














so that both models produce an unconditional
variance of one.

At this point, it is also evident from the fourth
moment, kurtosis, why the ARCH models are suited
to the modelling of daily returns. The kurtosis for an
ARCH process is defined as:

E(e)) T—a?
o 8 et )
It is therefore greater than three, which implies more
concentration at the tails of the distribution. In other
words, ARCH processes capture not only volatility
clustering, but also “fat tails", as can be observed
especially in empirical distributions of daily returns.

... and its spin-offs: GARCH(p,q)

There are numerous spin-offs of the basic ARCH
model. The most important of these are described
below. The GARCH(p,q) model was introduced by
Bollerslev (1986). It differs from the ARCH model in
that it's variance equation includes lagged
endogenous variables:
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In this case, the restrictions o, >0and a; >0 must
be satisfied fori=1,...,g and the restriction 8, > O for
i=1,...,p, inorder to produce a strictly positive
variance process. The unique feature of this
approach is that it equates to an ARCH model with an
infinite number of lags, assuming that the roots of
the lag polynomial 1- (z) are outside of the unit
circle. When applied empirically, it is often necessary
to include a vast number of lags, in order to
adequately capture the conditional variance process
of financial market time series. This is possible using
a GARCH(1,1) model, without the need to estimate a
correspondingly large number of coefficients. As
such, it is characterised by more parsimonious
parameterisation, and thus usually results in better
estimates.6

EGARCH

Up to now, there has been an implicit assumption
that the conditional variance is not affected by
whether the return is positive or negative. To account
for such asymmetries, Nelson (1991) suggested an
"“exponential GARCH" model (EGARCH). It implies
that volatility is higher in falling markets than in rising
ones. From an economics standpoint, this can be
explained with the leverage effect as defined by Black
(1976). When the stock price falls, the gearing of the
company increases and, so too, the probability of
insolvency. Thus, for risk-averse investors, the stock
loses value more rapidly than it would gain value

through a decrease in the probability of insolvency
due to price gains. In the negative case, therefore, the
price falls more sharply than it climbs in the positive
scenario - and is thus more volatile.

The variance equation of the EGARCH model is:

9) log(h,) = oy + S ci,a(n, )+ 3B, logth, ),
i=1 =1

using the above cited alternative notation from
equation (3) and dining the functiong (n, ) as:

(10) g () = O, +v[ Jn|-E (]

This approach features several unique characteristics
at once: first, the logarithmic form of the variance
results in a multiplicative explanation of conditional
variance. Since h, =exp(-) is always positive, there is
no need for a non-negativity condition in the
parameters o, i=1...,gand By j=1...p. Second, the
influence of the error term on the variance process is
linear for the individual elements; for a positive shock,
the effect is a,(6+ y), and for a negative, a,(6—v).
Obviously, for the conditional variance, the sign
matters.

The first term ing (n, ) reflects the correlation
between the error term n, and the future conditional
variance. The ARCH effects themselves are
expressed by the coefficient y . The greater the
deviation of the variables n, from their expected
value, the greater the value of g (n, ), and thus the
logarithm of the conditional variance.

A-PARCH

The last of the many extensions of the basic ARCH
model to be presented here is the “asymmetric
power ARCH model” (A-PARCH), suggested by Ding
et al. 1993). The variance equation for this model
type is expressed as:

() g =n.hy
(12) n, ~D,(O, 1)

(13) W = oy + iai(\at,i\ v g )+ isjhi,j ,

i=1 j
inwhicha, >0,8>0,a,>0,i=1..0, 1<y, <1,
i=1..9andp, 20,i=1..,pmust be satisfied.

A notable feature of this approach for modelling of
the conditional moment is the exponent §. The result
for 6 = 2 s the conditional variance discussed earlier.
Since the parameter restriction is defined for
non-negative values, however, this method also
permits modelling of the “long memory" aspect. In
other words, the autocorrelations, particularly in the

6 The unconditional variance of such a process is represented by 6? =E (/) = a, / (1- o, — B,). From this, the condition for a

stable variance process can also be derived as o, + B, <1.
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case of absolute returns, decline only slowly even
with longer time lags, which results in a dependency
between observations characterised by a long time
lag in-between. Any asymmetries between the
positive and negative shocks are captured via the
coefficienty,, i =1...,g.

There are a number of subclasses within the
A-PARCH family:

* ARCH model, for §=2,y, =0and B; = 0.

* GARCH model, for=2andy, =0.

* TS-GARCH (see Taylor, 1986 and Schwert, 1990),
ford=1andy, =0.

* GJR-GARCH (see Glosten et al., 1993), for & = 2.

e T-ARCH (see Zakoian, 1994), for 6 = 1.

* N-ARCH (see Higgins and Bera, 1992), fory, =0
andp; = 0.

* Log-ARCH (see Geweke, 1986 and Pentula, 1986),
for6— 0.

Coefficient estimation

The unknown coefficients in these models are
generally estimated using the maximum likelihood or
the quasi-maximum likelihood method. These use
numerical optimisation processes. When using ARCH
models for estimation of risk indicators, forecasts of
conditional variance after estimation can be
calculated recursively.

The most common test for the existence of ARCH
effects was suggested by Engle (1982). In the
ARCH-LM test, the squared residuals of the
conditional mean equation are described using the k
lags. The test statistics of this auxiliary regression is
defined as TR?. It is x°-distributed with k degrees of
freedom.

A practical example: the JPY/EUR exchange rate
In this section, we will look at the adaptation of a
GARCH(1,1) model to the log return of the JPY/EUR
exchange rate. The example is based on the ESCB
reference prices for the period from 4 January 1999
to 31 October 2008. The indirect quotation of the
exchange rate equates to the loss function of an EUR
investor holding a non-interest bearing cash position
in JPY. Table 1 provides several figures relating to
this time series.

The higher moments skew and kurtosis in particular
show that the returns are not normally distributed.
The kurtosis is considerably greater than 3 and
skew is negative. In the case of symmetric normal
distribution, skew would be zero. If the Jarque-Bera
normality test (Jarque and Bera, 1980, 1981) is
applied to the log return, then the null hypothesis
of normal distribution must also be ruled out. The
test statistic is y2-distributed with 2 degrees of

freedom. At oo = 0.05 probability of error, the critical
value is 5.99. For the return, however, the value of
the log-likelihood function is 3162.83.

Figure 2 shows the exchange rate development and
log return. The returns clearly display volatility
clustering, so that the assumption of an independent
and identically distributed return process would seem
to be invalid.

Looking at the autocorrelations and partial auto-
correlations of the log returns and their squares
(figure 3), further evidence for this can be found. The
substantial chronological interdependence of the
squared returns and the weak autocorrelation of the
log returns are typical for financial market time
series. If the ARCH-LM test is applied to the mean-
adjusted returns, the null hypothesis of homo-
skedasticity must clearly be ruled out. The test
statistic assumes a value of 505.76, for 20 lags. The
critical value at o = 0.05 probability of error is 31.41.

