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Gold: a six thousand year-old bubble
revisited1
Introduction
On November 30th, 2014, the Swiss will vote in a referendum on a popular initiative
'Save our Swiss gold' (henceforth the Gold Initiative). If the Gold Initiative passes
three consequences follow: (1) the Swiss National Bank (the SNB) must hold at
least 20% of its assets as gold, (2) the SNB has to repatriate the 30% of its official
gold stock that is now held abroad by the Bank of England and Bank of Canada and
has to physically hold all its gold in Switzerland, and (3) the SNB may never sell any
gold again.
Figure 1 shows the total assets of the SNB, its gold reserves and its other foreign
exchange reserves, the sum of foreign currency investments, the reserve position
with the IMF and international payment instruments. There is a break in the series
for the value of the gold holdings and for total assets: as of 2000, gold holdings
have been priced at market value. Until 1999, they were valued at the official parity
price of CHF 4,596 per kilogram.
Figure 1. Swiss National Bank Gold, Foreign Exchange and Total Assets, 1997-2014
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As can be seen from Figure 1, the balance sheet of the SNB has exploded in size
since it began to lean against the appreciation of the Swiss Franc by active foreign
exchange interventions early in 2009. Its balance sheet at the end of September
2014 stood at 522 bn Swiss Francs, about 83% of annual GDP. On that same date,
the value of its gold reserves was about 39 bn Swiss Francs, about 7.5% of the
value of its total assets. That represented 1,040 metric tonnes of gold, almost 129
This note updates and extends a blog I wrote in 2009, titled: Gold – a six thousand year-old bubble,
Willem Buiter’s Maverecon (http://blogs.ft.com/maverecon/2009/11/gold-a-six-thousand-year-oldbubble/#axzz3K6tsGzEG)
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grams (4.5 oz.) per capita. In 2000, the SNB held 2,500 tonnes of gold and it has
also been the biggest national seller since.
If the gold initiative passes, the SNB would have to purchase at least 1,733 metric
tonnes of gold to meet the 20% threshold by 2019 (based on end-of September
2014 SNB balance sheet size and gold price). The world’s annual production of
gold is likely to be around 3000 metric tons in 2014.
Price of gold, like any asset, is volatile

The price of gold, like that of any asset price, is volatile. In nominal terms it has
increased spectacularly over the more than 200-year period shown in Figure 2, and
especially since the end of the gold peg of the US dollar in 1971. In real terms, the
increase has been somewhat less spectacular, from $10.08 in 1971 (measured in
1913 dollars) to $59.89 in 2013. The real price of gold hit $73.60 in 1980 and
$73.30 in 2012, underlining the volatility of the (real) gold price. Someone who
invested in gold in 1971 and held onto it for 42 years, that is, till 2013, would have
achieved an annual real rate of return of 4.3 percent (minus carry costs) reasonable given the riskiness of the asset.
Figure 2. Nominal and Real Price of Gold, 1790-2013
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If an asset can never be sold, it is
worthless, unless you can consume it

Item (2) on the Gold Initiative ballot makes little sense to us. Holding all one’s
physical assets in one nation means ignoring the benefits of geographic
diversification of ‘custodial risk’. Item (3) is quite extraordinary because it would
make the SNB’s gold holdings worthless. Making it illegal to ever sell any of the gold
the central bank has now or acquires in the future and enforcing this gold sale ban
effectively would make the gold useless as an international reserve. The gold stock
can never be used for foreign exchange market interventions and it likely cannot be
used as collateral. The gold becomes useless as a store of value of any kind. The
gold has no consumption value to the central bank. Its value is therefore zero. 2

If the ban on gold sales were credible, that is. In the real world, the value of the gold stock would
remain positive only because the world (and the markets) knows that no commitment is credible
forever, especially a commitment that we feel makes little or no sense. Whatever the present rules,
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What about the first point, the requirement that the SNB hold at least 20% of its
assets in gold? Is gold the kind of asset that should constitute at least 20% of a
central bank’s portfolio? We consider what, if anything, makes gold special in what
follows. For those readers who cannot wait to hear our conclusion, the short
answer to the question: ”Would it make sense for the SNB to increase its gold
holdings to at least 20% of its balance sheet on average (permitting it to sell the
gold when it deems this necessary)”, the short answer is: no. The slightly longer
answer is: absolutely not. Further elaboration follows.

What’s special about gold?
Gold is costly to produce and store

Gold is unlike any other commodity. The only things that come close to it are Bitcoin
and similar digital peer-to-peer currencies. 3 Gold is costly to extract from the earth
and to refine to a reasonable degree of purity. There is an (unknown) upper limit to
the total amount that is recoverable at any cost. It is costly to store. It has no
significant remaining uses as a producer good – equivalent or superior alternatives
exist for all its industrial uses.

To a fair approximation, gold has no
intrinsic value

About 70 tonnes of gold is used annually in dentistry 4 (out of a total annual
production of close to 3000 tonnes). Gold use in dentistry is gradually giving way to
advanced composites and porcelain veneers and crowns. Gold is also used in
jewelry. The Gold Council reports (flow) consumer demand for gold in 2013 as
reaching a record high of 3,863.5 tonnes. However, this consumer demand
includes not just jewelry (2209 tonnes) but also small bars and coins (1654 tonnes).
Small bars and coins represent demand by households for gold as an asset,
investment demand, that is, not ‘consumption’ demand. In our view, a significant
part of the demand for gold in the form of jewelry is likely to represents investment
demand rather than true consumption demand as well. 5 True consumption demand
for gold, for its intrinsic aesthetic qualities, is likely to be small indeed. Annual ‘flow’
true consumption demand, medical (including dentistry) demand and industrial
demand (405 tonnes – mainly in electronics) is therefore likely to be dwarfed by
annual new gold production. Central banks added 368.6 tonnes of gold net to their
reserves in 2013 – a form of investment demand. 6 We can therefore safely ignore
the intrinsic value of gold as an industrial, medical or dentistry input and as a
consumption item and treat it as a ‘fiat commodity’ – one that has value as an asset
if and to the extent that enough people believe that is has value as an asset.

