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AGENDA

= Definition of Needs-Based Allocation
= The underlying science on portfolio construction

= NEBO: our first application
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MAIN TAKEAWAY'S

1. Needs-Based Allocation is a new paradigm for portfolio construction.

2. It allows for better outcomes that balance long-term wealth accumulation and
short-term safety.

3. We have an open architecture platform to express these ideas.

“‘GMO is in a position to create a “revolutionary retirement planning software
platform built for proprietary asset management.”
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NEEDS-BASED ALLOCATION
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CHALLENGING THE STATUS QUO

Traditional portfolio construction tools are inadequate

A framework focused on the needs and circumstances of the investor

» Does your portfolio construction tool differentiate between your client’s time horizons?
« Or consider your client’s needs? Or how much they care about falling short?

» Are risk tolerance questionnaires or risk literacy tools obsolete?
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NEEDS BASED ALLOCATION

Needs Based Allocation: Redefining risk

Risk = not having what you need, when you need it

= Portfolio construction A Case Study in Multiperiod Portfolio Optimization:
A Classic Problem Revisited

— Risk = falling short of what you need when you need it Martin B. Tarlic*

— Risk # volatility

— Horizon matters Investment Horizon and Portfolio Selection

= Flexible asset allocation Martin B. Tarlie*

— Unbundles our AA insights by asset class, region, factor

WHITE PAPER [ e O R e
April 2014

— Build institutional-level portfolios on a targeted, customized basis

— Open architecture

Investing for Retirement:
The Defined Contribution Challenge

Ben Inker and Martin Tarlie

he retirement landscape has changed. Defined benefit plans, the historical workhorse of the retirement system, had the

advantage of access to corporate profitability. In the event that financial asset returns fell short of design expectations, this
access mitigated the impact on workers’ retirement. But, as defined benefit plans have given way to defined contribution (DC)
plans. the burden being placed on financial returns in satisfying retirement needs has increased.

Proprietary information—not for distribution. For Institutional Use Only. Copyright © 2020 by GMO LLC. All rights reserved. GMO |



FINANCIAL PLANNING & ASSET MANAGEMENT

Currently...the left hand doesn’t talk to the right hand

Financial Planning Asset Management

LDI_ Portfolios
Spending Asset Classes
G|IdepathS Regions
Retirement Factors
College Securities
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FINANCIAL PLANNING & ASSET MANAGEMENT

Needs Based Allocation melds financial planning and asset management

Financial Planning Asset Management

LDI_ GMO Portfolios
é?dee”pd;?ﬁs Needs Based ASSR?t Classes
» egions
Retirement Allocation Factors
College Securities

Portfolio construction is the
“crucial moment of action.”

If you don’t get it right, then
nothing else matters.
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THE UNDERLYING SCIENCE ON PORTFOLIO CONSTRUCTION
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PORTFOLIO CONSTRUCTION

= Revolutionary framework embodied in an objective function that captures the ideas that:
— Risk = not having what you need when you need it.
— Shortfall matters more than surplus.

= How you model your assets matters.
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PORTFOLIO CONSTRUCTION

Risk = not have what you need when you need it*

ASYMMETRIC PREFERENCES

How much do you care about falling short?

= Risk is falling short of target, not volatility.

AsymmetricPreferences | -7

E.g. more risk averse below target than above =" -

I Ashorefatt > Asurptus IO : = Both probability and magnitude matter.
£ T Shortfall ,;,s--"" """ Surplus 1 = Expected shortfall incorporates investment
z horizons, whereas mean variance is myopic.**

,"' f,f
o " Risk aversion (A) controls the shape
a of the utility function
Wealth

*For further details, see Tarlie (2017), “Investment Horizon and Portfolio Selection”, https://papers.ssrm.com/sol3/papers.cfm?abstract_id=2854336
** For further details, see Tarlie (2020), “A Case Study in Portfolio Optimization: A Classic Problem Revisited”, https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3697948
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THE HEART OF THE FRAMEWORK

A revolutionary new objective function

Market Views

Preferences
1. Term structure of expected returns

1.What do you need?
2.How much do you care about falling short? 2. Term structure of volatility

3.What do you have?
4.When do you need it?