In the next step, a GARCH(1,1) model will be applied to
the continuous daily returns. Normal distribution was
assumed for the random variables in the variance
equation. Table 2 depicts the resulting estimates,

Table 1: Daily returns of a JPY investment -
descriptive figures

Wert
Minimum -5.800%
Average -0.003%
Median 0.015%
Maximum 5.396%
Variance 0.753
Skew -0.325
Kurtosis 8.396
Source: Invesco. For illustrative purposes only.
Figure 2: JPY/EUR reference price and
log returns on a JPY investment
JPY/EUR .a.

g0 7Y %pa g
160

12
140
120 6
100

0
80
60 56

1/99 1/00 1/01 1/02 1/03 1/04 1/05 1/06 1/07 1/08

—— JPY/EUR reference price, ESCB
— Log returns (RHS)

Source: Invesco. For illustrative purposes only.



Figure 3: Autocorrelation of returns and squared returns
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Table 2: JPY/EUR: application of GARCH(1,1) be computed under the assumption of a normally

distributed return process (“unconditional risk").

Para- Estimated  Standard t-value Marg. A moving window of 250 observations was used for

letey palus etoy Slanifi’  the simulation. The simulation thus covers the period
from 21 December 1999 to 31 October 2008 (2314 data

n S oona 17768 00756 ) ints). Using the GARCH(11) model, VaR for the

— 0.0032 0.0013 24863 0.0129 following day is calculated as:

a 0.0683 0.0097 7.0524 0.0000

B, 09294 00099 937203 0.0000

(14) VaR,_, =p,1+0d_, "Gy

Source: Invesco. For illustrative purposes only.

withg,_, representing the quantile value of the normal
distribution. VaR was calculated for the confidence
levels 95.0%, 99.0% and 99.5%. For both models,
the relevant distributions are rendered as boxplots
(figure 5) and descriptive statistics (table 3).8

figure 4 the returns and a 2c -band of conditional
standard deviations. The estimated values of the
variance equation all differ significantly from zero at
a10% probability of error. The sum of the estimated

values for o, and , is less than one, so that a stable ~ As can be seen, the maximum and minimum VaR are

variance process can be assumed based on the point
estimation. The value of the log likelihood function is
256.35.7

Risk simulation

The above GARCH(1,1) model will now be applied to a

risk simulation study of the JPY/EUR exchange rate.

For purposes of comparison, the VaR figures will also

considerably more pronounced in the GARCH model
than under the assumption of normal distribution.
Moreover, the median and average values are higher
in the unconditional normal distribution model. This
suggests that VaR on the basis of GARCH better
captures volatility peaks.

As in the first article of this series, the empirical
frequency of VaR violations is compared with the

7 We have also adapted models to a Student's t-distribution, a skewed Student's t-distribution and a Laplace distribution. The
relevant coefficients of these models all differ significantly from zero, but the standard criteria all point to a GARCH(1,1) model
with normally distributed random variables in the variance equation. Not least for purposes of simplification, we ultimately
decided for this model.

8 A boxplot provides a graphical overview for the empirical distribution of a time series on the basis of five indicators. The median
is represented by a horizontal line, the first and third quartile constitute the lower and upper edges of the rectangle. The offset
across line is the "whisker". This is defined as 1.5 times the interquartile distance between the values for the first and third
quartiles. Observations that are greater than the whisker in absolute terms are classified as outliers, and indicated as such with
circles in the graph. The indentations in the median line represent confidence levels. When comparing boxplots for different
series, it must therefore be determined whether their medians diverge significantly from one another.
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Figure 4: JPY/EUR: application of GARCH(1,1)
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Source: Invesco. For illustrative purposes only.

theoretical frequency. This time, however, we include
the statistical tests suggested by Lopez (1998), as
well as the score function he introduced for assessing
the quality of the risk model.

Lopez (1998) indicated an unconditional and
conditional LR test statistic to evaluate the
appropriateness of simulated VaR series. The
unconditional LR test statistic is based on the
binomially distributed random variables of the VaR
violations for a given probability of error, and is
defined as:

(15) Pr(x) = [TJ o (1—a)*
X

where x is the number of violations, T the scope of
the simulation and a. the probability of error. The
unconditional LR statistic relates the theoretical
number of violations to the empirically observed
frequency a* =x /T, and is defined as:

(16) LR, =
z[log (- (1—a*>T**>—Iog<a*~<1—a)T**>]

This statistic is y-distributed. Consequently, the null
hypothesis states that the observed number of
violations and the theoretically implied number of
violations are equal for a given probability of error.

Figure 5: Boxplots for the VaR simulation
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This test, however, does not take into account the
potential clustering of violations over time. Based on
a general test procedure introduced by
Christoffersen (1998), the following conditional LR
test statistic is suggested by Lopez (1998):

(7) LR, =LR, +LR,,

This test comprises the above test statistic LR, as
well as a statistic aimed at evaluating a Markov Chain
of the first order for the point in time of the
violations. The null hypothesis is thus “serial
independence of the times of violation". The test
statisticLR__ is subject to a y*-distribution. The

LR, ,-test is based on the indicator function |
which is defined as:

1 if VaR
318) |mvt+] _ I & <VaR
0 ifg,, 2VaR,,

m,t+17

The likelihood function under the alternative
hypothesis is expressed as:

(19) L, =0 =m)"™ nl (1= m,)™ myy

in which the notation T; denotes the number of
observations in the state j, if the state i applies
beforehand. The relative frequencies n; are defined
in accordance with ty, =T,, / (Ty, + Ty, ) and

Table 3: Descriptive indicators for the VaR simulations

Statistic 95.0%
Normal GARCH

Minimum 0.687 0.518
First quartile 0.811 0.802
Median 1.028 0.955
Average 1104 1.099
Third quartile 1.336 1.333
Maximum 1.807 5.207

Source: Invesco. For illustrative purposes only.

99.0% 99.5%
Normal GARCH Normal GARCH

0.977 0.724 1.083 0.799

1134 1119 1.251 1.235
1446 1334 1.597 1473
1.557 1.545 1722 1.709
1.905 1.887 2112 2.089
2.534 7.375 2.800 8.168



n, =T, / (T, + T,). If the null hypothesis applies (serial
independence), ny, = m, = wand the likelihood
function can be simplified to:

(20) I—o =(1- n)Too"' To Tch+Tu

The test statistic LR, is thus expressed as:

(21) LR,y = 2[log L, ~log L, |

It is asymptotically 2-distributed.

Lopez (1998) also suggested the use of scores to
measure the quality of risk models. In this context,
various functions are possible for capturing the

degree of a violation.? In this study, the following
score functions were applied:

1+ (g, ~VaR, ) ifg,, <VaR,,

(22)C, .y =
! { 0 if &,, >VaR,,

No statistical test can be can be used for them, but a
comparison of scores can provide further insight into
the quality of the risk models used. Table 4 shows the
results of the simulated VaR on the basis of GARCH
and the normal distribution model.