Gold is effectively shiny Bitcoin

For the purposes of the rest of this note, gold can be viewed as shiny Bitcoin.
Bitcoin too is costly to produce (to ‘mine’, using high-powered servers that could be
doing other, more useful things instead, using energy both to keep the servers
running and to cool them). 7 The algorithm governing Bitcoin is supposed to set an
absolute upper limit of 21 million bitcoin units, although anything that can be
programmed can be re-programmed.

laws, constitutions or treaties say, there is always room for amendment or simple ignoring of these
rules or laws in the future.
3 See Wikipedia, Bitcoin, http://en.wikipedia.org/wiki/Bitcoin
4 See Knosp, Holliday and Corti (2003)
5 In India, where 11% of the world’s stock of gold is held, gold is historically a form of investment and
financial security for married women. See Time, July 14, 2013, “In India, Gold Glitters but Brings
Economic Woes.”
6 See World Gold Council http://goldinvestingnews.com/40580/world-gold-council-2013-demandsupply-consumers-india-china.html and World Gold Council (2014).
7 See Wikipedia, Mining, https://en.bitcoin.it/wiki/Mining
4
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Like paper currency and Bitcoin, Gold is ‘irredeemable’. It is an ‘outside’ asset – an
asset of the holder that is not a liability of anyone else. Gold is anonymous, in the
sense that it is accepted in payment without the receiving party having to know the
identity of the paying party, and the identity of the previous owner(s) is not revealed
on the gold ingots. This can only work if something can be identified reliably as
being or not being gold. Counterfeiting (gold-painted lead ingots) are of course a
risk (as it is with paper currency and, for all we know, with Bitcoin). Bitcoin is not
anonymous, because every unit of Bitcoin is held in an electronic ‘wallet’, which has
a clear and, in principle, identifiable owner. The legitimacy of a unit of Bitcoin is in
fact established by tracing all is previous owners back to the original mining. It is
possible to hide (through encryption) the identity of the current beneficial owner of a
Bitcoin wallet, just as it is possible to hide the identity of the beneficial owner of a
bank account behind an array of corporate, trust or personal fronts.
The total stock of ‘above-ground’ gold was about 177,200 metric tonnes as of the
end of 2013 8 (a metric ton is 2,204 lbs. or 35,264 oz., for those of a non-decimal
mind-set). About 50 percent of this existing stock of above-ground gold is kept as a
pure store of value (for investment purposes), most likely somewhere below-ground,
for security reasons. The other 50 percent exists as jewelry. 9 I would argue that
most of this jewelry demand small-scale store of value (investment) demand by
households, rather than demand driven by aesthetic considerations or other intrinsic
values. The outstanding stock of physical gold, at 177,200 tonnes or thereabouts, is
very large relative to the maximum amount of new gold that can be mined and
refined during a year. The short-run supply curve of new gold is steep and
becomes vertical at a volume of production that is small relative to the outstanding
stock (annual gold production had been declining from a local peak of just over
2,500 tonnes in 2001 to 2,330 tonnes in 2008, but more recently has risen to more
than 2,900 tonnes in 2013 – yet only 1.6% of the outstanding stock). 10
John Maynard Keynes once described the Gold Standard as a “barbarous relic”. 11
From a social perspective, gold held by central banks as part of their foreign
exchange reserves merits the same label, in our view. The same holds for gold held
idle in private vaults as a store of value. The cost and waste involved in getting the
gold out of the ground only to put it back under ground in secure vaults is
considerable. Mining the ore is environmentally damaging, especially if it involves
open pit mining. Refining the gold causes further environmental risks. Historically,
gold was extracted from its ores by using mercury, a toxic heavy metal, much of
which was released into the atmosphere. Today, cyanide is used instead. While
cyanide, another toxic substance, is broken down in the environment, cyanide spills
(which occur regularly) can wipe out life in the affected bodies of water. Runoff from
the mine or tailing piles can occur long after mining has ceased.
From a social perspective, gold and
Bitcoin are dominated by central bank
paper and electronic currency

