use for-
mal agreements is evidence that cooperative bargaining (Manser

- and Brown 1980; McElroy and Horney 1981) and exchange between

family members (Cigno 1993, 2006, 2007) are not effective or stable
Structures. Further, the utility of future generations is often valued
as well as the interests of the current family members. Becker anci
- Tomes (1986) and Becker and Barro (1988) discussed cases where
consumption is divided equally among children in each time period

University spending and investment were readdressed in later
papers by Merton (1990, 2003), who considered optimal consump- .
tion and portfolio allocation at
than the endowment level. When income
etc) and the costs of university activities co-vary with inv:
returns, he argued that university portfolio managers can
against future cost changes and adjust to non-tradeable inco
sources by employing replicating strategies. Dybvig (1995, 19_9'_3 :
viewed the inter-generational equity question differently, prOPD‘—‘mg'

streams (gifts, bequest:
estment

the whole university level, rather

hedge =

72008 from a low

- and then aggregated. In this case, trusts and foundations have t
. Plan for expected survival rates. oY
mTt}lle survival of families has been a question of interest to mathe-
g cans and demographers for hundreds of years but few empir-
5 EES:I;\atzs of family line survival are available (Albertsen 1995).
_ughtirasn and Wales, 1for exan}ple, the average number of live
e’éﬁed : a wo_ma.n of. ch.lld-bearmg age of a particular cohort can
o have in her lifetime (gross reproduction rate) rose to 0.96

;poi.nt of 0.80 in 2000.° Since the probability that
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Table 12.1 Estimated probability of family survival and expected family
size

Single-branch family Triple-branch family
——— ——

Probability Expected Probability Expected

Number of of family of family
generations survival size survival size

0 1.000 1.000 1.000 3.000

1 0.620 0.949 0.945 2.847

2 0.452 0.901 0.836 2702

3 0.354 0.855 0.731 2.564

4 0.289 0.811 0.641 2.433

5 0.243 0.770 0.566 2.309

10 0.126 0.592 0.333 1.777

25 0.037 0.285 0.105 0.854

50 0.008 0.077 0.024 0.024

150 =~ 0.000 ~0.000 = 0.000 ~0.000

ks

MODELLING SUSTAINABLE SPENDING PLANS FOR FAMILY OFFICES, FOUNDA TONS AND TRUSTS

F Modfzﬂzng in the remainder of this chapter assum

: stant discount factor since including a time-varying di ot e

5 would 'rule out analytical solutions. While the arismg:n ‘é’comt oy

i stant d};ﬁ_:fc]?nuntig is a simplification of survival prosl:l:ec‘:sn :sfsfzon-

© ing an in ite horizon is a reasonable a imati ' e
long horizon of any multiple-branch fm]iiir:j;ﬂah?on . th? ')

inter-generational wealth transfers. S

~ ANALYTICAL APPROAC
e HES TO OPTIMAL DISBURSEMENT

| The standard problem for intertemporal utility maximisation is to

-aﬁ;l\d tl':e optiélnal functional form for consumption and the set of asset
ocations that will maximise the ex i-peri
: . pected multi-period utili
: weilth through time. Here, the decision-maker is infinitely Iivelc;}llagf
makes annual consumption plans. Proofs for all the propositions that

a female line eventually reaches extinction depends on the aver-
age number of daughters born to women in the family, the grogg——_
reproduction rate of below 1 implies that a UK family traced from ——
an average mother along the female line would eventually become
extinct. Tkl

Satchell and Thorp (2011) showed how the theory of branching
processes and birth statistics can be used to estimate family survival
functions. The pattern of family survival depends on overall fertil-
ity, the probabilities of particular numbers of births and the number
of branches in the original family. Table 12.1 reports the estimated

- follow appear in Appendix A.

L=

~ Recursive utility

- :so{',‘;lo]:;?onnnmlfo a;d Weil (1989) and Weil (1990) find the closed-form
Lo r the optimal consumption infini
ol . path of an infinitely li
| entity that maximises a discrete-ti i Y o
-time recursive utility function.?®
- The aggregator function for utility has two argmnentsljythe ﬁ::torz
tesents the value of current consumption and the second represen}:;
expected future utility over uncertain future consumption

J - L=UIC, EiLii]

B
- T 0-90-w

probability of survival and expected family size (in terms of onegen-
der only) using average fertility patterns of mothers born in England =
and Wales in 1960. The data shows that, while not expected to sur- i
vive forever, families have non-zero probabilities of survival over
several hundred years. The three-branch family in the table is 11{"‘
expected to have a survival probability of less than 50% for six gﬂl‘
erations. Another interesting implication of the model, explored &
Satchell and Thorp, is that optimal spending plans by family founcamus
tions and trusts will vary with survival prospects, being optim?

higher in years when survival is more likely. For a single-braf>
family, this result implies a hyperbolic discount functiory, while 08
a multiple-branch family the function is non-monotonic. 3

238

' "_‘ Equation 122

x{(1-8)C;™*
+6[1+(1-8)1- O()EtL,H](1_")/(1‘0‘)}(1‘“)/(1‘”) -1

y 12.2)
Where (
fon(; Ef(O, 1), fx > 0and p > 0, and where C; is consumption in
- of spending by beneficiaries and costs.
'fmi.t Preference in Equation 12.2 is represented by the aggrega-
te;?:t:;o thalt the derivative of Equation 12.2 with respect to
re utili i jecti
) utility can be viewed as a subjective discount factor.

. - -
§gregator is convex with respect to expected future utility, the

E0t pref i
Prefers early resolution of uncertainty, or safety over stability.

Js concave with respect to its second argument, then
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the agent prefers a stable certainty equivalent path of future con-
sumption. As Weil points out, § is the subjective discount factor in
the case of certainty and in the linear CRRA case where & = p_ It
is straightforward to show that the convexity or concavity of the
aggregator function depends on the relative sizes of x and p, being
convex when & > p and concave when o < p. Convexity implieg
more rapidly increasing patience and concavity more slowly increas-
ing patience as expected future utility rises. Agents who are more
risk tolerant and value smoothness (& < p) prefer late resolution,
and agents who dislike risk but tolerate larger swings in certainty
equivalent utility (x> p) prefer early resolution.

Another way to view the parameters of the model is to recognise
that the coefficient of relative risk aversion for timeless gambles is
and the constant elasticity of intertemporal substitution for deter-
ministic consumption paths is p. If either parameter approaches
unity, then preferences become logarithmic in that dimension, so
that we get logarithmic risk preferences when & — 1 and logarithmic
intertemporal substitution preferences when p — 1. Under the spe-
cial case where o = p, the utility function represents the preferences
of an individual with CRRA and for whom the inverse of the risk
aversion parameter is the elasticity of intertemporal substitution.!