Figure 6 depicts the path of VaR for the different
confidence levels. It does a good job of capturing the
volatility peaks at the current end of the range. Even
at the 95% level of confidence, VaR was only violated
once, minimally, in October 2008.

Conclusion and outlook

Unlike conventional VaR under the assumption of
independent and identical normally distributed
returns (“unconditional volatility modelling"), VaR on
the basis of GARCH takes into account that the
volatility of financial market time series fluctuates
over time, and that extreme price movements often
occur in clusters (“conditional volatility modelling").
The comparison between the two approaches using
the example of the JPY/EUR exchange rate shows
that, although the conventional method generates a
higher average VaR, it fails to adequately capture the
volatility peaks, which are ultimately of key
importance. The advantages of conditional risk
modelling on the basis of ARCH models became very
clear in this context. This method not only adequately
depicts volatility clustering, it also avoids overstating
risk in less volatile market phases.

9 For more detailed information, see Lopez (1998).
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In our series on quantitative risk modelling, this is the
last article covering the basic concepts and their
application to individual time series. The next article
will look at the pitfalls involved in the quantification of
dependencies between securities, before we
introduce the methods of risk modelling at portfolio
level in the following issues.

Bernhard Pfaff, Asset Allocation Researcher,
+49 (0) 69 29 807 230, bernhard_pfaff@fra.invesco.com,
Invesco Global Strategies
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Minimum variance equity strategies

Helped by the enormous market volatility of the past several months, interest has grown in managed
volatility (minimum variance) equity investments. In this article, we compare our two minimum

variance strategies with the MSCI World Index.

For several years, a fundamental principle of modern
capital market theory has been the subject of
increasing doubt: the assumption that less risk
necessarily means less return. Over the past 15 years,
minimum variance equity portfolios have seen the
same level of returns as market cap-weighted
indices.! It is therefore no surprise that pension funds,
especially in times of elevated volatility, are attracted
to this asset class - in particular since introduction of
the MSCI Global Volatility Indices as a suitable
benchmark in 2008. This trend has also been
supported by the relevant strategies now offered by
a number of established providers. It is gratifying to
see that these minimum variance strategies at least
began to meet expectations in 2008, and generated
losses significantly smaller than those of the MSCI
World Index.

In following, we will look at the results of our
minimum variance strategies - a passive one and the
IQES Global Unconstrained strategy, launched in July
2005 - and compare these two with the MSCI World
Index. In this context, we will also explore the benefit
and impact of currency hedging. Like all portfolio
construction methods, where the estimation and
control of absolute and relative risk are paramount,
minimum variance approaches are likely to remain
the prerogative of quantitative processes.

Minimum variance portfolios

As the name suggests, construction of a minimum
variance portfolio entails a combination of those
equities offering the lowest expected risk. To
accomplish this, additional practical considerations

must be introduced, such as absolute limits on the
eligible share positions, industries, countries and
regions, as well as minimum liquidity requirements. In
our example, these were based on an assumed
portfolio size of 1 bn GBP in 2001. Unlike the MSCI, we
have not applied constraints relative to the index
(table 1).

One major difference lies in the currency hedging: On
previous occasions, we have explored international
diversification and currency hedging by means of
simulations, and have generally found that currency
hedging reduces risk when investing internationally.2
Another consideration based on our simulations is
that the minimum variance portfolio is base currency-
dependent if the currencies are not hedged, and
becomes independent of base currency if they are.
The sole exception is a USD-based portfolio, where
the impact of currency hedging on risk reduction is
less substantial.

Whether or not currencies are hedged makes a
significant difference to the portfolio composition,
especially if the base currency is the currency of a
smaller market, as there will invariably be a
considerable home bias if currencies are not hedged.
This also means that the approach of MSCI Barra is
suboptimal for base currencies other than USD.

In terms of the typical risk index exposures of the
IQES Minimum Variance model portfolio, these are
quite similar to those of the MSCI Barra Minimum
Volatility World Index, but typically more pronounced,
as they are not constrained by active risk constraints
vis-a-vis the MSCI World Index. The most persistent

Table 1: MSCI Minimum Volatility World Index and Invesco strategies in comparison

MSCI Minimum Volatility World Index

Currency hedging Unhedged; base currency USD
Stock constraints Absolute constraint of 1.5%
Liquidity constraints Not directly

Sector constraints +/- 5% versus MSCI World Index
Industry constraints None

Regional constraints None (only through countries)

Country constraints +/- 5% versus MSCI World Index
Risk factor constraints
Rebalancing

Active / passive** Passive

*  2.5% since 30/11/2008

** active implies the integration of return forecasts - passive does not

Sources: MSCI Barra, Invesco. As at 31/12/2008.

Semi-annual; 10% turnover constraint

IQES Minimum Variance /
IQES Global Unconstrained

Hedged; base currency as desired
Absolute constraint of 3%*

Position size limited by stock liquidity
None

Maximum 25% in one industry
Maximum 50% of absolute portfolio
Maximum 40% in one country

+/- 0.25 standard deviations vs. MSCI World Index None

Monthly; 10% turnover constraint

IQES Minimum Variance: passive /
IQES Global Unconstrained: active

1 Source: Invesco, as at 31/12/2008.

2 Michael Fraikin: “Global diversification and currency hedging", Risk & Reward Q1/2007
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Figure 1: Risk factors in the IQES Minimum
Variance model portfolio (simulation)
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Source: Invesco, as at 31/12/2008.
For simulation criteria please see note at the end of the article.

Table 2: Impact of currency hedging (simulation)

In % Base currency
USD GBP JPY EUR
Exposure without currency hedging 61 40 69 44

(IQES Minimum Variance approach)

Exposure with currency hedging 40 6 26 9

(IQES Global Unconstrained approch)
Exposure MSCI World 50 9 13 16

Source: MSCI, Invesco, as at 31/12/2008.
For simulation criteria please see note at the end of the article.

Table 3: Performance in comparison (simulation)

In % IQES Minimum MSCI World Cash
Variance return

hedged not hedged not (1month

hedged* hedged*  Libor)

1year -20.62 218  -39.17 -25.04 4.88
3years 153 3.79 -6.92  -4.85 5.07
5 years 9.57 871 5.93 5.09 478
10 years 6.89 5.02 4.45 2.62 472
since 30/04/1993 7.42 6.58 6.74 5.90 538

*  Not hedged means that the currency exposure is identical to
that of MSCI World

Source: MSCI, Invesco, as at 31/12/2008.

Returns are in GBP. IQES Minimum Variance figures are the

simulated results of a passive absolute risk strategy, returns are net

of fees (15 bp) with dividends reinvested. For simulation criteria

please see note at the end of the article.

and prominent style bias of the IQES strategy is
towards smaller companies. Figure 1shows simulated
results of the changing importance of the different
risk factors over time.

