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Abstract

The Net Asset Vaue of international ETFs can differ from the daily closing price on exchange.
Whilst these differences might appear significant, this is actually by design, and products have
historically tracked their benchmarks very closely over longer time horizons. It is therefore very
important that investors understand the differences between valuation methodologies and be mindful of
the metric used when evaulating ETF performance.

This paper discussed the reasons behind these pricing shows that they actually arise
because ETFs are acting as price-discovery vehicles w markets they track are
closed, giving investors near-constant global market access




Introduction

In order to make timely and informed investment decisions, it is important that investors understand
how the pricing of Exchange Traded Funds (ETFs) is executed and which metrics are to be considered
when buying or selling an ETF. Two valuation methods that are specific to ETFs are Net Asset Vaue
(NAV) and daily closing price on exchange.

In this paper, we will explain the two different pricing methodologies, the benefits of each method
and also discuss how they differ from each other. We will also discuss the appropriate metric to
calculate the performance of an ETF, especially when comparing to the stated benchmark index.

A unique feature of ETFs (especially versus managed funds) is that they offer investors the ability to
transact intra day, gaining access to broad market exposures at any time during market hours. We
therefore extend our research to anayse the intra-day price govements of international ETFs to
ascertain whether they do in fact offer investors a fair r f the value of the underlying
securities held in the fund at any point in time.

ETF Pricing - Net Asset Value Versus
The Net Asset Value (NAV) of an Exchange Tradee is the value of each share in a

in other words, the value of the fund’s [ ‘ /ided by the total number of shares
outstanding, as outlined in Table 1.
Calculatio

the underlying securities

Dividend/Coupon accruals

Stock lending revenue accruals etc

Fund liabilities
NAV

Daily accruals of the management fee!

s - Fund liabilities) / Total number of shares outstanding

The NAV of an equity ETF is based on the closing (or sometimes the last traded) prices of each of
the fund’s underlying securities on their local exchange. ETFs with international exposures, trading
across multiple time zones therefore calculate their portfolio NAV using closing prices from different
exchanges throughout the day.

This approach is consistent with the calculation methodologies of the indices used by ETFs,
therefore allowing a meaningful comparison of ETF performance versus benchmark over time.

1 In the case of iShares ETFs, the management fee payable to BlackRock Fund Advisors. This fee excludes any other fees
and expenses an ETF may incur.



ETFs themselves are also priced in live time during market hours on their local exchanges (like any
other listed stock) and therefore have a daily closing (or last traded) price on their local exchange. This
price is representative of the market consensus value of the underlying portfolio of securities at that
point in time (4pm, Sydney for Australian Securities Exchange (ASX) listed ETFS).

For ETFs tracking local equities, the daily closing price on exchange should be very similar to the
daily NAV of the ETF, since both are representative values of the underlying portfolio at exactly the
same point in time. This relationship should hold for any ETF holding only securities with the same
market closing time at the ETF itself, since any significant mispricings between the ETF and the
underling portfolio can be arbitraged away.

Importantly however, for ETFs where the closing time of the listing exchange differs to that of the
underlying securities, the closing value on exchange will differ from the daily NAV. Thisis especialy
true for Australian ETFs with broad international expo: the iShares S&P Globa 100
(I00.AU) or iShares MSCI Emerging Markets (IEM. he ASX), where the timing
differences between 4pm Sydney (close of the ASX) and f the underlying portfolio
constituents (e.g. European or US securities) can be as mu

Figure 1. Market hours of the underlyi ETFs(AEST)
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As seen in Figure 1, whe arket closes in Sydney, there are still severa hours of trading
activity remaining in the Asian region and the trading days in Europe and North America are yet to
begin. The daily closing price of any ASX listed ETF with international exposure can, and should,
therefore differ from the daily NAV due to these significant timing differences.




ETF Performance Calculation — Daily Price versus Daily NAV Returns

The performance of an ETF will differ, depending on whether the closing price on exchange, or the
NAV, is used to calculate the return. As mentioned previously, market indices use the same pricing
methodology as NAV (i.e. daily closing values of all underlying securities) and therefore when
evaluating ETF performance relative to its stated benchmark, returns must be calculated using NAV to
allow a meaningful comparison to be made. Figures 2 to 5 below show the daily performance
difference between the NAV return and the benchmark index return for four ASX listed iShares ETFs
(since the month end following their inception).

Figure 2. NAV return difference versusindex (in AUD) for iShares S& P 500 (1VV.AU)?
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Figure4. NAV return difference versusindex (in AUD) for iShares MSCI EAFE (IVE.AU)?
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Figure5. NAV return difference versusindex (in AUD) for 4 inhua China 25 (1ZZ.AU)?
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November 2007 of the other words, these ETFs have performed (before transaction
costs) in line with expectd [ g the daily returns of their stated benchmarks consistently
through time.