Explicit Objective
Function

Optimal Portfolio

GMO | 12
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PORTFOLIO CONSTRUCTION

How you model your assets really matters

VOLATILITY TERM STRUCTURE

0.8
Volatility term structure if real stock
0.7 prices follow a random walk -

0.6
0.5
0.4

Volatility

0.3
0.2

- Volatility term structure if real bond prices

0.1 follow a random walk

0

Historic Real
Stock Volatility

Historic Real
Bond Volatility

1 5 10 15

Horizon (Years)

Traditional Monte Carlo simulations are
missing key elements like mean reversion,
the term structure of volatility, etc.

Bonds become relatively more “risky” as
horizon increases ... because of inflation.

Ignoring this effect leads to bond
heavy portfolios.
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NOT ALL SHORTFALL OPTIMIZATIONS ARE CREATED EQUAL

Both probability and magnitude matter. Missing by $1 is not the same as missing by $1,000,000

+ Expected shortfall accounts for probability and magnitude of shortfall

1-4y
b ~—P(W<W*)+E [( ) ‘P(W < W*e—(1-Ag)Var(n W) 2)

w*

1 / ! |
1 I

Probability of shortfall Captures magnitude of shortfall

« This objective function nests the pure probability of shortfall objective

lim & ~—P(W<W?)
A¢,—>—Do

A miss is NOT as good as a mile
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EXPECTED SHORTFALL

Objective function resembles price of a European put option

Objective function depends on “mean”, “variance”, and preferences

+ Key point
Expected Iog wealth Varlance of log wealth
cp(E[ln wl, Var(an) W* A¢)

I Y
Depend on how you invest  Investor preferences

« The explicit formula for expected shortfall utility is

¢ {—N(zl) + o (1-46) ElnW]-In W*)+3(1-44) Var(nw) N(zz(A¢))]

C|1-4y

— Definitions

N(-) = standard cumulative normal
In W'—E[In W]

5H = WJ Z2 (A(ﬁ) =2 - (1 = A{;,)\} Var(ln W)

« Resembles price of a European put option for stock price = strike price = 1
— P=—=N(—dy) + e ""N(-d3)
But results from straightforward evaluation of the expectation integral, there are
no replicating portfolios or no arbitrage assumptions
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WHY DOES THIS MATTER?

Better outcomes

= Case study
— Risk of ruin: What is the probability of running out of money?

— A person retires at age 65 with $1 million and spends a fixed amount every year (e.g.
$50,000).

— Use US historical returns from 1926 — 2018.

= Sequence of returns risk*

— If you're withdrawing money (e.g. retiree), better to have good returns followed by bad.

* See 2019 GMO Client Conference Workshop
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THREE HORSES

COMMON GLIDEPATH OPTIMAL SHORTFALL
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
65 70 75 80 85 90 65 70 75 80 85 90
m Stocks m Bonds m Stocks m Bonds
VALUATION-SENSITIVE
OPTIMAL SHORTFALL
100%
Portfolios
509% depend on
horizon and

asset valuation

0%
65 70 75 80 85 90

m Stocks m Bonds

Portfolios
only depend
on horizon
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PROBABILITY OF RUIN - SEQUENCE OF RETURNS

Probability that wealth falls below zero at any point in time

Withdrawal Common Valuation Sensitive
Rate* Glidepath Optimal Shortfall Optimal Shorfall
Historical Backtest**

3% 0% 0% 0%

4% 5.9% 3.1% 0.7%

5% 49% 25% 18%
Simulations***

3% 0.9% 0.7% 0.3%

4% 7.2% 3.6% 2.0%

5% 25% 15% 10%
Asking the right question Moving your assets
= Cuts your probability of = Cuts your probability of

ruin in half ruin by another third

Source:
* For 5%, withdrawal is $4,167 per month ($50,000 per year) regardless of asset base, $40,000 per year for 4%, and $30,000 per year for 3%. Starting asset base at age 65 is $1 million. Monthly withdrawal is fixed at $1 million times withdrawal rate/12, regardless of asset base.