The impact of currency hedging is indeed striking
(table 2): Our simulations show that if currencies are
not hedged in the IQES Minimum Variance strategy,
this leads, as stated before, to a consistent high

level of home bias. In a non-hedged portfolio with
sterling as its base currency, the UK - a country
with a weight of around 10% in the MSCI World -
would have a weighting of around 40%. Clearly
this is a severe limitation in terms of the effective
universe if an active approach is desired, and would
mean that individual country risk could become
dominant.

The IQES Global Unconstrained strategy

Our Global Unconstrained strategy combines the
passive minimum variance approach with the
quantitative share selection process (integrating
stock return forecasts) that we have developed over
the last 25 years, resulting in an actively managed
equity strategy with a target volatility below the MSCI
World's volatility. Our aim is to target a level of risk
somewhat higher than that of the minimum variance
portfolio, while leaving enough room for high
exposure to our favoured stocks from an alpha
perspective.

Simulated returns and MSCI World returns in
comparison

Looking at the IQES Minimum Variance return
simulations (table 3), it can be seen that we would
have potentially generated returns similar to those of
the MSCI World Index. IQES Global Unconstrained
strategy return simulations for the same period show
that we would have potentially generated excess
returns compared to the MSCI World index. Currency
hedging would have been beneficial over the longer
periods but detrimental in the short term. For IQES
Minimum Variance it can be noted that most of the
returns benefit of hedging eroded by the time of the
subsequent GBP decline in November and December
2008. This brings historic returns more in line with
expectations based on the interest rate parity
theorem.'

We can also conclude that minimum variance port-
folios have historically tended to underperform in
times of very high equity returns and outperform
during periods of lower returns. Global Unconstrained
exhibits a broadly similar pattern (figure 2).

Risk in comparison

We can see quite clearly from the analysis of the
three-year rolling betas that the typical betas
versus the global equity market of both IQES
strategies lie well below 1, but fluctuate over time,
with Global Unconstrained having a somewhat higher
realised beta than the Minimum Variance strategy.
Currently, this differential has widened somewhat
but is very much in line with observations in the
second half of the 1990s. In other words, both
strategies are hypothetically less volatile than the
broad market.



Figure 2: Good in bad times ... (simulation)
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Source: MSCI, Invesco, as at 31/12/2008.

IQES Minimum Variance figures are the simulated results of a
passive absolute risk strategy. IQES Global Unconstrained figures
are simulated results of an absolute risk strategy combined with
Invesco stock return forecast. The simulated returns are in GBP, net
of fees (15bp for IQES Minimum Variance and 75bp for IQES Global
Unconstrained), with dividends reinvested. For simulation criteria
please see note at the end of the article.

The IQES Global Unconstrained data in the above charts is
supplemental simulated performance and is shown to reflect the
long term track record of this strategy until 6/05 at which time the
actual strategy was incepted. The Composite inception for this
strategy is July 2005 and is included in the appendix. Please see
page 21 for simulation criteria and important disclosure notes.

To illustrate the importance of currency hedging, we
show simulated results reflecting how the risk levels
would have been impacted if, instead of fully hedging
into our assumed GBP base currency, we would have
been exposed to the currency profile of the global
equity market. For both Global Unconstrained and
Minimum Variance, the risk is hypothetically lower
throughout. For the MSCI World, i.e. global equities,
the same usually held true (figure 4).

Country and industry weightings in comparison
Compared to the MSCI World Index, currently, the
average country exposures of our Minimum Variance
and Global Unconstrained strategies exhibit some
interesting peculiarities: On the one hand, they are
both underweighted in the US - which is of course
forced by our limiting of exposure to any one
country. On the other, Japan, Australia and Canada
have considerably higher exposures in both

Figure 3: ... and less volatile than the MSCI World
(simulation)

1@ 3 year rolling beta vs. MSCI World
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Source: MSCI, Invesco, as at 31/12/2008.

IQES Minimum Variance figures are the simulated results of a
passive absolute risk strategy. IQES Global Unconstrained figures
are simulated results of an absolute risk strategy combined with
Invesco stock return forecast. The simulated returns are in GBP,
net of fees (15bp for IQES Minimum Variance and 75bp for IQES
Global Unconstrained), with dividends reinvested. For simulation
criteria please see note at the end of the article.

The IQES Global Unconstrained data in the above chart is
supplemental simulated performance and is shown to reflect the
long term track record of this strategy until 6/05 at which time the
actual strategy was incepted. The Composite inception for this
strategy is July 2005 and is included in the appendix. Please see
page 21 for simulation criteria and important disclosure notes.

Figure 4: Even less volatility if currencies are
hedged (simulation)
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Source: MSCI, Invesco, as at 31/12/2008.

IQES Minimum Variance figures are the simulated results of a
passive absolute risk strategy. IQES Global Unconstrained figures
are simulated results of an absolute risk strategy combined with
Invesco stock return forecast. The simulated returns are in GBP,
net of fees (15bp for IQES Minimum Variance and 75bp for IQES
Global Unconstrained), with dividends reinvested. For simulation
criteria please see note at the end of the article.

The IQES Global Unconstrained data in the above chart is
supplemental simulated performance and is shown to reflect the
long term track record of this strategy until 6/05 at which time the
actual strategy was incepted. The Composite inception for this
strategy is July 2005 and is included in the appendix. Please see
page 21 for simulation criteria and important disclosure notes.

strategies, and the UK a considerably lower weighting
- none of which has been artificially introduced, but
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rather must be a consequence of diversification and
market characteristics.

Unlike for countries, there are generally no industry
constraints on the two Invesco strategies. There is an
official maximum of 25% for any one industry,
however, in practice, an unconstrained optimisation
has so far never recommended to go beyond this
limit. However, currently, both tend to prefer
defensive sectors such as Utilities and Food &
Beverages, and have less exposure to most financials.
The current high exposure of Global Unconstrained
to Healthcare is somewnhat different from the
historical average, as is the low exposure to Energy Minimum Variance strategy and active IQES Global
stocks - where the risk profile is clearly not what it Unconstrained strategy, we have two approaches
formerly was. aimed at minimum variance, which we believe hold
great promise in terms of risk and return, for the
long-term period.

Conclusion

Investor attention to minimum variance strategies Michael Fraikin, Head of Client Portfolio Management,
grows in times of higher market volatility. This +49 69 29807 138, michael_fraikin@fra. invesco.com,
approach, however, is more than a flash in the pan, Quantitative Equity

because it can be demonstrated that share selection

with the explicit goal of volatility management does ~ (Please see simulation criteria and GIPS®

not have to mean lower returns in the long run - but ~ compliant composite performance on next page.)
can limit risk potential. With our passive IQES
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Simulation criteria:

The overall results for both strategies shown in this article are hypothetical (not real) and were achieved by
means of retroactive application of the statistical model. The hypothetical results were derived by
back-testing using a simulated portfolio. Whilst a model was used to reflect the investment process for the
absolute risk oriented strategies, the model does not factor in all the economic and market conditions that
can impact results. Invesco cannot assure that simulated performance results for the whole period shown
would be similar to the firm's experience had it actually been managing portfolios using these strategies.
There can be no assurance that the simulated results can be achieved in the future.

