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e Asset Allocation and Optimal Extraction Policies
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Types of Sovereign Wealth Funds

 FX funds: transfers of assets from foreign
exchange reserves.

— Exchange rate policies create current account surplus
and/or capital account deficit and hence significant
reserve accumulation.

— Country transfers “excess” foreign exchange reserves to
stand-alone funds.

— BUT, reserve accumulation must generally be sterilized,
so excess reserve funds can be thought of as being
financed through borrowed funds.

e Resource based funds

EDHEC-RISK — Commodity funds are financed through earnings on
D i commodity exports (taxed by the government).
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Oil Price Volatility
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Why Do Resource Based Funds Exist?

The obvious return seeking argument: “oil to equity transformation”.

There is also a risk management argument. We have evidence that
managing macroeconomic risks increases growth. Qil price movements are
unpredictable and volatile with extremely wide confidence intervals. This
provides a powerful argument to reduce the volatility of oil related
revenues with a positive impact of consumption smoothing on total
welfare. The usual routes to consumption smoothing, i.e. borrowing funds
or hedging revenue risk are not available due to limited access to
international debt markets (precautionary savings motive) or incomplete
markets for oil price hedging instruments (size, liquidity, contract choice).

There is also an economic diversification argument. Diversify an economy
away from its vulnerability to oil price shocks: macroeconomic
diversification (developing a competitive non-oil sector) and investment
diversification (setting up an international SWF). To an economist,
macroeconomic diversification runs counter to specialization advantages
and takes long to implement. Investment diversification (SWF) is faster and
easier to implement as the preferred route of self insurance
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The Basic Problem

Let 6 denote the fraction of financial SWF wealth relative to total wealth (financial
wealth plus oil wealth). If the SWF has a size of 1 monetary unit, while the market value

of oil reserves amounts to 5 monetary units this translates into 0 = 1%5 = é weight for

the SWFassetand 1 -9 =1 — % % weight for oil revenues.

F = 0w, +(1-06)7 .

Note that 1 — w represents the implied cash holding that carries a zero risk premium
and no risk in a one period consideration. Expressing returns as risk premium has got
the advantage that we do not need to model cash holdings. These simply become the
residual asset that ensures portfolio weights add up to one without changing risk or
(excess) return.



Research
for Business

4

EDHEC-RISK

|restetute

The Basic Solution

The optimal solution for this problem can be found from

92w202 + (1 — 0)2 03 + 2w0<1 — O)paaao

max(@wua — %
w

|

* * *_1/,6(1 1—9p0'0
T

Speculative demand: In the case of uncorrelated assets and oil resources the optimal
solution is equivalent to a leveraged (with factor%) position in the asset only maximum

SHARPE-ratio portfolio or in other words w, .

Hedging demand: is given as the product of leverage and oils asset beta, 3,, = £~. The

later is equivalent to the slope coefficient of a regression of (demeaned) asset returns
against (demeaned) oil returns, i.e. of the form (r, —7)=3,,(n, —7,)+ ¢ .Hedge

demand is only zero if oil price risk is purely idiosyncratic.
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Hedging Recession Risks

US Treasury Bond Global

Frequency 1year 1-3year 3-5year 5-7year 7-10year 10-20year 20 plus year Equities
Monthly -8,28% -2,38% 1,16%  2,26% 2,75% 1,18% 0,16% 9,19%
-0,99 -0,43 0,21 0,41 0,49 0,21 0,03 1,66

Sy -9,29% -22,59% -20,08% -21,00% -19,60% -23,92% -24,42% -9,34%
-0,65 -2,42 -2,14 -2,24 -2,09 -2,57 -2,63 -0,98

Annual -38,81% -40,70% -50,94% -56,52% -59,48% -55,04% -51,29% 24,10%
-1,52 -2,36 -3,13 -3,63 -3,92 -3,49 -3,16 1,31

Correlation of asset returns with percentage oil price changes. The table uses global equities (MSCI
World in USD) and US government bonds (Lehman US Treasury total return index for varying maturities)
and oil (Crude Qil-Brent Cur Month FOB from Thompson) for the period from January 1997 to September
2008. This translates into 142 monthly, 48 quarterly and 13 annual data points. For each data frequency,
the first line shows the correlation coefficient, while the second line provides its ¢ -value. We calculate t-

values according to ¢t = p 1"_‘; , Where n represents the number of data points and p the estimated

correlation coefficient. Critical values are given by the ¢ -distribution with n — 2 degrees of freedom. For
example the critical value for 13 annual data points at the 95% level is 2.2. All significant correlation
coefficients are grey shaded.
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The Costs of Ignoring Advice

. GINTSCHEL/SCHERER (2004) - Reduction in total volatility
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Why Is Advice Ignored?

