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ABSTRACT 

 

Turnover in precious metals exceeds US$30 trillion annually, eclipsing the combined 

turnover of the world’s three largest equity markets. Given the scale and complexity of global 

precious metals markets, it is remarkable that at their centre lies a benchmarking mechanism 

dating back to the late 19th century – the London fixing. This study examines the interactions 

between the “fixings” and their respective spot and futures markets, focusing on fourteen years 

of trading, 2000-2013, within the four largest precious metals markets: gold, silver, platinum 

and palladium. Specifically, the study addresses the role the fixing plays as a financial 

benchmark, provides empirical evidence on its performance and impact it has on spot and 

futures markets, the exploitable information asymmetry it may produce, and how this translates 

into economic trade advantages, if any. Further, this study explores the transition to electronic 

futures trading and the impact this has had on these interactions. 

This study draws on, and contributes to, four strands of the finance literature: the 

efficiency of precious metals, financial benchmarks, market manipulation, and limits to 

arbitrage. The literature on market manipulation is deep and wide, and precious market 

efficiency has been well explored at an inter-day scale. The financial benchmarks literature, and 

specifically the financial benchmarks manipulation literature, is relatively undeveloped. So too 

is the intraday characterization of precious metals markets. The interaction of the benchmarking 

process, the London fixing, and the corresponding futures and spot markets is unexplored, and 

forms the primary motivation for this study. The limits to arbitrage literature also needs 

consideration as it has been shown that abnormal pricing does not necessarily imply nefarious 

market activity. 

This study contributes to the literature by comprehensively documenting the intraday 

pricing, volume and liquidity dynamics of the primary futures markets, pricing dynamics of spot 

markets, and pricing characteristics of the London fixings. This study adds to the financial 

benchmarks literature by documenting the impact of the precious metals benchmarking process, 

the London fixings, on the spot and futures markets. It provides an empirical case study for the 

market manipulation literature, specifically in the developing area of financial benchmark 
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manipulation. And finally, this study adds to the limits of arbitrage literature by providing a case 

study of a market where reduced limits facilitate increased abnormal returns.   

 Using intraday market data from spot and futures markets, along with London fixing 

data, this study finds that the fixings resulted in a downward bias in benchmark prices. This was 

consistent over the period, and was economically material and statistically significant. The 

fixings also appear to have provided participants with an economic trade advantage over other 

market participants. The structure of the fixings enabled front running by participants, and the 

empirical results are strongly suggestive that front running was taking place. For the monetary 

metals (gold and silver), there are further results suggestive of collusion. These pricing 

anomalies were most notable for the monetary metals, which had the largest, most liquid and 

lowest cost markets. Further, when futures markets transitioned from floor trading to 

(anonymous) electronic trading, these anomalies increased as trading costs and frictions 

decreased. 

Results from this study were provided to the U.S. Commodities and Futures Trading 

Commission (CFTC), the European Union Director General for Competition, and the U.S. 

Department of Justice (DOJ). Following the coverage of the these findings by Bloomberg in late 

2013, the DOJ, the CFTC, the U.K. Financial Conduct Authority (“FCA”), the Swiss 

Competition Commission (WEKO), the Swiss financial regulator (“FINMA”), and the German 

financial regulator BaFin have all launched probes into the London fixings. This has led to the 

modernization of the fixings process and the issuance of large fines on past fixing participants. 

Findings from this study have also been used to bring civil class actions against fixing 

members. These legal actions allege U.S. antitrust and commodity exchange violations, with 

plaintiffs (ranging from pension funds, hedge funds, day traders to bullion dealers) seeking 

damages from the fixing members and alleged co-conspirators. 
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CHAPTER 1      

 

INTRODUCTION 
 

 

 

“Now, if you can't trust a fix, what can you trust? 

For a good return, you gotta go bettin' on chance –  

and then you're back with anarchy, 

right back in the jungle.” 
 

Jonny Caper, Miller’s Crossing, 1990 
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1.1 Introduction 

The global precious metals market consists of very large, opaque and complex 

over-the-counter (OTC) physical markets operating alongside highly active, transparent, 

exchange-based derivative markets. Turnover in precious metals exceeds US$30 trillion 

annually, eclipsing the combined turnover of the world’s three largest cash equity 

markets1. Participants are wide and varied, including miners, refiners, jewelers, 

industrials, sovereign reserve banks, private banks, commodity trading houses, high 

frequency traders and speculators. Yet amongst this cacophony of trading, a relatively 

calm daily ritual took place involving only a handful of members: the “London fixing”. 

The London fixings are a price benchmarking mechanism dating back to the late 

19th century. This institution’s longevity, over one hundred years, is in itself remarkable. 

That this exclusive and private pricing club could still play a pivotal role in modern 

markets is even more curious.   

This study examines the interactions between the fixings and their respective spot 

and futures markets, focusing on fourteen years of trading, 2000-2013, within the four 

largest precious metal markets: gold, silver, platinum and palladium. Specifically, the 

study addresses the role the fixing plays as a financial benchmark, and provides 

empirical evidence on its performance, the impact it has on spot and futures markets, the 

exploitable information asymmetry it may produce, and how this translates into 

economic trade advantages, if any. Further, this study explores the transition to 

electronic futures trading and the impact this has had on these interactions. 

Within this chapter, section 1.2 provides an overview of the precious metals market, 

institutions and trading instruments. This covers the London Fixing, its origins and process, the 

over-the-counter (OTC) spot markets and the exchange based futures market. Section 1.3 

outlines the motivations for this study, with section 1.4 providing a high level summary of the 

key findings. The contributions of this study are outlined in section 1.5, and the chapter 

concludes with section 1.6 outlining the organization of the remainder of this thesis.  

                                                      
1 The combined turnover of the NYSE, NASDAQ and Japan Exchange Group in 2013 was US$29 trillion. The New York Stock Exchange (the world’s 

largest equity exchange) traded US$13.7 trillion, while the NASDAQ (world’s second largest) traded US$9.6 trillion, while JPE traded US$6.5 

(http://www.statista.com/statistics/270127/largest-stock-exchanges-worldwide-by-trading-volume/). 
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1.2 Background 

This section provides an overview of the precious metal markets (section 1.2.1), 

including the scale of these markets and some recent price history, as well as descriptions of the 

key institutions, including the London fixings (section 1.2.2), the “Spot” market (section 1.2.3) 

and the futures markets (section 1.2.4). The information presented in this section thus provides a 

summary, with deeper and more detailed coverage presented in the dedicated metals chapters 

(see sections 4.2, 5.2 and 6.2 for silver, gold and platinum and palladium, respectively). 

1.2.1 Precious metals overview 

In the context of financial markets, precious metals refer to a group of four closely 

related metals: gold, silver, platinum and palladium. As the name suggests, these metals are 

relatively expensive when compared to other commonly traded metals. Bulk metals (such as 

iron ore and steel) are priced in tens to hundreds of dollars per tonne. Industrial metals, also 

known as base metals (such as copper, aluminium, lead, nickel, tin and zinc), are priced in 

thousands of dollars per tonne, or dollars per pound. Precious metals, however, are priced in 

hundreds of dollars per troy ounce2, orders of magnitude more expensive. There are other 

expensive metals (such as rhodium, iridium, and ruthenium), however, the markets for these are 

relatively niche with limited trade volumes. Further, these niche precious metals do not have 

active spot and futures markets nor do they share the same “fixing” benchmarking mechanism.  

 The four precious metals can further be divided into two groups: the “monetary metals” 

(consisting of gold and silver) and the “industrial metals” (consisting of platinum and 

palladium). The two groups also have distinct histories, markets and end uses. The history of 

gold and silver reaches back thousands of years, with these metals often used as the basis of 

money in societies throughout the ages. Their primary role is to store value, with industrial 

applications often seen as secondary. Platinum and palladium, on the other hand, have relatively 

recent histories and were only discovered as distinct metals in the 1800s. Their primary uses are 

industrial, specifically for catalytic converters in automobiles. That said, from an institutional 

                                                      
2 A unit of mass, equivalent to approximately 31.1 metric grams, used mainly for precious metals and 

gemstones.  
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perspective, the similarities far outweigh these differences. All four metals have active spot and 

futures markets, and all four metals share a common price benchmarking process, namely the 

London fixing. 

1.2.1.1 Market size 

The precious metal markets are some of the largest markets by trade volume. As shown 

in Figure 1, turnover exceeded US$30 trillion in 2011, having steadily increased from under 

US$5 trillion prior to 2006. Monetary metals, primarily gold, form the lion’s share of trading, 

with the industrial metals comprising less than US$500 billion and the bulk attributable to 

platinum. 

To put these figures into context, the total market turnover for the NYSE, the world’s 

most traded equity exchange, was USD 15.8 trillion in 20143, while Australia’s ASX turned 

over slightly less than USD 1 trillion that same year. 

 

 

Figure 1. Precious metals trade volumes, 1999-2014. 

  

                                                      
3 http://www.world-exchanges.org/home/index.php/statistics. 
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1.2.1.2 Recent price history 

Recent price levels of the four precious metals are presented in Figure 2. The top chart 

reports the nominal US$ per troy ounce price from 1999 to 2014. The left hand scale relates to 

gold, platinum and palladium which, as a group, ranged from US$200 to US$2300 per troy 

ounce in that period. Silver is referenced to the right hand scale, with prices ranging from US$5 

to US$50 per troy ounce. 

All metals were priced significantly higher at the end of the period (2013) compared to 

the beginning (2000). However, these price rises were far from monotonic and varied 

considerably amongst the four metals. The bottom chart of Figure 2 reports the prices of the 

four metals relative to their initial levels at the start of the year 2000. For the monetary metals, it 

is a story of two halves. From 2000 to the Global Financial Crisis (GFC) in 2008, gold and 

silver prices steadily increased, closely tracking each other. After the GFC, however, both 

experienced rapid appreciation from 2009, with the boom turning to bust in 2011/2012. The 

industrial precious metals also experienced boom/bust cycles within the study period, with the 

palladium bust of 2001 and the platinum boom of 2008. However, platinum and palladium do 

not generally exhibit the same level of coupling as seen with gold and silver. 

The volatility of prices over the study period is shown in Figure 3. The chart shows 

annualized price volatilities ranging from 5% to over 30% per annum. Gold generally exhibited 

the lowest levels of price volatility (from 4% to 20% per annum), palladium showed the highest 

overall level of volatility (above 15% per annum over the majority of years), and silver had the 

highest volatility peaks (above 30% per annum in early 2011). 

Combined, these charts show considerable variation in price level, price direction, and 

price volatility over the fourteen-year study period. Indeed, the period captures booms, busts 

and prolonged sideways markets in all the four markets. This diversity in market conditions 

adds to the robustness of this study’s results, as they are not confined or beholden to specific 

market conditions.  
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Figure 2. Precious metal prices, 1999 to 2014.  
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Figure 3. Precious metal historical price volatilities, 1999 to 2014.  
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1.2.2 The London Fixing  

This section presents an overview of the fixings, including their history (section 

1.2.2.1), the process and characteristics (sections 1.2.2.2 and 1.2.2.3). More specific details are 

covered in the chapters dedicated to each precious metal: silver (section 4.2.3), gold (section 

5.2.3) and platinum and palladium (section 6.2.3).  

1.2.2.1 History 

Like many other financial innovations4, the London precious metal fixings emerged 

from the coffee houses of London. In the 1850s, Mocatta & Goldsmid lost its monopoly as the 

official bullion broker to the Bank of England to three new entrants: Sharps & Wilkins, Pixley 

& Haggard and Samuel Montague & Co. However, the competition between the four did not 

last. As revealed in HSBC archives, by 1871 an agreement amongst the dealers was reached to 

share the trade volume and standardize commissions. The informal discussion among the silver 

dealers was formalized in 1897 with the first London silver fixing meeting held at the offices of 

Sharps & Wilkins. During these fixings, the participants “had no contact with the outside world 

or their own firm” (Blagg, 2014). In 1919, under the leadership of NM Rothschild, a similar 

fixing process was established for gold. The platinum and palladium markets, being 

substantially smaller and less developed, established their respective fixings as late as 1989. 

1.2.2.2 Process overview 

The “fixing” process itself is in essence a Walrasian auction, where an equilibrium price 

is established through multiple rounds seeking to balance participant demand and supply. The 

fixings are held at discerete times of the day, as opposed to the continuous auctions more 

familiar to modern financial markets. That said, this fixing process is not unique to precious 

metal markets. This market strcutre is similar to the Itayose-hoh system of periodic (but not 

continuous) auctions used in Japanese commodity markets (Webb, 1991; Webb & Iwata, 1997).  

  

                                                      
4 http://www.economist.com/node/2281736. 
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All fixing participants, including the members’ clients, funnel their orders through the 

three fixing members. Clients range broadly from producers (miners and refiners), consumers 

(jewelers and industrial), investors, speculators, private individuals to sovereign states and their 

reserve banks. Fixing members consolidate their respective client orders, as well as any orders 

from their own proprietary trade desks.  

The fixing process begins with the Chair announcing a starting “trying” price, which is 

typically the prevailing spot price. Each of the remaining members then declares themselves as 

either a net buyer or a net seller at this price. The Chair then adjusts the price until there are both 

buyers and sellers declared. The auction progresses to the next phase with buyers and sellers 

declaring the quantity they seek to transact at this price. The Chair then adjusts the price to bring 

the quantities to balance. When quantities are balanced to within a minimum tolerance, see 

Table 1, the Chair deems the price to be “fixed” and releases the result for broad announcement. 

The process typically lasts from two to twenty minutes, depending on the metal and the trade 

conditions of the day. During the proceedings, fixing members are not restricted in trading in 

related instruments, such as spot or futures contracts. 

 

Table 1. Summary of London fixing characteristics 
The study period covers January 2000 through to December 2013. 

 

 Silver Gold Platinum Palladium 

    
Year Established 1897 1919 1989 

 

Number of Members 3 5 4 
 

Members 
 

Bank of Nova Scotia 
Deutsche Bank 

HSBC 

 

Bank of Nova Scotia 
Barclays5 

Deutsche Bank 

HSBC 
Société Général6 

 

Goldman Sachs 
HSBC 

Standard Bank 

BASF 
 

Start time (London) 12:00 Noon 10:30 (AM) 
15:00 (PM) 

9:45 (AM) 
14:00 (PM) 

 

Typical period (minutes) 4-5 minutes 4-5 minutes (AM) 
8-10 minutes (PM) 

 

8-10 minutes 
 

Quantity Tolerance 300 bars 
(300,000 oz) 

50 bars 
(20,000 oz) 

 

4,000 oz 

Bar Specification 750-1100 oz. 
>99.9% purity 

350-430 oz. 
>99.5% purity 

1kg-6kg 
>99.95% purity 

 

Seller’s Premium ½ US cent / oz. 10-15 US cents / oz. 25-50 US cents / oz. 
 

                                                      
5 Barclays bought NM Rothschild’s seat in 2004. 
6 Société Générale bought Credit Suisse’s seat in 2002, following Credit Suisse’s purchase of Republic 

National Bank’s seat in 2000. 
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It must be emphasized that while there are only a handful of fixing members, the fixing 

participants include the clients of these members. While the clients are not privy to the fixing’s 

teleconference, there are no rules preventing clients from receiving updates during the fixing. 

Further, clients have some insight into the composition of the order book even if only from their 

own order. This is especially true if, for example, the client is bringing a large order to the 

fixing.  

1.2.2.3 Seller’s premium 

While the equilibrium price is published and the price recorded, it is not necessarily the 

price at which trades are executed. Clients of the fixing members are charged a commission to 

buy or sell through the members, in essence creating a bid/ask spread.  

 Correspondence with The London Gold Market Fixing Ltd indicates that commissions 

at the gold fixing are principal-to-principal agreements, outside the scope of the fixing process 

itself. However, even without official sanction, norms can become de-facto policies even when 

documentation is all but absent. A “long-standing market convention”7 in these markets is the 

“Seller’s Premium”. The premium is the consequence of applying an asymmetric commission 

on the buy and sell through the fix.  

For example, at the gold fixing, it had become customary for the buyer to be charged a 

US$0.20 per oz. commission, whereas the seller paid no commission. The spread between buyer 

and seller was US$0.20, but the midpoint of the buyer and seller price was US$0.10 above the 

fix price. In time, the commission paid to sellers increased from no commission to a 5 cent 

rebate, while the commission paid by the buyers increased to 25 cents. The spread was kept 

constant at US$0.20, but critically the midpoint, or “Seller’s Premium”, moved to US$0.158. 

Reports of seller’s premia in the various metals range from ½ cent in silver to 50 cents 

in platinum and palladium. Again, it must be stressed that these are market customs, not 

                                                      
7 LBMA Gold Price Consultation – Feedback Statement, ICE Benchmarks Administration Ltd., April 

2015. https://www.theice.com/publicdocs/IBA_Gold_Feedback_Statement.pdf. 
8 ibid, pp. 2-3. 
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regulated or standardized commissions. Clients may have been charged more, or less, in 

accordance with their commercial standing with the member.  

One final note, as part of the review of the London Bullion Market Association 

(LBMA) Gold price, the successor to the London Gold fixing, the Seller’s Premium was voted 

to be scrapped, effective 1 January 20169. 

 

  

                                                      
9 Minutes of Meeting (REDACTED), Gold Price Oversight Committee, Monday 29th June 2015. 

https://www.theice.com/publicdocs/Gold_Price_Oversight_Committee_Minutes_REDACTED_20150629

.pdf. 
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1.2.3 Physical “spot” market  

London is the center of the global bullion market, with its origins and leadership tracing 

back to the 17th century. Its present structure, however, was largely created in the 1980’s. As an 

over-the-counter (OTC) market there is no central exchange, with all trades being principal to 

principal. Participants have organized into two trade associations which govern market 

conventions and norms: the London Bullion Market Association (LBMA) covering gold and 

silver and the London Platinum & Palladium Market (LPPM) covering the industrial metals. 

Within each of these trade associations, there are 11 market-maker members of the LMBA10 and 

the LPPM11.  Market makers are required to provide two quotes during regular London business 

hours, 8am to 5pm, however the market functions virtually around the clock with regional 

offices providing coverage outside the London trade day. For all the four metals, the fixing 

members are also market makers. 

Market makers, along with other precious metal dealers, provide two-way quotes (bids and 

asks) throughout the trade day. These are in turn relayed by financial market data providers, 

such as Bloomberg or Thomson-Reuters, with the various dealer quotes commonly consolidated 

and reported under the generic tickers12. Prices are quoted in US Dollar per troy ounce for “good 

delivery” bars (within LBMA/LPPM specifications), with settlement made on the 2nd business 

day after the trade (“T+2 basis”). 

While no trade volume data are publicly released by the OTC dealers, there are clearing 

statistics for spot gold and silver trades between the largest market makers. Clearing of spot 

gold and silver is conducted by the London Precious Metals Clearing Limited13 (LPMCL), 

through its AURUM clearing platform. The statistics are presented in Figure 4, and show the 

spot market turnover to be of the same order of magnitude as the futures market. However, its 

clearing statistics only represent a lower bound of the spot market size. Actual trade volumes 

have been estimated to be two (Smith, 2009) to ten (Murray, 2011) times the size of the clearing 

volumes. Clearing statistics for platinum and palladium are not publicly available. 

                                                      
10 The full list of members is available at http://www.lbma.org.uk/membership. 
11 The full list of members is available at http://www.lppm.com/members-list/. 
12 “XAG” for silver, “XAU” for gold, “XPT” for platinum and “XPD” for palladium. 
13 A non-for profit utility owned by market makers Barclays, HSBC, JP Morgan, Scotiabank and UBS. 
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Figure 4. London physical gold and silver clearing volumes, 1999-2000.  

1.2.4 Futures markets 

Futures markets enable participants to transact standardized contracts for the future 

delivery of an underlying asset. Futures contracts are traded on centralized public exchanges, as 

opposed to the OTC spot market. These exchanges provide greater market transparency, 

publicly reporting market data such as trade volumes and open interest in the various contracts. 

While “spot” markets typically settle their trades with two business days, futures contracts can 

settle months, and in some cases years, into the future. The majority of the trading in futures, 

however, tends to take place in the near date maturities, often just one to two months into the 

future. 

While a futures exchange is the central, and exclusive, trade venue for a specific futures 

contract, this does not imply it has a monopoly over futures trading in the underlying asset. For 

instance, while the “GC” gold futures contract is traded exclusively on the Commodity 

Exchange, Inc. (COMEX) exchange, there are around twenty other futures exchanges14 which 

offer futures contracts on gold. That is, there is active competition between these exchanges.  

                                                      
14 See Appendix B for a detailed list of exchanges with precious metal contracts. 
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For precious metals, the two most important exchanges are the COMEX, established in 

New York in 1933, which dominates the gold and silver futures markets, and the New York 

Mercantile Exchange (NYMEX), founded in 1882, which dominates the platinum and 

palladium futures markets. Both the COMEX and the NYMEX formed through the 

consolidation of smaller markets, and in 2003 NYMEX bought the COMEX. The final act of 

the consolidation occurred in 2007 when the Chicago Mercantile Exchange (CME) bought 

NYMEX/COMEX. 

These consolidations were driven in part by competitive forces and technological 

changes, particularly the move to electronic, or screen, trading. Open outcry floor trading had 

been the exclusive method of trading precious metal futures on COMEX and NYMEX15. This 

started to change in 2006, when NYMEX adopted CME’s Globex electronic trading platform. 

The switch to Globex enabled “side-by-side” trading of the same contract on the open outcry 

trading floor or electronically via computer terminals. This change effectively migrated market 

activity to electronic trading, with a near abandonment of floor trading. A secondary impact was 

the extension of the trading hours, to align to Globex’s 23¼ hour trade day. These changes 

resulted in: a) higher quality market data during the floor trading session, and b) dramatically 

increased trading at the time of the AM fixings, which had been outside the floor trading hours. 

Futures trade volumes are publicly reported by each futures exchange. As such, market 

sizing in futures does not rely on anecdotal multiples, like in the spot market. Aggregate trade 

turnover over the study period is shown in Figure 5, in nominal US dollars. The figure shows a 

rapid increase in trade volumes from around US$1trillion in 2000, to a peak of around US$15 

trillion in 2011. Gold forms the bulk of the turnover, with silver typically showing about a third 

of the gold turnover. In comparison, the turnover in industrial metals is almost immaterial.  

While these aggregates incorporate some twenty futures exchanges, it is the 

NYMEX/COMEX contracts that hold the majority of the market share in precious metals 

futures, as shown in Figure 6. 

                                                      
15 This refers to the regular day trade session. “After hours” trading had been available on NYMEX via 

the NYMEX ACCESS electronic trading platform starting in 1993. 
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Figure 5. Precious metals futures trade volumes, 1999-2014. 

 

 

Figure 6. NYMEX /COMEX precious metals futures market share, 1999-2014. 

  



 

 16 

1.3 Motivations 

The existing academic literature on precious metal markets belies the sheer size and scale 

of these markets. Compared to equity markets, and the U.S. equity market in particular, the 

precious metal markets receive little attention. Gaining a better understanding of markets which 

transacts over US$30 trillion annually is in its own right a motivation for this study. 

Beyond the size of this market, there are some fascinating features which make it 

particularly interesting for academia. The precious metal markets allow us to observe directly 

the interactions between a benchmark price auction (the fixing) and continuously trading spot 

and futures markets. This is quite different from equity markets. While most equity markets also 

feature the combination of continuous trading and auctions, they generally do not occur 

contemporaneously. That is, there is no interaction between the regular trading session and the 

closing auction. The global and dispersed nature of the precious metals markets institutions 

does, however, provide this interaction. The fixings operate contemporaneously with both 

futures and spot markets. This, combined with the highly granular minute-to-minute market 

data, enables us to peer into the interactions of these markets. 

In doing so, this study asks four questions. First, are the fixing benchmark prices biased?  

Second, are the fixings still relevant and do they still impact markets? Third, are the fixings 

exploitable by participants seeking trading advantages? And fourth, what impact did the 

transition to futures screen trading have on these markets?  

1.3.1 Are the fixing benchmark prices biased? 

There is a multitude of prices circulating throughout the trade day; however, not all prices 

are created equal. Financial benchmarks hold a privileged place in markets, with their 

importance to markets being in their near ubiquitous use. Financial benchmarks are used to 

settle contracts, price derivatives, mark to market, and even evaluate performance. The 

manipulation of benchmark prices can lead to the mispricing of a vast array of associated assets, 

contracts and instruments. 
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As such, the first question investigated by this study is whether the prices produced by 

the fixing process show any evidence of bias. Even a small 10 basis point (bps16) bias, when 

applied to the massive trade volumes of these markets, yields mispricing in the tens of billions 

of dollars and creates both winners and losers. However, there needs to be evidence to show that 

benchmarks do in fact impact these markets before any claims can be made. 

1.3.2 Do the fixings impact markets? 

The second question is about whether fixings are actually still a relevant institution within 

the global precious metal markets. Are the fixings merely a quaint anachronism, an obsolete 

remnant of a bygone era, with little real impact on modern markets? Or, are these fixings 

important institutions with real impact on precious metal markets? The answer is not obvious, 

and is open to some debate. Rather than weighing the merits of arguments for and against, this 

study takes an empirical approach, measuring the fixings’ impact on prices in spot and futures 

markets. 

Should the fixings have material price impact on spot and futures markets? The topic now 

moves from a mere curiosity to a genuine policy concern. It is one matter for a private price 

club to generate biased (or manipulated) benchmark prices when these dealing are confined to 

the club members and the benchmark price is largely ignored by the broader markets. It is an 

entirely different matter when the benchmark is found to move global markets materially. 

1.3.3 Are the fixings exploitable? 

The structure and governance of the fixings underscore concern over the fixings’ 

propriety. The fixings consist of a very small membership, ranging from three (silver) to five 

(gold) members. These members participate on behalf of their clients, but also for the purpose 

of their own proprietary trading. The members are also active participants in the futures market, 

and are market makers in the spot market. There is no independent administration, or oversight, 

of the fixings. Apart from the final fixing price, no records of its proceedings are kept. In short, 

the process has inherent conflicts of interest, lacks transparency and is highly concentrated.  

                                                      
16 1/100 of a per cent or 0.0001%. 
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These institutional governance characteristics lay fertile ground for potential exploitation. 

This ranges from members exploiting information advantage, the front running of clients and 

other market participants, to members colluding to manipulate the benchmark price.  

The fixings have come under a cloud of suspicion, in no small part due to other financial 

benchmark scandals involving largely the same actors, and active debate remains about the 

exploitability of the fixings. Despite the governance shortcomings, the fixings remain popular 

with practitioners. 

1.3.4 What impact did the transition to screen trading have? 

In late 2006, trading floors started emptying as electronic “screen” trading replaced open 

outcry trading. The raucous array of colored jackets and feverish hand signals were displaced by 

the silent hum of computer networks and terminals spanning the globe. Trading precious metals 

futures was no longer confined to the New York based trading floors. The market became 

globally accessible and trading became anonymous, with a desk in London having the same 

market access as a floor trader in New York. The consequences of this change in market 

structure are not immediately obvious, but can be used to shine some light on the interactions of 

these markets.  

It can be argued that the move to electronic trading has led to a reduction in trade costs, 

as seen in other markets. Lower costs lead to lower limits to arbitrage. If abnormal returns are 

artifacts of limits to arbitrage, then these should abate following the transition to screen trading. 

In short, abnormal returns should decrease.  

The counter argument is for higher abnormal returns. Accepting that trading costs will 

fall, these cost reductions increase the profitability of potential exploitations. As such, 

participants have greater economic incentive to exploit the fixing, with the anonymous futures 

market increasing the practicality of exploitation. This suggests higher abnormal returns despite 

the lower arbitrage limits. 

The break in the market structure, occurring midway through this study, enables a test 

of these competing explanations. Splitting the study period into two parts sets up a natural 

experiment, which allows a direct before and after comparison. Thus, the study seeks to 
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establish if trading costs did in fact fall, and determine if this resulted in higher or lower 

abnormal returns from trading on the fixing information. 

1.4 Key findings 

In examining the interaction of the precious metals fixing with spot and futures markets, 

this study finds eight key findings. First, the fixing benchmark price shows anomalies 

inconsistent with an unbiased reference price. The price changes from the start to the end of the 

fixing (fix return) are consistently economically material, statistically significant and negative. 

This negative bias stands in contrast to the mostly positive day to day price movements (day 

returns) observed in spot and futures markets. 

Second, the fixings do impact spot and futures markets. At the time of the fixings, these 

markets show material and significant elevations in trade volumes, price volatility and abnormal 

returns. Rather than a quaint anachronism, the fixings are a key feature of the precious metals 

trade day. 

Third, the impact on spot and futures prices, following the fixing, is the main feature of the 

London trade day, and is found to be economically material and statistically significant. The 

fixings have a negative price impact, with the lowest intraday average prices observed within 

minutes of the fixing. The price impact lasts for several hours, whereas the liquidity impact 

dissipates in minutes. This suggests that short term liquidity effects are an unlikely explanation 

of the price bias. 

Fourth, the price impact is highly asymmetric between positive17 and negative fixing 

days. Negative fixing days show significant price drift before the start of the fixing. This effect 

is most evident in the monetary metals (gold and silver), and to a lesser extent in the industrial 

metals (platinum and palladium). This preemptive price movement is not observed on positive 

fixing days. Further, while the spot/futures price changes (market returns) on positive fixing 

days are largely similar to the fixing return, on negative fixing days the market returns tend to 

                                                      
17 This refers to days when the fixing results in a higher price than the spot price, immediately prior to the 

fixing. 
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be materially smaller. That is, the spot and futures market price impacts align with the fixings 

on the positive days, but not on the negative days.  

Fifth, there is strong empirical support for information leaking from the fixing, providing 

an economic trade advantage to fixing participants. Trade volume and price volatility spikes are 

aligned to the start of the fixing, rather than following the announcement of the fixing result. 

Returns show prices drift in line with the subsequent fixing price before the fixing result is 

announced, and in some cases even before the fixing start. The price direction of the fixing 

(positive or negative) is highly predictable from spot and future market trades immediately 

following the start of the fixing. 

Sixth, the migration to electronic futures trading, from open outcry floor trading, had a 

profound effect on the liquidity of precious metal markets. This break in market structure, 

captured in the middle of the study period, resulted in a collapse of bid-ask spreads (lowering 

trading costs) and a dramatic increase in trade volume. Measured at the time of the fixings, 

average volumes increased 12 to 60 fold and average spreads fell by 70% to 85%, depending on 

the particular fixing. 

Seventh, the monetary metal spot and futures markets show materially and significantly 

higher levels of price impact and asymmetry in price impact after the increase in the futures 

market liquidity. For the negative fixing days, the pre-fixing price drift becomes more 

pronounced and the total price impact increases following the transition to electronic trading. 

The changes for positive fixing days are comparatively immaterial. For the industrial metals, the 

total impact is reduced in line with the fall in fixing returns following the transition to electronic 

trading. 

Eighth, there are material and significant increases in the information advantage following 

the transition to electronic trading. Trade volumes spike materially higher, even after controlling 

for the general increase in trade volumes associated with this transition. Further, price 

volatilities spike materially higher, even though fixing returns are generally lower. The observed 

trade advantage increases for the monetary metals, while the industrial metals show mixed 

results. Combined with the reduction in bid-ask spread (a proxy for trade costs), the results 

show a massive increase in the profitability of the information advantage for the monetary 
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metals. This is underscored by the increased predictability of the fixing price direction, and the 

increased difference in predictability of small and large fixing price movements. 