The simulated results presented for the IQES Minimum Variance (passive) strategy, were created to show
possible results of this strategy, not managed by Invesco for any client.

The simulated results presented for the IQES Global Unconstrained Optimisation Equity (active) strategy
were created to show the long term possible results of this strategy, as this strategy was only launched by
Invesco in July 2005. The period shown for the performance of this strategy ends in July 2005 and it is only
using back-tested simulated data. For the actual results of this strategy please see the GIPS compliant
performance in the appendix.

All returns shown are net of fees with dividends reinvested (15 bp for IQES Minimum Variance, 75 bp for IQES
Global Unconstrained).

Appendix:

Real performance of the Invesco Global Unconstrained Optimization Equity Composite

In % Invesco Global Unconstrained Benchmark: MSCI World
Optimization Equity Composite 3 Month Sterling Libor hedged to GBP

(net of fees) + 4% Index (net index)

1year -32.65 9.87 -38.85
3 years -7.15 9.78 -8.99
Since inception (31/07/2005) -2.46 9.67 -5.68

Source: Invesco, data as at 31/12/2008.
Figures are in GBP, net of fees (75 bp) with dividends reinvested.

The value of investments and any income will fluctuate (this may partly be the result of exchange rate fluctuations) and investors may not
get back the full amount invested. Past performance is not a guide to future returns.

Invesco Global Unconstrained Optimization Equity Composite
Schedule of Investment Performance

Gross Rate Net Rate Benchmark Number Composite Total Firm Composite

of Return of Return Return of Portfolios Assets Assets Dispersion
(%) (%) (%) (GBP millions) (GBP billions) (%)
2008 -32.14 -32.65 9.87 4 483 n/a* 0.50
2007 142 0.66 10.39 4 671 165.1 n/a
2006 18.94 18.06 9.08 2 131 124.6 n/a
2005 (5 months) 1510 14.74 3.61 1 70 101.7 n/a

Annual Compound Rates of Return Ending 31/12/2008:

1Year -32.14 -32.65 9.87
2 Years -17.04 -17.66 10.13
3 Years -6.46 715 9.78
Since Inception 173 -2.46 9.67
(07/31/2005)

* Total firm assets for 31/12/2008 are currently not available.

Invesco Worldwide has prepared and presented this report in compliance with the Global Investment Performance Standards (GIPS®).
Notes:

1 Invesco Worldwide("The Firm") manages a broad array of investment strategies around the world. The Firm comprises all Invesco firms
outside of North America, combined with two major Invesco firms within the United States, Invesco Institutional (N.A), Inc. ("lINA™), and
Invesco Global Asset Management (N.A.), Inc. ("IGNA"). The Firm was incepted on 1st January 2003. For periods prior to 1st January 2006,
the Firm excluded the managed account businesses within IINA and IGNA. From that date forward, these portfolios are included within the
Firm definition. During 2006, the Firm completed a project to bring its stable value portfolios into compliance retroactively effective from
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1st January 2001. During 2007, the Firm incorporated the fixed income business of Invesco Aim, an affiliate of IINA and IGNA, into its
operating structure and currently includes this business, with the exception of the fixed income portion of balanced accounts managed by
Invesco Aim, which are excluded from firm assets, within its Firm definition. Historic assets under management prior to 2006 and 2007,
respectively, have not been restated to reflect these extensions of the Firm definition. [INA and IGNA were verified from 1st January 2001
and 1st January 1995, respectively. The ex-North America Invesco firms (previously defined separately for performance reporting
purposes as "Invesco Global") were verified from 1st January 1997. All verifications have been completed through 31 December 2007.
Composite history and Firm assets prior to 1st January 2003 are those of its respective components. All entities within the Firm are
directly or indirectly owned by Invesco Ltd. GIPS compliant firms whose assets are managed by subsidiaries of Invesco Ltd. are Invesco
Worldwide, Invesco Aim Private Asset Management, Inc., AIM Trimark (which anticipates changing its name to Invesco Trimark by 31st
December 2008), Invesco Aim U.S., and Atlantic Trust. Invesco Senior Secured Management, Inc. and Invesco Private Capital, Inc. are
affiliates of the Firm. Each is an SEC registered investment adviser and is marketed as a separate entity. Their assets are excluded from
total Firm assets.

The Global Unconstrained Optimization Equity strategy aims to provide adequate long term total returns in U.K. Sterling at a risk smaller
than that of the equity market. In the strategy the expected return of an equity portfolio is optimized versus the expected risk using GSPG
forecasts of stock attractiveness. Whilst absolute limits on regions, countries, industry and stock weights exist, the strateqy is likely to
exhibit risk substantially below that of a global equity index and a different return pattern. Portfolios are hedged into the base currency.

The Composite returns are benchmarked to the 3 Month Sterling Libor + 4% Index. The benchmark is used for comparative purposes only
and generally reflects the risk or investment style of the product. Investments made by the Firm for the portfolios it manages according
to respective strategies may differ significantly in terms of security holdings, industry weightings, and asset allocation from those of the
benchmark. Accordingly, investment results and volatility will differ from those of the benchmark.

Stock index futures may be used to equitize cash balances as permitted by the client. Currency forwards are used to hedge foreign
exchange risk exposure. Leverage is not permitted.

Valuations and portfolio total returns are computed and stated in U.K. Sterling. The firm consistently values all portfolios each day on a
trade date basis. Portfolio level returns are calculated as time-weighted total returns on daily basis. Accrual accounting is used for all
interest and dividend income. Past performance is not an indication of future results.

Unless otherwise stated, portfolios within composites are allowed under certain circumstances to currency hedge for returns
enhancement.

Composite dispersion is measured by the standard deviation across asset-weighted portfolio returns represented within the composite for
the full year.

The significant cash flow policy for this composite requires the temporary removal of portfolios for the period impacted when external
cash flows equal or exceed 200% for inflows or 67% for outflows. This policy applies to all Frankfurt-managed structured product
composites except single-account composites where the performance track record would otherwise be interrupted. Prior to1January
2007 portfolios were removed from composites when external cash flows were 10% or more.

Gross-of-fee performance results are presented before management and custodial fees but after all trading commissions and withholding
taxes on dividends, interest and capital gains, when applicable. Net-of-fee performance results are calculated by subtracting the highest
tier of our published fee schedule for the product from the monthly returns.

The management fee schedule is as follows:

- 75 basis points on the first 25 million

- 70 basis points on the next 50 million

- 55 basis points on the next 125 million

- 40 basis points on the next 300 million

Negotiable thereafter.

The minimum portfolio size for the Composite is USD 5,000,000.
The composite creation date is July 31, 2005.