*  Political meddling

* Institutional separation of oil wealth and financial wealth
— Competing for growth
— No joint optimization
— Loss in security equivalent is nowhere accounted for

10
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Adding Resource Uncertainty

There is a vast literature on background risk.

How can we translate this idea into our framework for finding
the optimal allocation for a SWF?

So far we have assumed that (i.e. the fraction of SWF assets to
total sovereign wealth) is known with certainty in, i.e. that the
value of oil reserves is known to the decision maker.

However the size of an oil field is not known with great
precision. Additionally government claims are sometimes legally
disputed (among neighbouring countries) and new undiscovered
fields might yet be to be found. Hence might be best thought of
as a random variable.

11
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Extending Our Basic Model

6 might be best thought of as a random variable. We assume the fraction of financial
wealth relative to total (financial and oil) wealth follows a uniform distribution around
the governments estimate of ¢ . More precisely we assume

9~U(9—6,9 —I—e)

It seems natural to further assume independence between background risk on the level
of available oil reserves and asset risk. The joint probability density function can then be
written down as

_l( Ta —Ha )2 1

F0m) = F(O)f(r) = Fpe i) ol

We are looking for

in order to calculate portfolio risk.

12



Research
for Business

Extending Our Basic Model

This amounts to integrating over the joint probability density where

_ f_iﬁ_j(ea)Zf(e,ra)dedra - %(52 +3§2)(u3+aa2)

E

(07, )

Var(éfa) = %(82 + 3§2>(uaz + Jf) = ,ua29_z

— 2 2
1% +o
020.2 82 a a

3

The reader will notice that for ¢ — 0 we converge to the well known expression known
from undergraduate statistics Var (67, ) = 6°07.

EDHEC-RISK
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Extending Our Basic Model

What does this imply? As long as we have background risk in the form of uncertainty
around the size of oil reserves the optimal asset allocation for the SWF (we focus on the
case with uncorrelated assets and oil returns for simplicity) becomes

wl’: _ 1 H:Ua
i 7.9
9252 1 o2 Biel

We now compare this with the solution in absence of background risk w" = %/\“‘12 by
Ua

building the quotient.

W (e +o?)
=1+ 72 2 1
Wy 0 Oq

which will always be greater than 1.

EDHEC-RISK
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Conclusions

* Anincrease in background risk will lead to a decrease in risk
taking for the SWF.

* The effect becomes stronger the more volatile our risky asset is.
Empirically we should observe that SWF’s with larger resource
uncertainty should invest less aggressively and vice versa.

* Also we would expect that economies with low reserves relative
to financial wealth are less affected by resource uncertainty.

E EDHEC-RISK
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Idea

* Extending GINTSCHEL/SCHERER (2004, 2008), we apply the portfolio
choice problem for a sovereign wealth funds (SWF) in a
CAMPBELL/VICEIRA (2002) strategic asset allocation framework.

e We derive closed form solutions for two sources of inter-temporal
hedging demand. More precisely we derive a three fund separation that
splits the optimal portfolio for a SWF into speculative demand as well as
hedge demand against oil price shocks and shocks to the short term
risk-free rate.

* We provide a small empirical example for equities, bonds and listed real
estate to illustrate our framework.

EDHEC-RISK
D Iratstute 16
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Setup

We can write the n period return, %}, and risk, o{%%, , as a function of our decision
Kt SWF t,SWF

vector of portfolio weights, w;"’, according to

n> j T n> 1 2 1 T n>
M swr = ewt (/ua + 50, ) - _zgwt Eaagwt

2 2 7 T T
oilifr = 02w TS w, + 20 (1= 0)w™ TS + Wi TS

Note that we (in accordance with the literature) implicitly assume w;™ to remain
constant, which equates to assuming an investor with constant time horizon n.