Even though, from a social efficiency perspective, the mining of new gold and the
costly storage of existing gold for investment purposes are wasteful activities, they
may be individually rational. The same applies to Bitcoin. Its mining is socially
wasteful and environmentally damaging. The benefits of Bitcoin are: (1) to
libertarians, the existence of a privately provided and decentralized, peer-to-peer,
alternative to a previously partly government-provided and centralized construct or
arrangement, in this case central bank money or base money serving as a means of
See World Gold Council, http://www.gold.org/supply-and-demand/supply
See Wikipedia, Gold Reserve, http://en.wikipedia.org/wiki/Gold_reserve
10 See Wikipedia, Peak Gold, http://en.wikipedia.org/wiki/Peak_gold and
http://business.financialpost.com/2014/01/23/gold-production-soars-to-record-in-2013-despite-pricedrop-study/
11 Keynes (1923), p. 172
8
9
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payment and medium of exchange; and (2) the benefit of near-anonymity, or more
exactly, the ability to hide the identity of the owner using strong encryption. This
(near-) anonymity, shared by gold and paper currency, is valuable to all those
interested in escaping the prying eyes of the state or of powerful private entities.
This may be for good reasons (when the state is oppressive and unaccountable) or
for bad reasons (when the anonymity of the store of value is used in criminal
activity, tax evasion, money laundering or terrorism financing). There is no invisible
hand here (or elsewhere) to ensure that the aggregation of individually rational
behaviour adds up to anything desirable or sensible.
Because to a reasonable first approximation gold has no intrinsic value as a
consumption good or a producer good, it is an example of what I call a fiat
(physical) commodity. You will be familiar with fiat currency. Unlike what Wikipedia
says on the subject, we argue that the essence of fiat money is not that it is money
declared by a government to be legal tender. It need not derive its value from the
government demanding it in payment of taxes or insisting it should be accepted
within the national jurisdiction in settlement of debt. Instead the defining property of
fiat money is that it has no intrinsic value; it derives any value it has only from the
shared belief by a sufficient number of economic actors that it has that value.
The “let it be done” literal meaning of the Latin ‘fiat’ should be taken in the third
sense given by the Online Dictionary: 1. official sanction; authoritative permission;
2. an arbitrary order or decree; 3. Chiefly literary any command, decision, or act of
will that brings something about.
The act of will in question is the collective attribution of value to something without
intrinsic value. Being declared legal tender by a government may help achieving
that status, but it is neither necessary nor sufficient.
Gold is very close therefore to the stone money of the Isle of Yap. This stone
money, known as Rai, consists of large doughnut-shaped, carved disks, consisting
usually of calcite, that can be up to 4 m (12 ft.) in diameter, although most are much
smaller. Apparently, the total stock of Rai cannot be augmented any further. It also
depreciates very slowly. This intrinsically useless form of money in the Isle of Yap is
in all essential respects equivalent to gold today in the wider world. Another
example would be pet rocks, as long as the rock in question is rare and costly to get
into its final shape. Another is Bitcoin, a fiat virtual currency.
Gold has become a fiat commodity or a fiat commodity currency, just as the US
dollar, the euro, the pound sterling and the yen (and a couple of hundred other
currencies) are fiat paper currencies and as Bitcoin is a fiat virtual currency. The
main differences between them are that gold, like Bitcoin, is very costly to produce,
while the production of additional paper money has an extremely low marginal cost.
If we count the deposits of commercial banks with the central banks, which together
with currency in circulation make up the monetary base, as fiat money, then the
incremental cost of fiat base money creation is zero.

The good news for gold bugs
Paper currency and electronic currency
can be expanded at (near-)zero marginal
cost. Over-issuance is a risk

Since gold is a fiat commodity currency, its value will be determined largely by its
attractiveness relative to other fiat currencies – the fiat paper currencies issued by
central banks. Gold should not be analyzed as one of a set of intrinsically valuable
commodities (silver, iron, lead, zinc, platinum, aluminum, titanium etc. etc.) but as
part of a set of intrinsically useless and valueless fiat currencies – the US dollar, the
yen, the Yuan, the euro, sterling, the rupee, the rouble, Bitcoin etc. etc.. It is
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therefore in times that market participants are nervous about the future value of
most other fiat currencies that gold will be most attractive.
Such a time is what we are going through now. Many systemically important central
banks have expanded their base money stocks and balance sheets massively. The
Fed has quadrupled the size of its balance sheet. The Bank of England has more
than tripled the size of its balance sheet. Many central banks have bought vast
amounts of public debt. In the UK, out of the initial £375 bn of quantitative easing,
almost everything was spent on gilts. Over the past two years, the Fed added $1.7
trillion to its balance sheet (which is around $4.5 trillion as of end-October 2014)
through large-scale asset purchases involving Treasuries and Agency MBS.
Although in most of the developed world low-flation or even deflation is the
immediate threat, there is a medium and long-term threat of much higher inflation in
all countries with enlarged central bank balance sheets and the prospect of large
future fiscal deficits. The great advantage to investors of gold is that, although it is
not intrinsically valuable, it is very costly to increase its stock. The tap can be
opened at the drop of a hat for fiat paper and electronic currency. The tap produces
never more than a trickle in the case of gold.
So when fiscal profligacy threatens price stability in some of the main industrial
countries (especially the US and the UK) because the central banks in these
countries may be forced to monetize both the stock and large new net flows of
public debt, the one fiat money whose quantity cannot be varied at will by a
monetary authority will do well. We see that with gold today. We also see that, to a
lesser degree, in the strength of the euro. The ECB is by far the most independent
of the leading central banks. It also has a heavily asymmetric de-facto
interpretation of price stability: inflation is unacceptable, deflation is OK.
So until the risk of serious inflation is removed from the medium-term outlook for the
US, the UK and other fiat currencies, gold could be a relatively attractive store of
value despite the cost of storing it.
This argument, however, assumes that if paper or electronic fiat money loses its
value, gold will keep its value. That is an assumption and, as I shall argue in what
follows, most likely an unwarranted assumption.

The gold bug’s nightmare
The fundamental equilibrium price of a
fiat currency like gold or Bitcoin is zero;
any positive price is a bubble