 

1.5 Contributions  

This study makes contributions in three areas. First, it adds to the financial literature, 

specifically in the area of precious metals, financial benchmarks and market manipulation. 

Second, the findings in the study have been provided to market regulators in the U.S. and the 

E.U. in support of their investigations into these markets. Third, the publicity surrounding the 

intial findings of this study prompted an overhaul of these benchmarking process. Fourth, the 

findings are being used in civil actions seeking damages from the alleging breaches of the U.S. 

Commodity Exchange Act and the Sherman (Antitrust) Act. 

1.5.1 To the academic literature 

This study draws on, and contributes to, four strands of the financial literature: the 

efficiency of precious metals, financial benchmarks, market manipulation, and limits to 

arbitrage. It contributes to the literature by comprehensively documenting the intraday pricing, 

volume and liquidity dynamics of the primary futures markets, pricing dynamics of spot 

markets, and pricing characteristics of the London fixings. This study adds to the financial 

benchmarks literature by documenting the impact of the precious metals benchmarking process, 

the London fixings, on the spot and futures markets. It provides an empirical case study for the 

market manipulation literature, specifically in the developing area of financial benchmark 

manipulation. And finally, this study contributes to the limits to arbitrage literature by providing 

a case study of a market where reduced limits facilitate increased abnormal returns. 

1.5.2 To market regulators 

Initial results from the study were provided to the U.S. Commodities and Futures 

Trading Commission (CFTC) in April 2013, prior to their publication in Caminschi and Heaney 

(2014). These findings were subsequently requested by, and provided to, the European Union 
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Director General for Competition in December 2013. The U.S. Department of Justice (DOJ) 

requested these findings, and a supporting interview, in early 2015. 

The Journal of Futures Markets online publication of Caminschi and Heaney (2014), in 

September 2013, received coverage by Bloomberg in November 2013 (Vaughan, Larkin, & 

Ring, 2013a). Through syndication, the news article circulated and was reprinted throughout the 

financial and general press18. Subsequently, the DOJ19, the CFTC, the U.K. Financial Conduct 

Authority (“FCA”), the Swiss Competition Commission (WEKO), the Swiss financial regulator 

(“FINMA”), and the German financial regulator BaFin have all launched probes into the 

London fixings.  

In May 2014, the FCA issued a US$44 million fine against Barclays (a member of the 

gold fixing) stemming from the attempted manipulation of the gold fix by one of its traders. The 

Barclays trader had written (sold) a binary call option to a client. These derivatives are an “all or 

nothing” bet on the gold price. If the gold price, as benchmarked by the London PM gold fixing, 

is above a certain level (the strike price) the option holder receives a payout, otherwise the 

holder receives nothing. Subsequently, on the day of the option expiry, the trader influenced the 

fixing to ensure the fixing resulted in a price below the strike price to render the option 

worthless. The FCA found that, amongst other things, Barclays “failed to create or implement 

adequate policies or procedures to properly manage the way in which Barclays’ traders 

participated in the Gold Fixing”20.  Commenting to the Financial Times, Mr. Joaquin Almunia, 

the former European Union’s antitrust chief, stated that “perhaps manipulation [of benchmarks] 

is not the exception but the rule.”21 

In November 2014, Switzerland’s financial regulator FINMA found “serious 

                                                      
18 The Washington Post (Vaughan et al., 2013a), Germany’s Die Welt (Vaughan, Larkin, & Ring, 2013b),  

Italy’s Il Sole (Bellomo, 2013) , India’s Economic Times (Bloomberg, 2013), Canada’s National Post  

(Bloomberg), with Google searches reporting some 220 others. 
19   Jean Eaglesham and Christopher M. Matthews, Big Banks Face Scrutiny Over Pricing of Metals:  

U.S. Justice Department investigates price-setting process for gold, silver, platinum, and palladium, The 

Wall Street Journal (Feb. 23, 2015), www.wsj.com/articles/big-banks-face-scrutiny-over-pricing-of-

metals-1424744801; and Jan Harvey, CFTC subpoenaed HSBC Bank USA for documents on metals 

trading, Reuters (Feb. 23, 2015), www.reuters.com/article/2015/02/23/us-precious-hsbc-cftc-

idUSKBN0LR1C520150223. 
20   U.K. Financial Conduct Authority, Final Notice to Barclays Bank plc (May 23, 2014) at 2.3. 
21   Daniel Schäfer, Neil Hume and Xan Rice, Barclays fined £26m for trader’s gold rigging, Financial 

Times (May 23, 2014), www.ft.com/cms/s/0/08cafa70-e24f-11e3-a829-00144feabdc0.html. 
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misconduct” by UBS in precious metals trading22.  Indeed, FINMA’s chief executive officer 

stated that the regulator has “seen clear attempts to manipulate fixes in the precious metals 

markets.”23 FINMA concluded that UBS’s “compliance function in foreign exchange and 

precious metals trading was insufficient.” 

Prosecutors at the DOJ are “scrutinizing the price-setting process for gold,” among 

other precious metals24.  The DOJ and CFTC investigations into manipulation of the price-

setting mechanisms in the gold market focus on the fixing members and potential co-

conspirators. These investigations are ongoing. 

1.5.3 To market reform 

The publication of the initial findings of this study, and the associated publicity these 

received, prompted the reform of the fixings processes. On 15 August 2014, the London Silver 

fixing was replaced by the newly trademarked “LBMA Silver Price”. The conference call was 

replaced with an electronic auction platform operated by a third party, a partnership between 

CME and Reuters. Platinum and palladium followed shortly after, replacing its fixings with a 

London Metals Exchange (LME) administered auction on 1 December 2015. Gold followed 

suit, switching to an Intercontinental Exchange (ICE) platform on 26 March 2015. This brought 

the end to over one hundred years of “clubby” membership fixings. 

1.5.4 To market participants 

Findings from this study have been used to bring civil class actions against fixing 

members. These legal actions allege U.S. antitrust and commodity exchange violations. 

                                                      
22   FINMA, Press Release: FINMA sanctions foreign exchange manipulation at UBS (Nov. 12, 2014), 

www.finma.ch/e/aktuell/pages/mm-ubs-devisenhandel-20141112.aspx. Note: UBS is major precious 

metals market participant, e.g. a LBMA market maker, but not a fixing member. 
23   Nicholas Larkin and Elena Logutenkova, UBS Precious Metals Misconduct Found by Finma in FX 

Probe, Bloomberg (Nov. 12, 2014), www.bloomberg.com/news/2014-11-12/finma-s-ubs-foreign-

exchange-settlement-includes-precious-metals.html. 
24 Jean Eaglesham and Christopher M. Matthews, Big Banks Face Scrutiny Over Pricing of Metals:  U.S. 

Justice Department investigates price-setting process for gold, silver, platinum, and palladium, The Wall 

Street Journal (Feb. 23, 2015), www.wsj.com/articles/big-banks-face-scrutiny-over-pricing-of-metals-

1424744801; see also Jan Harvey, CFTC subpoenaed HSBC Bank USA for documents on metals trading, 

Reuters (Feb. 23, 2015), www.reuters.com/article/2015/02/23/us-precious-hsbc-cftc-

idUSKBN0LR1C520150223. 
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Plaintiffs (ranging from pension funds, hedge funds, day traders to bullion dealers) are seeking 

damages from the fixing members and alleged co-conspirators. 

The first complaint, targeting the London gold fixing, was filed in March 201425. This 

initial complaint was promptly followed by over forty similar actions. This array of actions was 

consolidated into the “Commodity Exchange, Inc., Gold Futures and Options Trading 

Litigation, No. 14-M-02548 (VEC)”, currently before the US District Court. Complaints 

relating to the silver fixing started being filed in July 2014, which were ultimately consolidated 

into the “London Silver Fixing, Ltd. Antitrust Litigation, No 14-MD-2573 (VEC)”. Complaints 

relating to the platinum and palladium fixings started to be filed in March 2015, and were 

consolidated into the “Platinum and palladium Antitrust Litigation, No.14-CV-9391 (GHW)”.  

All cases are being tried in the US District Court of the Southern District of New York, with 

Judge Valerie Caproni presiding over the gold and silver trials, and Judge Gregory Woods 

presiding over the platinum and palladiums trials. 

In April 2016, Deutsche Bank, a member of the gold and silver fixings, broke ranks with 

the other defendants to settle these litigations26. Apart from the monetary consideration, and in a 

classic display of the Prisoner’s Dilemma, Deutsche Bank agreed “to provide cooperation to 

Plaintiffs [in pursuing the remaining defendants], including the production of instant messages 

and other electronic communications, as part of the settlement”27. Copies of these are presented 

in Figure 7 and Figure 8, for the silver and gold trials respectibely. In days following the 

settlement, a similar class action seeking C$1 billion was initiated in the Canadian courts28. The 

litigation against the remaining defendants remains ongoing. 

  

                                                      
25 Maher v. Bank of Nova Scotia et al, United States district Court, Southern District of New York, filing 

1:14-cv-01459-VEC, March 3, 2014. 
26 Christie Smythe, Deutsche Bank Settles Silver, Gold Price-Manipulation Suits, Bloomberg (April 14 

2016) www.bloomberg.com/news/articles/2016-04-13/deutsche-bank-settles-silver-price-fixing-claims-

lawyers-say; and Jonathan Stempel, Deutsche Bank settles U.S. gold, silver price-fixing litigation, Reuters 

(April 14, 2016), http://www.reuters.com/article/deutsche-bank-lawsuit-metals-idUSL2N17H1IA 
27 Copies of the court filings announcing the settlements are provided in Error! Reference source not 

ound. and Error! Reference source not found.. 
28 Barbara Shecter, Proposed $1B class action alleges Scotiabank and other banks rigged silver price, 

The Financial Post (April 18 2016), business.financialpost.com/legal-post/canadian-lawsuit-names-bank-

of-nova-scotia-in-silver-price-manipulation. 
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Figure 7. Court notice of Deutsche Bank silver settlement, April 2016  
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Figure 8. Court notice of Deutsche Bank gold settlement, April 2016 
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1.6 Organization of the thesis 

The remainder of this thesis is structured as follows. Chapter 2 surveys the existing 

literature on the precious metals markets, market manipulation and financial benchmarking 

theory. Chapter 3 details the data and methods used to test the research questions. Results 

and findings are presented in Chapters 4 through 6 for silver, gold and platinum and 

palladium, respectively. In closing, Chapter 7 summaries the results and concludes the 

thesis. 
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2.1 Introduction 

This study draws on four strands of the finance literature: precious metal markets 

(presented in section 2.2), financial benchmarks (presented in section 2.3), market manipulation 

(presented in section 2.4), and limits to arbitrage (presented in section 2.5). At the intersection 

of these four strands lies the focus of this study, and its contribution to the literature.  

While the literature on market manipulation is vast, the same cannot be said of the 

financial benchmarks literature. Indeed, the study of financial benchmark manipulation appears 

to be in its infancy. On the other hand, the literature on precious metal market efficiency is well 

developed. However, while most studies focus on inter-day prices, there are few intraday studies 

of these markets. The literature on limits to arbitrage provides both empirical examples and 

theoretical frameworks for persistent pricing anomalies. The relevance of these should be 

considered in the exploration of these markets as the literature shows that abnormal pricing does 

not necessarily imply nefarious market activity. 

This study contributes to the literature in several ways. First, it adds to the literature on 

precious metal markets by comprehensively documenting the intraday pricing, volumes and 

liquidity dynamics of the primary future markets, pricing dynamics of spot markets, and pricing 

characteristics of the London fixings. Second, it enriches the financial benchmarks literature by 

documenting the impact of the precious metals benchmarking process, the London fixings, on 

the spot and futures markets. Third, it adds an empirical case study to the market manipulation 

literature, specifically in the developing area of financial benchmark manipulation. Fourth, it 

contributes to the limits to arbitrage literature by providing a case study of a market where 

reduced limits facilitate increased abnormal returns.  

2.2 Precious metal markets literature 

While the academic literature on precious metals is quite broad, it largely focusses on 

gold. This study primarily draws on the studies on market efficiency (section 2.2.1), pricing 

anomalies (2.2.2) and cross market linkages and efficiency (section 2.2.3).  
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2.2.1 Market efficiency  

The precious metals market efficiency literature, spanning close to 40 years, finds both 

support for and rejection of market efficiency. This reflects not only the evolution of the 

markets over this period, but also the availability of data and techniques used to test for 

efficiency. 

2.2.1.1 Spot and futures market efficiency 

In the first published study of market efficiency for gold and silver markets, Booth and 

Kaen (1979) find support to reject weak-form efficiency in both markets. Their findings are 

based on serial correlation, run analysis and trading rule tests using daily price data from 1972 

to 1977. Booth and Kaen note that exploiting this inefficiency is uneconomic with transaction 

costs set at 3% (typical for this period). 

The efficiency of the gold spot market is explored by Tschoegl (1980). Using daily 

London AM and PM fixing data from 2 January 1975 to 30 June 1977, he finds some evidence 

of serial correlation, although these results are brought into question due to the non-Gaussian 

distribution of returns, leading to problems with statistical testing. The results lead him to 

conclude “there is no reason to suspect that the gold market in general is any less efficient than 

any other international asset market” (Tschoegl, 1980, p. 378).  

Solt and Swanson (1981) studied the market efficiency of gold and silver markets using 

weekly data from January 1971 to December 1979. They find “some positive dependence in the 

series, though it does not seem that investors can easily exploit this dependence” (Solt & 

Swanson, 1981, p. 453). Koutsoyiannis (1983), using daily prices from January 1980 to March 

1981, finds that “speculative [gold] markets are inefficient in the very short run” 

(Koutsoyiannis, 1983, p. 579). Within the context of his study, the “very short run” was one 

trade day. Further, Ball, Torous, and Tschoegl (1985) find significant price clustering amongst 

the London AM and PM fixing prices, using daily data from January 1975 to April 1981.  

Booth, Kaen, and Koveos (1982) find long term dependence in the gold price using daily 

gold prices from 1969 to 1980, while Cheung and Lai (1993) find this long term serial 

dependence in prices to be unstable using weekly gold fixing prices from 1973 to 1987. When 
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excluding observations related to the Hunt Brothers’ silver corner and political events in the 

Middle East, they find little evidence for long term inefficiency. Finally, a shorter term study 

(Byers & Peel, 2001), using daily data from 1990 to 1993, suggests the presence of long term 

inefficiency in the gold market. 

McQueen and Thorley (1997), using monthly London PM fixing price data from 1971 

to 1992, find the gold market to be weak-form efficient but not semi-strong efficient. Further, 

they find gold stock prices to be predictive of gold prices, up until 1979. However, this 

predictive power is found to diminish following the public discussion of this effect. The lack of 

pricing relationship between gold prices and gold producers, in turn of gold mining share prices, 

is found by Faff and Hillier (2004) and Pullen, Benson, and Faff (2014). 

In a more nuanced study of gold prices, Smith (2002) rejects the efficiency of the London 

AM and PM fixing prices, but not for the 5PM London close prices. Smith finds the same serial 

correlation shown in prior studies (Koutsoyiannis, 1983; Solt & Swanson, 1981; Tschoegl, 

1980), but only for the London fixing prices. Not surprisingly, prior studies have relied on the 

London fixing price as “the” price of gold and, in the case of Solt and Swanson (1981), silver. 

This is the first study to consider “which” price of gold to use rather than simply using the 

benchmark price.  

Turning to the futures markets, Aggarwal and Sundararaghavan (1987), using daily 

CBOT and COMEX prices from 1980 to 1984, finds the silver futures market to be weak-form 

inefficient. In contrast, Miffre (2002), using end of month settlement prices from 1982 to 1996, 

finds support for weak-form efficiency in the gold, silver and platinum futures. Smales (2014) 

seeks to assess strong-form efficiency of COMEX gold futures using daily settlement prices 

from 2003 to 2012, and finds support for “an asymmetric response to news with negative news 

invoking a greater response than positive news” (Smales, 2014, p. 285). Further, price responses 

to news are impacted by net trading positions of speculators and hedgers and the broader 

business cycle, and the asymmetry seen in returns is subsequently found in gold price volatility 

(Smales, 2015). 

In summary, the precious metal markets literature presents a mixed picture of market 

efficiency. Differences in the coverage period and approach of these studies prevent direct 
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comparisons. The variations in results do suggest inefficiency is likely to be present, if at all, at 

shorter intervals and earlier in the development of these markets. This study contributes to this 

existing literature by examining these markets at the scale of minutes, not days or months, while 

covering an extensive study period of fourteen years. 

2.2.1.2 Comparative efficiency studies 

 More recent studies have focused on the longitudinal and cross-sectional efficiency of 

markets. Charles, Darné, and Kim (2015), using daily gold, silver and platinum prices from 

1977 to 2013, find that the “predictability of the gold and silver markets show a strong 

downward trend, which indicates that these markets have been gradually becoming more 

efficient over time”, though “the gold market has been the most efficient” (Charles et al., 2015, 

p. 291). Ntim, English, Nwachukwu, and Wang (2015) analyse the efficiency of 28 spot gold 

markets, using daily prices from 1968 to 2014, and finds support for weak-form efficiency in 

developed gold markets (Hong Kong, Japan, Switzerland, UK and US), mixed results for 

peripheral markets (Australia, Bahrain, Brazil, Canada, China, Germany, India, Malaysia, 

Singapore, South Africa, South Korea, Taiwan, Thailand and Turkey), and evidence of 

inefficiency in developing/frontier markets (Egypt, Indonesia, Mexico, Nepal, Pakistan, Russia, 

Saudi Arabia, UAE and Vietnam). In an earlier study, Muradoglu, Akkaya, and Chafra (1998) 

show an increase in the efficiency of the Turkish gold market as it transitioned to the Istanbul 

Gold Exchange and away from informal bazaars. Gold and silver price forecasting studies 

(Akgiray, Booth, Hatem, & Mustafa, 1991; Aye, Gupta, Hammoudeh, & Kim, 2015; Baur, 

Beckmann, & Czudaj, 2014; Mihaylov, Cheong, & Zurbruegg, 2015) also suggest long term 

efficiency in gold prices.  

 Taken in sum, these studies suggest inefficiencies in precious metal markets, to if they 

have existed, thave reduced as markets matured and developed. 

2.2.2 Pricing anomalies 

The prior literature on pricing anomalies focuses on three areas: weekday effects (Ball, 

Torous, & Tschoegl, 1982; Blose & Gondhalekar, 2013; Ma, 1986; Yu & Shih, 2011), 
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seasonality (Baur, 2013; Lucey, 2010; Naylor, Wongchoti, & Ith, 2014; Tschoegl, 1987) and 

price clustering (Aggarwal & Lucey, 2007).  

Ball et al. (1982), using daily AM and PM fixing prices from 1975 to 1979, test for the 

presence of a “weekend” effect, akin to what has been observed in stocks. While they find no 

support for the weekend effect in gold, they do find some weekday effects. Wednesday PM 

fixings show statistically significant positive day-on-day returns, while Tuesdays show a 

negative return and Thursdays show a negative overnight (PM to AM) return. Ball et al. (1982) 

suggest international settlement procedures as a potential cause for these effects. Ma (1986) 

finds support for this suggestion as well. Using daily London PM fixing prices from 1975 to 

1985, Ma (1986) finds the Wednesday effect to have diminished following the introduction of 

the same-day settlement procedure in 1981. However, higher returns are found on Mondays, 

supporting the presence of the weekend effect. Yu and Shih (2011), using London PM fixing 

prices from 1986 to 2007, find weekday variation in returns and volatility of gold prices, but 

with no weekend effect. Blose and Gondhalekar (2013), using daily COMEX settlement prices 

from 1975 to 2011, find evidence for a negative weekend effect, though they find the effect to 

only be present in bear markets.  

Tschoegl (1987) finds some evidence of seasonality in the gold price. Using daily 

London PM fixing prices from 1975 to 1984, Tschoegl finds (weak) evidence of higher returns 

in September and lower returns in March. However, Tschoegl stipulates that this does not infer 

market inefficiency, as “returns will not be a random walk, if the seasonal is built into 

expectations, deviations from the market expectation may remain a fair game” (Tschoegl, 1987, 

p. 254). The “Autumn” effect, abnormal returns in September, is confirmed by Baur (2013). 

Baur finds this effect to be robust to a range of controls, and suggests three potential 

explanations: seasonal jewelry demand from India and China, linkage to the “Halloween effect” 

observed in the stock markets, and “winter blues” driving investor sentiment towards safe haven 

assets. Naylor et al. (2014) also find seasonality pricing in gold bullion and ETFs, and Lucey 

(2010) finds lunar seasonality for silver, but not for gold or platinum, in what could best be 

described as a “werewolf” effect. 



 

 35 

Aggarwal and Lucey (2007) also show some gold price anomalies. Their study, 

concerning psychological price barriers, focuses on mean and variance effects near “round” 

price levels. The study covers three distinct data sets: the daily London AM fix prices from 

1980 through 2000, daily COMEX cash and future gold prices from January 1982 through 

November 2002, and an intra-day 15-minute interval UBS data series covering 28 August 2001 

to 9 January 2003. They find some evidence of “changes in conditional means” and strong 

evidence of “changes in the variance of returns” near price levels at “round” hundreds, such as 

US$300/t.oz and US$400/t.oz. 

In short, there are documented anomalies which suggest a degree of inefficiency in 

these markets. However, none of these studies demonstrate inefficiencies in excess of trade 

costs. This suggests some arbitrage limit is at play in these cases.  

2.2.3 Cross market linkages and efficiency 

Several market linkages are explored in the literature: spot and futures (Garbade & 

Silber, 1983; Pavabutr & Chaihetphon, 2008), spot and options (Beckers, 1984; Followill & 

Helms, 1990; Tschoegl, 1982), gold and silver (Batten, Ciner, Lucey, & Szilagyi, 2013; Chan & 

Mountain, 1988; Chatrath, Adrangi, & Shank, 2001; Escribano & Granger, 1998; Lucey & 

Tully, 2006; Ma, 1985; Ma & Soenen, 1988; Wahab, Cohn, & Lashgari, 1994), competitive 

futures markets (Karan, Valeria, Zi, & Yiuman, 2008), gold and other asset markets (Basu & 

Clouse, 1993; Chng, 2009; Narayan, Narayan, & Zheng, 2010), spot and ETFs (Charupat & 

Miu, 2011), and gold and gold stocks (Faff & Hillier, 2004; Pullen et al., 2014). 

Garbade and Silber (1983) investigate spot-futures market linkages for a range of 

commodities, including gold and silver. For both gold and silver, they find futures and spot 

markets to be highly integrated, even at the daily level. Further, they find futures markets 

generally dominate price discovery, more so for gold than silver. Pavabutr and Chaihetphon 

(2008) confirm this finding by analyzing the Indian spot and futures gold prices, and covers 

November 2003 to December 2007 using daily close data from the Multi Commodity Exchange 

of India (MCX). Theissen (2011) re-examines price discovery in spot and futures markets and 

confirms previous work in the area, namely that the futures market leads the spot market in 
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price discovery, and that to the extent that arbitrage signals exist, they shift the proportion of 

price discovery from the futures market to the spot market.   

Beckers (1984) produces similar findings from his analysis of daily gold options close 

prices traded on the European Options Exchange (EOE), now a part of NYSE Euronext, and the 

London PM fix prices, from April 1981 to December 1981.  He states two findings: firstly, there 

are put-call-parity violations (before transaction costs), and secondly, Black-Scholes call option 

prices were consistently less than the market price of out-of-the money options. Beckers states, 

however, that both these findings are “insufficient to reject market efficiency”. In analyzing 

EOE gold option trading, and its effects on gold price volatility, Tschoegl (1982) also finds that, 

consistent with theory, the introduction of gold options did in fact reduce volatility of the 

underlying spot gold market. 

The question of put-call-parity violation, for options on gold futures, is also examined 

by Followill and Helms (1990). Utilizing tick level transaction prices of futures contracts and 

options on futures contracts, Followill and Helms (1990) build a model to exploit observed 

divergences from theoretical put-call-parity relationships. This model demonstrates profitability 

in excess of transaction costs, implying a less than efficient market. Followill and Helms (1990) 

are quick to point out that a key component to transaction costs, the bid-ask spread, is both 

unobservable and difficult to estimate. Furthermore, the arbitrage executed by the model was 

not riskless. Indeed, a time gap exists between the violations being observed and when the 

necessary positions are in place. 

Ma (1985), using daily London fixing prices from 1972 to 1984, demonstrates excess 

positive returns for a trading strategy based on the silver-to-gold price ratio. However, when 

adjusting for trading costs in these spot markets (3%), these excess returns are eliminated. Ma 

(1985) suggests this result supports the notion of a silver/gold “parity”, while also supporting 

weak-form efficiency between these markets. Ma and Soenen (1988), however, find the same 

strategy to be profitable in the futures markets, net of trading costs. Using daily settlement 

prices of COMEX gold and silver futures contracts from 1976 to 1986, they find the lower 

trading costs and higher leverage available in the futures markets do not eliminate the excess 

returns of the strategy. This confirms the parity relationship found in the spot market, but 
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suggests the gold and silver futures markets are jointly inefficient. Chan and Mountain (1988), 

using daily Canadian gold and silver ask prices, find support for a causal relationship between 

gold and silver prices. Wahab et al. (1994), using daily spot and futures prices from 1982 to 

1992, also find support for the gold-silver relationship using a co-integration test. Their 

forecast-based trade strategy is profitable pre-costs, but not after costs. Escribano and Granger 

(1998) investigate the gold-silver relationship using monthly prices from 1980 to 1990 and find 

evidence of co-integration between the two metals, to varying degrees between “bubble” and 

“non-bubble” periods. They also find “alternative non-linear error-correction formulations can 

beat the random walk, in terms of out-of-sample forecastability” (Escribano & Granger, 1998, p. 

103). Other studies, including Chatrath et al. (2001), Lucey and Tully (2006) and Batten et al. 

(2013), confirm this relationship and its variability over time, 

Karan et al. (2008) study the evolution of gold and silver futures trading and focuses on 

the impact on market quality (volume, bid-ask spreads, price clustering and price discovery) at 

the time of heated competition between the Chicago Board of Trade (CBOT) and 

NYMEX/COMEX. In October 2004, the CBOT introduced electronic trading of gold and silver 

contracts that previously had been exclusively floor traded by COMEX. In less than two years, 

the CBOT had captured a little less than half the market share in gold futures. As a competitive 

response, the NYMEX launched the electronic trading of its gold and silver futures contracts via 

the CME Globex platform in December 2006. This was offered side-by-side to the floor based 

trading. Using tick level data from September 2006 to June 2007, the authors found that the 

electronic markets provided superior market quality. 

Basu and Clouse (1993) use daily options volume data from four markets (US Equities, 

US Bonds, Yen Spot, Gold) over a one-year period (1 October 1989 to 30 September 90) to test 

for comparative market efficiency. Using correlation analysis, they find “significant correlations 

between the gold spot market price and other market variables, which does suggest [inter-] 

market inefficiency”. A similar finding is reported by Narayan et al. (2010) when examining 

gold and oil futures prices. The motivation of their paper is the interplay between oil as an 

inflation driver and gold as an inflation hedge instrument. Utilizing daily data covering January 

1995 to June 2009, they find evidence of co-integration of these two commodity markets, and 
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that “these two markets are jointly inefficient” for the study period. Chng (2009) considers the 

relationship between futures contracts on commodities actively used in the automotive industry 

supply chain. The study uses daily data for TOCOM futures contracts, covering the period July 

2000 to March 2008, and finds that for commodities where the automotive industry is the 

dominant (>50%) consumer (e.g. natural rubber, palladium and gasoline), predictive pricing 

relationships do exist. He then uses these findings to construct a simple trading strategy that 

yields a profit, implying inter-market inefficiency. 

 Charupat and Miu (2011) analyze the pricing and performances of leveraged ETFs, 

including the leveraged gold ETFs “HGU” & “HGD” and the unleveraged “XGD” gold ETF. 

Their findings conclude that the tracking error is time-horizon dependent and, for periods under 

a week, immaterial. In contrast, the relationship between gold prices and gold producer share 

prices are found to be weak (Faff & Hillier, 2004; Pullen et al., 2014). 

 In summary, the literature is generally supportive of weak-form market efficiency 

between spot and derivative markets for precious metals. For inefficiencies that have been 

documented, they can be attributed to trade costs. However, the evidence for cross market 

efficiency, between gold and silver or gold and oil as examples, is mixed.  

2.3  Financial benchmarks 

The literature on financial benchmarks is remarkably limited considering the ubiquitous 

use of these benchmarks within the finance industry. Recent studies have established theoretical 

frameworks for establishing welfare contributions of benchmarks (Duffie, Dworczak, & Zhu, 

2015), addressed benchmark robustness (Duffie & Stein, 2015), discussed benchmark 

manipulation (Miller, 2014; Verstein, 2015), and outlined regulatory responses (Chiu, 2016). 

First, it is important to distinguish between the various financial benchmarks. Some 

benchmarks are systemically important on a global scale. They are used ubiquitously in 

contracts, financial instrument specifications and pricing models, for example LIBOR. Others 

are less systemically significant.  They are used to track relative performance of funds and 

portfolios, for example the S&P Biotechnology Select Industry Index. The key differences 
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between these two examples are: a) the scale of the benchmark, b) the method of determination, 

and c) the direction of causality in pricing.  

A narrow equity index, such as the S&P Biotechnology Select Industry Index, has 

limited scale in pricing, is generally calculated ex-post from observable prices by all market 

participants, is typically based on a specified set of constituents and weightings, and generally 

tracks the prices of these constituents. On the other hand, for LIBOR, the scale is truly global, 

the determination is more subjective (based on a survey of a narrow set of participants), with the 

direction of causation point from the benchmark to the broader market, eg. EuroDollar futures. 

These distinctions lie at the heart of recent moves by the U.K. Financial Conduct Authority to 

criminalize the manipulation of certain financial benchmarks, including the gold and silver 

benchmark prices (Martin, 2015).  

 Turning to the London fixings, their present day systemic importance, or market impact, 

is to some extent contested ground. Sandor (2012) asserts that “By 1980, the London gold fix … 

had become irrelevant” (p. 169). On the other hand, in a survey of industry participants, Crowell 

(2014) finds some 70% of participants making “daily use” of the London gold fixing. As such, 

one of the aims of this study is to empirically determine what impact, if any, the fixings have on 

their respective spot and future markets. 

The cascade of financial benchmark scandals (Miller, 2014) suggests financial 

benchmarks are intrinsically instruments of mischief29, or at best soft targets for manipulation 

(Verstein, 2015). Yet despite these recent scandals, the public utility of benchmarks is both 

argued in the academic literature and evidenced among practitioners by their continued 

popularity30. 

Duffie et al. (2015), herein “DDZ”, present a theoretical framework to characterize the 

role benchmarks play in search markets, such as relatively opaque over-the-counter (OTC) 

markets. Indeed, they find benchmarks play a positive role. Under certain conditions, 

benchmarks are shown to “encourage greater market buy-side participation, improving the 

                                                      
29 Also see http://www.bloombergview.com/quicktake/broken-benchmarks for a summary. 
30 In the case of the gold industry, a survey found 95% of participants reportedly use the gold price 

benchmark, with 70% using this benchmark daily. LBMA, Gold Price Market Consultation – First Survey 

Results, Friday, October 17, 2014. 
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efficiency of matching and reducing wasteful search cost” (DDZ, p. 27). Further, they find 

benchmarks play a role in alleviating “information asymmetry between dealers and their 

customers” (DDZ, p. 27). 