Wealth

The HNWT's optimisation problem also depends on the wealth gen-
erated by investment income and donations. The amount of money
available for investment, I, is given by

=W, - C 12.3)

where W; is the wealth at time t. If I; is invested in n assets, buying
N;; shares in the ith asset at a price Piy, then

I = > NisPis (124

=1

If we define the random return to the ith asset as the random

variable =

Zip =
it P[It
then the stochastic wealth of the charity at time f + 11s

"

Wist = I D widZis

i=1
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Yvhere Wi = .N,-,tP,-,,/It represents the relative weights of the assets
in the portfolio, so that 37, w;, =

1 and saving from .
invested in each period. ) wealth is fully

Thte ‘chan't}-‘ consumes C; by spending on administration and
prt_)wdmg funding to beneficiaries. Setting aside questions of port-
folio allocation, and assuming for now that no donation inconP;e i
received, the budget constraint is ’

Wt+1 = (W[ . C[)Zt (127)

- where Z; = Z?:l w;:Zi; is the random growth in investments from ¢
tot+ 1.If C; = nm; W,, then Equation 12.7 is

Wi = (1 - m)W,2Z, (12.8)

This gives us a difference equation

1 -1
1= We=Wo[](1 - my)Z;

i=0

!

=1

:{-— =WoViy n(l —m;) (12.9)
T L 0

where V_1 is the accumulated value of one unit of wealth invested

~att = 0 and held until time ¢; it is random and assumed to be non-
- negative.

: ?roposition 12.1. If Z; is a positive iid random variable and 71-*
- isa well-defined random variable such that E(ZI) =@ existslfor
% 0< x < o, it follows that IE(V}:{") = @! for all integer t > 0

- Income and new contributions

: -,_,ﬁany HNWIs z‘md family offices rely entirely on investment income
_ diter 2'1 f?undatlonal business has been sold (Amit et al 2008). How-
| °Ver it is possible to generalise to the case where new sources of

i
-4 %« Income or new contribution
3 - t .

s Y; are received during the time i
_datit:; fn zutailnvesteél at the .end of the Period. S(jgme familypfecflllﬁ
T.rechved . zfr iniot;ecelve. charitable dOI:lathnS, for example. (Income
i 8 the period cannot be invested in this discrete-time
oo equatii: (IgarkeF opens in integer time.) This means that
quation 12.8) needs to be adjusted to

Wi = (1 — mt)W[Z,_l + Yt—l (1210)
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Then

-1 -1 Vt—l)
Wi = WoViq n(l —m;) + Z Yj(V—j

t-1-j
[Ta-m) (21
i=0 j=0 i=0

Vo i all.

where Vj is assumed to equ _ o
It is apparent that no closed-form solution to the ol:ftmusahon
roblem described by Equation 12.2 exists for additive income for
general distributions. However, using the fact that new seufces. of
income must be positive, they can be expressed as a multiplicative
iti ith. Define the cumulative growth in income from

addition to wea SR
new sources as a proportion of wealth Yi—1 = | iLo s e

the wealth constraint as
-1

Wi = WoVie Ve [ [(1 = mi)
i=0

(12.12)

return to wealth, @, is

= l— Zl-o ¥l-oy _
E(ZI-PYEX) = EZEPEXS) + cov(Z25, Vi)

We now go on to solve the optimisation problem for consumption

or the disbursement rate subject to the wealth process set out above.

imal consumption path '
gz)c:vannini and Weil (1989) and Weil (1990) .show that the ;ph_rrt;ai
disbursement rate will be a constant proportion of weaﬁlth. w er}ﬁve
horizon is infinite and the return to invested wealth Z; is posi
iid. . A
Proposition 12.2 (Giovannini and Wei? 1?89; Weil 1,?:;);1&1 t;
consumption-to-wealth ratio m that maximises aggrega

int
(Equation 12.2) for t = 0,..., 0, subject to the wealth constraint

(Equation 12.9), where Z; is positive iid, is constant and given by

m=1-— (5(‘0(1—10)/(1—0())1/0

and the optimised value of Equation 12.2 is

(W)« -1

LW =4 8d-w

fory = [(1 - §YymPJ0-0),
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] For CRRA utility, when o p the optimal disbursement rate
simplifies tom = 1~ (§@) 1/ In the case of logarithmic risk prefer-
ences when o« — 1, the consumption-to-wealth ratio is myopic over

2 investment risk even when the investment opportunity set is non-

: constant, and in the case of logarithmic intertemporal substitution

. Preferences when p — 1 the consumption-to-wealth ratio is constant

- for all values of a. Thus, in either logarithmic case, the optimal dis-

~ bursement rate is independent of our assumption about E(V1~%). In
other words, the consumptionrateis independent of asset allocation,

- although the amount of wealth drawn down is not.12
The feasibility and dynamic stability of this plan can be ensured
by placing conditions on model parameters. The dynamic spending
plan in Equation 12.14 is feasible (satisfying strictly positive wealth

{Since the (gross) return to wealth is always non-negative so that
In this case the new interpretation of the risk-adjusted expected |

|~ © > 0, and given that the discount rate § & (0,1), a consumption-

to-wealth ratio strictly less than 1 is sufficient to ensure feasibility.
~—Dynamic stability, such that the expected value of optimised util-
| _ify is bounded at the infinite horizon, is also satisfied by 6@ < 1
in the CRRA case, but the conditions for feasibility and dynamic
sialnhty do not always coincide in the non-linear recursive utility
- wse.” Proposition 12.3 sets out a sufficient

stability that utilises the binomial form of
- (Equation 12.2).

condition for dynarmic
the aggregator function

- Proposition 12.3. Under Newton’s Generalised Binomial Theorem

* (Graham ef al 1994), the aggregator function in Equation 12.2 is the

- sum of a convergent infinite series if m/(1 —m) < 1 so that the
less than the saving rate.

The proof of this

4 by Inserting

proposition is set out in Appendix A, and begins
the value function (Equation 12.15) into the aggregator
finction (Equation 12.2). An inspection of the result shows its sim-
ilarity o o generalised binomial form. Newton'’s Generalised Bino-
al Theorem thus gives the criteria for convergence, which verifies
&9 transversality condition, and it follows that the value function

4 Werges to zero in the limit.

€ convergence condition m/(1 — m) < 1 applies where the dis-
ted value of expected future utility (the second argument it
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Figure 12.1 Asset allocation of simulated portfolio

the aggregator function) exceeds the value of current consumption
e

(the first argument in the aggregator function), and al?houn,’zls1 to the
i i ding rate be less than the sav-
ement that the optimal spen :
Teql::te If the reverse is true and the value of current consumption
ing rate.