An economy with fiat money can have many different equilibria. To make the point
as clearly and simply as possible, consider a stationary economy. Population,
endowments, technology, government spending, taxes and preferences are all
constant. The government budget is balanced. Prices are flexible. There is a
constant stock of fiat money (which could be paper money, gold, Rai, pet rocks, or
Bitcoin). This fiat money is perfectly durable and therefore can serve as a store of
value. It pays no interest. Because this fiat money exists and is durable, it can, in
principle, be a store of value – an asset. It is may help, but is not necessary for the
argument that follows to assume that, should this fiat money have positive value,
society has (informally/spontaneously/collectively) decided to use it as a medium of
exchange or as means of payment. It could even be legal tender.
With a bit of further work, it can be shown that such an economy will have an
equilibrium with a positive, constant price of money (a constant general price level).
Economists call this the fundamental equilibrium. This stationary economy will,
however, also have many other (in fact infinitely many other) non-stationary
equilibria, called (speculative) bubbles. They always have equilibria in which the
7
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value of money starts at a positive value but falls steadily towards zero – the
general price level rises without bound even though the quantity of money is
constant. The holders of money anticipate the future inflation and thereby reduce
the real stock of money balances they want to hold. This further increases the
actual and expected rate of inflation, and the real stock of money balances goes to
zero: the general price level goes to infinity or the price of money goes to zero. In
other words, the economy becomes Zimbabwe.
What is often ignored is that this economy has an equilibrium that is even more
‘fundamental’ than the ‘fundamental’ equilibrium with a constant positive value of
money. That is the equilibrium in which the price of money is zero in every period,
not just in the long run (as with the speculative inflationary bubble equilibria).
Remember, fiat money, including gold or Bitcoin, is intrinsically useless. It has value
only because people believe it to have value. If everyone expects that money will
have no value in the next period, it will have no value this period, because no-one
will be willing to take receipt of money to carry it into the next period where it will be
valueless. So fiat money with a zero value is always an (unfortunate) fundamental
equilibrium.
I would actually call it the only fundamental equilibrium. All other equilibria with a
positive price of money – an asset with no intrinsic value – are benign (relatively
speaking) bubbles. The constant price of money (constant general price level)
equilibrium is also a bubble, based entirely on belief and trust – a beneficial
bootstrap equilibrium, lifting itself by its hair, like the Baron von Münchhausen.
In a world with multiple fiat moneys, the zero value of money equilibrium lurks for
each of the fiat currencies, including gold and Bitcoin. In a classic paper, Kareken
and Wallace (1984) have shown that even in the other (nice) fundamental
equilibrium, in which each of these fiat currencies has a constant positive value,
those constant positive values can be anything – there is exchange rate
indeterminacy between the various fiat currencies. This holds for paper or
electronic fiat money, gold and Bitcoin.
So if gold has positive, albeit wildly fluctuating value, it is because we are in a
benign bubble for gold. Likewise, Bitcoin’s positive value represents a benign
Bitcoin bubble. The gold bubble is, of course, pretty impressive. Intrinsically
useless gold has positive value. It has had positive value for nigh-on 6,000 years.
That must make it the longest-lasting bubble in human history.
Is there a possibility that, out of the blue, the market could produce a zero value for
central bank-issued fiat paper and electronic money (base money)? Yes, if the
prices of goods and services in terms of base money are freely flexible. Fortunately
they are not. The world is Keynesian. Nobody understands the mysteries of the
unit of account or numéraire, but for some reason in most societies today for most
of the time, central-bank issued fiat money or base money has been the unit of
account for most contracts, and prices of goods and services in terms of this
numéraire, are sticky - empirically and for reasons we don’t understand, but they
undoubtedly involve limited computational capacity and other manifestations of
bounded rationality. Nominal wage and price rigidities therefore rule out the zero
price of base money equilibrium (notwithstanding the fundamental equilibrium at the
end of a hyperinflation).
But other asset prices are not sticky in terms of the numéraire. There exists
therefore an equilibrium in which the price of all other fiat moneys (including Bitcoin
and gold) in terms of base money is zero.

8
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We are obviously not in an equilibrium in which the prices of gold and Bitcoin at
zero. Does that mean that in the future also the value of gold and of Bitcoin will be
(relatively stable) even if the central bank were to start running the printing presses
at full speed, producing a hyperinflation in terms of base money prices? Not
necessarily. Assume the initial prices of both gold and Bitcoin in terms of base
money are positive and that the value of base money in terms of goods and
services is positive. Once gold and Bitcoin have positive value in terms of base
money today, their future value is determined by no-arbitrage relationships between
these three fiat moneys – all of which don’t have any intrinsic value as consumer
goods, intermediate goods or capital goods. No arbitrage means the absence of
risk-free pure profits from buying and selling these three stores of value against
each other. Since neither currency nor gold nor Bitcoin is interest-bearing, the
exchange rate between currency, gold and Bitcoin should be expected to be
constant over time. Any change in the currency price of Bitcoin and gold is
therefore unanticipated. There must have been a lot of major surprises! The fact
that the stocks of Gold and Bitcoin are finite does therefore not suffice to keep them
safe from hyperinflationary base money issuance by the central bank. 12

Conclusion
Gold is the world’s most persistent
bubble: 6,000 years old and going strong

I don’t want to argue with a 6,000-year old bubble. There have been hyperinflations
with the value of central bank base money going to zero, but the price of gold has
not followed that of paper money. Perhaps that was because, at the time, gold still
had some intrinsic value as a productive input, and even today retains some
intrinsic value as a consumer good. Even if we view gold as an intrinsically valued
commodity, it would still be unsound to invest 20% of the central bank’s balance
sheet in a single commodity. If the central bank is to invest in commodities, better
to have a balanced portfolio of commodities or, more conveniently, a balanced
portfolio of commodity ETFs or other derivatives.

No central bank should hold any gold
reserves, in our view

Requiring a central bank to put 20 percent of its balance sheet in any single
commodity, even if that commodity had meaningful intrinsic value, represents a
highly unorthodox and risky investment strategy, in our view, regardless of whether
one judges it by its likely future profitability or by its wider social benefits. We
conjecture that the SNB is most concerned that the Gold Initiative might pass.
Even though I view gold as a pure bubble, that bubble may well be good for another
6,000 years. Its value may go from $1,200 per fine ounce to $1,500 or $5,000 for
all I know. Investing a vast amount of money in something whose value is based on
nothing more than a set of self-confirming beliefs will make for an exciting ride.