This stands in contrast to the empirical findings in Caminschi and Heaney (2014), 

herein “C&H”, which considers trading around the time of the London PM gold fixing and the 

daily gold price benchmarking process. Using intraday event studies of gold futures, ETFs, spot 

and benchmark data from 2007-2013, C&H find an increase in information asymmetry and 

inefficiency around the time of the fixing. These effects, while transient and lasting only a few 

minutes, are found to be significant and economic. 

The apparent conflict between the theoretical result and the empirical finding can 

largely be attributed to differing contexts. The DDZ finding of “alleviated information 

asymmetry” is relative to an opaque OTC market without a benchmark, whereas the setting in 

C&H features contemporaneous trading on relatively transparent exchanges.  

That said, the setting of an OTC market operating in parallel with an active exchange 

market is far from unique. Indeed most benchmarks, including those covering interest rates, 

foreign exchange and other commodities, have evolved to feature both OTC and exchange 

markets. As such, the interaction of exchange markets with benchmarks and OTC markets is 

worthy of further exploration, and forms the focus of this study.  

2.4 Market manipulation 

In their survey of the last 300 years of market manipulation, Leinweber and Madhavan 

(2001) place recent “innovations” in this area into historical context and remind us that there has 

been nothing considerably new in this area. In the U.S. context, the Grains Futures Act of 

192231 and the Securities Exchange Act of 1934 explicitly address manipulation of prices. 

However, much of the legal theory (fraud and misrepresentation) had already been developed 

within the common law and had been “pounded out by the courts” (Berle, 1931, 1938).  

                                                      
31 Revised as the Commodity Exchange Act of 1936, then superseded by the Commodity Futures Trading 

Commission Act of 1974. 
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While much statutory and common law ink has been spilt on market manipulation, a 

explicit definition of what constitutes this conduct remains elusive (Kyle & Viswanathan, 2008). 

This is perhaps not too surprising; any explicit definition would act as a design guide for 

aspiring manipulators. However, even without explicit definitions, the manipulation strategy 

taxonomy consists of three broad categories: information based, traded based and action based 

(Allen & Gale, 1992; Putniņš, 2012). Information based schemes rely on releasing false or 

misleading information to draw out a market response (Van Bommel, 2003). Trade based 

schemes use trades, often by large traders, to influence prices, such as market corners or short 

squeezes (Allen, Litov, & Mei, 2006). Action based schemes utilize deliberate actions to 

manipulate prices, for example Enron’s reduction of output capacity during power shortages 

(Pierce, 2003). 

The literature provides ample theoretical demonstration of market manipulation by 

informed participants (Benabou & Laroque, 1992; Van Bommel, 2003), uninformed participants 

(Allen & Gale, 1992; Allen & Gorton, 1992; Cherian & Kuriyan, 1995), and large participants 

(Allen et al., 2006; Jarrow, 1994; Just & Just, 2008). Empirical work has traditionally focused 

on equities (Aggarwal & Wu, 2006; Carson, 2000; Christie & Schultz, 1994; Comerton-Forde 

& Putnins, 2011) while more recently touching on financial benchmarks (Abrantes-Metz, 

Kraten, Metz, & Seow, 2012) and precious metals (Atanasov, Davies, & Merrick, 2015). 

Experimental studies include Camerer (1998) placing and cancelling horse bets, which showed 

no statistically significant effect. This aligns with theoretical models (Cherian & Jarrow, 1995) 

that find that unrestricted competition between the manipulators tends to drive their profits to 

zero. 

Large investors’ ability to manipulate markets is explored in Allen et al. (2006), 

focusing on market “corners”. Exploration of the necessary conditions for such manipulation, in 

the context of oil markets, is conducted by Just and Just (2008). In contrast, Marthinsen and 

Yunwei (2010) and Saha and Petersen (2012) find little evidence of large investor impact in the 

case of natural gas prices. 

The delivery process of futures contracts is found to be an important characteristic in 

the feasibility of futures markets manipulation (Fackler, 1993; Kumar & Seppi, 1992; Pirrong, 
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1993, 1995, 2011). Physical delivery (utilized by precious metals futures), supply inelasticity 

and market frictions (transport and transaction costs) are found to be supportive of manipulation 

strategies. In contrast, cash settlement tends to reduce the feasibility of “corners” or “squeezes”. 

Interestingly, informed participants are shown to have an incentive to manipulate the 

market by trading in the wrong direction, undertaking short-term losses, and increasing the 

noise in the trading process (Chakraborty & Yılmaz, 2004a, 2004b). This echoes the findings of 

Foster and Viswanathan (1994) in their modelling of strategic trading among asymmetrically 

informed traders. They find the optimal strategy for the better informed trader may involve 

trading against their best estimate of the asset value (say, buying instead of selling) in early 

periods, limiting the leakage of their private information. This finding is particularly relevant to 

markets with “few pivotal” players. 

The area of finance benchmark manipulation remains largely unaddressed by the 

literature. Within the taxonomy of market manipulation, it could be argued that benchmark 

manipulation is just another form of information based manipulation. However, this understates 

its significance. The ubiquitous use of financial benchmarks in the determination of prices 

across a large range of instruments and markets make such manipulation extremely impactful. 

By way of analogy, if a typical information based manipulation is, say, lying about the weight 

of a fish, then benchmark manipulation is more like lying about the meaning of a kilo. By 

manipulating the unit of measure, rather than a singular measurement, the benchmark 

manipulator has orders of magnitude more impact even if the quantum of manipulation is 

relatively small. Regulators have recognized this distinction, with the recent criminalization of 

benchmark manipulation in the U.K as an example (Martin, 2015). However, the academic 

literature has yet to consider this area in earnest. 

2.5 Limits to arbitrage 

In exploring anomalous market prices, it is important to consider the potential sources 

of the anomaly; not all pricing abnormalities imply improper market conduct. The limits to 

arbitrage literature has shown several examples of what appear to be persistent asset mispricing. 
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That is, even without the presence of nefarious market participants, markets can and do produce 

prices that appear to support the existence of systemic bias. 

In their seminal paper, Shleifer and Vishny (1997), herein “S&V”,  show that under 

certain conditions arbitrageurs do not act to exploit arbitrage opportunities, which in turn 

prevents prices from returning to their “fundamental level”. The key departure from prior 

efficient market frameworks (Fama, 1965; Ross, 1976; Sharpe, 1964) lies with the 

characterization of arbitrageurs. In the S&V setting, arbitrageurs consist of a small number of 

highly specialized arbitrageurs trading as agents for capital providers, rather than the classical 

view of multitudes of small arbitrageurs acting independently to exploit any arbitrage. 

Arguably, the S&V view of arbitrageurs is more closely aligned with what is actually witnessed 

in most financial markets, and certainly within the precious metals markets. 

Within the S&V view of arbitrage, capital provision becomes a critical determinant of 

arbitrageur trading. In times of high divergence between an asset’s fundamental price and the 

market price, the classical view predicts arbitrageurs will aggressively enter the market to 

exploit the mispricing. When arbitrageurs rely on an external capital provider, however, S&V 

show that the reverse can happen. The widening price divergence will be reflected initially as 

losses to the arbitrageur. This can cause the capital provider to withhold further capital. This is 

especially true if the capital provider forms their expectations of the arbitrageur’s future 

performance from their immediate past performance. As a result, the capital constraint causes 

the arbitrageur to exit the market, rather than stepping in to exploit the arbitrage. 

Empirical examples are found throughout the literature. In the U.S. treasury market, 

evidence of “persistent mispricing on a massive scale” between treasury bonds and Treasury 

Inflation-Protected Securities (TIPS) is presented by Fleckenstein, Longstaff, and Lustig (2014). 

The Mortgage Backed Security (MBS) market also shows evidence of limits to arbitrage 

(Gabaix, Krishnamurthy, & Vigneron, 2007). In commodity markets, Acharya, Lochstoer, and 

Ramadorai (2013) find evidence of price impacts related to limits to arbitrage in oil and gas 

markets.  

The common thread within these studies is the presence of a constraint on the 

arbitrageurs. The pricing anomalies arise from market participants being, in some way, 
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constrained from exploiting an apparent arbitrage. This in turn prevents convergence to an 

arbitrage free, or “fundamental”, price. Gromb and Vayanos (2010) identify constraints on 

equity capital, short-selling restrictions, and leverage and margin constraints as potential limits 

to arbitrage.  

A key difference between prior studies and this study is the focus on intraday holdings, 

as opposed to positions held across multiple trade days. This distinction is critical because 

within the context of intraday trading, many of these constraints do not apply. The equity capital 

constraint illustrated in S&V disappears as trade frequency exceeds the reporting frequency. By 

the time the capital provider has been informed of the arbitrageur’s performance (the end of the 

trade day), the capital is no longer required. Leverage and margin constraints, again being 

settled at the end of the trade day, can also be avoided by exchange members who are intraday 

trading. As long as the arbitrageur closes their positions prior to the exchange settlement 

window, they will in effect have no need to post capital.  

Position limits, placed on speculators by exchanges and regulators, have the potential to 

constrain arbitrageurs and have been argued as being important to contain potential 

manipulation (Kyle, 1984). However, the frequency of detection and immaterial economic 

consequence for breaches suggest these may not be effective, or are indeed counterproductive 

(Chang, Chen, Chou, & Gau, 2013; Gastineau, 1992; Grossman, 1993; Gwilym & Ebrahim, 

2013; Telser, 1993). 

Finally, short-selling constraints, while relevant in equity markets, play no role in 

precious metal markets. While limited physical storage can effectively hinder going short in 

some commodity markets, precious metals, and in particular gold and silver, are stored in vast 

quantities. As such, participants can access these to borrow easily and inexpensively. 

This is not to assert that intraday market arbitrageurs are free of arbitrage limits. One 

important remaining constraint is the bid-ask price spread. While an arbitrage may well exist, it 

must exceed this spread for the arbitrageur to have an economic incentive to attempt the trade. 

Further, this bid-ask spread may need to be traversed twice: once to open the position and again 

to close it. For a short-term trader, such as a commodity futures scalper (Silber, 1984), the bid-

ask spread can be a material constraint on arbitrage opportunities. 
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This study uses the bid-ask spread as a proxy for the limits to arbitrage to determine if 

arbitrage limits are indeed the cause of abnormal returns. The transition to electronic futures 

trading, a material structural market change that occurred midway through the study period, 

caused a collapse in the bid-ask spread observed for the precious metal markets. This natural 

experiment enables a comparison of how these markets functioned in low and high bid-ask 

spread environments.  The “limits to arbitrage” theory argues this should result in diminished 

return abnormalities following the transition to a lower bid-ask spread environment. A 

competing explanation is that lower bid-ask spreads reduce the cost of entering into a trade, 

which enhances the profitability of entering into such trades. Traders with private information, 

such as the future fixing price direction, stand to capture a larger share of the price movement 

during periods when spreads are reduced. This enhanced economic incentive should result in 

larger abnormal returns. Indeed, this explanation (monetization theory) leads to opposing 

conclusions to the “limits” to arbitrage theory. 

 

2.6 Summary 

This study draws on, and contributes to, four strands of the financial literature: the 

efficiency of precious metals, financial benchmarks, market manipulation, and limits to 

arbitrage.  

The literature on market manipulation is comprehensive, and precious metals market 

efficiency has been well explored at an inter-day scale. The financial benchmarks literature, and 

specifically the financial benchmarks manipulation literature, is relatively undeveloped. So too 

is the intraday characterization of precious metal markets. The interaction of the benchmarking 

process, the London fixing, and the corresponding futures and spot markets are unexplored, and 

forms the primary motivation for this study. The limits to arbitrage literature also needs further 

consideration as it has been shown that abnormal pricing does not necessarily imply nefarious 

market activity. 

This study contributes to the literature by comprehensively documenting the intraday 

pricing, volume and liquidity dynamics of the primary futures markets, pricing dynamics of spot 
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markets, and pricing characteristics of the London fixings. This study adds to the financial 

benchmarks literature by documenting the impact of the precious metals benchmarking process, 

the London fixings, on the spot and futures markets. It provides an empirical case study for the 

market manipulation literature, specifically in the developing area of financial benchmark 

manipulation. And finally, this study contributes to the limits to arbitrage literature by providing 

a case study of a market where reduced limits facilitate increased abnormal returns.   
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CHAPTER 3      

 

DATA & METHODOLOGY 
 

 

“Truth, like gold, is to be obtained not by its growth, 

 but by washing away from it all that is not gold.” 
 

Leo Tolstoy 
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3.1 Introduction 

This chapter discusses the data and methods employed to test the research question 

laid out in Chapter 1. At its heart, this study is an intraday event study. Data is sourced from 

the dominant fixing, spot and futures markets for each of the four precious metals. The data 

sources and sample are discussed in section 3.2. The methodology draws from Ederington and 

Lee (1995), subsequently adapted to the analysis of the London gold fixing in Caminschi and 

Heaney (2014), and extended in the analysis the silver fixing (Caminschi, 2014). Variables, 

calculations and methods are discussed in sections 3.2.6.1 through 3.10. A chapter summary 

is provided in section 3.11. 

3.2 Data sources and sample 

3.2.1 Data sources 

This study’s data set comprises intraday spot quotes, futures trade and quote data, as 

well as time and price fixing data. The primary data source is the Thomson-Reuters Tick 

History (TRTH) database, with access provided via SIRCA32. Secondary data sources include 

Bloomberg, the London Bullion Market Association (LBMA) (for gold and silver), and the 

London Platinum and Palladium Market (LPPM).  These secondary sources are used to cross 

check the fixing price data provided by TRTH. 

3.2.2 Study period 

The study period spans fourteen years, from January 2000 to 31 December 2013. This 

period divides into two seven-year sub-periods before and after of the Globex transition in late 

200633. During this period, the participants and the structure of the fixings remained largely 

constant.  

                                                      
32 http://www.sirca.org.au/. 
33 http://uk.reuters.com/article/2006/12/04/nymex-metals-debut-idUKN0415985220061204. 
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3.2.3 Sample data 

The sample market data is drawn from the markets (spot, futures and fixing) for each of 

the four precious metals (gold, silver, platinum and palladium). For the continuously trading 

markets (spot and futures), the respective market is sampled in one-minute intervals. For the 

fixing markets, all pricing messages (both “trying” and “fixed” prices) are collected and 

analyzed. The Reuters Instrument Code (RIC) for each instrument is summarized in Table 2 

below. 

Table 2. Summary of Reuters Instrument Codes used. 
   

  Metal 

Market  Silver Gold Platinum Palladium 

      

Fixing  XAGFIX XAUFIX XPTFIX XPDFIX34 

Spot  XAG XAU XPT XPD 

Futures  SI GC PT PA 

      

 

3.2.4 Fixing prices and times 

The seven daily precious metal fixings (AM and PM for gold, platinum and palladium, 

and a single fixing for silver), all natively report prices in USD per troy ounce. For convenience, 

indicative GBP and EUR equivalent fix prices are published. However, the auction is conducted 

in USD with the conversions to non-USD price only occurring after the completion of the 

fixing. This study only uses the native USD prices. Prices emerge from the fixing as either 

“trying” (intermediate price points at which the fixing is trying to clear demand and supply) or 

“fixed” (the final price at which the fixing has settled).  

Each price transmission is millisecond timestamped, representing the time the message is 

promulgated across the Thomson-Reuters (TR) financial data network. Network latency and 

transmissions delays, typically in tens to hundreds of milliseconds, are not considered as they 

are immaterial within the one-minute sampling scheme used throughout this study. 

                                                      
34 Prior to 7 May 2004, TRTH utilized XPAFIX as the identifier for the palladium fix. 
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3.2.4.1 Missing fixing data 

Over the fourteen-year study period (2000-2013) and across the seven precious metal 

fixings35, the TRTH is missing 251 out of the total 24,675 fixings conducted (approximately 

1.0%). Of these 251, nearly all (237) fall within the first half of the sample (2000-2006). The 

silver fix shows the least number of missing records (21), while the platinum AM fix has the 

largest number (55). The year 2001 experienced the most missing records (83), while 2010 

onwards show no missing records. Of the 106 unique calendar days on which records were 

found to be missing, 55 days involved a single fixing, 22 days involved two fixings (generally 

AM/PM relating to the same metal), and 13 days involved all seven fixings. The summary count 

of specific dates is provided in Table 3 below, while a comprehensive list of dates is provided in 

the Appendix Table A-1. 

Table 3. Summary of fixing data missing from primary data source (TRTH). 
The sample covers the 24,675 precious metal fixings held from January 2000 to December 2013. 

         

Date Fixing Total 

 Silver Gold 

AM 

Gold 

PM 

Platinum 

AM 

Platinum 

PM 

Palladium 

AM 

Palladium 

PM 

 

 

Panel A: Number of fixings conducted in the study period 

         

 3,537 3,537 3,509 3,537 3,509 3,537 3,509 24,675 

         

Panel B: Number of fixings missing from primary data source, by year(s) 

         
2000-2013 21 31 34 55 30 47 33 251 
         

2000-2006 21 30 33 50 28 44 31 237 

2007-2013 0 1 1 5 2 3 2 14 
         

2000 0 0 1 4 4 4 4 17 

2001 9 9 13 19 9 14 10 83 
2002 5 7 8 8 7 6 6 47 

2003 3 4 2 5 4 3 3 24 

2004 4 7 6 7 3 8 7 42 
2005 0 2 1 4 1 3 1 12 

2006 0 1 2 3 0 6 0 12 

2007 0 0 1 3 0 3 0 7 
2008 0 0 0 2 0 0 0 2 

2009 0 1 0 0 2 0 2 5 

 

3.2.4.2 Fixings exceeding maximum period 

Fixings exceeding a maximum period were deemed outliers and removed from the 

sample. The maximum period is generally 120 minutes, with the exception of the silver fixing 

                                                      
35 AM and PM fixings for gold, platinum and palladium, and a single daily fixing for silver. 
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which has a maximum period of 60 minutes. A shorter maximum period is chosen for the silver 

fixing because of its relatively shorter mean fixing period. 

There are 114 (0.5%) fixings which exceed their respective maximum period, out of the 

24,424 fixings with timestamps36 , and these fixing are removed from the sample. Of the fixings 

exceeding the maximum period, two thirds (75) are found in the first half of the sample (2000-

2006). The silver fix shows the largest number of such outliers (24), while the gold PM fix has 

the least (9). The summary counts are provided in Table 4 below, while a comprehensive list of 

specific dates is provided in Appendix A, Table A-2. 

Table 4. Summary of fixings exceeding the maximum period and excluded from the sample. 
The sample covers the 24,675 precious metal fixings held from January 2000 to December 2013. 

         

Year(s) Fixing Total 

 Silver Gold 

AM 

Gold 

PM 

Platinum 

AM 

Platinum 

PM 

Palladium 

AM 

Palladium 

PM 

 

Maximum fix 
period 

(minutes) 

60 120 120 120 120 120 120  

         

2000-2013 24 19 9 16 15 15 16 114 
         

2000-2006 19 11 6 10 9 10 10 75 
2007-2013 5 8 3 6 6 5 6 39 
         

2000 1 1 0 4 1 3 1 11 

2001 3 1 1 2 3 1 2 13 
2002 3 1 1 1 1 1 0 8 

2003 1 1 1 2 0 2 0 7 

2004 3 1 0 0 2 1 5 12 
2005 3 3 3 0 0 0 0 9 

2006 5 3 0 1 2 2 2 15 

2007 2 1 0 0 0 0 0 3 
2008 0 3 1 0 0 0 0 4 

2009 3 0 1 3 1 3 1 12 

2010 0 1 0 1 3 0 3 8 
2011 0 2 1 0 0 0 0 3 

2012 0 0 0 2 1 2 1 6 

2013 0 1 0 0 1 0 1 3 

 

3.2.4.3 Corrected fixing price data 

All fixing prices from TRTH, the primary data set used in this study, were checked against 

records held by Bloomberg, the LBMA (for gold and silver), and the LPPM (for platinum and 

palladium).  

Over the fourteen-year study period (2000-2013) and across the seven precious metal 

fixings, 36 fixings (0.1%) out of the 24,675 total fixings were found to have price discrepancies 

among the three sources. For each discrepancy, the price quoted by the majority of the data 

                                                      
36 24,675 total fixings minus 251 with missing records. 
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sources was selected. 26 of the 36 price discrepancies occurred in the first half of the sample 

(2000-2006). The gold AM fixing prices show the least discrepancies (2), while the platinum 

PM fixing shows the most (9).The comprehensive list of specific dates is provided in Appendix 

A, Table A-3. 

 

3.2.5 Spot quotes  

The spot market for precious metals consists of two-way quotes from participating 

market makers. The midpoint of these bid-asks are used as the primary quoted price. At one 

minute intervals, the open, high, low, close midpoint price data are collected for each of the spot 

markets. As these markets are Over-the-Counter (OTC), trade prices and volumes are not 

centrally collected, nor publicly available.  

On 12 October 2004, a data outage at TRTH caused spot data for the day to be lost for all 

four metals. As spot data is required for many of the calculations used to characterize the fixing 

and its impact on the markets, the 12 October 2004 fixings are removed from the sample. All 

other fixing dates within the study period have sufficient spot data. 

3.2.6 Futures trades and quotes 

Futures markets provide both quote and trade data. At one minute intervals, open, high, 

low, close prices and trade volume are collected for trading contracts, as well as the best bid and 

best ask prices. While there can be several differing maturities of the same contract trading on 

any given trade day, liquidity is focused on the “active” contract, which generally — but not 

always — is the shortest dated maturity. This study uses the trade and quote data of only the 

active contract for each respective precious metal futures. 

3.2.6.1 Fixings on days with closed futures markets 

Over the fourteen-year study period (2000-2013), 55 fixing days (1.6% of the total 

sample) occurred on days where the corresponding futures market was closed. Generally, this 

resulted from US and UK national holiday differences, but also due to national catastrophes 

such as the market closures relating to 9/11. All but one of these occurred prior to 2007. The 
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transition to CME’s Globex trading platform (from NYMEX ACESS) aligned the COMEX 

trading calendar with that of the CME, resulting in fewer trade holidays from 2007 onwards.  

These holidays apply across all four precious metals, with the impact on the samples only 

varying marginally. All 55 days are removed from the silver fixing sample. The AM gold and 

AM platinum samples are reduced by 54 days, as one non-trading day coincides with a day 

already excluded from the sample. Similarly, the AM palladium sample is reduced by 53 days 

as two non-trading days coincide with a day already excluded from the sample. All three PM 

fixings are reduced by 51 days as these were conducted on Christmas Eve or New Year’s Eve. 

A list of specific dates is provided in Table 5 below. 

Table 5. Summary of fixings occurring on days with closed futures markets. 
The sample covers fixings held from January 2000 to December 2013. 
    

2000 2001 2002 2003 
    

17-Jan-2000, 21-Feb-2000 
03-Jul-2000, 04-Jul-2000 

04-Sep-2000, 23-Nov-2000 

24-Nov-2000 

15-Jan-2001, 19-Feb-2001 
04-Jul-2001, 03-Sep-2001 

11-Sep-2001, 12-Sep-2001 

13-Sep-2001, 14-Sep-2001 
22-Nov-2001, 

24-Dec-2001 (Note 1) 

 

21-Jan-2002, 18-Feb-2002 
27-May-2002 (Note 2) 

04-Jul-2002, 05-Jul-2002 

02-Sep-2002, 28-Nov-2002 
29-Nov-2002 

 

20-Jan-2003, 17-Feb-2003 
04-Jul-2003, 01-Sep-2003 

27-Nov-2003, 28-Nov-2003 

 

2004 2005 2006 2010 
    

02-Jan-2004, 19-Jan-2004 

16-Feb-2004, 11-Jun-2004 

05-Jul-2004, 06-Sep-2004 
25-Nov-2004, 26-Nov-2004 

24-Dec-2004  (Note 1) 

31-Dec-2004  (Note 1,3) 

17-Jan-2005, 21-Feb-2005 

04-Jul-2005, 05-Sep-2005 

24-Nov-2005, 25-Nov-2005 
 

16-Jan-2006, 20-Feb-2006 

03-Jul-2006 

04-Jul-2006 (Note 4) 
04-Sep-2006, 23-Nov-2006 

24-Nov-2006 

 

24-Dec-2010  (Note 1) 

 

    

Notes: 

1. Does not impact the three PM fixing samples as PM fixings are not conducted on Christmas Eve or New Year’s 

Eve. 

2. Does not impact the gold AM fixing sample as that day has already been removed from the sample due to missing 
timestamps. 

3. Does not impact the platinum AM and palladium AM fixing sample as that day has already been removed from 

the sample due to missing timestamps. 
4. Does not impact the palladium AM fixing sample as that day has already been removed from the sample due to 

missing timestamps. 

 

3.2.6.2 Fixings days with insufficient futures market data 

Fixings on days with open futures markets are further qualified by assessing the 

frequency of price updates. Specifically, days with insufficient market data to resolve a futures 

price within one minute prior to the fixing start or one minute following the fixing end are 

excluded from the sample. Fixings which occurred outside of the COMEX/NYMEX floor 

trading hours (silver, gold AM, platinum AM, palladium AM) are only marginally impacted. 

The palladium AM sample is reduced by 363 days, gold AM by 66, gilver by 55 and the 
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platinum AM by 46. Virtually all of these instances occurred prior to 2007. For fixings that 

occurred during the COMEX/NYMEX floor trading hours37 (gold PM, platinum PM and 

palladium PM) the situation is markedly different. Prior to the introduction of the Globex 

trading platform, electronic trading was not permitted during floor trading hours. The market 

data from the trading floor is materially less dense, with generally only a sporadic recording of 

quotes. This results in some 177 fixings being removed from the gold PM sample. However, for 

both the PM platinum and palladium fixings, virtually no days prior to the transition have 

sufficient futures market data. For this reason, this study does not analyze the PM platinum and 

palladium PM fixings prior to 2007. The summary counts of days excluded from the sample due 

to insufficient futures market data is provided in Table 6 below, while detailed list of specific 

dates is provided in Table A-4 in Appendix A. 

Table 6. Summary of fixings with insufficient futures market data. 
The sample covers all seven precious metal fixings held from January 2000 to December 2013. 
  

Years Fixing 

 Silver Gold 

AM 

Gold 

PM 

Platinum 

AM 

Platinum 

PM 

Palladium 

AM 

Palladium 

PM 

        
2000-2013 55 66 177 46 1,444 363 1,521 
        

2000-2006 55 66 177 45 1,444 362 1,521 

2007-2013 0 0 0 1 0 1 0 
        

2000 19 14 57 11 218 92 235 
2001 10 13 63 9 211 126 226 

2002 8 14 22 3 220 83 223 

2003 10 9 5 10 219 35 230 
2004 5 8 9 6 211 15 215 

2005 3 8 11 6 227 11 238 

2006 0 0 10 0 138 0 154 
2007 0 0 0 1 0 1 0 

 

3.2.6.3 No futures quotes at PM fixings prior to Globex 

Futures quote data are readily available from both the NYMEX ACCESS and Globex 

electronic trading platforms, but not from floor trading. This impacts price data availability for 

PM fixings prior to the transition to the Globex platform. While Globex operated during floor 

trading hours, NYMEX ACCESS did not.  

                                                      
37 See Appendix C, Table C-1, for a detailed summary of opening and closing times throughout the study 

period. 



 

 55 

For the PM platinum and palladium fixings pre-Globex, there is simply insufficient price 

data for meaningful analysis. For the PM gold fixing, however, while there is no quote data, 

there is sufficient trade price data.  

This study uses the bid/ask midpoints as it is primarily price data, which precludes 

analysis of the PM gold fixing for half the study. To keep PM gold fixings within the study, 

both before and after the Globex transition, the choice was made to make an exception and use 

the futures trade price data in lieu of the quoted midpoint to analyze the pre-Globex era. The 

reason for this choice is based on the tight correlation between trade prices and quoted 

midpoints at the time scale of minutes (not seconds) used in this study.  
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3.3  Analysis windows, intervals, reference time and time alignment  

This study uses two intraday windows for analysis. The first is a broad window 

covering ten hours of the London business day, from 8am to 7pm. This captures key trade 

events in both London and New York, such as the fixings, the opening and closing of trading 

floors and the electronic markets.  

The second window is narrower, focusing on a two-hour window centered on the fixing. 

This provides finer timing resolution and allows discrimination between start and end aligned 

fixing effects. Depending on the analysis, this narrow window is aligned on either the start or 

end of the fixing. The analysis window and its key components are illustrated in Figure 9.  

 

Figure 9. Analysis window conventions. 

The illustration shows all key timing events and periods used in analysis. The key events are the fixing start, the release 

of the first trying price from the fixing (if released) and the end of the fixing from which the final fixed price is 

promulgated via the financial market data services. These events define the first signal period (T1st) and the fixing 

period (TFix). Buffer and reference periods of predefined length, generally 15 minutes, are aligned either to the start or 

the end of the fixing, depending on the analysis. Where analysis is aligned to the start of the fixing, the one-minute 

interval prior the fixing start is the zero interval (i=0). Similarly, when analysis is aligned to the fixing end, the last 

interval before the end of the fixing is the zero interval. 

 

The start-aligned analysis window is centered on the fixing start times, as summarized 

in Table 7. As an example, consider the silver fixing. The fixing start time is noon (London), 

and one-minute intervals are denoted, i = -59 to +60, with interval closing times ti ranging from 

11:01am through to 1:00pm. The last interval before the start of the fixing is i=0, with t0 = 12:00 

noon (London). The convention used in this study identifies time intervals by their close times. 

In the case of the silver fixing, the “12:00” one-minute interval (i=0, ti =12:00) covers market 

activity from 11:59am (inclusive) to noon (exclusive); it includes data timestamped 11:59am 

and excludes data timestamped 12:00pm.  
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Table 7. Summary of fixings start times (British Standard Time) 
  

 Silver Gold Platinum & Palladium  

     

AM fixing NA 10:30 9:45  

PM fixing 12:00 (Noon) 15:00 14:00  

 

For end-aligned windows, i=0 is the last interval before the end of the fixing. Similarly, 

one-minute intervals are denoted i = -59 to +60. However, these intervals do not correspond to 

a particular time of day38. 

A daily reference period of fifteen minutes is used to analyze volume, volatility and 

spread levels. A further fifteen-minute buffer period is placed between the reference period and 

the start of the fixing period to isolate the fixing effects from the reference period. For example, 

for the silver fixing start-aligned window case, the reference period is from 11:30am to 11:45am 

(London). In the case of the end-aligned windows, the reference period covers the interval 

fifteen to thirty minutes from the end of the fix. In either case, the volume/volatility over the 

reference period is averaged to calculate a reference level of volume/volatility for the fixing. 

The offset and length of this reference window are chosen to provide a stable benchmark close 

to the fixing, without being too close to be distorted by effects related to the fixing. The results 

presented are robust to choice of offset and length. Similar results are obtained for offsets 

ranging from 10 to 60 minutes and reference window lengths from 5 to 45 minutes. 