Emerging
equity

5%

Private |
o of spending needs Global equity i
exceeds discounted expected utility, then the ra.te pili i gr e | oal o ey
to exceed the rate of saving to achieve dynamic stability. st

of the empirical applications to follow, where the optimal ;}?endmg
response to moderate changes to the investment outlook is mod-

Property
i 7.5%
i te. This con-
i be less than the saving ra
elled, the spending rate muslt hich is not a binding constraint fo I
dition is equivalent to m < 5, whic

i terisations of the problem.
ost conventional parame ‘ ; _
- The conditions for optimal portfolio selection for this pro})lem }ilre
. Importantly, when
t repeat them here
well known and we do no :
returns are iid, portfolio choice is depender}t o¥11y ondtz(aistes for
risk, not preferences over intertemporal substltfmon, ;nm oes not
depend on expectations of the future consumption path.

In the following sections, we take advantage of this separationand -

treat the portfolio allocation as predetermined (although not neces-

sarily optimal). But, for any given asset allocation, however deter- - -
a o s

mined, it is possible to calculate the impact on the ideal dlsbur'se;migt
rate caused by changes in the distribution of future returns, risk a

= il

UK equity
32%

UK Gilts 2.8%

Cash
5.4%

January 1990-June 2006

_ Table 12.2 Summary statistics, real a

nnualised portfolio returns,

Mean (%) 4.75
. i . Tvsis is given below Standard deviation (%)  13.02
tudes and/ or portfolio weights. The scenario analysisis g Skewness ¥oies
(see p. 248). Kurtosis 3.88
Jarque-Bera 21.87
(p-value) (0.000)
EMPIRICAL ILLUSTRATION N SR
The empirical implications of the explicit solution for the op

mal consumption-to-wealth ratio (Equation 12.14) canll'.é (i)l;;l)st:}i)t:’ei
ioreturns. Amitet a T
ing a simulated sample of portfolio re s £ _ Pl
1tﬁ:t1 %‘INWIS and family offices hold capital in pubhccl_a.nd pgx::) 1e
ixed income, commodities and col-
uity, hedge funds, real estate, fixe >d e
fgcﬁbt}l,es. 'I'Ee actual holdings of HNWIs are not‘ a\'aJJa::aI::I:t ‘:‘?\; v
construct a returns series using an asset alloca n?n similar OH:NV\H_E
come Trust in 2005 as a long-lived trust estabhshec! b? and . éadi
Figure 12.1 shows the proportions of total funds m\-.es;fs S
assetclass for simulated portfolio returns and these weig
for the whole sample period.¢

i the *
The simulated data are monthly real portfolio retumsd 0\:;31; it
period January 1990 to June 2006 (198 observations), based on & G

i ted using
vidual asset class returns from standard indexes and defla .

tionis computed as 50
1 10 wage increases.

- with volatility of 13%
| show that the (monthly)

x .-:skeWed and leptokurtic
| thede

b Dy
e

! 31:5 ot reported he

consumer prices and earnings data. It is reasonab
wages are an important cost for a famil
* consumer prices alone will overstate re

The mean (log) real annualised r

—

le to expect that
y office, and deflation using
al spending power, so infla-

% consumer price driven and 50% purely due

eturn to this portfolio is 4.75%
per year. Summary statistics in Table 12.2
data is significantly non-normal: negatively
. However, the autocorrelation structure of
“meaned returns and squared de-meaned retums supports an
Umption that real portfolio returns are iid. Ljung-Box Q statis-

e, are insignificant to at least 50 lags for the
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Figure 12.2 Optimal disbursement rate
144
§ 12+ I| /
E 104 S~
€ /
S8 |/
3 \ /
a 4
c
S
g 5=0.97,00 =26
a
\-\-\_J{J LN L R B TT TrTTY TV S
?)2. h 08 14 20 26 32 38 44 50
. P

de-meaned returns. The squared residuals have one significant
e-m g
autocorrelation at lag 10.

Equation 12.14 is the optimal rate of disbursement rate foran |
u .

infinitely lived charity under a fixed asset allocation, given time
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Figure 12.3 Disbursement rate error distribution |
- |
|

30 !

‘ 25

N
o

Probability
o

-
o
T

(3]
e

=

|

1 10 14 16 18 20
1 3. ‘ Drawdown ratio (% per annum) |
——boundary conditions. From the estimated beta parameters, quantiles

preference parameter 8, consumption smoofhing Pa;ame;; ;; fa;:_ 3
relative risk aversion &. Another key dete~mu1_anant is Te rr;ﬁmate :
risk-aversion-scaled portfolio return, E(i ) z I(Jp;.m; 1920 i ran: »
i bootstrappe X

thly portfolio returns were
g:)enrln g:awsy f‘.’hen summed to get 10,000 annual real (gross) returns
and the sample mean was computed
(12.16)

@ =< . Z7%j = 10,000

.|
'Ms..

i=1

=0.97 and & > 0. o .
forT(;e estimated optimal disbursement rate f is shown in g _

i1 - 170(,0_025 =1- F_1(0.025) and 1 - ‘A’O(,O.OE =1-F1 (0.975) can be
inferred as a guide to the accuracy of /1. Consistent with the solution
-~ for logarithmic intertemporal substituti

on preferences, the optimal
consumption rate,

=(1-9),is 3% per annum when p = 1. Ag
_ tolerance for consumption transfer through time decreases and p
g increases, the disbursements fall from around 4.7% when p =02
~ eaching 2.8% when p = 5,18

 The error range around 7 widens rapidly as the elasticity of
ntertemporal substitution (EIS) diverges from 1 in either direc-
- fion. Figure 12.3 graphs the estimated beta distributions of the opti-

12.2 for values of the intertemporal substitution p_arar:let:rf::' _
Eﬁweén 0.2 and 5, and with risk aversion & = 26 Thli Zh euwe]]._ 5
risk aversion is estimated from the p01-'tfoho' welgll;t;}i)e it
come Trust, assuming that the portfolio is optimal. S :,

isk aversion parameter is only indicative, and serves as a 3
1 ; |
int for numerical illustrations. ‘ . w
PO?he light grey curves in Figure 12.2givean app{rloxzntate1 90500 b
i distribution is fitted to 1,UVU"
e for the estimate of m. Abeta . o
::;iped estimates of ¥ i= (8PP (1-0)1/P by mix::;bﬂity a
hood, after filtering out values that do not meet the te
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- mal disbursement rate at three indicative
- poral substitution parameter. When the E
- B3 = 0.75), the error distribution is mo

values of the intertem-
IS is relatively high, at
re right-skewed and dis-
= 1.25), where the distri-
ution is more tightly packed around the 3% logarithmic disburse-
t rate. However, as the EIS moves away from 1, falling to 0.2
= 35), the probability distribution becomes more right-skewed

+ and uncertainty over the optimal spending rate increases.
® Pattermn indicates the increasing importance of the stochastic
*xaled—ret-umg. parameter @ to optimal consumption paths as
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the EIS diverges from 1, since at p = 1 consumption depends OI-IK
on the discount parameter &, which is assumed to be known wi
tainty. _ )
cerHenc}tz a moderately risk averse HN WI W.lll spend betw_een ﬂ51 %
and 2% (;f wealth each year, but the uncertainty surroundu}g at
optimal solution is very large and increasing as the EIS diverges

from 1.