** Historical backtests using Robert Shiller data from 1881-2018.
*** 1,000 independent simulations.
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THREE HORSES

100%
90% Valuation-Sensitive Optimal Shortfall
(0]

/ o ‘_\_\4— Stocks cheap
70% N /
60% | \ ~

V' Optimal Shortfall

50%
40% \ v\
30% \...\

—

Stock Weight

Common Glidepath
Stocks expensive — \

10% \
0%

1970 1975 1980 1985 1990 1995

20%

Age 65 70 75 80 85 90
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BEGINNING OF THE RACE

Spending = $50,000 per year (adjusted for inflation)

$1,200,000

5 Valuation-Sensitive Optimal Shortfall
1,100,000

$1,000,000
Optimal Shortfall

% $900,000
=
$800,000 Common Glidepath
$700,000
$600,000 -$75,000 I
$500,000 I
1970 1971 1972 1973 1974 1975
Age 65 70
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AND THE WINNER IS...

Spending = $50,000 per year (adjusted for inflation)

$1,200,000

$1,000,000
$800,000 ‘
$600,000 -§75,000 L% Sy

Optimal Shortfall

£ ~ Valuation-Sensitive Optimal Shortfall
§  $400,000 T \
= N
$200,000
$0 Common Glidepath
-$200,000 T
88
-$400,000
1970 1975 1980 1985 1990 1995
Age 65 70 75 80 85 90
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NEBO: OUR FIRST APPLICATION
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FINANCIAL PLANNING & ASSET MANAGEMENT

Needs-Based Allocation melds financial planning and asset management

Redefine risk as falling short — not volatility

Financial Planning

Asset Management

LDl
Spendin GMO Portfolios
Glidepathgs Needs Based Asset Classes
Retirement Allocation Regions
College Factors

Securities

Portfolio Construction

Customized plan balancing long Flexible, open architecture for
term wealth accumulation with advisors to customize models,
sensitivity to short term losses implementation, inputs
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SO FAR, PEOPLE LOVE IT!

Financial advisor testimonials on an early stage prototype

[My] clients would “lap it up,” referring to both the focus on shortfall and the customization.

A key feature that resonated is the ability to illustrate tradeoffs.

Would love a Monte Carlo tool that also incorporates mean reversion.
[I] cannot find this capability elsewhere and have been looking forever.

... the majesty of this groundbreaking technology that solves so many problems, including
one that | feared we might never solve.
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OUR VALUE PROPOSITION

Better outcomes that balance short-term safety & long-term wealth

REVOLUTIONARY PORTFOLIO CONSTRUCTION ENGINE
= Redefines risk as falling short — not volatility.
= Classical portfolio theory asks the wrong question!

= Advisors don’t have tools to address the real risk ... until now.

WORLD CLASS ASSET ALLOCATION
= Target 50-100 bps of multi-period, sequence-based alpha.

= Candid, academically-rigorous.

= |nstitutional-level portfolios at asset class, region, & factor levels.

CUSTOMIZABLE FRAMEWORK

= Build custom portfolios that fully integrate into your workflow.

= Custom glidepaths for each of your clients.