All timestamps are expressed in British Standard Time (BST), i.e. Universal 

Coordinated Time (UTC/GMT) with summer daylight saving adjustment. Spot quote 

timestamps are converted from UTC, while futures market data timestamps are adjusted from 

New York local time. Differences in daylight saving between the cities, typically lasting about 

one week, result in the usual five-hour time difference, lengthening to six hours (prior to 2007) 

and shortening to four hours (2007 onwards)39. This in turn causes noon in London to align with 

7:00am New York local time on most days, while occasionally aligning to 6:00am (prior to 

2007) and 8:00am (from 2007 onwards). 

                                                      
38 Only the fixing start time is prescribed, and the time taken to complete the fixing varies day to day. As 

a result, the fixing end time is variable. 
39 The introduction of the US Energy Policy Act of 2005 extended the daylight saving period by moving 

the start date into the second week of March from the first week of April. This change became effective in 

2007.  
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3.4 Fixing period, updates and time to first signal 

The fix period (TFix,d) for a given day d is defined as the time from the start of the fixing 

to when the “fixed” price is announced via the financial market data services. On occasion, a 

“trying” price or update is released prior to the fixing’s conclusion while the fixing is still in 

progress. This time to “first update” (TUpd,d) is recorded, along with the proportion of fixings 

which feature such an update (%Upd). Finally, the time to “first signal” (T1st,d) from the fixing is 

the shortest time from the start of the fixing to either the first trying price or, when no trying 

prices are provided, the fixing price.  

3.5 Fix returns, day returns, and directional analysis 

Returns across the fixing period (RFix) and across the trade day (RDay) are defined and 

their respective distributions are compared in the first instance. The fix return (RFix,d) for a given 

day d is given by  

RFix,d  = 𝑙𝑛(
   𝐹𝐼𝑋𝑑

𝑆𝑃𝑇0,𝑑
 ) (1) 

where SPT0,d is the spot midpoint price immediately preceding the start of the fixing and 

FIXd  is the published fixing price. Similarly, the day return (RDay,d) represents the return from 

6:00am (London) of the trade day d to 6:00am of the following day d+1, as follows 

RDay,d  = 𝑙𝑛(
𝑆𝑃𝑇6𝐴𝑀,𝑑+1

𝑆𝑃𝑇6𝐴𝑀,𝑑
 ) (2) 

In the same way, we do not compare daily returns with annual returns as we cannot simply 

difference fix returns and day returns and arrive at valid results. We need to bring the returns to 

a common scale. To do this, day returns are scaled to the fixing period for each fixing, as 

follows 

RDay*,d  = RDay,d .
 𝑇𝐹𝑖𝑥,𝑑

24 𝐻𝑜𝑢𝑟𝑠
 (3) 

where TFix,d is the fixing period for each given day d. A two-tailed t-test is used to test the 

significance of means, R̅Fix ,  R̅Day and  R̅Day* , and the difference between R̅Fix and  R̅Day*. 

 Directional analysis of the returns is another way of side stepping the time length 

difference. For a given sample, we define %NegFix and %FlatFix as 
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%NegFix  = 
𝑛( 𝑅𝐹𝑖𝑥<0 )

𝑛( 𝑅𝐹𝑖𝑥<0 )+𝑛( 𝑅𝐹𝑖𝑥>0 )
 (4) 

%FlatFix =  
𝑛( 𝑅𝐹𝑖𝑥=0 )

𝑛( 𝑅𝐹𝑖𝑥 )
 (5) 

such that %NegFix is the proportion of fixings with a negative return, excluding fixings reporting 

no price change, captured in %FlatFix. For day returns, %NegDay and %FlatDay are similarly 

defined. To see if there is any significant imbalance in the frequency of negative and positive 

returns, a one-sample proportion z-test is used to test if %Neg = 50% can be rejected. To 

determine if there is any significant difference in the frequency of negative returns between fix 

and day returns, a two-sample pooled proportion z-test of %NegFix = %NegDay is conducted. 

While scaling, or directional analysis, can address the time length difference between 

these returns, one problem remains. The day return itself contains one (in the case of silver) or 

two (for gold, platinum and palladium) fix returns. Attempts at somehow separating the two 

returns, akin to ‘unscrambling the egg’, would introduce a slew of contestable assumptions. 

Instead, simply noting the difference (RFix,d - RDay*,d  or %NegFix-%NegDay) intrinsically 

understates the actual difference. That is, the results are biased in a conservative manner, 

downplaying any difference. 

3.6 Relative trade volume 

Volume data are available for futures, unlike for spot and fixings. This provides an 

opportunity to measure the level of trade activity in the futures market. New information 

arriving to a market usually triggers a short-term elevation in trade volumes as market 

participants adjust their positions to the new information. Accordingly, the timing of any 

material change in relative volume can be used as an indicator of new information arriving to 

the market (Acker, Stalker, & Tonks, 2002; Chae, 2005). 

Total volume traded in a given one-minute interval i, on a given day d, is denoted as 

VMi,d. Averaging across the sample day yields VMi
̅̅ ̅̅ ̅ , the average volume across interval i. For 

each day, a reference trade volume level (VMrefd) is calculated by taking the average of the 

trade volume in the 15-minute reference period40.  

                                                      
40 The reference period is defined in section 3.3.  
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In calculating relative volume, we could simply divide VMi,d by VMrefd. This, however, 

creates two issues. First, the presence of zero volume intervals, particularly prevalent prior to 

2007, can create zero VMrefd values in the denominator. Second, the strong asymmetry of the 

VMi,d distribution, with volume being non-negative, results in a relative volume distribution that 

is heavily skewed. While large sample t-test statistics are robust to non-normality, they are 

adversely affected by severe skewness. 

To address these issues, logVMi,d is defined as the natural log of VMi,d, with zero VMi,d 

instances replaced with a small non-zero value41. The log transformation normalizes and largely 

resolves the heavy skew caused by the zero bound on volume, and the zero value substitution 

removes the dividing by zero problem. The log reference level (logVMrefd) is calculated, as with 

VMrefd , by taking the arithmetic average of logVMi,d over the 15 minutes reference period. The 

relative volume can then be defined as ΔVMi,d = logVMi,d - logVMrefd. Averaging across the days 

in the sample yields ∆VMi
̅̅ ̅̅ ̅̅ ̅ , the average relative volume for interval i.  

To test the significance of changes in trade volume, a one-tailed, paired t-test is 

conducted to test VMi
̅̅ ̅̅ ̅  > 𝑉𝑀𝑟𝑒𝑓̅̅ ̅̅ ̅̅ ̅̅ ̅ using the untransformed data. A one-tailed, paired t-test is also 

conducted to test ∆VMi
̅̅ ̅̅ ̅̅ ̅ > 0 using the transformed relative volume data.  

3.7 Relative price volatility 

Another marker for information entering a market is the increased level of price 

volatility. Much in the same way as volume, relative volatility is calculated for one minute 

intervals on each trade day within the analysis window. The Garman-Klass volatility estimator 

is used to estimate price volatility over each one minute interval in the event window, denoted 

Vi,d. The volatility estimate is based on open, high, low and close of midpoint quotes (Oi,d , Hi,d, 

Li,d, Ci,d) for each one minute interval i on a given day d.42  

𝑉𝑖,𝑑 = √
1

2
(𝑙𝑛 (

𝐻𝑖,𝑑

𝐿𝑖,𝑑

))

2

− (2𝑙𝑛2 − 1) (𝑙𝑛 (
𝐶𝑖,𝑑

𝑂𝑖,𝑑

))

2

  
(6) 

 

                                                      
41 A value of 0.1 was chosen, with the key findings being robust to other values such as 0.01 through to 

1.0. 
42 For robustness, the analysis was repeated using two other estimators, the Parkinson estimator and the 

Rogers-Satchell estimator, with no material change in results. 
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For each day, a reference price volatility level (Vrefd) is calculated by taking the 

arithmetic average of the price volatility in the 15-minute reference period43. Averaging across 

the days in the sample yields Vi̅ , the average volatility across interval i, and 𝑉𝑟𝑒𝑓̅̅ ̅̅ ̅̅ ̅, the average 

reference volatility level. 

In calculating relative volatility, we encounter the same issues as with relative volume 

and thus adopt the same approach. A modified logVi,d is defined as the natural log of Vi,d, where 

any zero instances are replaced with a small non-zero value44. Again, the log transformation 

normalizes and largely resolves the heavy skewness caused by the zero bound on volatility, 

whereas the zero value substitution removes the dividing by zero problem. The reference level 

(logVrefd) is calculated, as with Vrefd, by taking the arithmetic average of logVi,d over the 

15-minute reference period. The relative volatility can then be defined as ΔVi,d = logVi,d - 

logVrefd. Averaging across the days in the sample yields ∆Vi
̅̅ ̅̅  , the average relative volatility 

across interval i.  

To test the significance of changes to price volatility, a one-tailed, paired t-test is conducted 

to test Vi̅  > 𝑉𝑟𝑒𝑓̅̅ ̅̅ ̅̅ ̅ using the untransformed data and a one-tailed, paired t-test is also conducted to 

test ∆Vi
̅̅ ̅̅  > 0 using the transformed relative volatility data.  

3.8 Unadjusted returns, adjusted returns and difference in returns  

To assess public market impacts, two return measures are used on the intraday market 

data: ‘unadjusted return’ (UR) and ‘adjusted return’ (AR). These represent the returns available 

to ‘uninformed’ and ‘informed’ traders, respectively. The difference between the two return 

measures, ‘difference in returns’, is calculated to quantify any advantage the informed trader has 

over the uninformed trader. 

The unadjusted returns are realized by holding a long position, in either spot or futures, 

for one minute. These are calculated using interval close midpoint, denoted Mi,d for the one-

minute interval for i on a given day d, derived from the midpoint of the bid and ask quotes at the 

                                                      
43 The reference period is defined in section 3.3.  
44 The value 1.0 bps was chosen, with the key findings being robust to other values. 
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end of the interval. The unadjusted return (URi,d) is used to calculate the average unadjusted 

return (URi
̅̅ ̅̅ ̅) and cumulative unadjusted return (CURi) as follows: 

𝑈𝑅𝑖,𝑑 = 𝑙𝑛 (
𝑀𝑖,𝑑

𝑀𝑖−1,𝑑

) 
(7) 

URi
̅̅ ̅̅ ̅ =

1

𝑁
∑ 𝑈𝑅𝑖,𝑑

 𝑁

𝑑=1

 

(8) 

𝐶𝑈𝑅𝑖 = ∑ 𝑈𝑅𝑥
̅̅ ̅̅ ̅̅   

𝑖

𝑥=−59

− ∑ 𝑈𝑅𝑥
̅̅ ̅̅ ̅̅

0

𝑥=−59

 

(9) 

The second term in the CURi  definition (Eq. 9) is merely a zeroing adjustment to set CUR0 = 0, 

i.e. the cumulative return is zero at the end of the event interval. 

Ederington and Lee (1995) introduced the construct of ‘adjusted’ returns to capture 

returns based on an informed view of future price direction. Adjusted returns are unadjusted 

returns “adjusted” for price direction implied by the new information. In the case of the silver 

fixing, the new market information is the fixing price result, specifically whether the “fixed” 

price is higher, or lower, than the spot price before the fixing. When this price direction is 

positive, adjusted returns are calculated assuming a long position identical to the unadjusted 

returns. When the price direction is negative, adjusted returns are calculated assuming a short 

position, or the negative of the unadjusted return. 

To realize these adjusted returns, a trader requires directional foresight of the fixing 

price. This foresight is limited to knowing that the final fixing price will be higher or lower 

relative to the pre-fixing spot price. The trader is not assumed to have perfect foresight of the 

final fixing price, just its direction. Traders with this directional foresight are referred to as 

‘informed’. 

Realizing unadjusted returns places no requirement on the trader’s ability to forecast the 

outcome of the price fixing; the trader realizes this return simply by holding an ‘uninformed’ 

long position over the interval. Realizing adjusted returns, however, place a considerable burden 

on the trader. The informed trader must go long or short, and make this decision before the 

fixing price is published. The degree to which the trader has this directional foresight, and 

critically when the trader gains this foresight, will determine how much of the adjusted return 

the trader can capture. 
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Adjusted returns are calculated as the product of the unadjusted return and an 

adjustment factor (FIXDIRd) which captures the price direction of the fix return (RFix,d) on any 

given day d.  

𝐹𝐼𝑋𝐷𝐼𝑅𝒅 = sgn( 𝑅𝐹𝑖𝑥,𝑑  ) =  {

+1,    𝑅𝐹𝑖𝑥,𝑑 > 0

−1,   𝑅𝐹𝑖𝑥,𝑑 < 0

0,    𝑅𝐹𝑖𝑥,𝑑 = 0
 (10) 

 

With these defined, the adjusted return (ARi,d) is then used to calculate the average 

adjusted return ( ARi
̅̅ ̅̅ ̅ ) and cumulative adjusted returns (CARi) as follows: 

𝐴𝑅𝑖,𝑑 = FIXDIR𝑑  . 𝑙𝑛 (
𝑀𝑖,𝑑

𝑀𝑖−1,𝑑
) 

(11) 

ARi
̅̅ ̅̅ ̅ =

1

𝑁
∑ 𝐴𝑅𝑖,𝑑

𝑁

𝑑=1

 
(12) 

𝐶𝐴𝑅𝑖 = ∑ 𝐴𝑅𝑥
̅̅ ̅̅ ̅

𝑖

𝑥=−59

− ∑ 𝐴𝑅𝑥
̅̅ ̅̅ ̅

0

𝑥=−59

 
(13) 

    

With unadjusted returns defined as the return of an uninformed “long” trader, and the 

adjusted returns defined as the return of an informed trader with directional foresight, the 

difference between these two returns is calculated to quantify the value of the directional 

foresight. This underlies the definition of the difference in returns (DRi,d), the average difference 

in returns (DRi
̅̅ ̅̅ ̅), and the cumulative difference in returns (CDRi). A key feature of the difference 

in returns (DR) is its immunity from long-term market trends, such as the prolonged secular bull 

market in silver that persisted through to the later part of 2011. Differencing tends to cancel out 

these trends and we are left to focus on the difference between the uninformed and informed 

trader. 

3.9 Liquidity  

To observe variation in liquidity, there are several measures to choose from. While the 

comparative performance of these is well established in the literature (Goyenko, Holden, & 

Trzcinka, 2009), the precious metals market provides some constraints for examining liquidity 
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over the study period. For fixings which occur outside floor trading hours45, quote data is readily 

available for the futures, relieving the need to estimate from price data, as in Hasbrouck (2004). 

However, prior to the transition to Globex in late 2006, the futures trading volume at the time of 

the fixing was generally light, leading to intervals with no trades (zero volumes). Further, with 

the spot being over-the-counter (OTC) with no publicly available trade data, only market maker 

quotes are available. This narrows the choice of measures to those not reliant on trade volumes 

or trade prices, in effect preventing the use of the Amihud illiquidity measure (Amihud, 2002) 

and effective spread.  

Given the constraints of the market setting, in this study quoted spread is used as the 

liquidity measure. Quoted spreads can be observed throughout the study period, for both futures 

and spot markets, and is defined as 

𝑄𝑆𝑖,𝑑 =
2 (𝐴𝑖,𝑑 − 𝐵𝑖,𝑑)

𝐴𝑖,𝑑 + 𝐵𝑖,𝑑
 

(14) 

where Ai,d is the ask price and Bi,d is the bid price at the close of interval i, on day d.  

3.10 Predictive power of market returns 

A further test of information leakage is the effectiveness of market price movements to 

predict the future price direction of fixings. In this study, this is done in two parts: first, testing 

when (in relation to the start/end of the fixing) market prices become predictive and, second, 

testing whether predictability is related to the magnitude of the fix return. That is, does 

additional economic incentive for leakage yield higher levels of correct predictions? The timing 

of predictive ability is crucial to determine if information is entering the markets before the fix 

result is public. Therefore, analyzing differences in predictability between large and small fix 

returns addresses the question of whether trading occurs in response to economic incentive for 

trading on private information. On days with large fix returns, positive or negative, 

predictability offers large potential profits. This incentive would push informed traders into the 

market sooner, and in turn this activity would be reflected in observed prices. 

                                                      
45 The silver fixings and the AM fixings of gold, platinum and palladium. 
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A simple algorithm is used to make predictions of the future fixing direction. The 

market price (spot or futures) is observed at two times: at a reference interval and a cut-off 

interval (i).  The difference between the prices yields an observed market price direction 

(positive or negative), which is the prediction of the fixing price direction. Two additional 

variables are defined: the market price direction movement (𝑀𝐾𝑇𝐷𝐼𝑅𝑖,𝑑) and a constrained46 

version of the fix return direction (𝐹𝐼𝑋𝐷𝐼𝑅𝑑
∗ ): 

RMkti,d  = {
𝑙𝑛 (

 𝑀i,𝑑

𝑀0,𝑑
 ) , 𝑖 > 0

𝑙𝑛 (
 𝑀o,𝑑

𝑀𝑖,𝑑
 ) , 𝑖 < 0

 (15) 

𝑀𝐾𝑇𝐷𝐼𝑅𝑖,𝑑 = {
+1, 𝑅𝑀𝑘𝑡𝑖,𝑑 ≥ 0

−1, 𝑅𝑀𝑘𝑡𝑖,𝑑 < 0
   (16) 

𝐹𝐼𝑋𝐷𝐼𝑅𝑖,𝑑
∗ = {

+1, 𝐹𝐼𝑋𝐷𝐼𝑅𝑑 ≥ 0
−1, 𝐹𝐼𝑋𝐷𝐼𝑅𝑑 < 0

   (17) 

 

where Mi,d is the close price for interval i on a given day d, derived from the midpoint of the bid 

and ask quotes at the end of the interval.  

Various cut-off times are analyzed to determine when, if ever, the market price 

direction shows significant prediction of the fixing price direction. The reference interval is set 

to be the last interval before the start of the fixing (i=0). 

Care is needed to exclude fixings which complete before the cut-off interval, as these 

would no longer be predictions. For example, when setting the cut-off interval to be 12:05 for 

the silver fixing, all fixings which complete at or prior to 12:05 are excluded from the analysis. 

As such, a sub-sample of fixings (Si) is constructed for each cut-off time, to include only the 

fixings which conclude after the cut-off time ti.  

For each Si, the proportion of correct predictions (Pi) is calculated by tallying the 

fixings where the fix direction matches the market price direction, i.e. for which MKTDIRi,d = 

FIXDIRd. A proportion z-test is used to test the significance of Pi = 1/2, the proportion expected 

from a uniformly random assignment.  

To address the second part of our analysis, testing the impact of incentives, the sample 

of fixings not completed up to interval i (Si) is sub divided into two disjoint sub-samples: Si,Sml 

                                                      
46 Constrained to two states (positive and negative) from three states (positive, negative, flat). 
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(small absolute fix returns) and Si,Lrg (large absolute fix returns). Days when fix return 

magnitudes exceed the median for Si are allocated to Si,Lrg, while the others are allocated to Si,Sml.  

For each of the three samples (Si , Si,Lrg, and Si,Sm ), the proportions of correctly  

predicted fixing directions (Pi, Pi,Sml and Pi,Lrg ) are calculated by tallying the number of 

instances where 𝐹𝐼𝑋𝐷𝐼𝑅𝑑
∗  = 𝑀𝐾𝑇𝐷𝐼𝑅𝑖,𝑑 for all days d in the respective sample.  A chi-squared 

contingency table test is used to test the significance of rejecting the null Pi,Lrg = Pi,Sml. 

It should be noted this is deliberately a simplistic model and is not in any way intended 

to represent an optimized predictive algorithm. More elaborate models drawing on wider market 

information such as trade sizes, limit order book dynamics, trade and quote times of arrival and 

such, could yield some improvements in prediction accuracy. As such, the Pi, Pi,Sml and P,i,Lrg 

should be interpreted as minimum, not maximum, prediction levels. 

3.11 Summary 

This chapter details the data and methods employed to test the research question laid out 

in Chapter 1. The data sources and sample are discussed in section 3.2, detailing the fourteen 

years of study sample (2000-2013) across the seven fixings (silver, gold AM and PM, platinum 

AM and PM, and palladium AM and PM).  Imperfections in the sample data range from 

unavoidable cross country calendar issues, gaps in the market database, inconsistencies in the 

recorded data, to insufficient market data density. However, the impact of these issues is minor. 

Typically, 95%+ of the fixings within the study period have validated data across all the 

variables used in this study. 

Futures market data for the PM fixings, occurring during futures floor trading hours, is 

limited in the first half of the sample. Prior to the transition to electronic trading during floor 

trading hours, there is little to no quote data available for floor trading hours. Further, trade data 

for platinum and palladium is insufficiently dense to resolve prices on a minute sample interval 

over this period. As such, analysis of the futures market interactions for the PM fixings is 

limited to the second half of the study period (2007-2013). 

The methodology used in this study draws from Ederington and Lee (1995), subsequently 

adapted to the analysis of the London gold fixing in Caminschi and Heaney (2014), and finally 
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extended in Caminschi (2014) to analyze the silver fixing. Conventions, variables, calculations 

and methods are discussed in sections 3.3 through 3.10. These are designed to test for any price 

bias in the fixings, quantify any impacts the fixings have on the continuously trading markets, 

and test for information leakage from the fixings as well. For the fixings with data coverage, 

comparisons are made between the first and second half of the sample period, to show the 

differences in trading from the floor to the electronic terminals. 
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CHAPTER 4      

 

SILVER 
 

 

 

 

 

 

“Silver is the devil’s metal . . . .  

People look at silver and think it’s an easy market.  

Those people get carried out on a stretcher.” 
 

John Levin, HSBC Managing Director of Global Metals Trading 

Financial Times Silver Investment Conference 

London, June 9, 2010 
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4.1 Introduction 

In this chapter, the findings relating to silver are detailed. In section 4.2, historical and 

contextual background is presented on the silver market and its key institutional features. This 

covers some significant events in the development of the silver market, the London silver fixing, 

the OTC market for silver and the silver futures exchanges. Section 4.3 briefly reviews the data 

and methodology detailed in Chapter 3, drawing out specifics related to silver. Section 4.4 

reports the results of the analysis and section 4.5 provides concluding commentary. 

4.2 Background, institutions and instruments  

4.2.1 Brief historical context 

Silver derives its elemental symbol (“Ag”) from the Latin word “Argentum”, meaning 

“shining grey”. The metal has been part of human history since ancient times. Ancient slag 

heaps suggests silver was being separated from lead as early as 4000 BC47, while the Lydian 

Stater (earliest known western coin48) dates to around 700 BC. The Stater was minted from 

“electrum”, which is a naturally occurring alloy of gold and silver.  

This close association, with both money and gold, endured to the early 20th century. In 

the wake of the World Wars and the Great Depression, countries moved away from their 

respective gold and/or silver standards, ushering in the current era of fiat money. The transition 

was not without controversy. In 1934, President Roosevelt moved to nationalize holdings of 

silver, issuing executive Order 681449. While gold had been nationalized a year earlier under 

Executive Order 6102, the move still stirred controversy, as witnessed by the headline shown in 

Figure 10. 

                                                      
47 Pateterson, C., “Native Copper, Silver, and Gold Accessible to Early Metallurgists”, American 

Antiquity, Vol. 36, No. 3 (Jul., 1971), pg. 286. 
48 Kagan, A. “The Dates of the Earliest Coins” American Journal of Archaeology Vol. 86, No. 3 (Jul., 

1982), pg. 343. 
49 http://www.presidency.ucsb.edu/ws/index.php?pid=14741. 
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Figure 10. Headlines announcing Executive Order 6814, nationalizing silver. 

 

Silver’s official severance from money came as late as the Coinage Act of 196550, 

which effectively ended its use in widely circulating coins. 

Modern uses for silver include industrial (such as electronics, solar energy, and 

photography), domestic (silverware and jewelry), and medical uses (dentistry and 

antimicrobials). Silver has also retained a following with investors, through coins and bullion, to 

protect against currency devaluation. Following the global financial crisis of 2008, with public 

confidence in fiat money shaken, the renewed interest in more tangible currency led to the 

passing of the Legal Tender Act of 2011, re-introducing silver (and gold) as legal tender51. 

Removing silver from the US currency in 1965 meant silver prices lost what in effect 

had been a price ceiling. At the time, had the price of silver risen above $1.38 per ounce, the 

value of the metal contained in the minted coins would have exceeded the face value of the 

currency. Holders of coins stood to reap an arbitrage by simply melting the coins down and 

selling the constituent metal. To keep the price of silver at $1.29, the US Treasury sold over 

1.15 billion ounces of silver bullion and coins in six years before the Coinage Act came into 

effect.  

Without a regulated price ceiling, the price of silver initially soared to $2.57 (in 1968) 

before returning to around $1.90 for most of the early 1970s. The exit of the US Treasury from 

the market acted to further reduce supply at a time when industrial demand was already tight, 

driven by mass market photography and electronics.  

                                                      
50 https://fraser.stlouisfed.org/scribd/?title_id=1123&filepath=/docs/historical/congressional/coinage-act-

1965.pdf#scribd-open. 
51 http://www.nytimes.com/2011/05/30/us/30gold.html?_r=0. 

https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwisrKbahcnKAhXBopQKHTatA8sQjRwIBw&url=http://www.silverbearcafe.com/private/04.13/keyfactors.html&psig=AFQjCNFRVNtsA8xc3K5UBFN8t4XbJ0cvSQ&ust=1453951509028627
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By 1978, the price had breached $5/ounce. The fourfold appreciation in the price of 

silver had taken some twelve years, but the following two years would see a further tenfold rise. 

By 1979, Nelson Bunker Hunt and William Herbert Hunt, sons of a Texan oil billionaire, were 

attempting to corner the silver market52. Subsequently, in January 1980, the price reached as 

high as $49.45.  

The regulatory response, triggered in part by public outrage53, was to attack the Hunts 

on two fronts. First, the government prevented FDIC-insured banks to lend for the purpose of 

commodity speculation.  Second, the COMEX introduced “Silver Rule 7”54, which dramatically 

increased the margin requirements and limited deliveries on silver futures. The Hunts’ position 

was highly leveraged, so increasing capital requirements while cutting their access to capital 

proved extremely effective. As a result, the Hunts failed to meet a margin call and the silver 

price started to tumble. The final capitulation came on March 27, 1980, dubbed “Silver 

Thursday”, when the silver price halved to around $10 per ounce. Silver had fallen by some 

80% within a few short weeks.  

The government’s actions to burst the Hunts’ silver bubble were so successful that 

concerns quickly turned to the potential collapse of the banks and brokerages that had lent to the 

brothers, and the systemic risk posed to the broader financial system.  “The threat was so grave 

that Paul Volcker, Chairman of the Federal Reserve Board, reluctantly allowed the Hunts a 

billion-dollar credit line.”55 By July 1982, silver had returned to its pre-bubble price of $5/oz., 

where it would stay for much of the next two decades56.  

 

4.2.2 Overview of price, volatility and market turnover during study period 

Variations in the price of silver over the period of this study are shown in the price and 

volatility charts in Figure 11. The fourteen years include periods of relative price stability 

                                                      
52 https://www.bloomberg.com/news/articles/2014-10-23/hunt-s-death-revives-memory-of-fortune-lost-

on-silver-bet 
53 http://content.time.com/time/magazine/article/0,9171,920875,00.html. 
54 See (United States. Congress. House. Committee on Agriculture. Subcommittee on Conservation & 

Development, 1982) at p. 316. 
55 http://www.telegraph.co.uk/news/obituaries/11180661/Nelson-Bunker-Hunt-obituary.html. 
56 With the exception of two notable, albeit short lived, rallies in mid-1982 to end of 1984 and early 1987 

to late 1988. 
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(2000-2003), bull markets (2004-2008), sharp corrections (2008-2009), a parabolic bull market 

re-testing the Hunt-era highs (2008-2011), and a prolonged bear market (2011-2013).  

 

Figure 11. Silver prices and volatility chart for the study period.  

The top chart shows the nominal price of silver in US dollars per troy ounce over the study period (2000-2013). The 

bottom chart shows annualized monthly historical price volatility. The study period contains both bull and bear 

markets, and both high and low volatility periods. 
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 Over the study period, the global value of the silver trade increased dramatically from 

less than USD 1 trillion annually (2000-2003) to nearly USD 10 trillion in 2011. To put these 

figures into context, the total market turnover for the NYSE, the world’s most traded equity 

exchange, was USD 15.8 trillion in 201457, while Australia’s ASX turned over slightly less than 

USD 1 trillion that year. 

 

Figure 12. Silver market turnover during the study period.  

The total global silver market turnover is composed of the OTC physical “spot” silver which is cleared by the London 

Precious Metals Clearing Limited (PCMCL) and exchange traded silver futures. The physical trade volumes not cleared 

are estimates. 

 

4.2.3 The London silver fixing 

The origin of the London silver fixing dates back to 1897, when the four major silver 

dealers of the day started to meet each day (1:45PM on weekdays and 11:45AM on Saturdays) 

to settle on a daily silver benchmark price. The original members comprised Sharps & Wilkins, 

Mocatta & Goldsmid, Pixley & Abell, and Samuel Montagu. Its structure and procedures were 

subsequently adopted in other precious metals markets (gold in 1919 and platinum and 

palladium in 1989) with only slight variations from metal to metal. 

                                                      
57 http://www.world-exchanges.org/home/index.php/statistics. 
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For over one hundred years, the fixing remained largely unchanged. Sharps & Wilkins 

merged with Pixley & Abell to become Sharps & Pixely, which was subsequently bought by 

Deutsche Bank. Scotiabank bought Mocatta & Goldsmid, while HSBC bought Montagu. In 

1999, the in-person meetings were replaced with a teleconference, and the meeting time moved 

to noon of each London business day. This structure remained in place until 14 August 2014 

when it was replaced with the “The LBMA Silver Price”58. This study focuses on the fourteen 

years (2000-2013) between these structural changes, during which the institution features 

remained unchanged. 

As detailed in section 1.2.2.2, the “fixing” process itself is an auction where an 

equilibrium price is established through multiple rounds seeking to balance participant demand 

and supply through price variations.  All participants, including the members’ clients, funnel 

their orders through the three59 fixing members. Clients range broadly and include silver 

producers (miners, refiners), consumers (jewelers, industrials), investors, speculators, private 

individuals, sovereign states and their reserve banks. Fixing members consolidate their 

respective client orders, as well as any orders from their own proprietary trade desks.  

The fixing process begins at noon for each London trade with the Chair announcing a 

starting “trying” price, which is usually near the prevailing spot price. Each of the remaining 

members then declares themselves as either a net buyer or a net seller at this price. The Chair 

then adjusts the price until there are both buyers and sellers declared. The auction progresses to 

the next phase with buyers and sellers declaring the quantity they seek to transact at this price. 

The Chair then adjusts the price to bring the quantities to balance. With quantities balanced, to 

within 300 bars60, the Chair deems the price to be “fixed” and announces the result to the 

London Bullion Market Association (LBMA) for broad announcement. The process typically 

lasts two to eight minutes, depending on the trade conditions of the day. During the proceedings, 

fixing members are not restricted in trading in other silver related instruments. 