ANALYSIS

il(l:\TEV'V\lI::LZd a way of assessing whether their chosen diSbursféne.nt
rate is robust to changes in beliefs about future ret-uc;né, T:, ;t rc1si
usually called scenario analysis. A natur.al .ap_proa 15imistic Eist_
history as the benchmark and build optimistic or pess S
looks. Alternatively, a range of drawdown rates_ fora bcroisthe cto o
foundations or family offices with different beliefs abou ms

istributi estimated. -
dlsglttiﬁz(s):c:ic;:izeset out a simple procedure to conduct scenario

analysis that is not highly dependent on specific assumptions about |

distributions of returns. The analysis direc~t1y con'nects the deessrtie;
consumption-to-wealth ratio with stochastic dominance prop
i distributions. .

o ﬁi?f?z:;::l cl;? sthe returns distribution on o.ptimal spendu;(g)
rates is via the expectation of risk-scaled pf)rt.folilo redt-umsss,izi.sﬁc
gauge the optimal spending response to.optumstxc a_tn dpieSk—scaled
investment scenarios, consider changes in the ?xpec e (ri e e
portfolio return @, keeping constant tastes for I‘lSk., 0({ an . 1nal ey
poral substitution, p, fixed but varying general distribution e
acteristics. The change in optimal disbursement rate as @ ]
depends on the relative sizes of x and p :

| isincreased if 0 < & < 1 and decreased ifoa>1.

1 0< a <1 (hence, pa > @),

1 functionG(Z)

MODELLING SUSTAINABLE SPENDING PLANS FOR FAMILY OFFICES, FOUNDATIONS ANDTRUSTS

Table 12.3 Revisions to drawdown rates under first-

order
transformations

Intertemporal substitution parameter

"

Risk aversion

0<p<1 p>1
O<ax<i >0 = increases e >0 incr
—_— —_— =3
3z @ 3z @ increases
om om )
35, <0 = mdecreases —— >0 — Increases
@ op
o >1 = <0 = decreases B—G<0=> d
3z @ 3 @ decreases
om om .
3~ >0 = mdecreases - < 0 = mincreases
i@ oQp

First-order stochastic dominance

Proposition 12.4. If Z# first-order stochastic dominates Z;, then @

First-order stochastic dominance (FSD) implies that EAlG(Z2)] >
- EIG(2)] for G(+) any increasing function. Now apply the result for
—@ = E(Z1%), to see that G(Z) = Z'-% is positive increasing for
and positive decreasing for & > 1, so
-~ that @1 < @, where A is an FSD transformation.

Consider now the change in m under an FSD shift FA(Z), for each
“of four combinations of values for relative risk aversion and the elas-

| ticity of intertemporal substitution. Two effects interact to determine

! lhe response of the consumption-to-wealth ratio to FSD transforma-
 tions of the returns density. The first depends on the properties of the
-and the second on the sign of the derivative of m with

- "®spect to @ given in Equation 12.17. The outcomes are summarised

(1-p)

om

0 1-0)
Since «, p and @ are positive, the response of the optimal d:‘t; 3
ment ra,te to an increase in @ will be positive when p > tt ranthm 3

1. If both & and p are grea

and when p < 1 and & > ; : gt
less than 1, then the response of the optimal d¥sburseme;1f e
an increase in @ will be negative. However, the mﬂuencin A
risk aversion on @ itself needs to be accounted ff)r. It tu o
this can be done using the properties of stochastic domin

_sle (p(l—P)/((l—tx)P)—l (12_17.] i+

e

4 Pution. The form

Table 12.3.

|
J:[' S0, regardless of the size of the relative risk aversion parameter,
'[ - Tansformations of the returns distribution that are described by first-
I stochastic dominance mean a decrease in the consumption-
Wealth ratio whenever 0 < p < 1 and an increase in the
~sumption-to-wealth ratio when P > 1. Weil (1990) showed this
ult for lognormally distributed portfolio returns, but here it is
S¥eralised to the case of an

y well-behaved continuous returns dis-
er case, 0 < p < 1 fits decision-makers with

B elasticities of jptertemporal substitution, and the latter case,
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s |

> 1, agents with low elasticities of intertempf)r'al substitution. FfOr
‘ ti.m’istic returns scenarios and where the willingness to tTiiIlS er
o umption over time is high, the substitution effect dominates
:lc:ns' coII)ne effect and the HNWI reduces spending rates, v.vhereas
e m . -
for HNWIs with low elasticities of intertemporal st;b:;ltut.lon, the
i bstitution effect, and they increase
income effect dominates the sul .
mimdmg rates. These effects are independent of tastes for risk when
sp i
s are iid. o -
rel-IL\ITow consider reshaping the returns distribution to reflect opti-
mistic scenarios for investment that are consistent W:;:l FS]?retraIT-
i imisti tlooks, the aim is to make extremely
formations. For optimistic ou o
i ive to the recent past by s g s
or returns unlikely relative e :
Er(c))m the left tail to the right tail of the distribution. For an arbitrary
positive continuous density, pdf(x) we consider two points x; and

xu and the probabilities

- = " pafoar o
P = r pdf(x)dx, Pu= J pdf(x)dx, Pma L P
0 u

(12.18)

p—

and clearly Py + Pj + Pppg = 1.