If daily performance of these"Australian ETFs is instead calculated using the 4pm daily closing
prices of each iShares ETF on the ASX and compared to the published index return, we see the daily
performances differences, as shown in Figures 6 to 9 below - note that the graphs have the same

vertical axis scale astheir corresponding chart in Figures 2 to 5.

% Source: BlackRock & Bloomberg



Figure 6. Closing pricereturn difference versusindex (in AUD) for iShares S& P 500 (1VV.AU)*
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Figure 7. Closing pricereturn difference versusindex (in A & P Global 100 (100.AU)*
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Figure8.Clg ex (in AUD) for iShares M SCI EAFE (IVE.AU)*
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Figure 9. Closing pricereturn difference versusindex (in AUD) for iShares FTSE Xinhua China 25 (1ZZ.AU)®
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As discussed earlier, these differences between daily pricg return and NAV return are to be
expected, due to the different timing methodologies ado e each price. There are also
several factors which may have contributed to the m aily differences seen in the

examples above:

1. Dueto Australia s extreme geographic location, ay endsin Sydney,
the mgjority of the securities in these broad i olios still have several hours of
trading remaining, and in many cases, i have not even opened yet.
Daily closing prices of Australian lis yefore see greater divergence from
NAV (compared to European or ore extreme timing factors.

2. The period in question (No D10) was one of extraordinary market
volatility. As sug es would have been magnified, relative to
more “norm can clearly be seen by the significant increase in
daily p cts for the months following the bankruptcy of
Lehman

3. Intraday c Il dso have an impact on the tracking differences. Again,

Table 2 below shows the daily volatility (from October 2007 to May 2010), as measured by the
standard deviation of the performance difference, using both daily NAV and price returns versus the
benchmark for each ETF.

Table 2. Daily volatility of NAV return and price return ver sus benchmark®

ETE Daily voIaIiIity of NAV Dailyvolatility of price
return vs. index return vs. index
IVV.AU 0.01% 2.71%
I00.AU 0.22% 1.98%
IVE.AU 0.02% 1.75%
1ZZ.AU 0.06% 2.67%

® Source: BlackRock & Bloomberg



By smply calculating the daily performance of these four ETFs using a different value metric
(closing price on exchange versus NAV), we might arrive at vastly different conclusions regarding the
consistency of performance relative to their stated benchmarks. Measuring performance based on daily
closing price on exchange would (incorrectly) suggest that the ETFs are not in fact tracking their
benchmarks, but are instead exhibiting significant tracking error. Thisis why it is very important that
investors understand the differences between valuation methodologies and be mindful of the
appropriate metric to use when evaluating performance, especialy for ETFs with international
exXposures.

Figures 10 to 13 chart the cumulative performance since inception for the same four ASX listed
iShares ETFs, showing both NAV and closing market performange versus their benchmark indices.

500 (IVV.AU)°
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® Source: BlackRock & Bloomberg



Figure 12. Cumulative performance (in AUD) of iShares M SCI EAFE (IVE.AU)’
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Figure 13. Cumulative performance (in AUD) of iShares FT $ inhua China 25 (1ZZ.AU)’
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Interestingly, over |@ of metric upon which to base performance calculations
es in value on any given day might appear to be a
source of tracking ate to high volatility versus the index over longer horizons.

The examples above hig a the NAV of an ETF is the most appropriate measure of
performance calculation versus aftndex, since the pricing methodologies used are the same and hence
the two metrics are directly comparable. This is particularly the case when evaluating ETFs over
shorter time periods, where the timing differences between closing market price and NAV can cause
quite significant differences in value, and hence performance.

" Source: BlackRock & Bloomberg



Arethese differencesjust noise, or price discovery?

An interesting question that arises from the above analysis is whether these differences in daily
performance are just noise (and thus a source of uncompensated risk to Australian ETF investors), or
whether these international ETFs are actudly acting as price discovery vehicles, representing
consensus valuations of their underlying international markets during Australian trading hours.

If the Australian ETF is indeed acting as a price-discovery instrument whilst the US market is
closed, we might expect that when an S&P 500 ETF moves higher (lower) during the Australian
trading day, then the S&P 500 market will follow suit and open higher (lower) when tomorrow’s
trading session begins.

A simple test investigates the broad relationship between historical daily movements of the iShares
S& P 500 (IVV.AU) during the ASX trading day and the corresponding overnight movement of the
S& P 500 market in the US. The graph below plots the intr f IVV.AU on the ASX, versus
the corresponding overnight return of the S&P 500 Ind 2 November 2009 to 2 May
2010 - this was the longest period for which intra-day hist ange rate data is available
in Bloomberg.