                                                      
58 http://www.lbma.org.uk/lbma-silver-price. 
59 The merger of Sharps & Wilkins with Pixley & Abell resulted in the membership dropping to three 

members from four. 
60 A ‘bar’ is specified as approximately 1000 troy ounces of 99.9% pure silver. See 

http://www.lbma.org.uk/good-delivery-rules for further details, including tolerances. 
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It must be emphasized that while there are only a handful of fixing members, the fixing 

participants include the clients of these members. While the clients are not privy to the fixing’s 

teleconference, there are no rules preventing clients from receiving updates during the fixing. 

Further, clients have some insight into the composition of the order book, even if only from 

their own order. This is especially true if, for example, the client is bringing a large order to the 

fixing.  

 

4.2.4 Physical “spot” silver 

London is the center of the global bullion market, with its origins and leadership tracing 

back to the 17th century. Its present structure, however, was largely created in the 1980’s. The 

Bank of England originally regulated the market until 2000, when market oversight was 

transferred to the Financial Services Authority (FSA), in consultation with the LBMA. With the 

dissolution of the FSA in 2012, regulatory oversight reverted to the Bank of England.  

The silver bullion market is an OTC market with no central exchange. The market consists 

of the 11 market-maker members of the LMBA61, which includes the current three fixing 

members. Market makers are required to provide two quotes during regular London business 

hours, 8am to 5pm, however the market functions virtually around the clock with regional 

offices providing coverage outside the London trade day. 

Market data on spot silver consists of the two-way quotes (bids and asks) provided by these 

market makers, with no records of actual trades being publicly available. Financial market data 

providers, such as Bloomberg or Thomson-Reuters, commonly consolidate the quotes from 

several sources, and report the consolidated feed under the generic ticker “XAG”. Prices for 

spot silver are quoted in USD per troy ounce, and spot settlement is “T+2”, i.e. delivery and 

payment must clear on the 2nd business day after the trade. 

Clearing of spot silver is conducted by the London Precious Metals Clearing Limited 

(LPMCL)62, through its AURUM platform. As no trade volumes are publicly reported for the 

                                                      
61 The full list of members is available at http://www.lbma.org.uk/membership. 
62 A not-for-profit utility owned by market makers Barclays, HSBC, JP Morgan, Scotiabank and UBS. 
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OTC market, clearing statistics are the best available data source for the markets size, as 

provided in Figure 13 below. 

 

Figure 13. London physical silver clearing volume and value, by year. 

 

 The clearing statistics show silver traded on the order of 22 to 44 billion ounces per year 

during the period of this study. In nominal US dollar terms, this is between $100 Billion (2000-

2003) to over $1.5 trillion (2011). This, however, represents only the lower bound of spot silver 

turnover. There are several reasons for this, with the main reason being the “netting” of trades 

by clearing members. As explained by Peter L. Smith, Global Head of Physical Precious Metals 

at JP Morgan Chase: 

“Virtually all gold and silver wholesale traders net all their trades for the same value date, with each of 

their counterparties, the clearing statistics mask the actual underlying value of daily Loco London OTC 

trading. In my opinion, the numbers are probably understated by as much as a factor of three times, or 

possibly even more during busy market periods / periods of high volatility in the market.” (Smith, 2009).  

Other exclusions are balance transfers between clearing members for the sole purpose of 

reducing overnight credit risk, and bilateral trades not cleared through the LPMCL. 
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4.2.5 Silver futures  

4.2.5.1 Market history and overview 

The Commodity Exchange, Inc. (COMEX) was established in New York in 1933 with the 

merger of four exchanges: the National Metal Exchange, the Rubber Exchange of New York, 

the Raw Silk Exchange of New York and the New York Hide Exchange63. It was the first U.S. 

exchange to trade a non-agricultural futures contract: silver (Whaley, 2003). The timing of this 

market entry, just one year before Roosevelt’s nationalization of silver, was in hindsight 

somewhat unfortunate. With trade in silver resuming in the 1960s, the Chicago Board of Trade 

(CBOT) launched a competing silver contract in 196864. The contractwhich was also CBOT’s 

first non-agricultural contract, enjoyed considerable success (Silber, 1981). These were joined 

by the Tokyo Commodity Exchange (TOCOM) in the 1980s65 and several more most recently, 

notably the Multi Commodity Exchange (MCX) in Mumbai and the Shanghai Futures Exchange 

(SHFE).  

For the period of this study, the overall level of trade activity is presented in Figure 14. 

Average daily volume, in ounces, is presented in the top chart, followed by the average number 

of unique contracts traded, and the average total maturities traded66.  

The figures show that prior to 2004, the silver futures market was somewhat static, with 

trading confined to four contracts: the COMEX “SI”, the CBOT “ZZ”, the TOCOM “JSV” and 

the SHF “SAG”. From the end of 2003, several new contracts were introduced: India’s MCX 

and NCX each introduced a silver contract, while the CBOT introduced a direct competitor to 

the COMEX “SI” contract67.  

                                                      
63 http://sirt.cftc.gov/SIRT/SIRT.aspx?Topic=TradingOrganizations. 
64 http://www.cmegroup.com/company/history/timeline-of-achievements.html. 
65 http://www.tocom.or.jp/profile/history.html. 
66 Refer to Appendix B, Table B-1 for summary details of these contracts. 
67 CBOT’s ZZ contract had a lot size of 1,000 oz per contract, whereas the newly introduced ZI contract 

matched the COMEX SI lot size of 5000 oz. In June 201,3 COMEX would return the favor, introducing a 

1,000 oz contract called the SIL. 
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Figure 14. Silver futures trading activity.  

The top chart shows the aggregate monthly trade volumes in ounces of metal across all exchanges, contracts and 

maturities. The middle chart shows the average number of unique contracts, across all exchanges, traded in each month. 

The bottom chart shows the average number of maturities, across all contracts and exchanges, traded in each month 

 

Not all contracts introduced were ultimately successful. Three had been abandoned by the 

end of the study period. Nonetheless, the number of unique contracts grew from four at the start 

of the study period to 16 by the end, having reached a peak of 19, while the number of 

exchanges had increased from four to ten. 

Even with all these new entrants, the CME Group’s COMEX, based in New York, remains 

the dominant futures market for silver. This is shown in Figure 15, which breaks the aggregate 

trade volumes shown in Figure 14 into its constituent contracts, and in Figure 16 which reports 

the open interest in these contracts. 
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Figure 15. Silver futures trade volume and market share.  

The top chart shows the daily average trade volumes for each major contract; the bottom chart shows the respective 

trade volume share for each contract. 
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Figure 16. Silver futures open interest and market share.  

The top chart shows the daily average open interest for each major contract, the bottom chart shows the respective 

open interest share for each contract. 

 

In this study, the COMEX “SI” contract is used to study the interaction between the 

fixing and public markets as it is the most actively traded futures contract. While COMEX did 

not enjoy total dominance in the early years of the study period (2000-2003), it remained the 
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most actively traded silver futures contract in terms of trade volume and, perhaps more tellingly, 

open interest. Looking forward, COMEX’s dominance is by no means guaranteed. Indeed the 

Shanghai Futures Exchange’s explosive volume growth in 2013 could signal a change in silver 

futures’ center of gravity towards the east. However, it could also dwindle, much like what 

occurred with India’s National Commodity and Derivative Exchange in 2008-2009.  

4.2.5.2 The COMEX  

The Commodity Exchange, Inc. (COMEX) is the dominant exchange for silver futures 

contracts. It was bought by the New York Mercantile Exchange (NYMEX) on 3 August 1994, 

and thereafter it continued as a division within NYMEX. In the prior year, as at 28 June 1993, 

NYMEX introduced electronic trading hours trading (NYMEX, 1993). As a result of the 

COMEX/NYMEX merger, the COMEX contracts gained access to the NYMEX ACCESS 

platform and for the first time became tradeable electronically, i.e. via computer terminals rather 

than open out-cry floor trading.  

The major limitation of NYMEX ACCESS was that it only functioned outside of floor 

trading hours. As such, NYMEX ACCESS was only ever considered an “after-hours” trade 

venue, attracting a small portion of market activity. Competitive pressure from its rival, the 

Chicago Board of Trade (CBOT), forced NYMEX/COMEX68 to adopt the Chicago Mercantile 

Exchange (CME) Globex electronic trading platform in December 2006. This transition brought 

with it a significant policy shift to offer “side-by-side” trading. Via Globex, NYMEX/COMEX 

permitted electronic trading during floor trading hours for the first time.  

In 2007, a bidding war broke out between the Chicago Mercantile Exchange (CME) and 

the Intercontinental Commodity Exchange (ICE) for CBOT. It was a war won by the CME, 

which acquired its former rival on July 969. This left NYMEX in a precarious position. NYMEX 

had become reliant on the CME’s Globex electronic trading platform, and the CME, through its 

acquisition of CBOT, had become its main competitor overnight. However, the situation was 

                                                      
68 http://online.wsj.com/news/articles/SB115187952655396585. 
69 http://www.futuresmag.com/2007/07/18/cmecbot-merger-goes-through. 
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resolved on 17 March 2008, when NYMEX agreed to an offer from the CME Group to be 

acquired70 and become part of the CME Group, where it remains to the present day. 

On the surface, these changes appear to have little relevance to the London silver fixing. 

The fixing always fell outside the COMEX floor trading hours71. However, by enabling side-by-

side trading, the Globex platform quickly allowed transition of liquidity from the trading floor 

to the trading terminals. It was no longer necessary to be physically in the COMEX silver pit (in 

New York) to trade silver futures in volume. With liquidity on Globex, the silver contract was 

tradable 23¼ hours per day72. Indeed trading overlapped the silver fixing. Further, unlike floor 

trading, screen trading offered a level of anonymity not possible on the floor.  

4.2.5.3 The COMEX “SI” silver futures contract 

The COMEX “SI” silver futures contract covers 5000 troy ounces of good delivery silver, 

physically settled at a CME certified warehouse within the contract delivery month. This 

contract is quoted in US Dollars with a tick size (minimum price fluctuations) of USD 0.005 

(half a cent per troy ounce). The contract trades on three platforms within the CME group: the 

electronic CME Globex, the CME Clearport for block trades, and the original COMEX open 

outcry pit in New York. The Globex platform has come to dominate the open outcry pit, as 

outlined by Karan et al. (2008), and thus Globex market data are used in the analysis.  

Maturities for the SI contract range from the current month to 60 months out, with trading 

focused activity on the nearest designated “active” month contract. These months are: March, 

May, July, September and December. While multiple contracts trade on any given day, this 

study only analyzes pricing data of the active month contract. 

Market data on silver futures is relatively rich. Trade and quote data are provided by the 

exchange for public record. This includes records of all transactions with price and volume data 

which, unlike the OTC markets, gives us direct measurement of market activity.  

                                                      
70 http://www.marketwatch.com/story/cme-to-buy-nymex-for-100-share-or-93-billion. 
71 The COMEX floor trading hours are from 8:25am to 1:25pm (New York) and 12:25pm to 6:25pm 

(London). 
72 Sunday – Friday 6:00pm to 5:15pm (New York) as outlined in 

http://www.cmegroup.com/trading/metals/precious/silver_contract_specifications.html. 
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Transaction costs for these futures contracts are low. For CME futures, there are three 

components to transaction costs: exchange fees, brokerage commissions and regulatory fees. 

The CME/COMEX exchange fees for the SI contract range from USD 0.45 to USD 1.45 per 

contract, with brokerage fees adding a further USD 0.10 to USD 0.25 per contract73. Total 

trading fees range from USD 0.55 per contract for high volume institutional traders to USD 2.32 

per contract for retail traders. As one contract covers 5000 oz. of silver, with each ounce having 

a price of $20, this results in a notional exposure of $100,000. Even for the worst case of $2.32 

per contract for retail traders, the transaction costs represent less than 0.0023% or 0.23 basis 

points (bps) of the notional value. Apart from the explicit transaction costs, other key trade costs 

include traversing the bid-ask spread and slippage. While these costs are difficult to estimate, 

each price tick represents about 0.025% (2.5 bps) of notional value, using a price of $20 per 

ounce. Allowing for four ticks of slippage and spread, and two sets of transaction costs, a 

threshold of 10 bps will be used to classify a round-trip trade as economic. 

  

                                                      
73 Source: CME Website – NYMEX Fee schedule (July 2, 2012) and Interactive Brokers LLC published 

fee schedule (August 2012). 
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4.3 Methodology and data  

The methods used to analyze fixing returns, unadjusted, adjusted and difference returns, 

and return predictability are detailed in Chapter 3. As a brief summary, returns observed during 

the fixing (fix returns) are compared with those over the full trade day (day returns), unadjusted 

returns are compared to returns adjusted for fix price direction, and the power of observable 

market returns to predict the fix price direction are also assessed. There are no silver specific 

departures from the general analysis methodology. 

Unique to silver, there is only one daily London fixing (unlike the AM and PM fixings 

for the other three precious metals). For the length of the study period, the London fixing 

commenced on each London trade day at noon local time. This placed the silver fixing typically 

at 7AM (New York), which is outside the regular floor trading hours74.  

Futures trading for the first half of the study period (2000-2006) took place on the 

NYMEX ACCESS platform, only used for out-of-hours trading, while in the second half of the 

study period (2007-2013) the Globex trading platform was used. By virtue of trading having 

been on electronic platforms for the full study period, futures quotes data are available for the 

entire period.  

Data coverage for the fourteen years is comprehensive, as outlined in Table 8 below. The 

sample covers more than 95% of the fixings conducted over the fourteen-year study period. This 

level of coverage provides some degree of confidence that the sample is indeed representative of 

the population. All data sources and sample exclusions are detailed in section 3.2. 

Table 8. Silver Fixings sample data summary. 
Presented are the total number of daily silver fixings, the various data issues and their impact on the 

effective sample size over the study period (2000-2013). The sample of fixings covers nearly 99% of 

the population, whereas the sample of fixings with futures market data covers 95.6% of the 
population. Source data: Thomson-Reuters, Bloomberg and the LBMA. 

 Fixings  %  

Total number of fixings (nRaw) 3,537  100% 

   Missing spot market data 1  0.0% 

Fixings with spot returns (nReturns) 3,536  99.98% 

   Missing from the primary data set 21  0.6% 

   Exceeding one hour 24  0.7% 

Fixings with valid timestamps (n) 3,492  98.7% 

   Corrected fixing price 6  0.2% 

   Closed futures market 55  1.6% 

   Insufficient futures market data 55  1.6% 

Fixings with valid timestamps and market data (n*) 3,382  95.6% 

                                                      
74  See Appendix C, Table C-1 for a summary of trading over the study period. 
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4.4 Results 

This study finds empirical support for four key findings. First, the fixing benchmark price 

shows anomalies inconsistent with an unbiased reference price, as detailed in section 4.4.1. The 

average fix returns are consistently, materially and significantly negative. This negative bias 

stands in contrast to observed day returns for the silver market more generally. 

Second, the price impact from the fixing spills into the spot and futures markets, as detailed 

in section 4.4.2. The fixings have a consistently, materially and significantly negative price 

impact on spot and futures market prices. This price impact is the main feature of the London 

trade day, and remains well beyond the conclusion of the fixing. The liquidity impact, however, 

dissipates in minutes. This suggests that short term liquidity effects are an unlikely explanation 

for the price bias. 

Third, there is empirical support for information leaking from the fixing, providing a trade 

advantage to fixing participants, as detailed in section 4.4.3. Trade volume and price volatility 

spikes are aligned to the start of the fixing, rather than following the announcement of the fixing 

price. Adjusted returns show that prices drift in line with the subsequent fixing price before the 

fixing result is announced, and in some cases even before the fixing start. The price direction of 

the fixing is highly predictable from public market trades immediately following the start of the 

fixing. 

Finally, in section 4.4.4, evidence of the profound effect of the migration from floor trading 

to electronic trading in late 2006 is presented. This break in market structure results in the 

collapse of the bid-ask spread and a dramatic increase in trade volume. This suggests an 

increase in liquidity which results in lower limits to arbitrage in the silver futures market. This, 

in turn, should lead to a reduction in the distortions around the fixing. However, the opposite is 

observed. The unadjusted returns (price impact) around the fixing become larger and commence 

earlier – up to ten minutes before the start of the fixing. The adjusted returns (information 

advantage) increase as transactions cost decrease.  

Combined, these findings suggest the change in market behavior is unlikely to be related to 

trader imbalance, liquidity effects or market frictions. A more likely explanation is the 
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suppression (manipulation) of the benchmark, possible collusion and likely front running by 

fixing participants. 

4.4.1 Suppression of the fixing price 

Initial analysis of the fix period and return are provided in Table 9 below, which is 

organized into five panels (Sample count, Fixing period, Returns, Price direction and Return 

magnitude) and reports statistics for each year of the study period, for seven year blocks before 

and after January 1, 2007, and for the study period in total. Panel A provides sample counts and 

Panel B provides descriptive statistics of the fixing period. 

Panel C reports statistics for fix returns and, by way of comparison, day returns for spot 

silver. The first two rows report the fix return (�̅�Fix) and the day return (�̅�Day) for all 3,536 

(nReturns) fixings for which both the pre-fixing spot price and the fixing price are available.  

�̅�Fix for the full sample is -8.3 bps, significant at the 0.1% level, as reported in the “All” column. 

�̅�Day is +3.8 bps for the same period. This result is curious on two counts: firstly, the signs 

differ, and secondly, �̅�Fix is more than twice the magnitude of �̅�Day. Moreover, the average 

fixing lasts less than five minutes (TFix), as can be seen in Panel A, whereas the day returns 

reflect price movements over the 24-hour trading period for the day.  

Scaled day returns (�̅�Day*) allow direct comparison between the fix return and day return, 

addressing the difference in return periods, as detailed in section 3.5 above. This in turn restricts 

our sample to the 3,492 (n) fixings for which we have valid timestamps. The third, fourth and 

fifth rows of Panel C report �̅�Fix, the scale day return (�̅�Day*), and the difference between these 

two returns (R̅Fix-R̅Day*), respectively. The slight difference between the �̅�Fix shown in the first 

and third rows is attributable to the difference in samples (n versus nReturns). The dramatic 

difference between the �̅�Day and �̅�Day* results from scaling a 24-hour return to, on average, a 4.6 

minute return75. In essence, R̅Day* is immaterial, with the size and significance of R̅Fix-R̅Day* being 

driven solely by R̅Fix. 

  

                                                      
75 There is an abrupt break in the fixing period following May 2012, after which the majority of fixings 

conclude in under two minutes. See Appendix D.2, Figure D-103 for further details and discussion. 
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Table 9. Summary statistics of the London silver fixing. 
Presented are statistics on the time taken for the silver fixing to complete (the fix period, TFix) and the price change in silver over 
this period (the fix return, RFix). Statistics are reported for each year of the study, pre and post 1 January 2007 under “<’07” and 

“≥'07”, and for the full study period under “All”. Panel A details the sample count: nRaw is the total number of fixings within the 

period (inclusive of outliers), nReturns is the number for which returns are calculable, n is the number of fixing with returns and 
valid timestamps (exclusive of outliers), and n* is the number of fixings with futures and spot intraday market data available. Panel 

B details fixing timings: T̅Fix reports the average period between the fixing start and end, %Upd is the percentage of fixings for 

which a price update is published before the fixing ends, T̅Upd reports the average time to the first update, and T̅1st reports the 

average period to the 1st public reporting of a price from the fixing. All periods are presented in minutes.  Panel C details returns: 

R̅Fix is the mean fix return, R̅Day is the mean day return being from 6AM (London) before the fixing to the following 6AM, and R̅Day* 

is the mean scaled day return, where RDay* is RDay scaled by TFix/24 hours. Significance is stated for a two-tailed t-test of R̅Fix = 0, R̅Day 

= 0, R̅Day*  = 0 and R̅Fix - R̅Day* = 0, respectively. Panel D details price directions: %NegFix reports the percentage of days with a 
negative price movement across the fixing (RFix<0), excluding days with no price movements (RFix=0) which are reported in 

%FlatFix. For day price movements. %NegDay and %FlatDay are similarly defined. Significance is stated for a one-sample proportion 

z-test of %NegFix = 0.5 and %NegDay = 0.5, and a two-sample, pooled proportion z-test of %NegFix = %NegDay. Finally, Panel E 

details the return magnitudes: R̅N (R̅P) is the mean fix return of the negative (positive) fixing returns. R̅P-|R̅N| reports the difference 

between the two average returns, along with significance from a two-tailed t-test of R̅P-|R̅N| = 0. The sample period covers January 
2000 to December 2013. All returns are log returns presented in basis points. *, ** and *** denote 5%, 1% and 0.1% statistical 

significance, respectively. 
                              

 
        

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  <'07 ≥'07  All 
                                      

Panel A – Sample count  
nRaw 252 253 252 253 254 252 252 253 254 253 253 251 252 253   1768 1769   3537 
nReturns 252 253 252 253 253 252 252 253 254 253 253 251 252 253   1767 1769   3536 
n 251 241 244 249 247 249 247 251 254 250 253 251 252 253   1728 1764   3492 
n* 225 221 228 233 232 240 240 251 254 250 252 251 252 253   1619 1763   3382 
                                       

Panel B – Fixing period  

T̅Fix 4.5 4.4 4.3 5.1 5.1 4.4 6.3 5.7 5.6 4.4 4.2 6.0 2.6 2.1   4.9 4.4   4.6 
%Upd 2.4 2.2 1.3 5.7 5.4 3.7 6.2 2.4 2.8 0.8 2.4 15.1 49.2 72.7   3.8 20.9   12.5 

T̅Upd 3.3 3.6 3.6 4.9 5.9 3.9 6.7 5.1 4.6 4.4 5.5 2.1 0.4 0.3   5.1 0.8   1.4 
T̅1st 4.4 4.4 4.2 5.1 5.1 4.4 5.6 5.2 5.0 4.3 4.2 5.5 1.5 0.4   4.7 3.7   4.2 
                                        

Panel C – Returns  

R̅Fix -12.3*** -12.9*** -14.0*** -8.4*** -4.8** -5.1*** -9.6*** -3.4*** -16.6*** -11.3*** -0.6 -6.8** -5.5*** -5.0***   -9.6*** -7.0***   -8.3*** 

R̅Day -6.0 -0.1 1.6 8.7 4.9 12.9 14.8 5.3 -11.3 16.7 23.4* -3.4 3.0 -17.8   5.3 2.3   3.8 

For fixings with returns and valid timestamps (n=3492) 

R̅Fix -12.2*** -13.1*** -12.5*** -7.9*** -5.4*** -5.1*** -9.9*** -3.4*** -16.6*** -11.5*** -0.6 -6.8** -5.5*** -5.0***   -9.4*** -7.1***   -8.2*** 
R̅Day* 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 -0.2 0.1 0.1 -0.2 0.0 0.0   0.0 0.0   0.0 

R̅Fix-R̅Day* -12.2*** -13.1*** -12.5*** -8.0*** -5.4*** -5.2*** -9.9*** -3.4*** -16.4*** -11.5*** -0.6 -6.6** -5.5*** -5.0***   -9.5*** -7.0***   -8.2*** 
                                       

Panel D – Price direction 

%NegFix 94*** 85*** 82*** 76*** 61** 67*** 66*** 63*** 80*** 73*** 52 54 72*** 62***   75*** 65***   70*** 
%NegDay 53 52 47 46 46 44 42* 43* 48 43* 43* 44 50 54   47* 47**   47*** 

%NegFix-%NegDay 41*** 33*** 35*** 30*** 15** 23*** 24*** 20*** 31*** 29*** 9* 10* 22*** 7   28*** 18***   23*** 

                                       
%FlatFix 20 19 15 21 13 17 6 9 4 7 6 5 5 7   16 6   11 
%FlatDay 12 11 6 8 4 3 2 2 1 0 2 0 1 1   7 1   4 
                                        

Panel E – Return magnitude 

R̅P 17.2 16.8 14.7 16.7 19.9 13.4 16.4 11.0 18.7 14.4 17.2 19.2 10.2 13.0   16.6 15.0   15.6 

R̅N -17.5 -21.4 -23.5 -19.2 -22.0 -15.9 -24.0 -12.2 -26.5 -22.0 -16.8 -29.1 -12.0 -16.8   -20.5 -19.5   -20.0 
R̅P-|R̅N| -0.3 -4.6 -8.8* -2.5 -2.1 -2.6 -7.6* -1.2 -7.8 -7.5** 0.4 -9.9** -1.8 -3.8   -4.0*** -4.4***   -4.4*** 
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�̅�Fix is negative for each of the fourteen years and significant at the 0.1% level for all but 

two years (2011 shows 1% significance, while 2010 is not statistically significant). �̅�Day, on the 

other hand, is positive for all but four years (2000, 2008, 2010, and 2013). The results show that 

the fix return exhibits a material and significantly negative bias regardless of the broader 

movements in the silver market. For all ten years, where the silver price was generally 

increasing (R̅Day>0), the mean fix return remained negative. To reiterate comments from section 

3.5, these comparisons understate the differences as the day return itself includes the fix return. 

Another comparison of R̅Fix and R̅Day focusses on the relative frequency of positive and 

negative returns. Ignoring the magnitude eschews the scaling issue caused by differing periods 

over which the results are calculated. The results of this analysis are reported in Panel D. For the 

full period, 70% of the non-zero fixing returns were negative (%NegFix), leaving only 30% 

positive. 11% of the fixings showed no price movement (%FlatFix). This reflects considerable 

imbalance in the occurrence of negative returns and positive returns over the fourteen-year 

period. Negative fix returns outnumber positive returns by more than 2:1, with a significance 

level less than 0.1%. Day returns do not show this imbalance: %NegDay is 47%, implying 

slightly more positive returns than negative returns. The 23% difference in the frequency of 

negative returns between fix periods and total day returns (%NegFix  - %NegDay), has a 

significance level less than 0.1%.  

As with the returns analysis, results for the full study period largely hold for each of the 

fourteen years. %NegFix is greater than 50% for all years, and is significant at the 0.1% level for 

all but 2004 (1% significant) and 2010 and 2011 with no significance. On the other hand, 

%NegDay is less than 50% for ten of the fourteen years. Furthermore, each year shows a higher 

frequency of negative returns occurring during the fix when compared to the day (%NegFix  - 

%NegDay). The difference is significant at the 0.1% level or lower for ten of the fourteen years, 

at the 1% level for 2004, 5% level for 2010 and 2011, and not significant for 2013. These results 

reinforce the material, consistent and significant bias on the fix returns compared to the broader 

silver market. 

Turning to Panel E, the magnitudes of the positive (�̅�P) and negative (�̅�N) fix returns are 

reported. Separating out the positive and negative returns is relevant to gauge the impact of the 
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fixing. As seen in Panel C, R̅Fix is -8.3 bps for the full study period and ranges from -0.6 bps 

to -14.0 bps within any given year. However, this understates the fixing price impact because 

positive and negative returns cancel each other out. Indeed for the full study period, �̅�P is 15.6 

bps and �̅�N is -20.0 bps. The difference of -4.4bps (�̅�P - |�̅�N|) is significant at the 0.1% level. 

Mean negative fix returns are approximately 30% larger than the positive fix returns, apart from 

being twice as frequent. 

Again, these results largely hold for each year in the study period. �̅�N ranges from -12.0 

bps to -29.1 bps, while �̅�P ranges from +10.2 bps to +19.9 bps. The negative fix returns are 

larger than the positive returns (�̅�P - |�̅�N| < 0) in thirteen of the fourteen years, with the 

exception being 2009. The significance of this difference varies for specific years, however, the 

results are statistically significant for the full study period in the pre (2000-2006) and post 

(2007-2013) Globex sub periods at the 0.1% significance level. 

To summarize, the average fixing return is consistently, materially and significantly 

negative over the fourteen-year study period, even when controlling for the returns in the 

broader silver market.  

One possible explanation is that the spot price, rather than the fixing price, is the source of 

the bias. If the spot price increases just before the fixing start, an elevated initial price would 

explain the negative bias. However, as reported in section 4.4.2 below, the opposite is observed. 

The spot price generally decreases ahead of the fixing start, implying that the results above 

understate the bias of the fixing return.  

The fixing market structure appears, temporarily at least, to induce a barrier between the 

private price discovery mechanism and the broader public markets for silver. This barrier results 

in a difference between the fixing equilibrium price, which is restricted to the fixing members 

and the public market equilibrium price for silver.  

One possible explanation for this effect is the composition of the fixing clientele. To 

quote an industry veteran, “Sellers such as mining companies can often outweigh buyers… 

Those that would want to sell would typically use the fix and of course buyers will know that.”76 

                                                      
76 http://www.bloomberg.com/news/2014-03-05/london-gold-broker-says-swings-in-prices-no-sign-of-

manipulation.html. 
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Simply put, the pricing bias is argued to be the result of a persistent imbalance in fixing 

participants rather than any collusive (or manipulative) market malpractice.  

This argument, however, is inconsistent with arbitrage pricing and the empirical 

evidence. The argument correctly asserts that buyers compete with sellers to achieve a lower 

price. Advance knowledge of the sellers’ intent to sell has value and is rightly considered by 

buyers. However, buyers also compete with other buyers. This competitive tension drives prices 

to equilibrium in open and competitive markets. If silver is “on sale” at noon each day, why are 

buyers not competing for this bargain price? The persistent negative bias suggests that the fixing 

market is less open and competitive as might be expected. 

4.4.2 Impact on spot and futures markets 

4.4.2.1 Size and timing of unconditioned market response 

Does this negative bias impact on public market prices for silver? The intraday price 

dynamics of spot silver, throughout the London trade day, are shown in Figure 17. The chart 

shows the mean cumulative unadjusted returns (CUR), referenced to 0 bps, at the start of the 

London silver fixing (noon) across the London trade day (from 8am through to 7pm). In 

essence, this figure can be viewed as the nominal mean price of spot silver throughout the trade 

day. It shows the mean 11AM price is approximately 4 bps higher than the noon price, and the 

price drops a further 3 bps shortly after noon. This 7 bps drop, from 20 minutes before the fixing 

start to 5 minutes after, is the chart’s most prominent feature.  

There are other less prominent, yet noteworthy, features to mention. The gold fixings 

appear to have a similar, albeit attenuated, negative impact on silver prices. A 2-3 bps dip is 

observed at the time of the AM gold fixing, and a 2-3 bps dip is observed around the PM gold 

fixing. The opening of the COMEX floor trading, marking the entry of more market 

participants, induces a +4 bps spike in the silver price, while the close of floor trading partially 

reverses this gain with a 1 bps drop, on average. The close of the London trade day (at 5:00pm) 

seems to induce a +2 bps rise. The net result of all this intraday activity, however, leaves the 

silver price largely unchanged. At 9am, the price is 9 bps higher than the intraday low, at the 

time of the fixing, while by 5pm it has largely recovered the losses. 
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Figure 17. Spot silver cumulative intraday returns over the London trade day. 

Mean cumulative unadjusted returns (CUR), referenced to 0 bps at the start of the London silver fixing, show relative 

price levels through the traded day. The chart shows the price of silver falling approximately 7 bps at the time of the 

silver fixing. Key intraday events are annotated with vertical lines: the silver and gold fixing start times, and the 

COMEX floor trading hours. The sample covers 3,492 fixings from January 2000 to December 2013.  

 

The fix mean return (R̅Fix) over the study period is -8.3bps, measured from noon spot price 

to the fixing price. The post noon dip in the spot price is only about -3 bps, i.e. not all of the 

fixing price is on average 5.3bps (8.3 – 3bps) lower than this intraday low.  Moreover, the mean 

price change from 11:30am to the fixing price is approximately −12.3bps, composed of the 4 

bps drop from 11:30am to the fixing start, and the 8.3bps drop observed from the fixing start to 

the fixing price. As mentioned in section 4.4.1 above, the use of the noon spot price understates 

the fix returns bias and imbalance reported in Table 9.  