As of October 31, 2006 the Structured Total Return Equity composite was renamed the Global Unconstrained Optimization Equity
composite.

Foreign currency exchange rates for calculation of the composite and benchmark are based on the WM/Reuters Closing Spot Rates TM
that are fixed at approximately 4:00 p.m. London time.

A complete list and description of Firm composites and performance results is available upon request. Additional information regarding
policies for calculating and reporting returns is available upon request.



Absolute returns through turmoil: Regulated traditional
institutions vs. unreqgulated hedge funds

Many hedge funds that claimed to be beta-neutral faced enormous losses during the credit crisis. We
have made a checklist to assess absolute return strategies, and we show how to potentially minimise

unpleasant surprises.

What began with the rumblings and then rapid
collapse of two prominent Bear Stearns hedge funds
in the spring of 2007 has now escalated across
financial services into a full-blown debacle in some
dark corners of the hedge fund industry. Both
unreqgulated and largely lacking in transparency,
hedge funds as a group have experienced jarring
negative returns for their investors in 2008. For the
calendar year, the HFRX Global Hedge Fund Index
declined over 23%, reflecting substantial correlated
downside performance with the global equity
markets. With forced selling due to investor
redemptions combining to expose many hands
caught in the cookie jar of high risk momentum
trading and highly leveraged gambles on risky
assets, the vast majority of hedge funds failed to
meet their primary objective of absolute positive
returns.

Of course, there have been some hedge funds that
demonstrated beta neutrality via flat or positive total
returns. But the alarming number of funds with
double-digit negative returns last year has rendered a
stark reckoning for managers who had over the
previous few years touted their strategies to be
“beta-neutral”, i.e. able to deliver positive absolute
performance through all market conditions. Many
were able to take this story of discipline and
neutrality to institutions, competing for billions of
dollars in absolute return mandates. As markets last
summer and autumn declined precipitously, the
ability to short stocks,! disciplined risk management
and an overall lack of directional bias should have
insulated managers from the financial market crisis.
Instead, it is estimated that 30-50% of hedge funds
will fold as a result of their performance failure.2
Justifiably so, many plan sponsors are demanding to
know: What happened?

While many hedge funds are run with a sound
discipline, it appears that the past decade has seen a
growing number of mismanaged and misrepresented
funds spring up with inexperienced managers at the
helm. Many of these managers had been successful
enough in long-only strategies at traditional asset
managers to raise funds to start up a hedge fund,
with the expectation that they could use their
stock-picking expertise to also implement short-
selling strategies, leverage and instruments such as
derivatives, futures, and structured products to
engineer excess returns. Unfortunately, it is evident
that a couple of years taking on enormous risk
through an unusually benign credit environment led

many managers to dismiss risk management in
pursuit of what they viewed as arbitrage in the credit
and commodity markets. This risk-taking behaviour
was not limited to standalone hedge funds either. At
investment banks and diversified financial services
companies, high-risk hedge funds with little oversight
or transparency grew enormously, due to the success
of taking on high levels of leverage and the promise
of continued high returns. The two Bear Stearns
funds that helped bring down that investment bank,
after all, were knee-deep in toxic subprime ABS
assets, despite their reassuring fund names: “High
Grade Structured Credit Strategies Enhanced
Leverage Fund” and "High Grade Structured Credit
Strategies Fund".

While Bear Stearns represented the tip of the
iceberg, we are now seeing thousands of hedge funds
revealing losses due to un-hedged exposure to bad
debt, correlated exposure to financial stocks and a
lack of any type of risk management. This
performance has been particularly damaging for
pensions, endowments and trusts that invested in
some of these funds as part of their absolute return
mandate.

While hedge funds will likely continue to absorb the
brunt of investor redemptions and heightened
regulation, achieving an absolute positive return
remains an important objective for institutional
investors. Unlike the broad hedge fund universe,
traditional asset managers are far more transparent,
as their assets are custodied elsewhere, and their
investment processes tend to be more consistent.
Most of these managers have embedded risk control
processes and operational infrastructures that
ensure portfolio discipline often not found at
standalone hedge fund firms.

Consistently generating absolute positive returns is
an increasingly important investment objective due
to plan funding and reporting requirements. As a
result, plan sponsors require a growing focus on
mitigating drawdown risk through uncorrelated
sources of alpha. The problem with many “black box"
alternative managers is that it is very difficult to
discern whether they are remaining true to their
mandate and managing with little to no beta
exposure. By contrast, many traditional investment
managers have been successfully overseeing
beta-neutral strategies for many years, delivering
absolute positive returns through up and down
markets.

1 The temporary ban on new short positions in financial stocks cannot be used as an excuse here. Hedge funds should have had

short positions in place long before the ban was announced.

2 Source: Credit Suisse Group, AG Sept. 29, 2008 research report
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Back to basics - a checklist for investing in
absolute return strategies

Looking back at a historic year in the financial
markets and the collapse of many hedge funds, this is
perhaps a good time to re-visit the important factors
to look for in an absolute return strategy. These are:

1. Stability and breadth of the investment team
Stability of the team is important, especially when
analysing the track record. Are the key decision
makers still there? How deep are the resources in
terms of research, portfolio management and
client service? How are employees compensated,
and will that structure support long-term tenures?

2. Length of track record
A key indicator of a manager's expertise in running
an absolute return strategy is the length of the
portfolio's track record. Aside from looking at a
cumulative total return since inception, it is
important to look at performance on an annual
basis. How did the manager fare in down equity
markets, as in 1990-91, 2000-2002 and the
current credit crisis? Was the manager's
performance stunningly good in 2006 and then
deep in the red for 20087 Was the track record
highly correlated to a particular style, value/growth
and/or large/small cap etc. These are obvious data
points that demonstrate whether a manager has
the discipline to remain beta neutral even when
markets appear to be offering short-term
arbitrage opportunities.

Length of track record is equally important for
demonstrating expertise in managing alternative
assets and instruments. As the hedge fund universe
of funds swelled over the past decade with managers
who were successful at one time in long-only
strategies, it is now apparent that many were not
equipped to manage long-short strategies - much
less more exotic hedge funds that utilized leverage,
derivatives, futures, swaps, CDOs, etc. A long,
durable track record can help fiduciaries see past
short-term gains that could be little more than
beta exposure amplified by the use of leverage.

3. Hedge fund fees
"2 and 20" has long been the shorthand for hedge
fund fees, and even through the current turmoil
the “2" is still being charged despite steep losses
to investors. Much of the reason traditional
managers move into the unregulated hedge fund
business is the allure of the 2% management fee
on assets and the 20% performance fee on
returns generated in excess of a pre-determined
threshold. While hedge funds were delivering
stellar performance, this structure was palatable
to investors: However, the failure of so many
funds to preserve those gains through market
turmoil has raised what we believe to be valid
concerns over these high fees.