Figure 14. Intra-day performance of IVV.AU f S& P 500 (in USD)®

y = 0.60x + 0.0002

IVV.AU Intra-Day Return

*

S& P 500 Overnight Return

Figure 14 includes a line of best fit, giving an estimate of the linear relationship between these two
variables for the sample period in question. The positive sloping line (gradient +0.60), passing very
close to the origin suggests that there is indeed a dtatisticaly significant (t-stat of 2.7) positive
relationship between the movement of the ASX-listed iShares S& P 500 on any given trading day and
the corresponding overnight movement of the actual S& P Index on the same day. This is encouraging

8 Source: BlackRock & Bloomberg



and broadly supportive of our ETF price discovery theory.

Upon closer inspection of the results however, the coefficient of determination (or R?) of this
regression is only 0.05. Put simply, this implies that just 5% of the variability in our data set is
accounted for by this simple model and it is therefore unlikely to be a reliable predictor of future
outcomes. This can aso be implied by visual inspection of the chart, as the points are widely scattered
either side of theline.

While the genera results here are directionally encouraging, it is perhaps unsurprising that this
simple test does not yield a more robust conclusion, simply because of the large differences between
the two time windows being compared. The ASX market hours represent just six of the 17.5 hours
during which the S& P 500 is closed each day. To better test our price discovery theory, we need to not
only look at ETFs trading during Australian market hours, but
half hours between ASX close and US market open.

so during the remaining seven and a

ETFsallow (almost) continuous mark
Figure 15 below shows Bloomberg historical trade data
full trading week (3rd to 7th May 2010) for the USHi i 00 Index Fund (IVV.US). This

across different trading regions.
If ETFs trading in other markets i discovery instruments while the US

market is closed, then we g history to “fill in the gaps’™ on the graph

below between each dai ' ag pri he US and the following market opening price.
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We therefore extended our pricing anaysis, using continuous trade data (also at ten minute
increments) for the following three ETFs, all tracking the S& P 500 Index across different trading
jurisdictions:

e |VV.AU —iShares S& P 500 (Australia)
e |USA.LN —iShares S&P 500 (UK)
e |VV.US-iShares S&P 500 Index Fund (US)

Continuous trade price data for the entire week beginning 3rd May 2010 was sourced from
Bloomberg for all three ETFs and each price series converted to US dollars using continuous foreign
exchange rates (also from Bloomberg), thereby neutralising any gurrency impact on relative pricing. As
discussed earlier (and shown in Figure 1), by analysing thr. ading in Sydney, London and
New York, we can track the price behaviour of ETFs d 0 continuous hours each day
between Australian market open and US market close.

Since the Australian ETF (IVV.AU) isacrosslist of th

two products (in a common currency) is directly compaig i both represent equal economic
exposure to exactly the same underlying portfQ ' K listed ETF (IUSA.LN)
however is a different product atogether and he share is not absolutely comparable to
that of the US & Australian ETFs. This pri Sted by a constant scaling factor (1
share IVV.US = 20.2 shares IUSA.LN [  serigSithat is now directly comparable to the

other two ETFs.

i
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The price data points for the Australian and European ETFs trading outside US market hours do
indeed “join the dots’ between each US trading day, creating a near-continuous price profile across the
entire week. This suggests that international ETFs outside of the US are indeed trading at values
representative of consensus expectations of their underlying portfolios, even whilst their underlying
markets are themselves closed. This evidence supports our theory that the (sometimes significant) daily
tracking differences between price performance of ETFs versus benchmarks priced outside their local
time zones actually arise because these instruments are providing market access at fair prices to global
markets throughout the entire day.

Not wanting to draw too much significance from a single product over one week, the exercise was
repeated using the same three ETFs over several different weekly trading windows, with similar results
— these two Australian and European ETFs appear to be providipg continuous price discovery, giving
investors access to the US equity market throughout the d ices that are representative of
the market consensus while the underlying market is clo

To further test this theory, the same exercise was then r
Emerging Markets Index, again listed in Australia, Europe

ETFs tracking the MSCI

e |EM.AU —iShares MSCI Emerging Ma
e |EEM.LN —iShares MSCI Emerging
e EEM.US-iShares MSCI Emergi

arge for this benchmark also during this

The volatility, both intra.ee
' t price moves both intra day and overnight.

week, as shown below

- 3rd May 2010 to 7th May 2010
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Adding the additional trading windows to the time series again yields very convincing results, asthe
overnight moves in the MSCI Emerging Markets Index are tracked by the price movements of the
Australian and European ETFs. Figure 18 below shows the three ETFs making a near-continuous price
profile throughout the week from 3rd May to 7th May 2010.