Assuming CRRA we maximize ﬁ(WSWF’Hn )1‘7 and the optimization problem becomes

max|s%we + 31— 7)oi%r ]
Wy

/J<n) = nilE[Z?:le-n |3t

D = n’lVar(Z?:l T, |st)

D EDHEC-RISK
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Solution

Differentiating we get the first order conditions

0(u” + 302) — 0%8,,w™ + S 022mmwm + S50 29 (1- )5 + 5L IR = 0

We divide by 0, collect all terms involving w;™ on the left side and use the identity

that (1—~) = — (v — 1) tofinally arrive at

1
wi™ :%<1Eaa _|_(7 1)E<n>> [%(Nén) +§105>_(7 1)(1 O)E(m . (7_1)221(?

D EDHEC-RISK 18
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Solution

2=

wigie = (D)3 + 52 ) (4 +402)

> _ 1N(2r=1\(1 T=1sn \ L seno
whedge,cash — _(§>( ¥ )(Wzaa + ¥ Zaa ) Eac

> _ 1-0\(x=1\/1 Y15 \ L seno
Whedge,oil = _( 0 )( ¥ )(7211(1 + ¥ Zaa ) an

For & =1 we arrive at the optimal solution for an investor with financial wealth only,
while for v — oo we get willecan = —(§)[Sha ] 22 and wilye,u = —(452)[Se |7 260
Also it is interesting to note that for v = 1, i.e. a log investor, we arrive at the familiar
solution that there is no hedging demand and the optimal solution degenerates to the

one period myopic speculative demand w!”) =12‘1(u(”) +§a§). Note that this

Spec 0 aa

framework is extremely general and its application is not limited to equities or bonds,

but can easily be applied to hedge funds, private equity investments etc.

EDHEC-RISK
D Iratstute 19
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Data Generating Process

We start with assuming a first order vector auto-regression as our data generating
process (DGP):

Zp =0+ Bzt &40 N(QQ)

where z =z, s ]T, Q represents the residual covariance matrix of our VAR with a

vector of constants, a, and a coefficient matrix B. From above we can easily work out

the multi-period expressions for risk and return

T

= =3 (Z;lij)Q(Z;lOB])

where again ©™ denotes the covariance matrix of n period returns and B’ =1.

Correlation, variance and covariance can be easily picked from the elements in =),

Plotting variances, correlations, etc. against n provides a term structure of risk.

20



Research
for Business

4

EDHEC-RISK

|restetute

Data

Symbol Mean volatility RS
(M) (0) ( ﬂarc\/z) Min Max Skew Kurtosis

Assets

oil ro, -0.37  19.23 -0.04 -0.89 0.82 -027  6.33
Tips I, 0.42 0.60 1.40 -0.02 0.02 -094 229
T-Bill rc 1.29 0.59 0.00 0.03 0.32 0.12
Long Bonds rb 1.33 4.97 054  -0.09 0.17 051 0.37
Equities r& 1.69 8.14 0.42 028 018 -0.79  1.46
Real Estate ri, 1.42 7.03 040  -0.17 0.19 0.00 0.05
State Variables

Nominal yn, 7.15 2.56 0.04 015 0.96 0.36
Credit Spread Cs 1.96 0.50 0.01 004 1.04 0.67
Time Spread ts 1.75 1.25 -0.01 005 -005  -0.62
Dividend Yield dy, 366 34.24 -455 -297 -021  -0.58

Summary Statistics. We report descriptive statistics for all endogendassets and state variables)

variables in our VAR. Only the SHARPE-ratios haesb annualized.

21
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Estimated DGP

m 5,

t
m e [m e o[ [wa]s]o

a 0.04 -0.00 -041 057 0.62 -0.02 0.01 -0.01 0.05 -1.30
0.01 000 011 0.18 0.46 0.17 0.01 0.00 0.01 0.36
323 -061 -3.73 3.08 134 -0.12 213 -2.02 476 -3.64

M1 ] 008 -006 228 -429 -577 -113 006 -002 014 -1.61
013 003 114 190 476 177 007 005 012 370
065 -1.97 200 -2.26 -121 -064 085 -037 124 -044

fC1]-022 145 842 -527 -736 -12.23 065 -0.22 -565 1538
044 011 397 659 1653 6.6 024 017 040 1283
051 1351 -212 -0.80 -045 -199 276 -1.36 -1404 1.20

by -002 -0.01 010 042 -125 013 -010 003 -0.03 -0.32
001 0.00 011 0.18 044 016 001 000 0.01 034
-151 -514 095 243 -286 078 -16.22 752 -2.88 -0.94