Construct a new density by the following shift =9

P, =Py +A, Pl =P —A, Plq=Pmd (12.19)
where 0 < A < min(Py, P;) and
Mx—} forxy <x < o
Py
pdf (x) = {pdflx) fory <x <y
P)—IEM forO<x<x
b

It is easy to check that pdf (x) is still a well-defined density,

= thatsince
although itis no longer continuous at x = x10rx = Xu. Note '

. int wastl
a continuous density with zero probability massfat ax;)t; 5::\:11 i
assumed, the discontinuities induced by our tra.ns’;l:)rnllj R
affect the existence of the integrals. Furth.ermore, eal -
mation can be called “optimistic” in that it t.ransfer.i pro" essmistib?
the lower tail to the upper tail of the densrc.y, wh1 TI :n :}omaﬁm\'
transformation does the reverse. For an optimistic

o , oo d
L pdf (x) dx < L pdf(x) dx

which satisfies FSD, and the following corollary holds.
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Corollary 12.5. If G(x) is a Ppositive increasing function, then

J; G(x) pdf (x) dx > (<)J‘0 G(x) pdf(x) dx, (12.21)

for pdf'(x) the result of an optimistic (pessimistic) transforma-

tion, respectively. The opposite result applies to positive decreasing
functions.

. Empirical illustration
- Figures 12.4 and 12.5 show the impact on the optimal spending rate
of a range of transformations of the distribution of Z;, the portfolio
return. Panels (a) and (b) in Figure 12 4 show graphs for the opti-
- mal spending rate when & = 0.5 ang & = 2.6, respectively, and p
ranges from04to1. A positive rescaling of the returns distribution
of size, say, 0.02, shifts 2% of the tota] probability mass from the left
tail to the right tail of the distribution and matches an optimistic
:’_out_look for investment returns. In the same way, a negative rescal-
- ing of 0.02 shifts the same probability mass from the right tail to the
~_left tail, when the investment outlook is bleak, Whenever P=1
‘q_-__the optimal spending rate is 3% per year, but, as p shrinks, EIS
- increases and spending falls with optimistic expectations and rises
| with pessimistic expectations.’® A very flexible foundation or family
does best by decreasing current spend-
- ing rates in favour of future consumption, with substitution effects
- dominating income effects,
" For HNWIs, foundations or family offices with low elasticities of
; '“‘_intertempt}ral substitution, where P > 1, optimistic transformations
‘of the portfolio returns distribution increase the optimal disburse-
* ment Tate, as they enjoy higher income in the current period rather
4 than favouring future consumption. Figure 12.5 graphs changing
. -' Spending rates as optimism increases and EIS decreases.
~ Table 12.4 shows specific examples of the numerical scale of
gﬂnges m disbursement rates. While the size of the EIS relative
1 determines the direction of revisions to disbursement rates, rel-
ive risk aversion influences the scale of the change. When p = 2
=05)and & = 2.6, for example, optimal spending at the his-
fical average return is 2.8% per year. Reducing the probability of
tail returns by 4 percentage points raises spending by 180 basis
ints (bp) from 2.8% to 4.6% per year. The same size shift in the
ection of pessimrfism reduces spending by 240bp from 2.8% to
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e |

Figure 12.4 Optimal disbursement rate under transformations of th
portfolio returns distribution, 0 < p < 1

N W

Drawdown (% pa)

e

Drawdown (% pa)

Retums rescaling factor —0.04 "~ 0.4

(@) o« = 0.5.(b) ox = 2.6.

0.4% per year. For lower risk aversion, the revisions to benchmark
spending are an increase of 220bp for the optimistic scenario anda

decrease of 180bp for the pessimistic scenario.

Second-order stochastic dominance

The first discussion considered first-order transformati
returns distribution. Now we consider second-order changes-

ons Of &le

ﬂ'
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| Figurg 12.5 Optimal disbursement rat
portfolio returns distribution, 1 < p <

€ under transformations of the
5

Drawdown (% pa)

Drawdown (% pa)

o

Retums rescaling factor

@ o=05.(b) x =26. }

 Proposition 12.6. If Z¥ second

i -order stochastic dominates Z; the
¥ ol - - ’ n
Pisincreased if 0 < ot < 1 and l

decreased if o > 1.

m Second-order stochastic dominance (SSD) implies that

Ewl[G(Z)] > E[G(Z)]

f;g)_air_l‘); increasing, concave function. Applying this result for
* ’(Z ), we see that G(Z) = z1-« ig positive increasing and
; aI: ; for0 < o < 1 (hence, @, > @), and positive decreas-

5 convex for ¢ > 1, so that Pw < @, where w is an SSD
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Table 12.4 Numerical example of changes to drawdown rates (FSD)

(a)p =2,EIS=05

Optimistic (%) Pessimistic (%)

Benchmark (%)
A = 0.04 A = -0.04

RRA A = 0.00

4.6 0.4

o=26 2.8
57 0.7

x=05 3.5

(b) p = 0.8, EIS = 1.25

Optimistic (%) Pessimistic (%)
A = -0.04

Benchmark (%)
RRA A = 0.00 A = 0.04

p>1

4.3

a=26 3.1 19
3.6

x=05 27 1.9

0%G

&G ,
" 372 <0 = @increases

' 572 >0 = @ decreases

>0

G
0Z
om

an >0 = mincreases
<

3p <0 = mincreases

G
0Z
om

The change in m for each of four combinations of otand p, given |
an optimistic transformation of the returns density, is summarised —
in Table 12.5. If our transformation creates SSD over the original dis-
tribution, then the optimal consumption-to-wealth ratio m decreases 4
whenever 0 < p < 1.1If p > 1,SSD implies the opposite effect, where  {
m increases as risk shrinks and decreases as risk rises (for a constant
expected return). This result confirms the reasoning in Weil (1990)
that responses to mean-preserving spreads of the returns distribu-
tion depend only on the value of p, but it is shown that this result
holds for any second-order stochastic dominance transformation of

= T
1

-order transformations

—

Intertemporal substitution parameter

0<p<1

G .
' 372 <0 = @ increases

37 0 = @ decreases

e

>0
<0

the returns distribution.
To illustrate the result, consider a mean-preserving spread of the

distribution as a special case of SSD. For an arbitrary positive con-

tinuous density, pdf(x), where x; = i, + &, & ~ id(0, o2), construct

a mean-preserving spread by the following transformation of i

876 <0 = m decreases
— >
3¢ 0 = m decreases

G
3z
3G
3z

am
om

=+ (1+wg 0<w< oo

Risk aversion
O<m<1
o> 1

The mean of both distributions is
E(x;) = E(xi) =

and, for 0 < w < o, the variance of the transformed variable X

Table 12,5 Revisions to drawdown rates under second

greater than the variance of x;

var(x]) = (1 + w)?0? > var(x),
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Table 12.6 Numerical example of changes to drawdown rates (SSD)

(a)p=2,EIS=05

Benchmark (%) Optimistic (%) Pessimistic (%)
RRA w = 0.00 w = -05 w = 0.5
ax=26 2.8 3.5 1.3
x =05 35 3.7 3.4
(b)p=08,EIS=125
Benchmark (%) Optimistic (%) Pessimistic (%)
RRA w = 0.00 w=-05 w =05
=286 3.1 27 3.8
x=05 2.7 2.6 2.8

These are sufficient conditions for the second-order stochastic dom-
inance of pdf(x) over pdf (x). The variance of x; can be shrunk —
by choosing an optimistic transformation such that -1 < w < (,
so that the transformed distribution pdf’ (x) dominates the original —

distribution, pdf(x). =
Corollary 12.7. If G(x) is a positive increasing, concave function,
then

J:o G(x) pdf (x) dx > (<) J:o G(x) pdf(x) dx (12.25)

for pdf’ (x) the result of an optimistic (pessimistic) transformation.
The opposite result applies to positive decreasing, convex functions.