The fact that the stock of Bitcoin is capped does not mean that its effective quantity cannot be
expanded without bound, even if there were no paper or electronic central bank money around. New
Bitcoin-like virtual currencies can be created, even if the stock (number of units) of the original Bitcoin,
call it Bitcoin1, and the associated number of Bitcoin units Bitcoin1, is capped at 21 million units.
Bitcoin2, Bitcoin3 etc. all have finite recoverable/mineable quantities, but the sum of all Bitcoin units,
12

∞

∑ #Bitcoinj , that could be mined could have an open-ended number of units. If the markets
j =1

were to decide that all Bitcoins are perfect substitutes for each other at an exchange rate of one unit
for one unit, say, they would be perfect substitutes at that exchange rate. Of course, if the markets
decided that gold is a perfect substitute for all these Bitcoins at an exchange rate of, say, 1 unit of
Bitcoin for 1 troy ounce of gold, it would be. And, as noted in the body of this note, if there were
central bank base money outstanding and the markets decided to treat Bitcoin as a perfect substitute
for base money at a fixed exchange rate, it would be.
9
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Whether that is enough to impose it as a requirement on one’s central bank is
another matter.
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recommended in the Product. The Firm regularly trades in the securities of the issuer(s) discussed in the Product. The Firm may engage in securities
transactions in a manner inconsistent with the Product and, with respect to securities covered by the Product, will buy or sell from customers on a principal
basis.
Securities recommended, offered, or sold by the Firm: (i) are not insured by the Federal Deposit Insurance Corporation; (ii) are not deposits or other
obligations of any insured depository institution (including Citibank); and (iii) are subject to investment risks, including the possible loss of the principal
amount invested. Although information has been obtained from and is based upon sources that the Firm believes to be reliable, we do not guarantee its
accuracy and it may be incomplete and condensed. Note, however, that the Firm has taken all reasonable steps to determine the accuracy and
completeness of the disclosures made in the Important Disclosures section of the Product. The Firm's research department has received assistance from
the subject company(ies) referred to in this Product including, but not limited to, discussions with management of the subject company(ies). Firm policy
prohibits research analysts from sending draft research to subject companies. However, it should be presumed that the author of the Product has had
discussions with the subject company to ensure factual accuracy prior to publication. All opinions, projections and estimates constitute the judgment of the
author as of the date of the Product and these, plus any other information contained in the Product, are subject to change without notice. Prices and
availability of financial instruments also are subject to change without notice. Notwithstanding other departments within the Firm advising the companies
discussed in this Product, information obtained in such role is not used in the preparation of the Product. Although Citi Research does not set a
predetermined frequency for publication, if the Product is a fundamental research report, it is the intention of Citi Research to provide research coverage of
the/those issuer(s) mentioned therein, including in response to news affecting this issuer, subject to applicable quiet periods and capacity constraints. The
Product is for informational purposes only and is not intended as an offer or solicitation for the purchase or sale of a security. Any decision to purchase
securities mentioned in the Product must take into account existing public information on such security or any registered prospectus.
Investing in non-U.S. securities, including ADRs, may entail certain risks. The securities of non-U.S. issuers may not be registered with, nor be subject to the
reporting requirements of the U.S. Securities and Exchange Commission. There may be limited information available on foreign securities. Foreign
companies are generally not subject to uniform audit and reporting standards, practices and requirements comparable to those in the U.S. Securities of
some foreign companies may be less liquid and their prices more volatile than securities of comparable U.S. companies. In addition, exchange rate
movements may have an adverse effect on the value of an investment in a foreign stock and its corresponding dividend payment for U.S. investors. Net
dividends to ADR investors are estimated, using withholding tax rates conventions, deemed accurate, but investors are urged to consult their tax advisor for
exact dividend computations. Investors who have received the Product from the Firm may be prohibited in certain states or other jurisdictions from
purchasing securities mentioned in the Product from the Firm. Please ask your Financial Consultant for additional details. Citigroup Global Markets Inc.
takes responsibility for the Product in the United States. Any orders by US investors resulting from the information contained in the Product may be placed
only through Citigroup Global Markets Inc.
Important Disclosures for Bell Potter Customers: Bell Potter is making this Product available to its clients pursuant to an agreement with Citigroup Global
Markets Australia Pty Limited. Neither Citigroup Global Markets Australia Pty Limited nor any of its affiliates has made any determination as to the suitability
of the information provided herein and clients should consult with their Bell Potter financial advisor before making any investment decision.
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The Citigroup legal entity that takes responsibility for the production of the Product is the legal entity which the first named author is employed
by. The Product is made available in Australia through Citigroup Global Markets Australia Pty Limited. (ABN 64 003 114 832 and AFSL No. 240992),
participant of the ASX Group and regulated by the Australian Securities & Investments Commission. Citigroup Centre, 2 Park Street, Sydney, NSW
2000. The Product is made available in Australia to Private Banking wholesale clients through Citigroup Pty Limited (ABN 88 004 325 080 and AFSL
238098). Citigroup Pty Limited provides all financial product advice to Australian Private Banking wholesale clients through bankers and relationship
managers. If there is any doubt about the suitability of investments held in Citigroup Private Bank accounts, investors should contact the Citigroup Private
Bank in Australia. Citigroup companies may compensate affiliates and their representatives for providing products and services to clients. The Product is