Performance fees certainly provide incentive for
managers to focus on alpha and keeping in mind
the goal of capturing investment returns over a
certain hurdle on an annual basis. However, the
enormity of some high performance fees creates a
different type of incentive to seek extra-normal
gains in any given year in order to maximise fees,
with little concern for creating longer-term value.
Compounded with the heavy weight of a 2%
management fee, and a manager has set a high
barrier to success for delivering value without
having to seek higher risk investments or leverage
that is not in their clients’ best interests.

A manager's fee structure, thus, can provide a
valuable gauge into the discipline and
expectations that an absolute return manager
may have about their ability to generate alpha. In
this regard, it can be difficult to identify hedge
fund managers who have the ability to overcome
the hurdles of a 2% management fee and
disciplined enough not to chase a hefty one-year
payday at the expense of risk discipline. One
should make sure that the fund has a high
watermark methodology, and not some annual or
moving average compensation scheme, as this will
ensure that an investor only pays a performance
fee when value has been generated.

. Custody of assets

Clearly, this issue has come fully to light with the
Madoff scandal. Yet, third-party custody of assets
has long been a fundamental indicator of a
manager’s financial health. It should be a
disconcerting sign if a manager is self-custodying
the assets they are overseeing rather than
utilising an outside custodian. Having the physical
assets housed by that broker ensures solvency,
liquidity and permits the monitoring of the
investment process to ensure consistency.

. Transparency

So long as hedge funds delivered strong absolute
returns through bull markets, transparency was
less of a focus for absolute return investors.
However, the highly correlated downside of many
hedge funds with the equity markets in 2008 has
intensified concerns around the lack of disclosure
from hedge funds and other unregulated, and
often illiquid, investment vehicles.

As regulatory agencies and governments look to
expand the scope of oversight, many hedge fund
strategies already provide traditional managers'
level of transparency to their clients. While some
hedge fund managers argue that there is a client
benefit to their fund holdings remaining proprietary
and secretive, we believe this to be hard to justify.
On the contrary, transparency maintains trust
between a manager and clients, and an absolute
return manager should want to demonstrate the



consistency of approach and the attribution behind
the success or shortfalls of an investment strategy.
In our view, a red flag for investors should not be
one quarter of underperformance from a manager
with transparency, but rather a manager arguing
that their strategy is too complex or too
‘proprietary’ to share the underlying holdings.

. What is driving returns - alpha or leverage?
One of the primary culprits for the selling pressure
in the financial markets this past year was the spike
in margin calls that put highly leveraged managers
in the position of having to sell illiquid assets at
rock bottom prices or selling their higher quality
liquid assets to meet withdrawal requests, similar
to what we witnessed in August 2007. The margin
call selling exposed the magnitude of leverage
that the hedge fund industry collectively had.

For institutional clients, a pure absolute return
strategy should be benchmarked to cash and
uncorrelated with traditional asset class returns.
This objective has become increasingly important
for fiduciaries looking to mitigate downside market
volatility, and most importantly to keep funding
levels stable. Hedge funds, by their definition, were
intended to eliminate or significantly reduce market
beta, in order to isolate manager skill and take
advantage of market inefficiencies.

. Daily liquidity

The illiquidity that has been created in many hedge
funds as a result of the credit crisis has become a
self-fulfilling prophecy, fueling the rapid sell-offs in
the industry as many investors rushed to redeem
their assets on predetermined hedge fund
redemption dates this autumn. Many hedge funds
have been forced to place liquidity constraints/
gates on these withdrawal requests. By identifying
managers that don't have liquidity constraints,
investors can gauge more appropriately whether
there are potential risks within their fund.

As we saw with the enormity of simultaneous
redemptions in the hedge fund industry last autumn,
there is additional risk of a run on a portfolio all at
once, further devaluing the NAV, by virtue of a
manager having to sell off the most liquid, and
typically the highest quality, holdings to pay
redemptions.

Daily liquidity can be an indication of a manager's
solvency and his ability to continue managing in
accordance with a disciplined investment approach
regardless of investor redemptions for whatever
reason.

Absolute return strategies for institutional
investors

Hedge funds have thus disappointed on a large scale
for investors looking for absolute return solutions to
mitigate risk in their overall portfolios. On an individual
basis, there are certainly well-managed funds and
managers with the requisite skills to deliver alpha and
the discipline to avoid large drawdowns correlated
with the equity markets. Yet, the lack of transparency
around process, holdings and liquidity make
identifying a hedge fund manager to meet a specific
investment objective difficult and risky. While no
manager is certainly immune from losses, a rigorous
process and expertise in managing beta-neutral
strategies is a significant determinant in delivering
alpha through all types of markets.

One example of what we view to be a sound approach
to absolute return investing is a market-neutral
strategy. Beta-neutral, style-neutral and dollar-neutral,
market-neutral strategies have been successful
investment strategies for a long time, and were
certainly available before the modern hedge fund
craze that we've witnessed this decade. Market-
neutral strategies have been implemented through
both traditional and quantitative approaches. We
believe that utilising a model-driven approach to alpha
generation and risk control will prove more successful
than hedge funds in the long term. By using quantitative
models to identify investment opportunities and
manage risk, we believe, the manager’s potential
alpha comes from a much broader coverage universe
relative to traditional analyst coverage universes.

Looking ahead...

Despite the calamities in the hedge fund industry,
there is little doubt that absolute return strategies,
and alternative investments in general, will remain
important asset classes for institutional investors.
The shortfalls in pension funding, the aging/retiring
of the workforce and the low expected return
environment in coming years all point toward plan
sponsors and participants turning away from
drawdown risk in their investment portfolio. Having
exposure to assets that are truly market neutral,
specifically uncorrelated with the equity markets, is
an important solution that will not go away.

The goal for fiduciaries and investors alike will likely
center around greater due diligence in the selection
process of hedge fund managers, focusing on those
that offer greater transparency, liquidity and a track
record of delivering on beta neutrality.

Brian Foerster, Senior Financial Writer,

+1212 278 9205, brian_foerster@invesco.com

Invesco Institutional (N.A.), Inc.

(Please see risk warning on next page.)
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Risk warning:

Hedge funds or related products use alternative investment strategies and the risks inherent in the scheme
are not typically encountered in traditional funds. Hedge funds or related products undertake special risks
which may lead to substantial or total loss of investment and are not suitable for investors who cannot afford
to take on such risks. Investors should carefully review and consider potential risks before investing. These
risks may include:

losses due to leveraging, short-selling and other speculative practices;
lack of liquidity;

absence of information regarding valuations and pricing;

complex tax structures and delays in tax reporting;

less regulation and higher fees than mutual funds;

advisor risk.

Investors are advised to consider their own financial circumstances and the suitability of the hedge funds or
related products as part of their investment portfolio, and investors are advised to read the offering
document and should obtain professional advice before investing in hedge funds or related products.

The opinions expressed in this article are those of the Invesco Quantitative Equity Strategies team.