Empirical illustration

Figures 12.6 and 12.7 graph the optimal disbursement rate when the
variance, but not the mean, of the distribution of Z; is increased or
decreased. In Figure 12.6 the standard deviation is shrunk from its
historical value to almost zero (rescaling to —1), or pessimisticaﬂ?' i
raised to twice the historical size (rescaling to 1), while setting &=
0.50r o = 2.6, and allowing p torange from 0.4 to 1. For HNWIs with &3

in risk lower optimal spending rates, with the effect becoming mot
dramatic as EIS shrinks. Figure 12.7 graphs these changing spendifig
rates as optimism over volatility increases and EIS decreases-

K

*
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Figure 12.6 Optimal disbursement rate under mean

transformations of the portiolia returns distribution O'Pfﬁserwng spread |

<p<1
@ }

a5 |
3.0

25 |
20 |
15 _| 2 I
1.0 |

 Ca
| - _ _ |

Drawdown (% pa)

-0.5 0

| 0.4 .0

Risk rescaling factor

Drawdown (% pa)

Risk rescaling factor |

: ’ -0
- |

~ Numerically 1
ally, changes in spread create relatively small revisions

P
‘ e. ;llsbishemmt rates, as can be seen in Table 12.6. Acain the
direction o anges depends on the EIS, b i and e
: ‘ » but the size and origi
.szmark are also influenced by risk aversion. e
" tﬁ;r-l;: ;nd & = 0.5, the optimal spending rate based on histor-
b aro:.?nd ?.5%, and shrinking volatility by 50% causes
i ‘ease u': disbursements towards 3.7%, while increas-
» Flt_v by 50% decreases disbursements by about the same
- 7OrP =2and o= 2.6, the same changes on the opl.imjs;-ic
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Figure 12.7 Optimal disbursement rate under mean-presir\;ing spread
tra%sformations of the portfolio returns distribution, 1 < p <

Drawdown (% pa)

Drawdown (% pa)

Risk rescaling factor

(a) x =0.5.(b) x=2.6.

T _—
side raise spending by 70bp and on the pessimistic side dec

spending by 150bp.

i i v tsisnot:

Lower current spending as a reaction to improved prospec : :

i hepisodes

necessarily irrational or irresponsible. On the contrary, such ep _

. d-E'
could be evidence for a high level olf willingness to t;:l;iiro o
bursements into the future. However, 1_f.an HNWI fafforlltowards
consumption, then unwillingness to _shlft.consumf};zo ot
future dominates, and optimal spendmg r}ses and | _sst-rue "
brightens or blackens. Somewhat surprisingly, this i
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—
the degree of risk aversion. Preferences for early
of uncertainty do not determine the direction of response. While the
benchmark level of spending, 1, will be sensitive to both risk aver-
sion and the intertemporal elasticity, whether spending decreases or
increases from that level in fesponse to scenario changes depends

only on whether the elasticity of intertemporal substitution is less
than or greater than 1.

or late resolution

CONCLUSION

In this chapter we built and solved a model of the ideal constant
dispersement rate for a foundation or trust. The specific features of

First, the ideal rate of spending depends on preferences for safety
smoothness in expected consumption, tastes which can be Tep-
resented in an EZW utility framework. The

EZW, or recursive, utility
— separates risk tolerance from intertemp

oral consumption prefer-
re iid, then the asset alloca-
tion and consumption decisions are separable, and spending rates
= can be treated as contingent on a pre-set portfolio. Descriptions of
L the governance structures of family offices and foundations indi-
cate that investment choices are not always made simultaneously
~ with choice of spending rates, so flexibility between spending and
investment planning are critical,
The ideal spending rate depends on investment returns and risk,
* the risk preferences of the decision-maker and their capacity for
transferring consumption from the present to the future, or the elas-
of intertemporal substitution. Using a simulated returns distri-
 bution, we derived an ideal spending rate of 3% perannum when the
- tion was p
Lonsumption transfer through time decreases

= 1. As tolerance for
and p increases, the

£
23

disbursements fall from around 4.7% when 0
| ? =5.However, this resultis fixed for stipulated investment retums.
- horderto investigate the responsiveness of disbursement poli-
{ fies 1o changes in the shape of very general returns distributions,
;'- "€ considered scenario analysis. The effects of Optimistic and pes-
Simistic transformations of the returns distribution were identified
Using the Properties of stochastic dominance. Analytical results were
“Erived for revisions to expected returns (FSD) and for revisions to
“Husion of returng (SSD).

= 0.2 to 2.8% when
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: FOUNDATIONS AND TRysTS
Without assuming a specific functional form for the probability Proof of Proposition 12.2 Substituting Equatj
density, the effects on optimal spending due to a transfer of probabil- 122 and using the expressions for cgnsu;mt_u 15 into Equation
ity mass from the lower to the upper tail (FSD), and vice versa, and constraint (Equation 12.9) gives ption and the wealth
the effects of mean-preserving spread (SSD) were derived, incor- 1
porating important idiosyncratic features of actual returns distri- L= m

butions. These experiments can represent either revisions to the

X{(1-6 1-p
beliefs of an HNWI, or a cross-section of beliefs about investment ) (me W)