made available in Brazil by Citigroup Global Markets Brasil - CCTVM SA, which is regulated by CVM - Comissão de Valores Mobiliários, BACEN - Brazilian
Central Bank, APIMEC - Associação dos Analistas e Profissionais de Investimento do Mercado de Capitais and ANBID - Associação Nacional dos Bancos
de Investimento. Av. Paulista, 1111 - 11º andar - CEP. 01311920 - São Paulo - SP. If the Product is being made available in certain provinces of Canada by
Citigroup Global Markets (Canada) Inc. ("CGM Canada"), CGM Canada has approved the Product. Citigroup Place, 123 Front Street West, Suite 1100,
Toronto, Ontario M5J 2M3. This product is available in Chile through Banchile Corredores de Bolsa S.A., an indirect subsidiary of Citigroup Inc., which is
regulated by the Superintendencia de Valores y Seguros. Agustinas 975, piso 2, Santiago, Chile. The Product is distributed in Germany by Citigroup
Global Markets Deutschland AG ("CGMD"), which is regulated by Bundesanstalt fuer Finanzdienstleistungsaufsicht (BaFin). CGMD, Reuterweg 16, 60323
Frankfurt am Main. Research which relates to "securities" (as defined in the Securities and Futures Ordinance (Cap. 571 of the Laws of Hong Kong)) is
issued in Hong Kong by, or on behalf of, Citigroup Global Markets Asia Limited which takes full responsibility for its content. Citigroup Global Markets Asia
Ltd. is regulated by Hong Kong Securities and Futures Commission. If the Research is made available through Citibank, N.A., Hong Kong Branch, for its
clients in Citi Private Bank, it is made available by Citibank N.A., Citibank Tower, Citibank Plaza, 3 Garden Road, Hong Kong. Citibank N.A. is regulated by
the Hong Kong Monetary Authority. Please contact your Private Banker in Citibank N.A., Hong Kong, Branch if you have any queries on or any matters
arising from or in connection with this document. The Product is made available in India by Citigroup Global Markets India Private Limited, which is
regulated by Securities and Exchange Board of India. 1202, 12th Floor, FIFC, G Block, Bandra Kurla Complex, Bandra East, Mumbai - 400051 Corporate
Identity Number: U99999MH2000PTC126657 Tel:+9102261759999 Fax:+9102261759961. The Product is made available in Indonesia through PT
Citigroup Securities Indonesia. 5/F, Citibank Tower, Bapindo Plaza, Jl. Jend. Sudirman Kav. 54-55, Jakarta 12190. Neither this Product nor any copy hereof
may be distributed in Indonesia or to any Indonesian citizens wherever they are domiciled or to Indonesian residents except in compliance with applicable
capital market laws and regulations. This Product is not an offer of securities in Indonesia. The securities referred to in this Product have not been registered
with the Capital Market and Financial Institutions Supervisory Agency (BAPEPAM-LK) pursuant to relevant capital market laws and regulations, and may not
be offered or sold within the territory of the Republic of Indonesia or to Indonesian citizens through a public offering or in circumstances which constitute an
offer within the meaning of the Indonesian capital market laws and regulations. The Product is made available in Israel through Citibank NA, regulated by
the Bank of Israel and the Israeli Securities Authority. Citibank, N.A, Platinum Building, 21 Ha'arba'ah St, Tel Aviv, Israel. The Product is made available in
Italy by Citigroup Global Markets Limited, which is authorised by the PRA and regulated by the FCA and the PRA. Via dei Mercanti, 12, Milan, 20121,
Italy. The Product is made available in Japan by Citigroup Global Markets Japan Inc. ("CGMJ"), which is regulated by Financial Services Agency, Securities
and Exchange Surveillance Commission, Japan Securities Dealers Association, Tokyo Stock Exchange and Osaka Securities Exchange. Shin-Marunouchi
Building, 1-5-1 Marunouchi, Chiyoda-ku, Tokyo 100-6520 Japan. If the Product was distributed by SMBC Nikko Securities Inc. it is being so distributed under
license. In the event that an error is found in an CGMJ research report, a revised version will be posted on the Firm's Citi Velocity website. If you have
questions regarding Citi Velocity, please call (81 3) 6270-3019 for help. The Product is made available in Korea by Citigroup Global Markets Korea
Securities Ltd., which is regulated by the Financial Services Commission, the Financial Supervisory Service and the Korea Financial Investment Association
(KOFIA). Citibank Building, 39 Da-dong, Jung-gu, Seoul 100-180, Korea. KOFIA makes available registration information of research analysts on its
website. Please visit the following website if you wish to find KOFIA registration information on research analysts of Citigroup Global Markets Korea
Securities Ltd. http://dis.kofia.or.kr/fs/dis2/fundMgr/DISFundMgrAnalystPop.jsp?companyCd2=A03030&pageDiv=02. The Product is made available in
Korea by Citibank Korea Inc., which is regulated by the Financial Services Commission and the Financial Supervisory Service. Address is Citibank Building,
39 Da-dong, Jung-gu, Seoul 100-180, Korea. The Product is made available in Malaysia by Citigroup Global Markets Malaysia Sdn Bhd (Company No.
460819-D) (“CGMM”) to its clients and CGMM takes responsibility for its contents. CGMM is regulated by the Securities Commission of Malaysia. Please
contact CGMM at Level 43 Menara Citibank, 165 Jalan Ampang, 50450 Kuala Lumpur, Malaysia in respect of any matters arising from, or in connection with,
the Product. The Product is made available in Mexico by Acciones y Valores Banamex, S.A. De C. V., Casa de Bolsa, Integrante del Grupo Financiero
Banamex ("Accival") which is a wholly owned subsidiary of Citigroup Inc. and is regulated by Comision Nacional Bancaria y de Valores. Reforma 398, Col.
Juarez, 06600 Mexico, D.F. In New Zealand the Product is made available to ‘wholesale clients’ only as defined by s5C(1) of the Financial Advisers Act
2008 (‘FAA’) through Citigroup Global Markets Australia Pty Ltd (ABN 64 003 114 832 and AFSL No. 240992), an overseas financial adviser as defined by
the FAA, participant of the ASX Group and regulated by the Australian Securities & Investments Commission. Citigroup Centre, 2 Park Street, Sydney, NSW
2000. The Product is made available in Pakistan by Citibank N.A. Pakistan branch, which is regulated by the State Bank of Pakistan and Securities
Exchange Commission, Pakistan. AWT Plaza, 1.1. Chundrigar Road, P.O. Box 4889, Karachi-74200. The Product is made available in the Philippines
through Citicorp Financial Services and Insurance Brokerage Philippines, Inc., which is regulated by the Philippines Securities and Exchange Commission.
20th Floor Citibank Square Bldg. The Product is made available in the Philippines through Citibank NA Philippines branch, Citibank Tower, 8741 Paseo De