Invesco's investment expertise around the globe

Denver

San Francisco
Newport Beach
Dallas

Austin
Houston

Investment management and
team network

Each of Invesco's investment teams
adheres to clearly defined investment
strategies and philosophies.
Harnessing this distinct expertise,
Invesco's teams draw on the strength
of global resources and independent
vision provided by:

¢ The stability of more than
USD 350 billion in assets
under management*

¢ More than 500 investment
professionals worldwide*

¢ Investment teams operating in
26 locations in 12 countries*

¢ Client support in 20 countries*

¢ The value of a single focus —
managing your money

Source: Invesco.

* Data as at 31 December 2008.

The listed investment teams do not
all provide their products or services
globally. Not all funds and strategies
listed are available in all jurisdictions.
Please refer to the appropriate
internet site or your local Invesco
office.

London

Toronto Prague
= New York Frankfurt
Boston Munich

Chicago Madrid

Wheaton
Louisville
Atlanta

B Primary investment team location
@ Other investment team location

>

A Tokyo

Shenzhen
Taipei
Hong Kong
Mumbai
Melbourne

Invesco investment teams

Distinctive worldwide investment management capabilities

Invesco Aim Invesco Perpetual Invesco Private Capital
Houston ®  Henley (London) B New York
Austin o |nvestment focus: Denver
Denver o Global, UK, European, Asian, Japanese San Francisco
- and Emerging Markets equities, fixed
San Francisco 2 income Investment focus:

Investment focus:
US, global and European equities

Invesco Trimark

Toronto ]

Investment focus:
Canadian and global equities,
fixed income

Invesco Global Strategies

Atlanta

New York

Frankfurt

Boston

Melbourne

Investment focus:

Global Equity (global, non-US, and
Emerging Market equities);
Quantitative Equity (quantitative
active, enhanced and long/short
strategies);
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Important information

This document is for financial advisers, institutional and professional investors and in Continental
Europe, Dubai, Malta and UK for Professional Clients only, in the Isle of Man, Jersey and Guernsey
for Investment Professionals only, in Hong Kong for Professional Investors, in Singapore and the USA
for Institutional Investors. In Canada, the document is intended only for accredited investors as
defined under National Instrument 45-106. This document is for internal use only in South Africa. It
is not intended for and should not be distributed to, or relied upon, by the public.

All articles in this publication are written, unless otherwise stated, by Invesco professionals, and opinions
expressed are those of the author or Invesco. This publication does not form part of any prospectus. This
document contains general information only and does not take into account individual objectives, taxation
position or financial needs. Nor does this constitute a recommendation of the suitability of any investment
strateqgy for a particular investor. While great care has been taken to ensure that the information contained
herein is accurate, no responsibility can be accepted for any errors, mistakes or omissions or for any action
taken in reliance thereon. Opinions and forecasts are subject to change without notice. The value of
investments and any income will fluctuate (this may partly be the result of exchange rate fluctuations) and
investors may not get back the full amount invested. Neither Invesco Ltd. nor any of its member companies
guarantee the return of capital, distribution of income or the performance of any fund. Past performance
is not a quide to future returns. Any reference to a ranking, a rating or an award provides no guarantee for
future performance results and is not constant over time. This document is not an invitation to subscribe
for shares in a fund nor is it to be construed as an offer to buy or sell any financial instruments. As with all
investments, there are associated inherent risks. This document is by way of information only. Asset
management services are provided by Invesco in accordance with appropriate local legislation and
regulations.

This publication is issued:

- in Australia by Invesco Australia Limited (AN 48 001 693 232), Level 26, 333 Collins Street, Melbourne,
Victoria, 3000, which holds an Australian Financial Services Licence number 239916.

- in Austria by Invesco Asset Management Osterreich GmbH, Rotenturmstrape 16-18, A-1010 Wien.

- in Canada by Invesco Trimark Ltd., 5140 Yonge Street, Suite 900, Toronto, Ontario, M2N 6X7.

- in Dubai by Invesco Asset Management Limited which is regulated by the Dubai Financial Services
Authority. Invesco Asset Management Limited, PO Box 506599, Building 5, Level 6, The Gate Precinct,
Dubai, United Arab Emirates.

- in France by Invesco Asset Management S.A., 18, rue de Londres, F-75009 Paris, which is authorised and
regulated by the Autorité des marchés financiers in France.

- in Germany by Invesco Asset Management GmbH, Bleichstrafe 60-62, 60313 Frankfurt am Main, which is
authorised and requlated by the Bundesanstalt flr Finanzdienstleistungsaufsicht in Germany.

- in Hong Kong by Invesco Hong Kong Limited, 32nd Floor, Three Pacific Place, 1 Queen's Road East, Hong
Kong, which holds a Hong Kong Securities and Futures Commission licence number AAJ770.

- in the Isle of Man by Invesco Global Asset Management Limited, George's Quay House, 43 Townsend
Street, Dublin 2, Ireland, which is regulated in Ireland by the Financial Requlator.

- in Japan by Invesco Asset Management (Japan) Limited, 25th Floor, Shiroyama Trust Tower 3-1,
Toranomon 4-chome Minato-ku, Tokyo 105-6025, Japan, which holds a Japan Kanto Local finance Bureau
Investment advisers licence number 306.

- in Jersey and Guernsey by Invesco International Limited, 40 Esplanade, St. Helier, Jersey, JE4 2PH.
Invesco International Limited is regulated by the Jersey Financial Services Commission.

- in Malta by Invesco Global Asset Management Limited, George's Quay House, 43 Townsend Street, Dublin
2, Ireland.

- in Singapore by Invesco Asset Management Singapore Limited, 6 Battery Road #15-02, Singapore
049909, which holds a Monetary Authority of Singapore licence number CMSO00150-1.

- in South Africa by Invesco Asset Management Limited. Registered Address: 30 Finsbury Square, London
EC2A 1AG. A member of the Association of Collective Investments of South Africa.

- in Switzerland by Invesco Asset Management (Schweiz) AG, Genferstrasse 21, CH-8002 Zirich (Location
where the prospectus, annual and interim reports, Trust Deed and Articles can be obtained free of
charge.).

- in Taiwan by Invesco Taiwan Limited, 10th Floor, 122 Tun Hua North Road, Taipei, Taiwan, which holds a
Taiwan Financial Supervisory Commission licence number DBOO0900.

- in the UK by Invesco Global Investments Funds Limited (registered address), 30 Finsbury Square, London,
EC2A 1AG, registered No. 1046873, which is authorised and requlated by the Financial Services Authority
in the UK.

- in the United States of America by Invesco Institutional (N.A.), Inc and Invesco Global Asset Management
(N.A)), Inc., Two Peachtree Pointe, 1555 Peachtree Street, N.E., Suite 1800, Atlanta, Ga 30309 and by
Invesco Private Capital, Inc. and Invesco Senior Secured Management, Inc., 1166 Avenue of the Americas,
New York, New York 10036.

Data as at January 2009 unless otherwise stated.