Figure 18. Price behaviour of EEM.US, IEEM.LN & IEM.AU - 3% May 2010 to 7" May 2010"
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Whilst the continuous price profile for the MSCI E g Mark dex example above is perhaps

not quite as “clean” as the earlier S& P 500 Indg
expect amore volatile price profile for any i

eral reasons why we might
exXposures:

e Theindex includes multiple i S geographical regions. As such none of
these three ETJ e as al of the underlying countries.

e For many ere are limited, or no, derivatives available upon
which ing market values outside of market hours.
e Multiple also be factored into pricing at any point in time, as well

This evidence again very suggests that ETFs across different trading jurisdictions are
providing investors with access to the underlying markets at fair prices throughout the entire day. This
exercise of comparing the MSCI Emerging Markets Index in different jurisdictions was also repeated
over multiple time periods, again with similar results and continuous pricing across the entire period.

12 Source: BlackRock & Bloomberg



Conclusion

One of the unique features of ETFs is that they offer investors the ability to transact intra-day,
gaining access to broad market exposures at any time during market hours. This is of course only a
benefit to investors if the ETF price at any point during the trading day is a fair representation of the
actual value of the underlying securities held in the fund.

Over the longer term, the ASX-listed iShares ETFs studied all offered investors price returns on
exchange amost identical to those of their underlying benchmarks, all tracking index performance very
closely since inception. When considering shorter time periods however, differences between the daily
ETF price return on exchange, relative to the underlying international index were often exhibited.

Upon closer inspection, it appears that these differences between the daily return of ETFs and their
benchmark indices actually arise because these instruments are providing price discovery and offering
investors access to markets, at what appear to be fair pric
not themselves trading.

the underlying securities are




IMPORTANT INFORMATION

Beforeinvesting in an iSharesfund, you should car efully consider whether such products are appropriate for you, read the
applicable Australian prospectus available at iShares.com.au and consult an investment adviser.

Thisinformation is genera in nature, and has been prepared without taking into account any individual’s objectives, financial situation, or
needs.

Issued by BlackRock Asset Management Australia Limited ABN 33 001 804 566, AFSL 225 398 (“BAMAL”"). BAMAL isthelocal
agent and intermediary for iShares (iShares, Inc. ARBN 125632 279 formed in Maryland, USA; iShares Trust ARBN 125 632 411
organised in Delaware, USA. The liability of shareholdersis limited).

BlackRock Fund Advisors (“BFA™) serves as an advisor to the i Shares funds that are registered with the United States Securities and
Exchange Commission under the Investment Company Act of 1940. BFA isasubsidiary of BlackRock Institutional Trust Company, N.A
(“BTC"). BAMAL and BTC are wholly-owned subsidiaries of BlackRock, Inc.

The information in this document relates to i Shares funds quoted on the Australian Securities Exchange (“ASX”). Tradeson ASX in the
shares of an iShares fund are settled using CHESS Depositary Interests (or “CDIs").

Transaction costs are incurred when buying or selling shares of an iShares fund on ASX and brokerage commissions if such trades are
done through a broker. The performance of an iShares fund is not guaranteed by any foreign or Australian regulatory or depositary
institution, or any BlackRock entity. Past performanceis not areliable indicator of futuse performance.

Use of the ASX abbreviation with the i Shares tradename is not an endorsement €s no representation or warranty
regarding the advisability of investing in the i Shares funds.

An investment in an iShares fund involvesinvesting in international markets.
international investments involve the risk of losing all or part of any capital fr
differences in generally accepted accounting principles or from economic or pol

al risks associated with investing,
ionsin currency values, from
atiops. An investment in an

emerging markets also involve heightened other risks such asincreased volatili ibili ing volume. Payment of
dividends is not guaranteed. Unfavourable fluctuations in exchange rates may impact s payable

Shares of an iShares fund trade on an exchange at market price (not, neté ares may only be redeemed directly
from an i Shares fund by persons or entitiesin the United States call ici very large creation/redemption units.

Standard & Poor's (adivision of The McGraw-Hill Companies, | i and service mark jointly owned by the London
Stock Exchange PLC and The Financia Times Limited; " Xiahua ‘ ark of Xinhua Financia Network Limited,
both of which have been licensed for use by FTSE / Xin ite inhua China 25 Index is calculated by or on
behalf of FTSE/Xinhua Index Fund. The iShares fund ed, sold or promoted by MSCI, Inc., Standard &
Poor's or FTSE. None of these companies make any
these companies has licensed the use ofgtheikrespectiv ttional Trust Company, N.A.

© 2010 BlackRock Asset Manag ts reserved. iShares® is aregistered trademark of BlackRock
Ingtitutional Trust Company, 4 s, or registered trademarks are the property of their respective
owners.