= Enhanced CIO: investment insights, support your research.
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NEBO DEMO
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DEMO - GLIDEPATH SELECTOR

A tool to better balance short-term safety vs. long-term wealth creation

&

GMO Needs Based Allocator Boormer, Dscar &L Kay

Home | Clients | WyPorfioio | Stock Strateqy Selector | Glidepath Sefector

My Glidepath (GF 1) - ESF My Glidepath (GF1) - Fixed weights [

- O
My Cash Flows, Wealth Targets & TCRs | Education Sirateny Implementafion Equity Factor Partfolio Builder

| Mean reversion| Refiash View |

[Custom glidepaths
for each individual

o

Optimal ESF Parameters Constraints
Pre-reti Real TCR[5.0% ¥ One Year Gain/Loss Range [ % ¥
i (Macvel w155 ] s 25w 25% 05%
Past: Real TCR [3.0% v
Max liguid alts [20% ¥ | sae 78 7% 6%

Simulated Outcomes
Target Wealth

Weaith Units | Real (Current Dolars) ¥ | e 0%
Cash Flows

Initial Wealth 1,000,000 n withdraeal | growing (nerinally) at

Reliremznt

Asset owner'’s
needs and
circumstances

e | X (currsnt dollars) | x z_onnu| growing at | 2 -
Summary | Detalls |
Outcoree GP1 GP2
Avg. Sherifall in Retrament {claser to zaro is batler) 47536 -52,043
Ay Median Wesith in Refirement (cumrent dolars) 1.245512 1.077.145
. Arnuzl Withdrzveal in Refiremant (cumand dollars) 40,000 40,000
1 ear Drawdonm (Baltom 13t percentile) -210.653 -187.155
1 Year Volatiity 1% 8%
Target Wealth
1,800,000
Tamsat 0
tso0m Next generation Monte
1,200,000
o L]
oo Carlo simulations
800,000
700,000
500,000
Age -
Range of Outcomes at Age 66
T
|
P2z -m——’——mrﬁm
|
|
II
epi} + F -
|
1
700,000 1,000,000 1,450,000

Weallh
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DEMO - MY PORTFOLIO BUILDER

Build customizable, institutional-level portfolios at asset class, region, & factor levels

Educaton | Charts Ny Porifoss | My Ghdapai My CashFlows A TCRs  Slack Strategy Los Term Bond Sralegy  Shost Teem Bond Steategy Licukdl A% Strafagy Custom AR Sralegy |

GMO forecasting Building blocks: asset
insights classes, regions, factors

Poridolo Cormrucihon Inpusts
T-May-2020 = Assal class propartes.  Comolalons ol Coradraint
: Exp ol Diock Conr  Bond Corr  CHidepath Wige  MiaWgr | Max Wgi
= Iniaon | 14
Build Sinck i 1TER 108 o A% YT i
Leasg Tarn Bond -1N% Tl LE- i LIE L % LU R T P
Shait Tan Bead &% L1 3 58 10 § ¥y DS 166 i
S &l 1% P19 LK oo (111 ba% L1 One Year GantLom Hangs | % ¥
el - LEH 25N 1EM 85N
GO Banchmark Free 10 LTS a3 137 0% LE% 1031 0% : - - - 1
Pacilic Capilad Ghodal Bond Fund s 100% 3w em [0 L% 100 0% -4 -35% | 1% BN
Pl

Partlelia Wiights
Violatility = 12.9%, Equity Beta = 071
B B

~

Stoos Poitions Datais Lang Teem Boegs | Shon Teem Bends | Ligued Alls

Open architecture
* Flexible capital market assumptions
Implementation agnostic

GMO Stock Moded - US Only [16.1%) e GMD Stoci Model -
I

)

BEEEEREE S

3 3

My puilelin Bk (Glidepaih]
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MAIN TAKEAWAY'S

1. Needs Based Allocation is a new paradigm for portfolio construction
2. Better outcomes that balance short-term safety & long-term wealth
1. Meaningfully reduce your probability of ruin

2. Target 50-100 bps of multi-period, sequence-based alpha

3. We have an open architecture platform to express these ideas

1. Testing is already underway, great feedback throughout

2. We are looking for additional testers, you can help us shape this!
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