&4 [-001 000 012 005 -012 004 0.00 -0.01 0.00 -0.05
001 0.00 007 011 029 011 0.00 000 0.01 0.22
-171 010 175 045 -041 0.36 028 -341 071 -024

M0 |-000 000 002 012 -009 004 0.00 -0.00 0.00 0.09
000 0.00 003 0.05 012 005 0.00 000 0.00 0.09
-0.71 075 052 255 -0.75 0.98 012 -0.19 054 1.01

rit—l 0.00 0.00 -0.16 -0.24 0.08 -0.01 001 -0.01 -0.01 0.04
0.01 000 0.09 015 0.37 0.14 001 000 0.01 0.28

t

050 067 -1.84 -163 023 -011 103 -216 -088 013 rr, re, rb, re, ro, ri, yn, cs, ts, dy,
Y1|-011 -011 333 -026 -096 271 080 008 117 -112
! ] ! ! ! s ! ! X . =

011 003 095 158 396 148 006 004 010 307 o @fr e @ds A @t A G2y Ol Oy O

105 -433 351 017 -024 183 1413 192 1216 -0.37 "G | 005 012 -008 -007 009 -016 008 -019 -033 -0.08
CS4 |-002 -007 -112 -004 153 142 009 082 012 031 ™ | 045 -008 428 010 -022 026 -028 002 024 004

011 003 099 165 413 154 006 004 010 321 re,

018 -252 -113 002 037 092 161 1989 117 0.10 Wz O Gl wl o G Gss Wi Ol @il o2y
S [ 006 018 -117 -0.80 -197 -191 014 -004 -060 674 O | 054 009 022 031 1784 028 008 001 021 002

010 002 090 150 377 140 005 004 009 292 M, | 040 -016 026 055 .028 665 -017 00l 002 -081

063 733 -1.29 -053 -0.52 -1.36 253 -111 -659 231

dYs | 001 000 -009 012 011 000 000 -000 001 071
0.00 0.00 002 004 010 004 000 000 000 008 -0.00 -019 002 -001 -001 001 -054 018 -019 -0.21

251 -098 -363 286 109 -007 228 -2.88 424 886 tS | 009 033 -024 011 021 002 047 -019 043 003

2
Rz 035 096 026 022 014 011 099 088 088 083 dyt 0.05 -0.08 0.04 027 002 031 0.18 021 0.03 13.85
R 028 09 018 014 0.04 0.01 099 086 086 081

Y% | 020 008 -028 -015 -008 -017 025 -054 047 0.8
cs

Resultsfrom first order VAR: Residual Covariance Matrix. We report the error

Resultsfrom first order VAR: Parameter Estimates. We report the coefficients of the VAR together covariance matrixq, of the VAR. The main diagonal contains (quarteviylatility
with standard errors ant-values. The last two rows contain the “R-square” a$ ageladjusted R-square” . : jn .
for each individual regression. Coefficients significat the 5% level are presented in bold. while off diagonal entries represent correlations.

EDHEC-RIS
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Term Structure of Hedging Demand
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Hedging time variation in short term interest rates. We represent the hedge portfolio according to
—1
Whtdgecash = — 3 Sna ] Ser’ for n=1,...,30 andg = 1

D EDHEC-RISK
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Figure 1. Hedging oil
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whedge,oil - 0 by
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Term Structure of Hedging Demand
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price shocks over time. We represent the hedge portfolio according to

(m) ]

aa

1
zg? for n=1,.,30 and 6 = - .
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Conclusion

We show how to derive three fund separation in the CAMPBELL/VICEIRA
(2002) framework for a SWF.

* We provide a small empirical example for equities, bonds and listed real
estate to illustrate our framework and conclude that a SWF should hold a
considerable amount of assets in long US government bonds in order to
hedge both the negative effects of oil price shocks as well as deteriorating
short rates.

e Anecdotal evidence on the investment behaviour of SWF confirms our
view.

EDHEC-RISK
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