Roxas, Makati City, Manila. Citibank NA Philippines NA is regulated by The Bangko Sentral ng Pilipinas. The Product is made available in Poland by Dom
Maklerski Banku Handlowego SA an indirect subsidiary of Citigroup Inc., which is regulated by Komisja Nadzoru Finansowego. Dom Maklerski Banku
Handlowego S.A. ul.Senatorska 16, 00-923 Warszawa. The Product is made available in the Russian Federation through ZAO Citibank, which is licensed
to carry out banking activities in the Russian Federation in accordance with the general banking license issued by the Central Bank of the Russian
Federation and brokerage activities in accordance with the license issued by the Federal Service for Financial Markets. Neither the Product nor any
information contained in the Product shall be considered as advertising the securities mentioned in this report within the territory of the Russian Federation
or outside the Russian Federation. The Product does not constitute an appraisal within the meaning of the Federal Law of the Russian Federation of 29 July
1998 No. 135-FZ (as amended) On Appraisal Activities in the Russian Federation. 8-10 Gasheka Street, 125047 Moscow. The Product is made available in
Singapore through Citigroup Global Markets Singapore Pte. Ltd. (“CGMSPL”), a capital markets services license holder, and regulated by Monetary
Authority of Singapore. Please contact CGMSPL at 8 Marina View, 21st Floor Asia Square Tower 1, Singapore 018960, in respect of any matters arising
from, or in connection with, the analysis of this document. This report is intended for recipients who are accredited, expert and institutional investors as
defined under the Securities and Futures Act (Cap. 289). The Product is made available by The Citigroup Private Bank in Singapore through Citibank, N.A.,
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Singapore Branch, a licensed bank in Singapore that is regulated by Monetary Authority of Singapore. Please contact your Private Banker in Citibank N.A.,
Singapore Branch if you have any queries on or any matters arising from or in connection with this document. This report is intended for recipients who are
accredited, expert and institutional investors as defined under the Securities and Futures Act (Cap. 289). This report is distributed in Singapore by Citibank
Singapore Ltd ("CSL") to selected Citigold/Citigold Private Clients. CSL provides no independent research or analysis of the substance or in preparation of
this report. Please contact your Citigold//Citigold Private Client Relationship Manager in CSL if you have any queries on or any matters arising from or in
connection with this report. This report is intended for recipients who are accredited investors as defined under the Securities and Futures Act (Cap.
289). Citigroup Global Markets (Pty) Ltd. is incorporated in the Republic of South Africa (company registration number 2000/025866/07) and its
registered office is at 145 West Street, Sandton, 2196, Saxonwold. Citigroup Global Markets (Pty) Ltd. is regulated by JSE Securities Exchange South
Africa, South African Reserve Bank and the Financial Services Board. The investments and services contained herein are not available to private customers
in South Africa. The Product is made available in the Republic of China through Citigroup Global Markets Taiwan Securities Company Ltd. ("CGMTS"), 14
and 15F, No. 1, Songzhi Road, Taipei 110, Taiwan and/or through Citibank Securities (Taiwan) Company Limited ("CSTL"), 14 and 15F, No. 1, Songzhi Road,
Taipei 110, Taiwan, subject to the respective license scope of each entity and the applicable laws and regulations in the Republic of China. CGMTS and
CSTL are both regulated by the Securities and Futures Bureau of the Financial Supervisory Commission of Taiwan, the Republic of China. No portion of the
Product may be reproduced or quoted in the Republic of China by the press or any third parties [without the written authorization of CGMTS and CSTL]. If
the Product covers securities which are not allowed to be offered or traded in the Republic of China, neither the Product nor any information contained in the
Product shall be considered as advertising the securities or making recommendation of the securities in the Republic of China. The Product is for
informational purposes only and is not intended as an offer or solicitation for the purchase or sale of a security or financial products. Any decision to
purchase securities or financial products mentioned in the Product must take into account existing public information on such security or the financial
products or any registered prospectus. The Product is made available in Thailand through Citicorp Securities (Thailand) Ltd., which is regulated by the
Securities and Exchange Commission of Thailand. 399 Interchange 21 Building, 18th Floor, Sukhumvit Road, Klongtoey Nua, Wattana ,Bangkok 10110,
Thailand. The Product is made available in Turkey through Citibank AS which is regulated by Capital Markets Board. Tekfen Tower, Eski Buyukdere
Caddesi # 209 Kat 2B, 23294 Levent, Istanbul, Turkey. In the U.A.E, these materials (the "Materials") are communicated by Citigroup Global Markets
Limited, DIFC branch ("CGML"), an entity registered in the Dubai International Financial Center ("DIFC") and licensed and regulated by the Dubai Financial
Services Authority ("DFSA") to Professional Clients and Market Counterparties only and should not be relied upon or distributed to Retail Clients. A
distribution of the different Citi Research ratings distribution, in percentage terms for Investments in each sector covered is made available on
request. Financial products and/or services to which the Materials relate will only be made available to Professional Clients and Market Counterparties. The
Product is made available in United Kingdom by Citigroup Global Markets Limited, which is authorised by the Prudential Regulation Authority (“PRA”) and
regulated by the Financial Conduct Authority (“FCA”) and the PRA. This material may relate to investments or services of a person outside of the UK or to
other matters which are not authorised by the PRA nor regulated by the FCA and the PRA and further details as to where this may be the case are available
upon request in respect of this material. Citigroup Centre, Canada Square, Canary Wharf, London, E14 5LB. The Product is made available in United
States by Citigroup Global Markets Inc, which is a member of FINRA and registered with the US Securities and Exchange Commission. 388 Greenwich
Street, New York, NY 10013. Unless specified to the contrary, within EU Member States, the Product is made available by Citigroup Global Markets
Limited, which is authorised by the PRA and regulated by the FCA and the PRA.
Pursuant to Comissão de Valores Mobiliários Rule 483, Citi is required to disclose whether a Citi related company or business has a commercial relationship