opportunities from a sample of such individuals or families. +O[E(@Z,(1 - mt)Wf)l“"]ﬂ—P)/(l—a)}(1—a)/(1_p)
While the optimal drawdown rate depends on both tastes for (12;;)
risk and the elasticity of intertemporal substitution (EIS), scenarig Maximising Equation 12.26 over m; is the same imisi
analysis shows that whether optimal spending rates increase or Over consumption, and gives the first-order conditioas maxumsfng
decrease in response to first and second-order dominance changes 4 of Y n as a function
in returns depends entirely on the EIS. Whenever the EIS is lesg £
than 1, income effects dominate substitution effects, and optimistic omy 1-p)A - 8)m;* /e
changes to returns (FSD and/or SSD) raise current spending. The 1 - —
reverse holds when the EIS is greater than 1, and when the EISis . | =0 =Py [E, Z ) a-ay (g my)PW, P
unitary spending rates are immune to revision and depend onlyon - ) (12.27)
time preference. Rearranging Equation 12.27 gives
Foundations, trusts and family offices have been treated hereas -~ 4 S
always having an interest in future regardless of time horizon. This  §. ™= {1 + [1 - Yl ([lEt(Z}—ﬂt)]l/(l—a))1-p}l/p}_l B
approach is an approximation for an HNWI or family office for Fg = [(1-8)mP]/a-p then Ecuat: (12.28)
which survival is at least likely into the distant future, even though = - FheN Bquation 12.28 becomes
eventual extinction is inevitable, as discussed above. Moreover, the m = { 1+ [ L(l —8)my P ([E, (21~ 11/ 1/py-1
importance of internal family relationships have been subsumed 1-6 ! H(279] a))l—p} } (12.29)

into an assumption of unitary preferences, which is very likely an and rearranging confirms that

over-simplification. Amit et al (2008) report that single family offices me =1~ [§([E,(Z}-) ]/ (-a) Ji-pire

(SFOs), especially later generation SFOs, commonly perform fam- E . 5 (12.30)
. and if 1y _ mos)—

ily education, counselling services and relationship management, - UE(Z%) = E(Z}~%) = @ then

emphasising the limitations of the framework used here. Mm=m=1- [5(¢(1—p)/(1_a))]1/p

APPENDIX A ¢ O
. Proof of Proposition 12

L s s i Slexs e = -3 Newton’s G i ; .
Proof of Proposition 12.1 Since Z; is iid, Z} % is iid and 3 5 Generalised Binomial
)f of Prop ;5- States that, for any r € R, if |a] < 1, then al Theorem

=

Eo(V12) = E[(ﬁzi)l_a] = E[:]‘[:Z}—“]

=1 ~ t-1
=[[ECZI =T]o = o
i=0 i=0

Z ()

__“’ntrerges to (1 + a). This result implies, for g = x Iy

(y+x) = (r) r—tot _ r
go Y =2, ) = avay (12.31)

120

261




QUANTITATIVE APPROACHES TO HIGH NET WORTH INVESTMENT MODELLING SUSTAINABLE SPENDIN
G PLANS FOR FAMILY OFFiCEsS, FOUNDATIONS AND TRUSTS
Using the aggregator function (Equation 12.2) and substituting
the value function (Equation 12.15), we obtain
1
Li= ————
(1-6)1-a)
x {(1-8)C~° -
o
+ O[E([(1 — 5)m—ﬂ]ll(l—p)WHl)l—tx](l—p)/(l—oo}(l—a)/(l«p) % &S ° ®
! wn ©
“1 588 © GNsZ23
1 2
C(1-8)(1-w) F 5
—8)cl* U w
x {(1-8)C 8 %9“% %g W W
+ 8[(1 = 8)m P J[Er(Wpyp)1m*] (- A0y Gme0/C1=0) _y 3 gl8 78 1, w4224
» == = s = =8 (O]
_ 1 E(%%ggg%m859§<
T a-6a- c | a¥y@m ©m Du_,l—Lun_§
( ) ( o) ) —'DCDU‘U),:EID-“-OX
1-ppl-p Efcs EsoxEg0x>2
X {(1-8)ym ~PW; ] uggwggzggfg:%
D) o =
4 +8(1 = 8)mP (1 — m)mP WP =P/ (1-001(1-0)/(1-p) _ 4 s = ‘ = gg - Ea ) §’
m 4]
(12.32) } 2 o
i and Equation 12.32 will be the convergent sum of the generalised =~ | "
binomial expansion above if 3= I £ g z, 2
X x> =35 @ c
B o35 = IS
i o $3 8 zifS
Y 8(1-8)m (1 - m)-eW, P pl-p)ii-e) g122 2 23888
-m o/ *2 § LZ5&tg
T-m* 25 & S¢Es
. s 2 - =590
and 7 = (1 — o) /(1 — p) is a real number. (Note that this condition -g = 8 E E g e
. L
restricts p * 1.) @ = a 5F3
The generalised binomial expansion in this case is £ Z
° >
rr—Dr-2)---r—t+1)( m \ e I =
20 20 ¢ ki o2 = o g3
. i . . S[82/35 & e22%
In each period, the first ratio in Equation 12.33 grows by a factor 2|38 g e 582 ,‘% P
s o [ =
(r — t + 1)/t, which in the limit as t — oo goes to —1, so m/(1 = : g §5° 3 %EE%&@,—‘-‘;
m) < 1 gives convergence to a bounded value for the summation in 1 2 =
+ T - - O
Equation 12.33. o n g ® YTOLON®O
s
i : : ]
Proof of Proposition 12.4 Note that if Z® first-order stochastic domi b «
nates Z;, then FA(Z) < F(Z), where Fa(Z) and F(Z) are the respec %:
tive distribution functions. We denote expectations with respect to &
e
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them by Ea(-) and E(-). FSD implies that ]EA[.G(Z)] > ]E[G(928)8] iol-
G(-) any increasing function (see Huang and thzenb.er.ger (1 : ) or
the proof). If G(Z) = Z!7%, 0 < «a < 1, then G(Z) is increasing in
Z, and hence, under FA(Z), @ is increased. If & > 1, then G(Z) is
a,decreasing function in Z and under FA(Z) the reverse happens:

a
@ decreases.

Proof of Proposition 12.6  Note that if Z{ second-order stochastic
dominates Z;, then

Z =
Jsz(s) dséj F(s)ds forallZ € (0, )
0 0

where F,,(Z) and F(Z) are the respective distribution fun?énons.S \é\]e
denote expectations with respect to them by IEC'U () an‘d (-). SSD
implies that E,[G(Z)] > E[G(Z)] for G(-) any mcreasm%,fcgn;?vf
function (see Huang and Litzenberger (1988) for prf)of). (Z) =
Z1-% 0 < & < 1,then G(Z) isincreasing and concavein Z, and her?ce,
under Fy(Z), @ is increased. If o« > 1, we have G(Z) a decreasing

and convex function in Z, and under F(Z) the reverse happens:

a
@ decreases.

APPENDIX B . .
Table 12.7 lists data sources for each returns ser.ies. A consistent series
of returns to hedge funds was not available prior .to January 19?41;):;)
from January 1990 to December 1993 ’d_le allocations tci UK::1 ‘o; od e,
emerging and private equity were each increased l?y 0.9% an ef: lg
funds set to zero. Total portfolio return is the weighted sum of log
changes in each returns index and the cas_h ratfe (expressed on a
monthly basis) minus the log change in the inflation rate

1 CP, ) m(m)]
Pzi[ln(cm_l N earnings,_,

ich
All the series are from Datastream, apart from the cash rate, whi
is from the Bank of England database.