The statistical significance of these price spikes is shown in Figure 18. In this figure, the 

five-minute interval mean returns and their corresponding confidence intervals are shown. The 
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white “+” marker denotes the mean return, and is surrounded by the black (95%), dark grey 

(99%) and light grey (99.9%) bars indicating the confidence intervals.  

The statistical significance of the price drop at the time of the silver fixing is confirmed by 

the cluster of negative returns, significant at the 0.1% level. These are observed ten minutes 

before the start of the fixing to five minutes after the fixing (11:50am-12:05pm London). The 

interval immediately following the start of the fixing shows the most significant negative return 

of the day. Again, it must be emphasized that on average the fixing price settles a further 5.3bps 

(8.3bps - 3.0bps) below this five-minute period. Other events that show significant returns, 

albeit less significant, include the COMEX silver trading floor opening and closing, the AM and 

PM gold fixings and the close of the London trade day. No other times show significant returns. 

These results are not particular to the spot market; the same intraday patterns can be seen for 

gold futures (see Figure D-92 and Figure D-93). 

These event study charts show a materially negative price impact at the time of the silver 

fixing on both spot silver and silver futures prices. The price impact is somewhat less than the 

fixing return, yet their magnitudes exceed the mean day returns in silver.  

While price sensitive information arrives in the market throughout the day, over the 

fourteen-year study period, these idiosyncratic effects largely cancel out throughout the day. 

However, this is not apparent at the time of the fixing. Here, the negative returns appear 

consistently, as shown by their statistical significance. Thus, the effects are not a result of 

“market noise”.  
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Figure 18. Spot silver five-minute returns over the London trade day.  

The “+” markers signify the mean returns. The 95%, 99% and 99.9% confidence intervals are depicted by the black, 

dark grey and light gray bars, respectively, surrounding the mean. Statistically significant negative returns are clustered 

around the London silver fixing (noon, London time). Key intraday events are annotated with vertical lines. The sample 

covers 3,492 fixings from January 2000 to December 2013. Results for silver futures, not shown here, are largely 

similar. 

 

4.4.2.2 Tying market response to the fixing 

To check whether these price dips are linked to the London silver fixing, some calendar 

quirks enable us to divide the sample into four distinct groups. While the time difference 

between London and New York is generally five hours, this varies around the daylight saving 

times as each country uses slightly differing transition dates. This provides typically two weeks 

per year with different time offsets between the cities. Further, mid-way through our study 

period (January 2007), the US Energy Policy Act of 2005 changed the US daylight saving 

transition dates. While noon London usually aligns to 7:00am New York local time, the 

combined effects of these changes caused it to occasionally align with 6:00am (prior to 2007) or 

8:00am (from 2007 onwards). A fourth group of dates is drawn from days where the silver 
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futures traded, but there were no silver fixings. Figure 19 below compares the five-minute 

unadjusted returns for silver futures for each of these four groups of dates. 

 

 

Figure 19. Silver futures returns timezone effects.  

This mosaic of charts illustrates the mean unadjusted returns (UR) near the time of the London silver fixing. Signifcant 

negative returns are observed only following the near London fixing in each case, and are not observed on days without 

a fixing. Four cases exist within the study period: when there were 4, 5, and 6 hours time zone differences between 

London and New York, and when futures were traded but no fixing occurred. The mean and 95% confidence interval 

is also shown. The sample covers 3,508 trading days from January 2000 to December 2013. 

 

Each chart shows the mean (solid black line) and its 95% confidence interval (dashed 

line). The time of the London silver fixing is indicated by an annotated vertical line, or lack 

thereof. Strikingly, the only significant negative return follows the fixing start in each of the three 

cases. Further, in the case without fixings, there is no significant negative return. The large 

difference in sample sizes77 explains the comparative tightness of confidence intervals for the 

regular five hours apart group compared to the others.  

                                                      
77 n=3,295 when London and New York are the regular five hours apart, while n=115, 33 and 65 for the 

four hours apart, six hours apart and no fixing groups, respectively. 
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4.4.2.3 Size, significance and timing of market impact 

The 7 bps price dip for spot silver shown in Figure 17 appears to recover quite quickly, 

suggesting any price impact from the fixing is short lived. However, as Figure 17 aggregates 

across all fixings, including both positive and negative price impacts, the cancellation of 

opposing signs may attenuate the true impact.   

A clearer assessment of the price impact is shown in Figure 20, which reports the 

intraday cumulative unadjusted returns (CURi
̅̅ ̅̅ ̅̅ ̅) separately for the positive and negative return 

fixings. The CURi
̅̅ ̅̅ ̅̅ ̅ for all fixings are also shown to aid comparison. For further context, the mean 

fixing returns at the mean fixing times are shown with diamond markers. The results reported 

here are for silver futures. The spot silver results, being materially similar, are available in the 

supplementary material. 

Figure 2078 reveals the futures market impact lasts far longer than suggested by Figure 

17. Negative fixings have a distinctly different timing profile compared with positive fixings, 

though an extended price impact is observed for both negative and positive fixings. The positive 

fixings (green line) show a +12 bps jump at the fixing which drifts down to around +5 bps, and 

tends to remain at this level. Negative fixings (red line) show a 5 bps dip shortly before the 

fixing, dipping a further 8.5 bps at the fixing. While most of the 8.5 bps is recovered after four 

hours, the +5 bps levels observed shortly before the fixing are not seen for the balance of the 

trade day. 

In short, the mean price impacts on silver futures from the fixings are 11.0 bps (negative 

return fixings) to 13.5 bps (positive return fixings). In either case, this represents some three 

times the mean day returns for spot silver. The impact lasts more than six hours on average, 

influencing the COMEX settlement price set at the end of the floor trading. The mean fixing 

returns for the negative (positive) fixings show the fixing price to be -20 bps (+15bps) of the 

noon price (see Table 2, Panel E), or -25 bps (+14 bps) when referenced to the arguably more 

representative pre fixing price at 11:30am79. For positive return fixings, virtually all of the 

                                                      
78 Similar results for spot silver are presented Appendix D.2, Figure D-94. 
79 The 30 minute offset ensures the exclusion of any preemptive price drift associated with the fixing 

itself. 
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fixing return is transmitted to the market, while for negative fixings only around half is imputed 

into the market price. 

  

Figure 20. Silver futures cumulative returns on positive/negative days. 

Cumulative unadjusted  returns (CUR) are referenced at the start of the silver fixing (noon London). The mean CUR 

across all fixings (blank line) appears to recover to the pre fixing level (0 bps) within an hour and a half (1:30pm). 

However, when seperating the negative return fixings (red line) from the positive return fixings (green line), the price 

impact can be seen to last until the end of the trade day. Negative fixings show significant price dips 15 minutes before 

the start of the fixing, whereas the postive fixings do not show this preemptive price change. Diamond markers show 

the mean fix return (R̅Fix), at the mean fix end times. Key intraday events are annotated with vertical lines: the silver 

and gold fixing start times, and the COMEX trading hours. The sample covers 3,382 fixings from January 2000 to 

December 2013. 

 

Curiously, the pre fixing dip seen for the negative return fixings is absent from the 

positive return fixings. In the three hours before the fix (9am-noon), the positive fixings show 

relatively immaterial price fluctuations, with +/- 1.5 bps. For the negative fixings, however, 

there is a virtually monotonic decline of 10 bps, half of which occurs in the 20 minutes before 

the fixing start. This pre-fixing drift in CUR for the negative fixings is statistically significant, 

while positive fixings show no significance.  

Could liquidity effects explain the abrupt price changes at the time of the fixing and the 

asymmetry of these changes? The empirical evidence does not provide much support for this. 
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Consider Figure 21, which shows the mean quoted spread, a common liquidity measure, and its 

95% confidence interval throughout the trade day. 

 

Figure 21. Silver futures intraday quoted bid-ask spreads.  

The mean (solid line) and 95% confidence interval (dotted line) are shown. The London silver fixing (noon) is seen to 

have a +1 bps impact of the quoted spread. The transitions in and out of the trading floor hours, however, have the 

largest impact. Key intraday events are annotated with vertical lines: the silver and gold fixings start times, and the 

COMEX floor trading hours. The sample covers 3,382 fixings from January 2000 to December 2013. 

 

The silver fixing does show a +1 bps impact on the quoted spread; further, the confidence 

intervals suggest this impact is indeed significant. However, there are two features which argue 

against liquidity effects being the cause of these peculiar return dynamics. 

First, the transitions in and out of the trading floor hours have by far the larger impact. 

During floor trading hours, the spread is roughly 1/3 of the spread observed of those preceding 

the floor opening. The most significant liquidity changes do not align to the most significant 

returns. Second, there is no discernible change in the spread in the twenty minutes prior to the 

fixing start, which would be expected if liquidity were to explain the negative return fixings 

behavior. 



 

 99 

Some caution is needed in interpreting Figure 21, as it aggregates across an important 

change to the futures market structure. Trading hours over the fourteen-year study period have 

occasionally changed, and the transition to the Globex trading platform enabled screen trading 

to occur side-by-side with floor trading. The transition changed market liquidity and data 

availability profoundly, as will be discussed in section 4.4.4 below. That said, the key findings 

remain intact. The return dynamics reported in this section, and the imbalance in the return 

direction reported in the previous section, do not align to changes in observed liquidity levels. 

4.4.3 Information advantage 

There is strong empirical support for information leaking from the silver fixing to the 

public markets prior to the fixing results being announced. These findings mirror those reported 

for the London gold fixing (Caminschi and Heaney, 2013). Trade volume and price volatility 

spikes are aligned to the start of the fixing, and not the final announcement of the fixing result. 

Returns drift in the direction of the fixing price direction shortly after the start of the fixing, 

before the results are announced, whereas the announcements of the results have relatively little 

impact on price. The public silver market returns, after the start of the fixing but before its 

announcements, are highly predictive of the fixing price direction. Trade advantages are shown 

to peak in the first two to four minutes following the start of the fixing, before the fixing has 

concluded and the results are made public. These findings hold for the full period of the study 

(2000-2013), and pre (2000-2006) and post (2007-2013) the Globex transition. Features 

common to both eras will be discussed in this section, whereas section 4.4.4 focuses on the 

differences. 

4.4.3.1 Volumes and volatilities 

Volumes and volatilities peak immediately after the start of the fixing, in the opening two 

to four minutes. These increases are material (>300% increase in trade volume and +30% 

increase in volatility) and statistically significant (at the 0.1% level).  

These results are illustrated in Figure 22, which average for the full study period. The 

top chart shows mean change in volume (Δ𝑉𝑀𝑖) aligned to the fixing start (t0=12:00), while the 

bottom chart shows mean change aligned to the fixing end (i=0). Both show the mean (solid 
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line), 95% (dotted line) and 99% (dashed line) lower confidence bounds on the left hand scale. 

The break in the chart is used to demark intervals before (after) the fixing start (end). Volume is 

compared to a reference level, defined as the mean volume 30 to 15 minutes before (after) the 

fixing start (end), a period denoted by the absence of the confidence intervals. The reference 

volume interval (11:30am to 11:45am for start aligned and +14<i<+30 for end aligned) is 

marked by the omission of confidence bounds. In the top chart only, the dashed line starting at 

12:00 shows the cumulative proportion of fixings completed (see the right hand scale).  

Figure 22 shows trade volume peaking in the opening two minutes of the fixing, well 

before the majority of the fixings are complete. Significant increases in trade volume seem to 

follow the start of the fixing, starting around 11:50am. However, the largest change in the 

relative volume occurs immediately following the fixing start.  

Price volatility results tell much the same tale80. Similar results are obtained using both 

the Parkinson and the Rogers-Satchell estimators in place of Garman-Klass, indicating the 

results are robust to the choice of estimator.  

To note, detailed numerical results are presented in Appendix D.1, Table D-1 through to 

Table D-6, covering trade volumes for futures and price volatilities for spot and futures markets. 

  

                                                      
80 See Appendix D.2, Figure D-95 and Figure D-96 for spot and futures price volatility charts. 
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Figure 22. Silver futures volume changes at the fixing. 

Peak volume is seen two minutes after the start of the fixing, before most fixings have completed. The top chart shows 

mean change in volume (Δ𝑉𝑀𝑖) aligned to the fixing start (t=12:00), the bottom chart shows mean change to the fixing 

end (i=0). Both show the mean (solid line), 95% (dotted line) and 99% (dashed line) lower confidence intervals on the 

left hand scale. Volume is compared to a reference level, defined as the mean volume 30 to 15 minutes before (after) 

the fixing start (end), a period denoted by the absence of the confidence intervals. For the top chart only, the dashed 

line starting at 12:00 shows the cumulative proportion of fixings completed on the right hand scale. The center vertical 

line denotes the fixing start time. The samples covers 3,382 fixings from January 2000 through to December 2013.  
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4.4.3.2 Returns 

Significant returns in the public silver markets align to the start of the fixing, before the 

fixing result is announced. There is comparatively little return response observed after the fixing 

result is announced. Returns start to drift in the direction of the fixing price direction 

immediately following the fixing start. These results underscore the findings from the volume 

and volatility analysis: informed traders are not waiting for the announcement of the fix to trade 

on its outcome.  

Whereas unadjusted returns are useful in assessing market impact, as discussed in the 

previous section, when assessing information leakage we are more concerned with the 

difference in returns (DR) between the uninformed trader and the directional informed trader. 

The dynamics of this DR shows us both the value of the information and the timing profile of 

the information leakage from one market to the other. This is presented in Figure 23, which 

reports the return results for silver futures81.  

The top chart shows the difference in returns (difference returns), between the 

uninformed long trader (unadjusted returns) and that of a directionally informed trader (adjusted 

returns). The top chart shows the most material (>1.5bps) and significant (lower than 0.1%) 

differences are clustered in the five minutes before the end of the fixing. The chart is aligned to 

the end of the fixing with i=0 representing the last interval before the announcement of the 

fixing. The mean one-minute returns are denoted with the white “+” markers, and the 95%, 

99%, and 99.9% confidence intervals about the mean are shown by the black, dark grey and 

light grey bars, respectively.  

To highlight this further, the bottom chart shows the cumulative DR referenced to the start 

of the fixing. Differencing the CDR between any two points in time yields the net gain the 

informed trader has over the uninformed long position. It shows the sharpest rise occurs 

immediately after the start of the fixing, but before most fixings have been announced. The 

mean CDR is shown in the solid black line, surrounded by the 95%, 99% and 99.9% confidence 

intervals, referenced on the left hand scale. Also shown is the dashed line at 12:00 London time. 

                                                      
81 Materially similar results for spot silver are shown in Appendix D.2, Figure D-97. 
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This is the cumulative proportion of fixings announced as a function of time, referenced on the 

right hand scale.  

For example, the informed trader holding a position from 11:50am (-5bps) through to 

12:05pm (+10bps) experienced, on average, a 15 bps return advantage over being long across 

the same period. A trader who learns of the direction somewhat later, at say 12:02pm (+5 bps), 

would only have a 5 bps edge over an uninformed position. As can be seen by the gradient of 

the CDR curve, the information advantage has the maximum value in the opening two minutes 

of the fixing. All trade advantages erode within five minutes after the fixing start.  

Note, detailed numerical results are presented in Appendix D.1, where Table D-9 

through to Table D-16, report unadjusted, adjusted and difference returns ( UR̅̅ ̅̅ , AR̅̅ ̅̅ , DR̅̅ ̅̅   ) and 

their corresponding cumulative returns (CUR̅̅ ̅̅ ̅̅ , CAR̅̅ ̅̅ ̅̅ , CDR̅̅ ̅̅ ̅̅  ) for silver futures and spot silver. 

Unadjusted returns represent uninformed long positions, adjusted returns represent directionally 

informed positions and the difference between these constitutes the difference returns, as 

defined in section 3.8. Within each table, fixing start (end) aligned results are presented from 15 

minutes before, to 15 minutes after, the start (end) of the fixing (-14 ≤  i  ≤ +15). By design, the 

cumulative returns are zeroed at the interval immediately before the start (end) of the fixing 

(i=0). 
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Figure 23. Silver futures difference returns at the fixing. 
The difference in returns (DR) shows the advantage a directionaly informed trader has over an uninformed trader 

holding a long position. The top chart shows the largest DR are observed in the five minutes before the end of the 

fixing, whereas the bottom chart shows the mean DR to be around 15 bps (from 11:50 to 12:05). Intervals are aligned 

to the fixing end (i=0), the “+” markers signify the mean DR and the 95%, 99% and 99.9% confidence intervals are 

depicted by the black, dark grey and light gray bars surrounding the mean, respectively. In the bottom chart, 

cumulative DR (CDR) are aligned to the start of the fixing, while the mean and confidence intervals are also shown. 

The dashed cruve starting at 12:00 shows the cumulative proportion of fixings completed, referenced to the right 

hand scale. The center vertical blue line denotes the fixing start time. The samples covers 3,382 fixings from January 

2000 through to December 2013.  
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4.4.3.3 Predictability  

If information is leaking from the fixing, market returns should contain information as 

to the fixing price direction. Indeed, this is the case. Market price movements are highly 

predictive of the fixing price direction. The price movements in the opening two to four minutes 

of the fixing show the highest increase in prediction success. Further, predictability is strongly 

influenced by the magnitude of the fix return: large absolute fix returns are significantly more 

predictable. That is, not only are the trades quite accurate in predicting the fixing direction, but 

the larger the available profits, the more accurate the trades become. These findings are drawn 

from Table D-17 through to Table D-20, covering spot silver and silver futures.   

The chart in Figure 24 shows the predictability of the fixing direction. The top panel 

reports the proportion of fixings (P) for which the fixing price directions (𝐹𝐼𝑋𝐷𝐼𝑅𝑑
∗ ) are 

correctly predicted by the market returns to interval i (𝑀𝐾𝑇𝐷𝐼𝑅𝑖,𝑑), as detailed in section 3.10. 

A reference horizontal line at P=50% shows the prediction levels expected from an uninformed 

participant. Three sets of results are depicted: P(Si) for the fixings still unannounced at the end 

of cut-off interval i, P(Si,Lrg) for unannounced fixings with absolute fix returns larger than the 

median absolute fix return, and P(Si,Sml) for those with fix returns smaller or equal to the median. 

P(Si) is shown by the solid black line surrounded by 95%, 99% and 99.9% confidence intervals. 

The “large” and “small” fixing return results, P(Si,Lrg) and P(Si,Sml), are presented by white and 

black bars, respectively.  

The bottom panel reports the sample size for each interval. The reduction in sample size 

results from removing fixings as they announce their results. That is, prior to the fixing start, no 

fixing results have been announced so all fixings are in the sample. After the fixing start, any 

fixings which have concluded, and results have been announced, are removed from the sample.  

The figure illustrates two key findings. First, returns following fixing starts are 

significantly predictive of the final fixing price direction. Second, fixings resulting in large price 

moves (Si,Lrg) show higher levels of predictability than those resulting in small price moves 

(Si,Sml).  
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Figure 24. Silver futures predictive power.  

The chart shows the fixing price direction is largely predicted by returns shortly following the fixing start. The direction 

of the fixing (positive or negative) is predicted made on the basis of the returns observed to interval i. The sample 

includes only unannounced fixings at the close of interval i; announced fixings are removed, as seen in the bottom 

panel of each chart. The sample is further divided into fixings with small (Si,Sml) and large (Si,Lrg) fixing return 

magnitudes. Before the start of the fixing (i < 1), the predictions rates P(Si) shown by the dark solid line, surrounded 

by the 95% and 99% confidence intervals, are not materially different to the 50% (uninformed guessing) threshold. 

Following the fixing start (i>0), P(Si) rapidly increases to show significantly better rates of prediction. Prediction rates 

for large fixing returns are higher than small fix returns. The sample covers 3,382 fixings from January 2000 through 

to December 2013. 

 

The figure illustrates two key findings. First, returns following fixing starts are 

significantly predictive of the final fixing price direction. Second, fixings resulting in large price 

moves (Si,Lrg) show higher levels of predictability than those resulting in small price moves 

(Si,Sml).  

Before the fixing start, returns in spot or futures markets show low power in predicting 

the fixing direction. However, this dramatically changes immediately after the start of the 

fixing. Within two minutes, the rates of correctly predicting fixing directions increase to 60% 

and within five minutes to around 75%. These proportions are materially greater than the 50% 

benchmark for an uninformed guess, and are significant at the 0.1% level. 
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These prediction rates, however, are not homogenously distributed across the sample. 

After separating days with small fix returns (black bars) from large fix returns (white bars), the 

spread is very evident. Both sub samples show prediction rates materially and significantly 

above 50%. However, the large fix returns that show prediction rates reaches above 90%, while 

the small fix returns prediction rates peaks at around 70%. When more profits were available, 

the predictive accuracy increases. 

4.4.3.4 Summary discussion 

Combined, the results confirm that there is abnormally high trade volume, high price 

volatility, and price drift towards the future price direction of the fixing, with the trades highly 

predictive of this direction. All this is aligned to the opening minutes of the fixing and before 

the fixing is announced publicly. None of this is evident after the announcement of the fixing. 

Causality can flow in either direction, which gives rise to two possible interpretations of 

these results. The first explanation is the “leakage” interpretation, whereby short-term prices of 

publicly traded instruments are driven by the London silver fixing. Fixing participants are likely 

to be acting on the private fixing information by trading in the public markets ahead of the 

fixing announcement. The alternate interpretation is that of a “market push”, whereby causality 

is reversed and the fixing results are being driven by the price changes observed in the public 

markets. Participants of the public markets are “pushing” (manipulating) the short-term prices 

of the public instruments to influence the fixing result. In essence, the question is whether 

public markets are watching to see what happens in the fixing, or whether the fixing members 

are watching the public markets to price the fixing.  

I argue that the leakage interpretation is the more plausible explanation. Firstly, the 

timing of the abnormal volume and price movements in public markets is far more congruent 

with the leakage interpretation. The jumps in volume and volatility occur shortly after the start 

of the fixing, when one would expect the initial fixing buyer-seller balance to be established. 

Under the market push interpretation, we would expect participants to start pushing market 

prices before the start of the fixing. The fixing period is unknown in advance, which means any 

delay would risk missing the opportunity to influence the fixing altogether.  
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Secondly, consider the asymmetry of information, cost and risk. The fixing participants 

have access to the public markets and the information revealed during the fixing. In particular, 

they have first access to the aggregate supply and demand balance of their clients. Fixing 

participants, and certainly fixing members, have an institutional information advantage. To 

influence the fixing, public market participants would be required to risk capital to initiate a 

change in the market price. This risk would be in exchange for a mere hope that the fixing 

members would act on this market price, with the members under no obligation to comply. 

Further, any repetitive gaming of the public market price would undoubtedly be detected and 

either ignored or exploited by the members. This makes the profitability of any trade under the 

market push interpretation far from certain. However, the trades under the leakage interpretation 

do not rely on hope, just simple informational advantage. 

4.4.4 The Globex transition 

Whereas sections 4.4.1 to 4.4.3 report aggregates for the full study period (2000-13), 

this section focusses on comparing the floor trading era (2000-2006) with the electronic Globex 

era (2007-2013). In particular, it will describe how the changes in liquidity affected the market 

impact and information advantage reported in sections 4.4.1 to 4.4.3. 

Competitive pressure from its rival, the Chicago Board of Trade (CBOT), forced 

NYMEX/COMEX82 to adopt CME’s Globex electronic trading platform in December 2006 for 

gold and silver. While NYMEX ACCESS had been available since 1993, its use had been 

restricted to outside of floor trading hours. Globex, on the other hand, was operational nearly 24 

hours per day. As such, the switch from NYMEX ACCESS to Globex represented more than a 

technological upgrade; it marked a policy shift to allow “side-by-side” trading. For the first 

time, NYMEX/COMEX allowed electronic trading during floor trading hours.  

Section 4.4.4.1 demonstrates the collapse in spreads and an increase in trade volumes 

following the Globex transition. Indeed liquidity increased at the time of the fixing. Further, 

post Globex quoted spreads narrowed at the start of the fixing, suggesting informed trading, 

whereas pre Globex spreads widened. 

                                                      
82 http://online.wsj.com/news/articles/SB115187952655396585. 
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These higher levels of liquidity suggest reduced limits to arbitrage.  If the abnormal returns 

detailed above in sections 4.4.2 and 4.4.3 are to be explained as an artifact of limits to arbitrage, 

we should see these effects subside in the Globex era (the “limits to arbitrage” theory). 

Alternatively, if futures markets are used to monetize price sensitive information relating to the 

fixing, the opposite should be observed. Reduction in spreads lowers the profit thresholds on 

round trip trades, while the increased trade volume offers the opportunity to make larger trades 

(the “monetization” theory). 

The study finds that the transition to Globex, with the associated drop in spreads and 

increases in trade volume, seem to “amplify” the abnormal returns surrounding the gold fixing. 

This is seen in the price impact (CUR) (see section 4.4.4.2), trade advantage (CDR) and 

information leakage (CAR) (see section 4.4.4.4). Measures of information leakages, including 

elevated levels of trade volume, price volatility and fix direction predictability, also increase 

after the Globex introduction (see section 4.4.4.3). 

The reduced trade costs and higher profitability act to increase the incentives for front 

running and/or collusion. The lower cost threshold and higher incentives allow an increase in 

the frequency of such activities, resulting in the elevated returns observed. In short, all empirical 

analysis support the monetization theory rather than the limits to arbitrage theory. 

The pre-fixing price drift, unique to negative return fixings, is observed only following the 

Globex transition. Positive fixings do not exhibit this pre-emptive drift. Further, the price drifts 

in the direction of the subsequent fixing direction. It appears for fixings resulting in a price drop, 

the direction is established ahead of the official proceedings, at least occasionally. While this 

affirms the adage that “bad news travels faster than good news”, it is far from clear why this 

would be the case. Perhaps this coincides with the negative bias found in the benchmark is a 

clue, with both finding consistent with participant collusion. However, it is not clear why 

collusion would predominately occur on negative days as opposed to positive days. Alternate 

explanations, such as hedging trades placed prior to the fixing, also fail to account for this 

asymmetry. 
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4.4.4.1 Changes in market liquidity  

On the surface, this change appears to have little relevance to the silver fixing. The 

fixing always falls outside the COMEX floor trading hours.83 However, as the traders moved off 

the floor and onto the screen, liquidity quickly transitioned to the Globex platform. It was no 

longer necessary to be physically in the COMEX silver pit (in New York) to trade silver futures 

in volume. And once traders were on Globex, the silver contract was tradable 23¼ hours per 

day84, overlapping the silver fixing. Further, screen trading provided a level of trader anonymity 

not possible on the floor. The dramatic impact this change had on the market can be seen in 

Figure 25. It presents two views of the evolution of liquidity in this market. 

The top chart shows a rolling 3 month moving average of the quoted bid-ask spread for the 

active silver future contract. The overall trend is a drop in the spread from around 20-25bps (in 

2000-2001) to 2-3 bps (by 2012-2013). The transition from NYMEX ACCESS to Globex 

(annotated by the vertical at December 4, 2006 in Figure 25) marks a dramatic collapse in the 

spread.  

Hand in hand with the collapse in spreads is the ballooning trade volumes. The NYMEX 

ACCESS era shows mean trade volumes of 1 to 3 contracts per minute ( VM̅̅ ̅̅
2 = 3.1 contracts)85. 

Further, median volume 𝑉𝑀𝑖
̃  is zero for all intervals near the fixing, indicating most days have 

no trades within these one minute intervals Compare this to the Globex era: mean trade volumes 

range from 15 to 54 contracts per minute (VM̅̅ ̅̅
2 = 53.4 contracts), and median volumes 𝑉𝑀𝑖

̃  range 

from 6 to 37 contracts per minute. 

Slightly more subtle is the inversion of the spread at the start of the fixing (the solid black 

line) compared to the end of the fixing (the dotted line). Prior to 2007, the spread at the end of 

the fixing is generally wider than at the start of the fixing. Following the transition to Globex 

this inverts and the spread narrows from the start to the end of the fixing. 

 

                                                      
83 The COMEX floor trading hours are from 8:25am to 1:25pm (New York) and usually 12:25pm to 

6:25pm (London). 
84 Sunday – Friday 6:00pm – 5:15pm (New York) as outlined in 

http://www.cmegroup.com/trading/metals/precious/silver_contract_specifications.html. 
85 Detailed numerical results are presented in Appendix D.1, Table D-1 (pre GLOBEX) and Table D-2 

(post GLOBEX). 
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Figure 25. Silver futures quoted bid-ask spread evolution.  

The top chart shows the 3-month moving average of quoted spreads at the start and end of the silver fixing. The bottom 

chart illustrates the mean quoted spread around the time of the silver fixing for various year groups. The spread declined 

over the period, marketedly after the introduction of Globex electronic trading platform in December 2006. Prior to 

Globlex, the spread increased following the fixing start. This reverses following the transition to Globex. The sample 

covers 3,382 fixings from January 2000 to December 2013. 
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The bottom chart shows another view of both these findings. In this chart, the mean quoted 

spread is shown at various times about the fixing start. The mean is taken over two-year period 

groupings, e.g. 2000-2001 and 2012-2013, while 2006 and 2007 are kept separate on account of 

the Globex transition. The decline and break in the spread over the years is evident, with the pre 

Globex years range (2000-2006) showing a spread of 14 to 22 bps, while the spreads during 

Globex years (2007-2013) range from 3 to 8 bps.  

The chart provides finer resolution of the change of spreads around the fixing. All the pre 

Globex years show a widening of the spread following the start of the fixing. For the Globex 

years, the spreads appears to narrow shortly after the start of the fixing.  

This is confirmed in Figure 26, where the relative change in spreads is shown before and 

after the Globex transition. A reference level is taken by averaging the spreads over a reference 

period (10:00am to 11:00am), indicated on the chart by the omission of the confidence intervals. 

The solid black line is the mean spread relative to this reference level, with 95%, 99% and 

99.9% confidence intervals indicating significance86.  

The top chart, covering the pre Globex years, shows a significant increase of around 15% 

in the mean spread following the start of the fixing. This dissipates 15 minutes after the fixing 

start and spreads return to their fixing levels, no longer significantly different from the reference 

level.  

The bottom chart, covering the Globex years, shows a very different picture. There is a 

significant decrease of around 10% in the spread following the start of the fixing. This inversion 

of spread dynamics is quite remarkable. In the NYMEX ACCESS era, widening spreads 

signalled heightened uncertainty as to the fixing outcome. In the Globex era, spreads narrow in 

the lead up to the fixing, and more so after it starts. This signals a decreased level of uncertainty, 

and is consistent with informed traders taking out successive levels of the central limit order 

book. 

  

                                                      
86 Tabulated results are presented in Appendix D.1, Table D-7 and Table D-8. 
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Figure 26. Silver futures bid-ask spread at the fixing. 