with the subject company. Considering that Citi operates multiple businesses in more than 100 countries around the world, it is likely that Citi has a
commercial relationship with the subject company.
Many European regulators require that a firm must establish, implement and make available a policy for managing conflicts of interest arising as a result of
publication or distribution of investment research. The policy applicable to Citi Research's Products can be found at
https://www.citivelocity.com/cvr/eppublic/citi_research_disclosures.
Compensation of equity research analysts is determined by equity research management and Citigroup's senior management and is not linked to specific
transactions or recommendations.
The Product is not to be construed as providing investment services in any jurisdiction where the provision of such services would not be permitted.
Subject to the nature and contents of the Product, the investments described therein are subject to fluctuations in price and/or value and investors may get
back less than originally invested. Certain high-volatility investments can be subject to sudden and large falls in value that could equal or exceed the amount
invested. Certain investments contained in the Product may have tax implications for private customers whereby levels and basis of taxation may be subject
to change. If in doubt, investors should seek advice from a tax adviser. The Product does not purport to identify the nature of the specific market or other
risks associated with a particular transaction. Advice in the Product is general and should not be construed as personal advice given it has been prepared
without taking account of the objectives, financial situation or needs of any particular investor. Accordingly, investors should, before acting on the advice,
consider the appropriateness of the advice, having regard to their objectives, financial situation and needs. Prior to acquiring any financial product, it is the
client's responsibility to obtain the relevant offer document for the product and consider it before making a decision as to whether to purchase the product.
Citi Research generally disseminates its research to the Firm’s global institutional and retail clients via both proprietary (e.g., Citi Velocity and Citi Personal
Wealth Management) and non-proprietary electronic distribution platforms. Certain research may be disseminated only via Citi’s proprietary distribution
platforms; however such research will not contain changes to earnings forecasts, target price, investment or risk rating or investment thesis or be otherwise
inconsistent with the author’s previously published research. Certain research is made available only to institutional investors to satisfy regulatory
requirements. Individual Citi Research analysts may also opt to circulate published research to one or more clients by email; such email distribution is
discretionary and is done only after the research has been disseminated.
The level and types of services provided by Citi Research analysts to clients may vary depending on various factors such as the client’s individual
preferences as to the frequency and manner of receiving communications from analysts, the client’s risk profile and investment focus and perspective (e.g.
market-wide, sector specific, long term, short-term etc.), the size and scope of the overall client relationship with Citi and legal and regulatory constraints.
Citi Research product may source data from dataCentral. dataCentral is a Citi Research proprietary database, which includes Citi estimates, data from
company reports and feeds from Thomson Reuters. The printed and printable version of the research report may not include all the information (e.g., certain
financial summary information and comparable company data) that is linked to the online version available on Citi's proprietary electronic distribution
platforms.
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© 2014 Citigroup Global Markets Inc. Citi Research is a division of Citigroup Global Markets Inc. Citi and Citi with Arc Design are trademarks and service
marks of Citigroup Inc. and its affiliates and are used and registered throughout the world. All rights reserved. Any unauthorized use, duplication,
redistribution or disclosure of this report (the “Product”), including, but not limited to, redistribution of the Product by electronic mail, posting of the Product on
a website or page, and/or providing to a third party a link to the Product, is prohibited by law and will result in prosecution. The information contained in the
Product is intended solely for the recipient and may not be further distributed by the recipient to any third party. Where included in this report, MSCI sourced
information is the exclusive property of Morgan Stanley Capital International Inc. (MSCI). Without prior written permission of MSCI, this information and any
other MSCI intellectual property may not be reproduced, redisseminated or used to create any financial products, including any indices. This information is
provided on an "as is" basis. The user assumes the entire risk of any use made of this information. MSCI, its affiliates and any third party involved in, or
related to, computing or compiling the information hereby expressly disclaim all warranties of originality, accuracy, completeness, merchantability or fitness
for a particular purpose with respect to any of this information. Without limiting any of the foregoing, in no event shall MSCI, any of its affiliates or any third
party involved in, or related to, computing or compiling the information have any liability for any damages of any kind. MSCI, Morgan Stanley Capital
International and the MSCI indexes are services marks of MSCI and its affiliates. The Firm accepts no liability whatsoever for the actions of third parties. The
Product may provide the addresses of, or contain hyperlinks to, websites. Except to the extent to which the Product refers to website material of the Firm,
the Firm has not reviewed the linked site. Equally, except to the extent to which the Product refers to website material of the Firm, the Firm takes no
responsibility for, and makes no representations or warranties whatsoever as to, the data and information contained therein. Such address or hyperlink
(including addresses or hyperlinks to website material of the Firm) is provided solely for your convenience and information and the content of the linked site
does not in anyway form part of this document. Accessing such website or following such link through the Product or the website of the Firm shall be at your
own risk and the Firm shall have no liability arising out of, or in connection with, any such referenced website.
ADDITIONAL INFORMATION IS AVAILABLE UPON REQUEST
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