T i endoi
i risingly I itative research published in the area of family trusts,
! Thmxss‘g};amdnlé;lnh:e ;rﬁ:&f;?{:uﬁly offifes include Amit et fif (2008) and m‘:mﬁ
?E:;mand from a sociological perspective, Gilding (2003). IT‘he hmra%t:i.‘m_er ;:1111 [19?;]' Tit-
emin:u: and investment plans for university endowments orginates w T Dybis
f'i;:k et af(l??-l]. Nichals (1971}, but also features in Merton (1990) and more v

(1999), Woglom (2003) and Merton (2003). Empirical studies of the structure and inv
ormance of endowments include Brown 02‘99}. Lemer
Dimmock (2007) and Acharya and Dimson (2007):

<t al (2005), Brown et al (2010

1

T8 Chen et g (2007) estimate parameters of the EZW utility function at

MODELLING SUSTAINABLE SPENDING PLANS FOR FAMILY OFFICES, FOUNDATIONS ANDTRUSTS

2 See http:// www.charity-commission.gov.uk/ showcharity/ registerofcharities /registerhome
page.aspx.

3 Seehttp:// www.mmdwebaccess.com /! SPContent/Endowment.

4 Retumns to hedge funds, real estate and Pprivate equity can be serially correlated. See Satcheil
et al (2012) for analysis of spending in the EZW model when returns are not iid.

§ Merton also addresses the problem for a finite horizon.

6 Theanalysis alsolinks to the large astet pricing and life-cycle literature using the EZW utility
function (see, for example, Campbell 1993; Tallarini 2000; Campbell and Viceira 2002; Camp-
bell and Vuolteenaho 2004;: Bansal and Yaran 2004; Gomes and Michaelides 2005; Haneen of al
2005). Many of these studies either fix the EIS ar 1{or at some calibrated value), or use lineari-
sations of the problent that constrain the FIS 1o be close to 1, and most assume conditional or
unconditional lognormality in the returme process,

7 In s ime-additive utility model § would simplify to the rate of time preference, but time

preference is generally endogenous in non-expected utility settings. See Backus ef al (2005,

Pp- 321-90) for 2 genera] discussion of recursive preferences.

8 Constant proportion portfolio insurance is the optimal investment strategy of an investor or
endowment protecting a fixed minimum level of consumption, a result implicit in Merton
(1971} and explicit in Kingston (1989).

9 ONS data covers the decade 1998 to 2008.

10 Bhamra and Uppal (2006) solve a related problem for a finite horizon with non-constant
nvestment opportunity set.

11 Giovannini and Weil ( 1989) and Campbell (1993) derive and discuss special cases.

12 This result has been widely employed in the asset pricing literature to help match up high

equity premiums with relatively smooth consumption paths (see, for example, Campbell
1993).

13 Smith (1998) derives the feaﬁibility and transversality condition for a related aggregator func-

tior in continuous time, but the model here is different in significant ways and Smith’s result
does not transfer directly.

optimal portfolio weights for simple examples of constant and stochastic investment oppar-
funity sets. Explicit analytical results for portfolio chaice under stochastic investment are
limited to a two-state process for the tisky asset.

14 Bhamra and Uppal (2006) set out the implicit partfolio optimality condition and the explicit

15 The Wellcome Trust was founded by businessman and philanthropist Sir Henry Wellcome
and supports biomedical and medical humanities research.

16 A consistent series of returns o hedge funds are not available prier to January 1994, so from
January 1990 to December 1993 the allocations to UK, global, emerging and private egquity
were each Increased by 0.9%, and hedge funds set to zero. Appendix B lists data sources for
each returnis serizs.

17 Optimal portfolio weights will satisfy a vector of moment conditions in the risk-scaled port-
folio return and returns to individual assets. When returns are iid and the disbursement rate
is constant, the conditions are (Bhamra and Uppal 2006, Equation 17)

E{mPU-e)l=p) 70 (2] = E(2r%(z)] = 0

This system of moment conditions and the portfolio returns data described above can be used

to estimate o by generalised method of moments. Estimation results are available from the
authors on request.

the aggregate level and

find that the EIS fs greater than 1 and risk aversion is in the range 17-60. See also Gruber

(2005 for a high estimate for the EIS, Other authors find lower values for both parameters

%L:' for example, Vissing-Jorgensen and Attanasio 2003; Vissing-Jorgensen 2002; Epstein and
1991).
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19 The slightly jagged shape of the surface is caused by the bootstrap process: a different set of

random draws is made at each combination of p and A. Edges of the surface are not smooth
because the feasibility and boundary conditions are not met for some extreme values of p
and o.
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Inreality the standard marria
of our life is a complex struc
of contingent claims that bo
on the optimal asset allocati
analysis we find that divorc

ge contract we sign on the happiest day
tured product that gives each party a set
th are hard to value and have an impact
on decisions of both partners. From our

elaw can lead tolower equi i
divorcele quity allocations
than both partners find individually optimal. It can make strategic

filVOl’CG (gaining access to the spouse’s resources not accessible dur-
Ing marriage) attractive and lead to welfare-increasing prenuptial
agreements for both pariners. o

Portfolio advice to private investors as it appears in textbooks
excludes many aspects of real life and instead focuses on risk fac
jtcrs stemming from the investment opportunity set alone. Real ]jf'
ismore complex than that. We look at the impact of di\'orot; risk an§
ﬂ'.le importance of understanding the implicit contingent claims in
f:h'f-'o:rce law in order to correctly arrive at an asset allocation that
is in the client’s best interest. In this contribution w
E[_w question of how divorce laws affect the asset allocation for mar-
ried L"'OI.E{.P]ES. Despite the practical relevance of this question, either
to provide normative investment advice for married couplés or to

evaluate the welfare conse 1 ture
Al quences of divorce laws, the lit
this is extremely sparse. - .

e try to answer

The only papers close to our work are by Love (2008) and Voena
: IO).. Both derive theoretical models for optimal investment deci-
Slons in a marriage. Both models are ri

cher, as they include a larger

'i,,an

{ Setof decision variables

(investment, consumption and labour sup-

and explicitly model a multi-per; o
-period optimisati
However, this richness com ™ [pigplem.

]

1 es at a cost. In Voena (2010) investment

vm . . -

5 fmtums are. considered deterministic, and Love (2008) ignores con-
: ?:nt claims between partners. This chapter instead focuses on
vestment problem with stochastic asset re

. turns and contingent
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