In the pre Globex years (2000-2006, top chart) the spreads increase following the start of the fixing, while in the Globex 

years (2007-2013, bottom chart) the spreads decrease. The mean change in quoted spreads is shown by the solid black 

line surround by the 95%, 99% and 99.9% confidence intervals. The change is in reference to the mean spread observed 

from 10am through 11am, denoted by the omission of confidence intervals around the mean. The sample covers 3,382 

fixings from January 2000 to December 2013. 
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4.4.4.2 Changes in market impact 

Lower spreads and higher volumes demonstrate an increase in the liquidity of silver futures 

at the time of the fixing, following the Globex transition. These higher levels of liquidity 

suggest lower limits to arbitrage. If the return findings detailed above are to be explained as 

some artefact of limits to arbitrage, we should see these effects subside in the Globex era. If, on 

the other hand, futures markets are used to monetize price sensitive information relating to the 

fixing, the opposite should be observed. Reduction in spreads lowers the profit thresholds on 

round trip trades, while the increased trade volume offers the opportunity to trade in larger 

volumes. 

The results show the Globex era exhibits higher abnormal returns, and accelerate the 

timing of these returns. This can be seen in Figure 27 and Figure 28, which present silver 

futures CUR at the time of the fixing, separated between the NYMEX ACCESS and Globex 

eras87.  

Figure 27 illustrates the difference in the unconditioned impact on silver futures prices. The 

chart shows the mean CUR pre (post) Globex with a green (red) solid line. Significance is 

shown by the green (red) dotted lines, representing the 99% confidence interval. The mean fix 

returns, at the mean fixing end time for each sub sample, are shown by the green and red 

diamond markers. We observe a mean 10 bps drop (+6 bps to -4 bps) post the transition to 

Globex, and only a 3bps drop (+1 bps to -2 bps) pre Globex. The returns post Globex are 

significant at the 1% level or lower, while the pre Globex returns are only marginally 

significant.  

Further, there is a marked difference in impact timing. In the Globex era, approximately 

60% of the price dip occurs in the 20 minutes before the start of the fixing. In the NYMEX 

ACCESS era, however, there is no significant pre-fixing drop.  

 

                                                      
87 Results for spot silver are materially similar and are presented in Appendix D.2, Figure D-99 and 

Figure D-100. 
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Figure 27. Silver futures cumulative unadjusted returns pre/post Globex. 

The chart shows the fixing having a material impact on gold futures after the transition to Globex (2007-2013), 

noticeably 20 minutes before the start of the fixing. Prior to Globex (2000-2006), the impact is marginal and appears 

after the fxing start. Diamond markers show the mean fix return (R̅Fix) at the mean fix end times. The sample covers 

3,382 fixings from January 2000 to December 2013. 

 

The disaggregation of positive and negative days is shown in Figure 28. As discussed in 

section 4.4.2.3, separating the positive fix return days from the negative fix return days removes 

the cancelation inherent in averaging across opposing signed returns. This in turn gives a better 

measure of market impact from the fixings.  

Within the figure, the top chart represents the pre Globex years, and the bottom chart 

represents the post Globex years. Within each chart, the green (red) line shows CURi
̅̅ ̅̅ ̅̅ ̅ for days 

with positive (negative) fixings, while the black line shows the unconditioned CURi
̅̅ ̅̅ ̅̅ ̅, i.e. 

averaged across all days. For further context, diamond markers show the mean magnitude and 

timing of the fixing returns (R̅Fix) for the same sample of trade days. This enables a comparison 

of the market returns and the fixing return. 
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Before Globex (top chart), neither positive nor negative fixing days show any material pre-

fixing price effect. The fixings price impact peaks at +10bps within 10 minutes for positive 

days, and -6 bps within 20 minutes for negative days.  

This radically changes with the transition to Globex, as shown in the bottom chart. For 

negative days, a pre-fixing drop of 8 bps, starting 20 minutes before the fixing, can be seen. 

Positive fixing days do not exhibit this pre-fixing dip. Further, the price impact on negative days 

has doubled to -12 bps, while staying almost constant on positive days. 

The increase in price impact following the increase in liquidity is incongruent with a limit 

to arbitrage argument. Had these abnormal returns been artifacts of a bid-ask spread, they 

should have decreased. Instead, we see the price impacts increase significantly. 

The price impact asymmetry, between negative and positive days, does not reconcile with 

an efficient market. The fact that we find a pre-fixing distortion in price, in the same price 

direction as the bias detected in the fixing price, suggests the possibility of collusive behavior, 

front running or both. 
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Figure 28. Silver futures returns on positive/negative days, pre/post Globex.  

After the transition to Globex (2007-2013), negative fixings show significant price dips (8 bps) immediately before the 

start of the fixing, whereas the postive fixings do not show such preemptive price moves. This pre-fixing dip is not 

observed prior to Globex (2000-2006). Cumulative unadjusted  returns (CUR) are referenced to the start of the fixing. 

The mean for all fixings (black line) are seperated out into the negative return fixings (red line) and the positive return 

fixings (green line). Diamond markers show the mean fix return (R̅Fix), at the mean fix end times. The fixing start is 

annotated with a vertical line at noon. The sample covers 3,382 fixings from January 2000 to December 2013. 

 



 

 118 

4.4.4.3 Changes in informational leakage 

Adjusted returns (AR) are positive when observed prices move in line with the fixing 

price direction and negative when moving against it. Accumulating AR yields the CAR, which 

acts as a marker showing when prices start to move in the same direction as the fixing direction.  

In Figure 29, the cumulative adjusted returns (CAR) are separated for the two eras, with 

the pre (post) Globex meaning that CAR is presented by the solid green (red) line. Significance 

is illustrated by the dotted lines, which show the 99% confidence intervals. The fixing start 

times are marked by the dotted blue vertical line at noon for the silver fixing.  

The figures highlight three key changes in the price dynamics following the 

introduction of Globex. First, we see the market respond faster to the fixing information. This 

can be directly seen by the gradient of the CAR. Post Globex, peak CAR is achieved within 7 

minutes, whereas pre Globex takes around 19 minutes. Second, peak CAR almost doubled to 

+11 bps (post Globex) from +6 bps (pre Globex), and remained significant for half an hour after 

the fixing. Third, following the Globex transition, there is +5 bps drift in CAR around 20 

minutes before the start of the fixing, which is significant at the 1% level.  Prior to Globex, we 

see no significant gain in the CAR in the half hour before the fixing start. 

The first of these findings, faster market response, seems like an intuitive result. We 

expect electronic markets to be faster and more efficient. What is counter intuitive is the second 

result, that is, the increase in magnitude of CAR. This increase is observed pre/post Globex. The 

more liquid setting shows the larger CAR. As before, this supports the “monetization” theory 

and rejects the “limits to arbitrage” theory. The third finding shows that the transition to Globex 

bequeathed traders with some directional foresight, even before fixing commenced. This is 

suggestive of market manipulation. 
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Figure 29. Silver futures cumulative adjusted returns pre/post Globex. 

Adjusted returns show when returns align to the fixing direction. Prior to Globex (2000-2006), there is no significant 

pre-fixing drift, and only 7 bps is observed in the 15 miutes after the fixing start. After the Globex transition (2007-

2013), the 7 bps has increased to around 17 bps — of which a quarter is gained in the 20 minutes before the start of the 

fixing. The sample covers 3,382 fixings from January 2000 to December 2013. 
 

4.4.4.4 Changes in informational advantage 

The difference in returns realized between an uninformed long trader and a directionally 

informed trader, is reported by using the difference in returns (DR). Accumulating the DR over 

time yields the cumulative difference in returns (CDR). Figure 30 reports CDR for the NYMEX 

ACCESS (Globex) presented by green (red) lines. The mean CDR is shown as a solid line 

surrounded by the 99% confidence intervals. The fixing start times are marked by the dotted 

blue vertical line at 12:00 noon for the silver fixing. 
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Figure 30. Silver futures informed trade advantage pre/post Globex. 

The chart shows the cumulative difference returns (CDR), the difference between the unadjusted returns (of an 

uninformed long trader) and adjusted returns (of an directionally informed trader). Prior to Globex (2000-2006), the 

oberved trade advantage is around 9 bps, most of which is realized after the start of the fixing. In the Globex era (2007-

2013), the oberved trade advantage is 25 bps, of which 10 bps occurs before the start of the fixing. The sample covers 

3,382 fixings from January 2000 to December 2013. 
 

The chart shows that the trade advantage the informed trader has is around 25 bps in the 

Globex era. The spreads averaged around 5 bps during this period, implying this advantage is 

tradable and indeed economic. An exploitable trade advantage of 25 bps per fixing is equivalent 

to an 87% per annum return88.  

How soon this directional information is attained dictates how much of this advantage the 

informed trader can capture. Some 40% of this (10 bps) is accrued in the 20 minutes before the 

fixing start, with the remaining 60% (15 bps) is realized in the 5 minutes after the fixing start. 

Prior to Globex, there was no significant advantage in taking a position before the fixing start as 

the peak CDR was a mere 7 bps, and this is realized in the 15 minutes after the fixing start.  

  

                                                      
88 Based on 252 trade days, expressed as a simple annual rate:  e(252 x 0.0025) – 1. 
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4.5 Chapter summary 

This chapter provides detailed institutional background and reports the results of the 

analysis of the London silver fixing, a private auction based benchmarking mechanism, and 

silver spot and futures markets. 

The institutions and trading instruments, their history and characteristics, paint the 

picture of a large and dynamic global market which trades US$3-5 trillion in silver each year. 

Within this market, the London fixing – a private auction among three banks – has played a 

central role since its inception in 1897. 

The empirical analysis presented in this chapter focuses on the interaction between the 

daily fixing auction and the continuously and contemporaneously trading spot and futures 

markets. The analysis draws on minute to minute market data covering a fourteen-year period, 

with sufficient data quality for over 95% of the fixings which occurred from 2000-2013. 

The results show strong empirical evidence to suggest the fixing induces economically 

exploitable information asymmetries among market participants and a negative bias in the 

benchmark price. The market responses to the fixings also show a marked asymmetry, aligning 

well to positive price moves and poorly to negative moves. Further, the trade advantage to 

fixing participants increased with the futures market’s transition to anonymous screen trading 

from in-person floor trading, with associated increases in trade volume, execution speed and 

drops in trading costs.  

The benefits of the fixing are strongly skewed to its members. For those transacting at 

the fixing price, those who can actually buy at the fix are the winners while the sellers are the 

losers. In short, this study raises a question about the fixing’s role as an “objective price”89 

discoverer.  

 

 

 

                                                      
89 http://www.bloomberg.com/news/articles/2014-05-14/silver-fixing-company-will-stop-running-

benchmark-on-aug-14. 
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CHAPTER 5      

 

GOLD 
 

 

 

 

 

“Governments lie; bankers lie;  

even auditors sometimes lie: 

 gold tells the truth.” 

 

Lord Rees Mogg 

 

  



 

 124 

5.1 Introduction 

The institution details and findings relating to gold are provided in this chapter. In 

Section 5.2, historical and contextual background is presented on the gold market and its key 

institutional features. This covers some key events in the development of the gold market, the 

London Gold Fixing, the gold OTC market and futures exchanges. Section 5.3 briefly reviews 

the data and methodology detailed in Chapter 3, drawing out any specifics related to gold. 

5.4reports the results of the analysis and section 5.5provides concluding commentary. 

 

5.2 Summary of background, institutions and instruments  

5.2.1 Brief historical context 

Gold derives its elemental symbol (“Au”) from the Latin word “Aurum”, meaning 

“shining dawn”. The metal has been part of ancient human history, with some jewelry artifacts 

dating as far back as 5000 BC90.  The earliest known minted coins91 containing gold (the Lydian 

Stater) dates to around 700 BC. This essentially timeless relationship between gold and value is 

actively promoted by the gold industry, with an example shown in Figure 31 below. 

 

Figure 31. 100 gram gold bar bearing the text “Money since 4000 B.C.” 

 

                                                      
90 http://www.ancient.eu/gold/. 
91 Kagan, A. “The Dates of the Earliest Coins” American Journal of Archaeology Vol. 86, No. 3 (Jul., 

1982), pg. 343. 
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Gold’s close association with money (and silver), endured to the early 20th century. In 

the wake of the Word Wars and the Great Depression, countries moved away from their 

respective gold and/or silver standards, ushering in the current era of fiat money.  

While a detailed discussion of the gold standard and the Bretton Woods fixed currency 

system is well outside the scope of this study, some key events are worthy of mention as they 

established the current market setting.  

In 1933, President Roosevelt effectively banned private holdings of gold, with the 

issuing of Executive Order 610292. A copy of the decree can be seen in Figure 32. The US 

Congress ratified the executive order with the passing of the Gold Reserve Act of 193493, which 

also changed the mandated price of gold to $35 per ounce, from the prior $20.67 per ounce 

price. 

While official sector (government to government) accounts were settled at the fixed rate 

of $35 per ounce, the private market (outside the US) started to trade above this rate. As early as 

1968, the London gold fixing was reinstated (after its suspension in the wake of WWII) to price 

such trades. Toward the end of 1969, the private price of gold was $41.88 per ounce, while the 

official price remained at $35 per ounce. The arbitrage opportunity triggered heavy demand for 

gold from the US Federal Reserve, rapidly depleting its reserves. This in turn triggered Nixon to 

announce, on 15 August 1971, that he had issued an executive order to “temporarily suspend the 

convertibility of the dollar into gold”94. The Nixon Shock, as it became known, had taken the 

US dollar off the gold standard.  

It took a further three years, under President Ford, for the restriction on gold ownership 

to finally be lifted. Public Law 93-37395 came into effect on December 31, 197496. No longer 

mandated at $35 per ounce, and freed from ownership restrictions, it did not take long for gold 

to have active spot and futures markets. The same day Public Law 93-373 came into effect, 512 

gold futures traded on the Commodity Exchange (COMEX) and marked the start of the modern 

                                                      
92 http://www.presidency.ucsb.edu/ws/?pid=14611. Private holdings of less than five ounces were 

exempt, as were "customary use in industry, profession or art". 
93 http://legisworks.org/congress/73/publaw-87.pdf. 
94 http://www.presidency.ucsb.edu/ws/index.php?pid=3115#axzz1UZnES7PMon. 
95 https://www.gpo.gov/fdsys/pkg/STATUTE-88/pdf/STATUTE-88-Pg445.pdf. 
96 It would take until 1977 for contracts which specify payment in gold to become legal (Act of Oct. 28, 

1977, Pub. L. No. 95-147, § 4(c), 91 Stat. 1227, 1229). 
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era of gold trading. The COMEX gold futures contract (GC) has continued to trade to this day, 

and has remained materially similar ever since. 

 

 

Figure 32. US Presidential Executive Order 6102 banning private gold ownership, 1933. 

 

https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwim4KbLg8nKAhXGE5QKHUx9DtAQjRwIBw&url=http://about.ag/ExecutiveOrder6102Hoax.htm&psig=AFQjCNHrV61NcXdZHmCyLtl9QI7hCkY5EA&ust=1453950956139872
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The steady rise in the price of gold reached US$180 per ounce by the start of 1975, 

falling back to US$130 in late 1976. Geopolitical tensions put further pressure on the gold price, 

culminating in the outbreak of war in Afghanistan in January 1980, which pushed the gold price 

over US$670 — nearly 20 times the office price of the prior four decades. The 1980s also saw 

considerable volatility in the gold price, with dips to just below US$300 (May 1985) and spikes 

above US$450 (February 1983 and December 1987), with the price around US$400 by the end 

of the decade. The positive price response at times of high inflation and uncertainty earned gold 

the title of a “safe haven” asset. 

The early 1990s witnessed relatively less volatility, with the gold price trading generally 

between US$350-$400 until around 1997. Speculation was gathering about what central banks 

would do with their gold holdings, given they were no longer being used to back their respective 

currencies. Reports that central banks were actively selling down their reserves started to 

depress the gold price (Lucchetti, 1997). Rumors became reality, with several European central 

banks and the IMF liquidating their reserves from 1999 to 2002. This period became known as 

“the Brown Bottom”, after UK Chancellor of the Exchequer Gordon Brown.  

Brown’s decision to sell over half of the Bank of England’s gold reserves through a 

series of auctions was controversial, and derided by commentators for driving the price of gold 

to “20 year lows” (Solman). However, Brown was far from alone; Switzerland, Netherlands, 

Austria and the IMF were either already selling down their reserves or planning to do so.  

To prevent a stampede from completely collapsing the gold market, the “Washington 

Agreement on Gold”97 was signed at the annual meeting of the IMF on September 26, 1999. 

The agreement limited combined central bank selling to 400 tonnes per annum over the 

following five years98. The price slide was stopped, with gold prices bottoming at around 

US$250 in July 1999. Adding insult to injury, the considerable price rise of the following two 

decades resulted in Chancellor Brown selling his country’s reserves at a 40-year low. 

                                                      
97 http://www.ecb.europa.eu/press/pr/date/1999/html/pr990926.en.html. 
98 The agreement was renewed in 2004; however the Bank of England did not take part. In 2009, the 

agreement was also renewed, this time with the IMF dropping off the signatory list. The fourth 

incarnation of the agreement was signed in 2014 and amended to not specify any hard limits for selling. 

(http://www.gold.org/reserve-asset-management/central-bank-gold-agreements). 
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5.2.2 Overview of price, volatility and market turnover during study period 

The price of gold over the period of this study is shown in the price and volatility charts 

in Figure 34. The fourteen-year study period covers periods of relative price stability (2000-

2002) following the Brown Bottom of 1999; a bull market (2003-2008) which saw the price 

increase to US$1,000; a sharp correction during the GFC (2008-2009) when prices dropped to 

around US$700; a parabolic bull market in response to the Federal Reserve’s Quantitative 

Easing program (2011), culminating in a peak price above US$1,900; and a prolonged bear 

market (2011-2013) which saw the price return to around US$1,100. The variation in volatility 

and returns provide a wide range of market conditions for analysis. 

As shown in Figure 33, the global value of the gold trade increased dramatically from 

less than USD 5 trillion annually (2000-2003) to over USD 30 trillion (2011). To put these 

figures into context, the total market turnover for the NYSE, the world’s most traded equity 

exchange, was USD 15.8 trillion in 201499, while Australia’s ASX turned over slightly less than 

USD 1 trillion that year. 

 

Figure 33. Gold market turnover during the study period  

The total global gold market turnover is composed of the OTC physical “spot” gold, which is cleared by the London 

Precious Metals Clearing Limited (PCMCL) and exchange traded gold futures. The physical trade volumes not cleared 

are estimates. 

                                                      
99 http://www.world-exchanges.org/home/index.php/statistics. 
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Figure 34. Gold price and volatility chart for the study period 

The top chart shows the nominal price of gold in US dollars per troy ounce over the study period (2000-2013). The 

bottom chart shows annualized monthly historical price volatility. The study period contains both bull and bear 

markets and high and low volatility periods. 
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5.2.3  The London Gold Fixing 

The London gold fixing is an organised “Walrasian” auction among five members for 

wholesale physical gold. The gold fixings started in 1919, with the original membership 

comprising of N M Rothschild & Sons, Mocatta & Goldsmid, Pixley & Abell, Samuel Montagu 

& Co. and Sharps & Wilkins. The fixing was physically conducted at the N M Rothschild’s 

offices in St. Swithin's Lane, London under the chairmanship of Rothschild. 

  

Figure 35. The gold fixing room at the N M Rothschild’s office, London. 

 

In 2004, Rothschild withdrew from the fixing, and the process moved to a dedicated phone 

conference facility. The process of administration was turned over to the London Gold Market 

Fixing Ltd. (www.goldfixing.com), a private company owned by the then fixing members: 

Barclays Capital (claiming Rothschild’s seat), Scotia-Mocatta (the bullion division of the Bank 

of Nova Scotia), Deutsche Bank (the acquirer of Sharps Pixel), HSBC (the acquirer of Samuel 

Montagu & Co) and Société Générale. The chair was rotated through the membership. 

Market participants funneled their orders through the five fixing members. Clients included 

gold producers (miners, refiners), gold consumers (jewellers, industrials), investors, speculators, 

private individuals and sovereign states. Fixing members consolidated their respective client 

orders, as well as any orders from their own proprietary trade desks. The fixing process began 

with the Chair announcing a starting price, which is usually near the current spot price. Each of 

the remaining four members then declares themselves as either a net buyer or a net seller at this 

price. The Chair then adjusts the price until there are both buyers and sellers declared. The 

http://www.goldfixing.com/
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auction progresses to the next phase with buyers and sellers declaring the quantity they seek to 

transact at this price. The Chair then adjusts the price to bring the quantities to balance. With 

quantities balanced, to within 50 bars100, the Chair deems the price to be “fixed” and announces 

the result to the LBMA for broad publication. The fixing members are not restricted in trading 

in other gold related instruments during this period. 

5.2.4 Physical spot gold 

London is the center of the global bullion market, with its origins and leadership tracing 

back to the 17th century. Its present structure, however, was largely created in the 1980s. The 

Bank of England originally regulated the market until 2000, when market oversight was 

transferred to the Financial Services Authority (FSA), in consultation with the London Bullion 

Market Association (LBMA). With the dissolution of the FSA in 2012, regulatory oversight 

reverted to the Bank of England.  

The gold bullion market is an OTC market with no central exchange. The market consists 

of the 11 market maker members of the LMBA101, which includes the current five fixing 

members. Market makers are required to provide two quotes during regular London business 

hours, 8am to 5pm, however the market functions virtually around the clock with regional 

offices providing coverage outside the London trade day. 

Market data on spot gold consists of the two way quotes (bids and asks) provided by these 

market makers, with no records of actual trades being publicly available. Financial market data 

providers, such as Bloomberg or Thomson-Reuters, commonly consolidate the quotes from 

several sources, and report the consolidated feed under the generic ticker “XAU”. Prices for 

spot gold are quoted in US Dollar per troy ounce, and spot settlement is “T+2”, i.e. delivery and 

payment must clear on the 2nd business day after the trade. 

Clearing of spot gold is conducted by the London Precious Metals Clearing Limited102 

(LPMCL), through its AURUM platform. As no trade volumes are publicly reported for the 

                                                      
100 A ‘bar’ is specified as approximately 400 troy ounces of 99.5% pure gold. See 

http://www.lbma.org.uk/pages/index.cfm?page_id=27 for further details, including tolerances. 
101 The full list of members is available at http://www.lbma.org.uk/membership. 
102 A not-for-profit utility owned by market makers Barclays, HSBC, JP Morgan, Scotiabank and UBS. 

http://www.lbma.org.uk/pages/index.cfm?page_id=27
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OTC market, clearing statistics are the best available data source for the markets size, as 

provided in Figure 36. 

 

Figure 36. London physical gold clearing volume and value, by year. 

 

 

The clearing statistics show gold traded on the order of 4 to 8 billion ounces per year 

during the period of this study. In nominal US dollar terms, this is between U$1.4 (2002-2003) 

to over $8.3 trillion (2012). This, however, represents only the lower bound of spot gold 

turnover. There are several reasons for this, with the major reason being the “netting” of trades 

by clearing members. As explained by Peter L. Smith, Global Head of Physical Precious Metals 

at JP Morgan Chase: 

“Virtually all gold and silver wholesale traders net all their trades for the same value date, with 

each of their counterparties, the clearing statistics mask the actual underlying value of daily Loco 

London OTC trading. In my opinion, the numbers are probably understated by as much as a factor 

of three times, or possibly even more during busy market periods / periods of high volatility in 

the market.” (Smith, 2009)  

Other exclusions are balance transfers between clearing members for the sole purpose of 

reducing overnight credit risk, and bilateral trades not cleared through the LPMCL. 
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5.2.5 Gold futures 

The legalization of gold ownership in the US, at the end of 1974, resulted in the immediate 

creation of gold futures contracts at five exchanges: The Commodity Exchange, Inc. (COMEX); 

the International Money Market (IMM), which has been absorbed into the Chicago Mercantile 

Exchange (CME); the Chicago Board of Trade (CBOT); the New York Mercantile Exchange 

(NYMEX); and the MidAmerica Commodity Exchange (MACE) (Warwick-Ching, 1993). 

Outside the US, new gold futures exchanges started emerging as early as 1972 with the 

Winnipeg Commodity Exchange, which was joined by the Sydney Futures Exchange (1978), 

the Gold Exchange of Singapore (1978), the Hong Kong Commodity Exchange (1980), and the 

Tokyo Commodity Exchange (TOCOM) in 1982103 amongst several others104. More recently, 

the Multi Commodity Exchange (MCX) in Mumbai and the Shanghai Futures Exchange 

(SHFE) have become sizable gold futures markets as well. 

While many exchanges launched gold futures contracts, not all achieved lasting success. 

Perhaps the most notable failure was that of the London Gold Futures Market (LGFM). Located 

at the heart of the global gold market, the joint venture of the London Metals Exchange (LME) 

and the London Bullion Market Association (LBMA) boasted more pedigree than any other new 

entrant ("Advertisement 38," 1982). Launched in 1982, the exchange folded within three short 

years ("Gold Futures Market In London Will Close," 1985), never attracting sufficient trade 

volume from the COMEX to be viable. 

For the period of this study, the overall level of trade activity is presented in Figure 37. 

Average daily volume, in ounces, is presented in the top chart, followed by the average number 

of unique contracts trading and the average total maturities trading105.  

The charts in Figure 37 show that prior to 2003, the gold futures market was somewhat 

static, with trading confined to four contracts: the COMEX “GC”, the CBOT “ZG”, the 

TOCOM “JAU” and the Korean Futures Exchange “GOLD”. After 2003, however, several new 

                                                      
103 http://www.tocom.or.jp/profile/history.html. 
104 This includes the Singapore International Monetary Exchange, the Bermuda International Exchange, 

the Montreal Mercantile Exchange, Bolsa Brasileria de Futuros, Bolsa Mercadoria de Sao Paolo and 

Bolsa Mercantil e de Futuros. 
105 See Appendix B, Table B-4 for summary details of these contracts.  
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contracts were introduced, with India’s MCX and NCX each introducing a gold contract, and 

the CBOT introduced a direct competitor to the COMEX “GC” contract106. 

From 2003 to 2011, there was a steady increase in new futures contracts as commodity 

trade activity boomed. At its peak, over 30 unique contracts traded across dozens of exchanges. 

This was followed by a consolidation from 2012 onwards, with liquidity drying up at minor 

exchanges, leading to contracts being discontinued. In more extreme cases, this led to the 

collapse of some exchanges, such as the Hong Kong Commodity Exchange in 2013  (Cheng, 

2013). 

 

 
Figure 37. Gold futures trading activity  

The top chart shows the aggregate monthly trade volumes in ounces of gold across all exchanges, contracts and 

maturities. The middle chart shows the average number of unique contracts, across all exchanges, traded in each month. 

The bottom chart shows the average number of maturities, across all contracts and exchanges, traded in each month. 

 

Despite the wave of new entrants, the COMEX remains the dominant futures market for 

gold. This is shown in Figure 38, which breaks the aggregate trade volume shown in Figure 37 

into its constituent contracts, and in Figure 39, which reports the open interest in these contracts. 

                                                      
106 CBOT’s ZH contract size was 33 oz., whereas for the newly introduced ZG contract matched the 

COMEX GC size of 100 oz.  
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Figure 38. Gold futures trade volume and market share 

The top chart shows the daily average trade volumes for each major contract. The bottom chart shows the respective 

trade volume share for each contract. 
 

 The figures show that through the decade, the CME GC has remained the dominant 

gold futures contract in terms of trade volume and open interest. Newcomers’ gain of market 

share has come primarily at the expense of TOCOM. 
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Figure 39. Gold futures open interest and market share.  

The top chart shows the daily average open interest for each major contract. The bottom chart shows the respective 

open interest share for each contract. 
 

As the most actively traded futures contract, the COMEX “GC” is used by this study to 

analyze the interaction between the fixing and futures markets. 
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5.2.5.1 The COMEX  

The Commodity Exchange, Inc. (COMEX) is the dominant exchange for the gold 

futures contracts. COMEX was bought by the New York Mercantile Exchange (NYMEX) on 

August 3, 1994, and thereafter it continued as a division within the NYMEX and is often 

referred to as NYMEX/COMEX. In the prior year, on 28 June 1993, NYMEX introduced its 

electronic trading hours (NYMEX, 1993). As a result of the COMEX/NYMEX merger, the 

COMEX contracts gained access to the NYMEX ACCESS platform and for the first time 

became tradeable electronically, i.e. via computer terminals rather than open out-cry floor 

trading.  

The major limitation of NYMEX ACCESS was that it only functioned outside of floor 

trading hours. As such, NYMEX ACCESS was only ever considered an “after-hours” trade 

venue, attracting a small portion of market activity. Competitive pressure from its rival, the 

Chicago Board of Trade (CBOT), forced NYMEX/COMEX107 to adopt the Chicago Mercantile 

Exchange (CME) Globex electronic trading platform in December 2006. This transition brought 

with it a significant policy shift to offer “side-by-side” trading. Via Globex, NYMEX/COMEX 

permitted electronic trading during floor trading hours for the first time.  

In 2007, a bidding war between the Chicago Mercantile Exchange (CME) and the 

Intercontinental Commodity Exchange (ICE) broke out for control of the CBOT. The CME 

won, acquiring its former rival on July 9108. This left NYMEX in a precarious position. 

NYMEX had become reliant on the CME’s Globex electronic trading platform and the CME, 

through its acquisition of CBOT, had overnight become its main competitor. However, the 

situation was resolved on 17 March 2008 when NYMEX agreed to an offer from the CME 

Group to be acquired109 and become part of the CME Group, where it remains to the present 

day. 

                                                      
107 http://online.wsj.com/news/articles/SB115187952655396585. 
108 http://www.futuresmag.com/2007/07/18/cmecbot-merger-goes-through. 
109 http://www.marketwatch.com/story/cme-to-buy-nymex-for-100-share-or-93-billion. 
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These changes have particular relevance to the London AM gold fixing, which falls 

outside the COMEX floor trading hours110. Enabling side-by-side trading, via the transition to 

the Globex platform, quickly transitioned liquidity from the trading floor to the trading 

terminals. It was no longer necessary to be physically present on the COMEX gold floor (in 

New York) to trade gold futures quickly and in volume. With liquidity on Globex, the gold 

contract was tradable 23¼ hours per day111, overlapping the London AM gold fixing. Further, 

unlike floor trading, screen trading offered a level of anonymity not possible on the floor. This 

also impacted on the availability of data for the study of the gold PM fixing, as detailed in 

section 5.3. 

5.2.5.2 The COMEX “GC” gold futures contract 

The COMEX “GC” gold futures contract covers 100 troy ounces of good delivery gold, 

physically settled at a CME certified warehouse within the contract delivery month. This 

contract is quoted in US Dollars with a tick size (minimum price fluctuations) of USD 0.10 (ten 

cents per troy ounce). The contract trades on three platforms within the CME group: the 

electronic CME Globex, the CME Clearport for block trades, and the original COMEX open 

outcry pit in New York. The Globex platform has come to dominate the open outcry pit, as 

outlined by Karan et al. (2008), and thus Globex market data are used in the analysis.  

Maturities for the GC contract range from the current month to 60 months out, with 

trading focused on the nearest designated “active” month contract. These months are February, 

April, June, August and December. While multiple contracts trade on any given day, this study 

only analyzes pricing data for the active month contract. 

Market data on gold futures is relatively rich. Trade and quote data are provided by the 

exchange for public record. This includes records of all transactions with price and volume data 

which, unlike the OTC markets, provides direct measurement of market activity.  

                                                      
110 The COMEX floor trading hours are from 8:25am to 1:25pm (New York) and usually 12:25pm to 

6:25pm (London). 
111 Sunday – Friday 6:00pm – 5:15pm (New York) as outlined in 

http://www.cmegroup.com/trading/metals/precious/gold_contract_specifications.html. 
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Transaction costs for these futures contracts are low. For CME futures, there are three 

components to transaction costs: exchange fees, brokerage commissions and regulatory fees. 

The CME/COMEX exchange fees for the GC contract range from USD 0.45 to USD 1.45 per 

contract, with brokerage fees adding a further USD 0.25 per contract or more112. Total trading 

fees range from USD 0.70 per contract for high volume institutional traders to USD 2.32 per 

contract for retail traders. As one contract covers 100 oz. of gold, with each ounce having a 

price of say $1000, this results in a notional exposure of $100,000. Even for the worst case of 

$2.32 per contract for retail traders, the transaction costs represent less than 0.0023% or 0.23 

basis points (bps) of notional value. Apart from the explicit transaction costs, other key trade 

costs include traversing the bid-ask spread and slippage. While these costs are difficult to 

estimate, each price tick represents about 0.01% (1 bps) of notional value, using a price of 

US$1000 per ounce. Allowing for four ticks of slippage and spread, and two sets of transaction 

costs, a threshold of 4 bps is used in this study to classify a round-trip trade as economic. 

 

5.3 Methodology and data  

The methods used to analyze fixing returns, unadjusted, adjusted and difference returns 

and return predictability are detailed in Chapter 3. As a brief summary, returns observed during 

the fixing (fix returns) are compared with those over the full trade day (day returns), unadjusted 

returns are compared to returns adjusted for the fix price direction, and the power of observable 

market returns to predict the fix price direction are assessed. There are no gold specific 

departures from the general methodology for analysis. 

For gold, there are two daily fixings: the AM held at 10.30am London time, and the PM 

held at 3:00 PM London time. This places the AM fixing typically at 5.30am New York local 

time, outside the regular floor trading hours, and the PM fixing typically at 10:00am New York 

local time, inside regular trading hours113. This impacts the availability of market data in the 

                                                      
112 Source: CME Website –NYMEX Fee schedule (July 2, 2012) and Interactive Brokers LLC published 

fee schedule (August 2012). 
113 See Appendix C, Table C-1 for a summary of trading hours over the study period. 
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first half of the study period, prior to the transition to the Globex electronic trading platform and 

the introduction of side-by-side trading. 

In the first half of the study period (2000-2006), trading at the time of the PM fixing was 

restricted to the open outcry floor, while trading near the AM fixing was restricted to the 

NYMEX ACCESS platform. As such, for the AM fixing, there is a full record of market data, 

including quoted bid and ask prices. For the PM fixing, this is not the case. The lack of 

electronic order processing during floor trading hours means that there is no quoted information 

recorded and retained for this period. Further, the trade data originating from the trading floor is 

not as dense or as timely as that captured by the electronic system. As such, analysis of the PM 

fixing in the first half of the study period is somewhat limited. That said, data coverage for the 

fourteen years is comprehensive, as outlined in Table 10 below. 

 

Table 10. Gold fixings sample data summary     
Presented are total number of daily gold fixings, the various data issues and their impact on the effective sample size over the 

study period (2000-2013). The sample of fixings covers nearly 99% of the population, whereas the sample of fixings with 
futures market data covers 95.6% of the population. Source data: Thomson-Reuters, Bloomberg and the London Bullion 

Market Association (LBMA). 

 AM Fixing  PM Fixing 

        

 Fixings  %   Fixings  %  

Total number of fixings (nRaw) 3,537  100%  3,509  100% 

   Missing spot market data 1  0.00%  1  0.00% 

Fixings with spot returns (nReturns) 3,536  99.98%  3,508  99.97% 

   Missing from primary data set 31  0.9%  34  1.0% 

   Exceeding two hours 19  0.5%  9  0.3% 

Fixings with valid timestamps (n) 3,487  98.6%  3,466  98.8% 

   Corrected fixing price 2  0.1%  6  0.2% 

   Closed futures market 54  1.5%  51  1.5% 

   Insufficient futures market data 66  1.9%  177  5.0% 

Fixings with valid timestamps and market data (n*) 3,367  95.2%  3,238  92.3% 

 

The sample covers more than 95% of the AM fixings and 92% of the PM fixings 

conducted over the fourteen-year study period. This level of coverage should provide 

confidence that the sample is indeed representative of the population. All data sources and 

sample exclusions are detailed in section 3.2. 
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5.4 Results 

This study finds empirical support for four key findings. First, the fixing benchmark price 

shows anomalies inconsistent with an unbiased reference price, as detailed in section 5.4.1. The 

average fix returns are consistently, materially and significantly negative. This negative bias 

stands in contrast to observed day returns for the gold market more generally. 

Second, the price impact from the fixing spills into the spot and futures markets, as detailed 

in section 5.4.2. The fixings have a consistently, materially and significantly negative price 

impact on spot and futures market prices. This price impact on spot and futures markets is the 

main feature of the London trade day, with the impact lasting for several hours after the 

conclusion of the fixing. The liquidity impact, however, dissipates in minutes. This suggests that 

short term liquidity effects are an unlikely explanation for the price bias. Further, negative 

fixings are found to be poorly aligned to markets impacts, whereas positive fixings show a close 

alignment.  

Third, there is empirical support for information leaking from the fixing, providing a trade 

advantage to the fixing participants as detailed in section 5.4.3. Trade volume and price 

volatility spikes are aligned to the start of the fixing, rather than following the announcement of 

the fixing price. Adjusted returns show that prices drift in line with the subsequent fixing price 

before the fixing result is announced, and in some cases even before the fixing start. The price 

direction of the fixing is highly predictable from public market trades immediately following the 

start of the fixing. 

Finally, in section 5.4.4, evidence of the profound effect of the migration from floor trading 

to electronic trading in late 2006 is presented. This break in market structure results in the 

collapse of the bid-ask spread and a dramatic increase in trade volume. This suggests an 

increase in liquidity, which results in lower limits to arbitrage in the gold futures market. This, 

in turn, should lead to a reduction in the distortions around the fixing. However, the opposite is 

observed. The unadjusted returns (price impact) around the fixing become larger and commence 

earlier – up to ten minutes before the start of the fixing. The adjusted returns (information 

advantage) increase as transaction costs decrease.  
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Combined, these findings suggest the change in market behavior is unlikely to be related to 

trader imbalance, liquidity effects or limits to arbitrage. A more likely explanation is the 

suppression (manipulation) of the benchmark, possible collusion and likely front running by 

fixing participants. 

5.4.1 Suppression of the fixing price 

Summary statistics of the fix period and returns are provided in Table 11 for the AM fixing 

and Table 12 for the PM fixing. These tables are organized into five panels reporting statistics 

for the study period as a whole (“All” column), before and after January 1, 2007, and each year 

of the study period. Panel A (sample count) shows the sample data covers a high proportion of 

the population of fixings (> 90%). This coverage generally improves over the study period. The 

gap between all fixings (nRaw) and the fixings with both price and timing data (n*) reduces 

from 21 in 2000 to zero by 2007. Panel B (fixing period) confirms that fixings take, on average, 

6 (AM) to 8 (PM) minutes, with fixing periods typically shorter in the later years. The PM 

fixing, which overlaps with US trading hours, takes consistently longer than the AM fixing, 

which occurs outside US trading hours. Panel C reports statistics and significance fix returns 

and, by way of comparison, day returns for spot gold. In comparing fixing returns to day 

returns, the issue of unequal return periods arises. This is addressed in two ways. In Panel C, 

fixing returns are compared to day returns, scaled by the fixing period. Panel D reports price 

directions with a focus on the frequency of negative returns. Section 3.5 details each approach. 

Finally, in Panel E, the magnitudes of positive and negative fixing returns are compared. 

In Panel C, the first two rows report the fix return (�̅�Fix) and the day return (�̅�Day) for all 

(nReturns) fixings for which both the pre-fixing spot price and the fixing price are available. 

This includes 3,536 AM fixings and 3,508 PM fixings114.  �̅�Fix for the full sample is -3.2 (-5.5) 

bps, which is significant at the 0.1% level and reported in the “All” column. �̅�Day is slightly over 

+4.1 bps for the same period. The price change across the short period of the fixing is of a 

                                                      
114 The difference in sample count is driven the lack of PM fixings on Christmas Day (December 25) and 

New Year’s Eve (December 31). 
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similar scale, but opposite sign, to that of the 24-hour day returns. This mirrors the finding for 

the silver fixing reported in section 4.4.1.  

Scaled day returns (�̅�Day*) allow direct comparison between the fix return and day return, 

addressing the difference of return period as detailed in section 3.5. This in turn restricts our 

sample to the 3,487 (3,466) AM (PM) fixings (n) for which we have valid timestamps. The 

third, fourth and fifth rows within Panel C reports the �̅�Fix, the scale day return (�̅�Day*) and the 

difference between these two returns (R̅Fix-R̅Day*). The dramatic difference between the �̅�Day and 

�̅�Day* results from scaling a 24-hour return to, on average, a 5.8 (AM) or 5.5 (PM) minute return. 

In essence, R̅Day* is immaterial, and the size and significance of R̅Fix-R̅Day* are being driven solely 

by R̅Fix. 

The results show the fix return exhibits a material and significantly negative bias regardless 

of the broader movements in the gold market. �̅�Fix is negative for each of the fourteen years, and 

is significant at the 0.1% level for all but three years. For the AM fixing, 2009 shows a 1% 

significance level and 2007 shows a 5% significance level, while 2006 shows no significance. 

For the PM fixing, 2011 shows a 1% significance level and 2012 shows a 5% significance level, 

while 2013 shows no significance. For the twelve years, 2001-2012, the gold price was 

increasing (R̅Day>0), , the mean fix return remained negative. To reiterate comments from 

section 3.5, these comparisons tend to understate the differences, as the fix returns are contained 

within the day returns. This holds even more for gold as there are two fixings. Indeed, the 

average fix returns, AM and PM, total -8.7 bps compared to the +4.1 bps of the day returns. 

Comparing the relative frequency of positive and negative returns for  R̅Fix and R̅Day finds a 

similar result, as reported in Panel D. By focusing only on the signs of the returns, and in effect 

ignoring return magnitudes, the scaling for differing return periods is eschewed. For the full 

period, 72% (70%) of the non-zero AM (PM) fixing returns are negative (%NegFix), leaving 

only 28% (30%) positive. Further, only 4% (2%) of the AM (PM) fixings show no price 

movement (%FlatFix).  

This reflects a material imbalance in the occurrence of negative returns and positive returns 

over the fourteen year period. Negative fix returns outnumber positive returns by more than 2:1, 

with significance levels lower than 0.1%. Day returns do not show this imbalance: %NegDay is 
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47%, implying only slightly more positive day returns. The 25% (23%) excess negative fix 

returns, when compared to day returns (%NegFix  - %NegDay), has a significance level lower than 

0.1%.  

 

Table 11. Summary statistics of the London AM gold fixing 
Presented are statistics on the time taken for the AM gold fixing to complete (the fix period, TFix) and the price change in gold over 

this period (the fix return, RFix). Statistics are reported for each year of the study, pre and post 1 January 2007 (under “<’07” and 

“≥'07”, respectively) and for the full study period under “All”. Panel A details the sample count: nRaw is the total number of fixings 
within the period (inclusive of outliers), nReturns is the number for which returns are calculable, n is the number of fixing with returns 

and valid timestamps (exclusive of outliers), and n* is the number of fixings with futures and spot intraday market data available. 

Panel B details fixing timings: T̅Fix reports the average period between the fixing start and end, %Upd is the percentage of fixings for 

which a price update is published before the fixing ends, T̅Upd reports the average time to the first update, and T̅1st reports the average 

period to the 1st public reporting of a price from the fixing. All periods are presented in minutes.  Panel C details returns: R̅Fix is the 

mean fix return, R̅Day is the mean day return from 6AM (London) before the fixing to the following 6AM, and R̅Day* is the mean scaled 

day return, where RDay* is RDay scaled by TFix/24 hours. Significance is stated for a two-tailed t-test of R̅Fix = 0, R̅Day = 0, R̅Day*  = 0 and 

R̅Fix - R̅Day* = 0, respectively. Panel D details price directions: %NegFix reports the percentage of days with a negative price movement 

across the fixing (RFix<0), excluding days with no price movements (RFix=0), which are reported in %FlatFix. For day price movements, 

%NegDay and %FlatDay are similarly defined. Significance is stated for a one-sample proportion z-test of %NegFix = 0.5 and %NegDay 

= 0.5, and a two-sample, pooled proportion z-test of %NegFix = %NegDay. Finally, Panel E details the return magnitudes: R̅N (R̅P) is the 

mean fix return of the negative (positive) fixing returns. R̅P-|R̅N| reports the difference between the two average returns, along with 

significance for a two-side t-test of R̅P-|R̅N| = 0. The sample period covers January 2000 to December 2013. All returns are log returns 
presented in basis points. *, ** and *** denote 5%, 1% and 0.1% levels of significance, respectively. 

                              
 

        

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  <'07 ≥'07  All 
                                      

Panel A – Sample count  

nRaw 252 253 252 253 254 252 252 253 254 253 253 251 252 253   1768 1769   3537 

nReturns 252 253 252 253 253 252 252 253 254 253 253 251 252 253   1767 1769   3536 

n 251 243 244 248 246 247 248 252 251 252 252 249 252 252   1727 1760   3487 

n* 230 220 223 233 228 233 241 252 251 252 251 249 252 252   1608 1759   3367 

                                       

Panel B – Fixing period  

T̅Fix 6.5 7.3 7.1 7.2 6.5 4.5 7.4 6.1 8.3 5.3 3.8 4.3 3.1 3.5   6.6 4.9   5.8 

%Upd 2.0 1.6 1.2 2.4 1.6 1.2 2.8 1.2 11.6 1.2 0.8 1.2 1.6 1.6   1.9 2.7   2.3 

T̅Upd 5.3 5.3 4.4 6.0 10.7 8.2 3.9 4.4 1.6 3.8 7.6 4.0 2.3 1.2   6.0 2.4   3.8 

T̅1st 6.1 6.9 6.6 7.2 6.4 4.5 6.2 5.5 4.8 4.7 3.8 4.3 3.1 3.1   6.3 4.2   5.2 

                                        

Panel C – Returns  

R̅Fix -4.4*** -5.6*** -5.0*** -3.9*** -1.9*** -3.4*** -1.1 -1.0* -3.9*** -2.4** -3.1*** -2.5*** -2.9*** -4.4***   -3.6*** -2.9***   -3.2*** 

R̅Day -1.7 0.7 8.7 7.2 2.0 7.5 8.2 10.6 1.8 9.1 10.0 4.3 2.4 -13.4   4.7 3.6   4.1* 

For fixings with returns and valid timestamps (n=3492) 

R̅Fix -4.4*** -5.5*** -4.6*** -3.6*** -2.1*** -3.3*** -1.1 -1.0* -4.0*** -2.3** -3.1*** -2.5*** -2.9*** -4.4***   -3.5*** -2.9***   -3.2*** 

R̅Day* 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.1* -0.1 0.0 0.0 0.0 0.0 0.0   0.0 0.0   0.0 

R̅Fix-R̅Day* -4.5*** -5.5*** -4.7*** -3.6*** -2.1*** -3.4*** -1.2 -1.1** -3.8*** -2.3** -3.1*** -2.5*** -2.9*** -4.4***   -3.6*** -2.9***   -3.2*** 

                                       

Panel D – Price direction 

%NegFix 80*** 83*** 80*** 67*** 64*** 78*** 63*** 60** 69*** 66*** 73*** 68*** 81*** 77***   73*** 70***   72*** 

%NegDay 57* 48 45 45 46 47 48 43* 49 44 42* 42* 49 53   48 46**   47*** 

%NegFix-%NegDay 23*** 34*** 35*** 22*** 17*** 32*** 14** 16*** 20*** 22*** 30*** 25*** 32*** 24***   25*** 24***   25*** 

                                       

%FlatFix 10 6 6 5 2 4 4 2 4 3 1 0 1 2   5 2   4 

%FlatDay 1 0 1 0 2 0 0 0 0 0 0 0 0 0   1 0   0 

                                        

Panel E – Return magnitude 

R̅P 5.2 6.5 6.1 6.5 5.8 4 10.5 5 8.2 10.4 5.7 6.3 5.6 4.6   6.7 6.6   6.7 

R̅N -7.5 -8.5 -8.2 -9.4 -6.4 -5.6 -8 -5.2 -9.6 -9 -6.4 -6.6 -4.9 -7.2   -7.6 -6.9   -7.3 

R̅P-|R̅N| -2.3* -2.1 -2.1 -2.9* -0.7 -1.6** 2.5* -0.2 -1.4 1.4 -0.7 -0.4 0.7 -2.5**   -1.0* -0.3   -0.6* 
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Table 12. Summary statistics of the London PM gold fixing 
Presented are statistics on the time taken for the PM gold fixing to complete (the fix period, TFix) and the price change in gold over 

this period (the fix return, RFix). Statistics are reported for each year of the study, pre and post 1 January 2007 (under “<’07” and 
“≥'07”, respectively) and for the full study period under “All”. Panel A details the sample count: nRaw is the total number of fixings 

within the period (inclusive of outliers), nReturns is the number for which returns are calculable, n is the number of fixing with returns 

and valid timestamps (exclusive of outliers), and n* is the number of fixings with futures and spot intraday market data available. 

Panel B details fixing timings: T̅Fix reports the average period between the fixing start and end, %Upd is the percentage of fixings for 

which an price update is published before the fixing ends, T̅Upd reports the average time to the first update, and T̅1st reports the average 

period to the 1st public reporting of a price from the fixing. All periods are presented in minutes.  Panel C details returns: R̅Fix is the 

mean fix return, R̅Day is the mean day return from 6AM (London) before the fixing to the following 6AM, and R̅Day* is the mean scaled 

day return, where RDay* is RDay scaled by TFix/24 hours. Significance is stated for a two-tailed t-test of R̅Fix = 0, R̅Day = 0, R̅Day*  = 0 and 

R̅Fix - R̅Day* = 0, respectively. Panel D details price directions: %NegFix reports the percentage of days with a negative price movement 
across the fixing (RFix<0), excluding days with no price movements (RFix=0), which are reported in %FlatFix. For day price movements, 

%NegDay and %FlatDay are similarly defined. Significance is stated for a one-sample proportion z-test of %NegFix = 0.5 and %NegDay 

= 0.5, and a two-sample, pooled proportion z-test of %NegFix = %NegDay. Finally, Panel E details the return magnitudes: R̅N (R̅P) is the 

mean fix return of the negative (positive) fixing returns. R̅P-|R̅N| reports the difference between the two average returns, along with 

significance for a two-side t-test of R̅P-|R̅N| = 0. The sample period covers January 2000 to December 2013. All returns are log returns 

presented in basis points. *, ** and *** denote 5%, 1% and 0.1% level of significance, respectively. 
                              

 
        

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  <'07 ≥'07  All 
                                      

Panel A – Sample count  

nRaw 250 251 250 251 252 250 250 251 252 251 251 249 250 251   1754 1755   3509 

nReturns 250 251 250 251 251 250 250 251 252 251 251 249 250 251   1753 1755   3508 

n 249 237 241 248 246 246 248 250 251 250 251 248 250 251   1715 1751   3466 

n* 185 165 211 237 229 229 231 250 251 250 251 248 250 251   1487 1751   3238 

                                       

Panel B – Fixing period  

T̅Fix 7.9 8.2 8.1 9.0 6.4 6.5 11.9 9.6 10.1 6.8 5.5 5.8 4.3 4.7   8.3 6.7   7.5 

%Upd 2.4 4.2 1.7 2.0 2.8 2.4 2.4 2.4 12.0 0.8 2.0 1.2 2.4 4.0   2.6 3.5   3.1 

T̅Upd 7.4 6.9 8.1 5.1 5.4 5.3 13.4 6.0 2.6 12.3 2.7 4.4 2.7 1.5   7.3 3.2   4.9 

T̅1st 7.8 8.0 8.1 8.9 6.4 6.5 10.9 8.8 6.1 6.5 5.4 5.7 4.3 4.6   8.1 5.9   7.0 

                                        

Panel C – Returns  

R̅Fix -9.4*** -6.7*** -6.2*** -9.1*** -6.2*** -5.7*** -7.2*** -4.9*** -7.2*** -4.6*** -4.1*** -3.9** -2.0* -0.4   -7.2*** -3.9***   -5.5*** 

R̅Day -1.7 0.7 8.9 7.2 2.1 7.6 8.2 10.8 1.8 9.0 10.1 4.4 2.4 -13.0   4.7 3.7   4.2* 

For fixings with returns and valid timestamps (n=3492) 

R̅Fix -9.6*** -6.7*** -5.9*** -9.2*** -6.2*** -5.7*** -7.2*** -4.9*** -7.2*** -4.5*** -4.1*** -4.0** -2.0* -0.4   -7.2*** -3.9***   -5.5*** 

R̅Day* 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.0 -0.1   0.0 0.0   0.0 

R̅Fix-R̅Day* -9.6*** -6.8*** -6.0*** -9.2*** -6.2*** -5.7*** -7.3*** -4.9*** -7.2*** -4.6*** -4.1*** -4.0** -2.0* -0.3   -7.3*** -3.9***   -5.6*** 

                                       

Panel D – Price direction 

%NegFix 83*** 81*** 75*** 76*** 75*** 80*** 69*** 70*** 67*** 73*** 67*** 58* 59** 51   77*** 64***   70*** 

%NegDay 57* 49 45 44 48 48 46 42** 51 45 40** 44 49 52   48 46**   47** 

%NegFix-%NegDay 26*** 32*** 30*** 32*** 27*** 31*** 23*** 28*** 16*** 28*** 27*** 13** 10* -1   29*** 17***   23*** 

                                       

%FlatFix 5 3 4 2 2 2 2 2 3 2 1 0 0 0   3 1   2 

%FlatDay 1 3 0 0 3 1 0 1 0 0 0 0 0 0   1 0   1 

                                        

Panel E – Return magnitude 

R̅P 6.6 16.1 10.7 12.1 10.5 11.4 20.2 11.4 19.6 14.1 9.9 8.9 8 12.7   13 11.8   12.3 

R̅N -13.3 -12.1 -12.1 -16.1 -12 -10.2 -19.7 -12.2 -20.8 -11.7 -11 -13.3 -9 -12.8   -13.5 -13   -13.3 

R̅P-|R̅N| -6.7** 4 -1.5 -4 -1.4 1.2 0.5 -0.8 -1.1 2.4 -1.1 -4.4 -1 -0.1   -0.5 -1.2   -1 
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As with the return analysis, results for the full study period largely hold for each of the 

fourteen years. The frequency of negative fix returns %NegFix is greater than 50% for each of 

the fourteen years. For the AM fixing, %NegFix > 50% is significant at the 0.1% level for each 

year. For the PM, %NegFix > 50% is significant at the 0.1% level for all years except 2012 (1% 

significance), 2012 (5% significance) and 2013 (no significance).  

The frequency of negative day returns (%NegDay) is less than 50% for ten of the fourteen 

years. As a result, each year of the fourteen years shows a higher frequency of negative returns 

occurring during the fix when compared to the overall day (%NegFix  - %NegDay), with the only 

exception being 2013 for the PM fixing, when no significant difference is found. For the AM 

fixing, %NegFix > %NegDay is significant at the 0.1% level for all years, with the exception of 

2006, with its significance at the 1% level. For the PM, %NegFix > %NegDay is significant at the 

0.1% level for all years except 2012 (1% significance), 2012 (5% significance) and 2013 (no 

significance).  

These results reinforce that the return analysis (shown in Panel C in both tables) 

demonstrate a material, consistent and significant bias in the fix returns, even when controlling 

for the broader gold market. Again, these findings are completely consistent with the findings 

for the silver fixing reported in section 4.4.1. 

Finally, turning to Panel E of Table 11 and Table 12, the magnitudes of the positive (�̅�P) and 

negative (�̅�N) fix returns are reported. Separating out the positive and negative returns is 

relevant to gauge the impact of the fixing. As seen in the tables, R̅Fix is -3.2 bps (-5.5 bps) for the 

AM (PM) across the study period, ranging from -0.4 bps to -9.4 bps within any given year. 

However, this understates the fixing price impact as averaging across both positive and negative 

returns leads to considerable netting of the results. Indeed for the full study period, the mean 

positive fix return (�̅�P) is +6.7 bps (+12.3 bps) and �̅�N is -20.0 bps (-13.3 bps) for the AM (PM) 

fixings. Negative fix returns are on average larger by 0.6 bps (1.0 bps) for AM (PM) fixings, but 

not significantly so. This suggests that the overall negative bias in R̅Fix is driven by the 

significantly higher incidence of negative fixings, as opposed to negative fixings having 

significantly larger magnitudes. This is somewhat different to the findings for silver, where 
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magnitudes for negative fixings were significantly and consistently 30% larger than positive 

fixings. 

To summarize, the average gold fixing return is consistently, materially and significantly 

negative for the fourteen year study period, even when controlling for the returns in the broader 

gold market.  

One possible explanation is that the spot price, rather than the fixing price, is the source of 

the bias. If the spot price increases just before the fixing start, an elevated initial price would 

explain the negative bias. However, as reported in section 5.4.2 below, the opposite is observed. 

The spot price generally decreases ahead of the fixing start, implying the results above 

understate the bias of the fixing return. 

5.4.2 Impact on spot and futures markets 

5.4.2.1 Size and timing of unconditioned market response 

The intraday price dynamics of spot gold throughout the London trade day is shown in 

Figure 40. The chart shows the mean cumulative unadjusted returns (CUR), referenced to 0 bps 

at the start of the London AM gold fixing (10:30 AM). The figure in effect shows the nominal 

mean price of spot gold throughout the trade day. The most prominent features are the drops 

around the time of the gold fixings: approximately 2 bps at the AM fixing and 4 bps at the PM 

fixing. Less prominent, yet still noteworthy, are the 1 bps drop at the noon silver fixing and the 

1.5 bps drop followed by a 2 bps recovery at the open of the COMEX floor trading. 

Figure 40 also highlights two additional findings. First, as mentioned in section 4.4.1, the 

use of the spot price immediately before the fixing understates the fix returns bias. The R̅Fix 

reported in Table 11 and Table 12 excludes the 1-2 bps drop seen in the 10-5 minutes before the 

fix. Arguably, R̅Fix should be 1-2 bps lower. Second, not all of the fixing returns are transmitted 

to the spot market. Recall that the mean fix returns (R̅Fix) are -3.2 bps and -5.5bps for the AM 

and PM fixings, respectively. The dips observed at the time of the fixing, and measured from 

the start of the fixings, are comparatively small: 0.7bs for the AM fixing and 2 bps for the PM 

fixing. The fix return is measured from the 10.30 AM or 3 PM spot price to the respective fixing 

price.  
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Figure 40. Spot gold cumulative intraday returns over the London trade day 

Mean cumulative unadjusted returns (CUR) referenced to 0 bps at the start of the London AM gold fixing. The chart 

shows the price of gold falling approximately 4 bps (3 bps) at the time of the PM (AM) fixing. Key intraday events are 

annotated with vertical lines: the silver and gold fixing start times and the COMEX trading hours. The sample covers 

3,487 fixings from January 2000 to December 2013.  

 

The statistical significance of these price spikes is shown in Figure 41. The statistical 

significance of the price drops at the time of the gold fixings is confirmed by the cluster of 

negative returns, significant at the 0.1% level. The five-minute interval mean returns and their 

corresponding confidence intervals are shown in Figure 41. The white “+” marker denotes the 

mean return, and is surrounded by the black (95%), dark grey (99%) and light grey (99.9%) bars 

indicating the confidence intervals. Clusters of significant returns are found in the intervals 

before and after the gold fixings, and in particular the PM fixing. Other events that show 

significant returns, albeit less clustered and of smaller magnitude, include the COMEX gold 

floor trading open and close, and the silver fixing. No other times show significant returns. The 
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same intraday patterns can be seen for gold futures115. These results are consistent with the 

findings for silver reported in Section 4.4.2. 

Over the fourteen-year study period, price sensitive information arrived throughout the 

trade day. The lack of significance generally observed throughout the trade day confirms that 

these idiosyncratic effects largely cancel out, as might be expected in efficient markets. The 

glaring anomaly is the significant negative return observed around these fixings. The 

significance supports a negative bias in �̅�Fix (reported in Table 11 and Table 12) and it is 

difficult to explain these away as “market noise”.  

 

 

Figure 41. Spot gold five-minute returns over the London trade day  

The “+” markers signify the mean returns. The 95%, 99% and 99.9% confidence intervals depicted by the black, dark 

grey and light gray bars surrounding the mean, respectively. Statistically significant negative returns are clustered 

around the London gold and silver fixings. Key intraday events are annotated with vertical lines. The sample covers 

3,487 fixings from January 2000 to December 2013. 

 

                                                      
115 See Appendix D.4, Figure D-104 and Figure D-105. 
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5.4.2.2 Tying market response to the fixing 

As with silver, we can more closely tie these price dips to the London fixing by 

exploiting calendar quirks. While the time difference between London and New York is 

generally five hours, this varies around the daylight saving dates as each country uses slightly 

differing transition times. This provides typically two weeks per year with different time offsets 

between the cities. Further, mid-way through our study period (January 2007), the US Energy 

Policy Act of 2005 changed the US daylight savings transition dates. While the London PM 

gold fixing (3pm London) usually aligns to 10:00am New York local time, the combined effect 

of these changes caused it to align occasionally with 9:00am (prior to 2007) or 11:00am (from 

2007 onwards). A fourth group of dates is drawn from days where the gold futures traded but 

there were no gold fixings. Figure 42 below compares the five-minute unadjusted returns (UR) 

for gold futures for each of these four groups of dates. 

 
 

Figure 42. Gold futures returns timezone effects 

This mosaic of charts illustrates the mean unadjusted returns (UR) near the time of the London PM gold fixing. 

Signifcant negative returns are observed only following the near London fixing in each case, and are not observed on 

days without a fixing. Four cases exist within the study period: when there are 4, 5, and 6 hours time zone difference 

between London and New York, and when futures were traded but no fixings occurred. The mean (solid line) and 95% 

confidence intervals (dotted lines) are also shown. The sample covers 3,451 trading days from January 2000 to 

December 2013. 
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Each chart shows the mean (solid black line) and its 95% confidence interval (dashed 

line). The time of the PM fixing is indicated by an annotated vertical line, or lack thereof. As with 

silver, the negative return follows the fixing start in each of the three cases. These negative returns 

are significant for two of the three cases: at 10:00am and 11:00am. Further, in the case without 

fixings, there were no significant negative returns. The large difference in sample sizes116 explains 

the comparative tightness of confidence intervals for the regular five-hour group compared to the 

others.  

5.4.2.3 Size, significance and timing of market impact 

A clearer assessment of the price impact in the futures market is shown in Figure 43117, 

where positive and negative return fixings are separated from each other. Mean cumulative 

unadjusted returns (CURi
̅̅ ̅̅ ̅̅ ̅), as depicted in Figure 40, aggregate across both positive and negative 

fixings. This cancellation of returns with opposite signs can (and does) attenuate and mask the 

price response to the fixings. 

The top chart shows CURi
̅̅ ̅̅ ̅̅ ̅ aligned to the AM fixing, while the bottom chart is aligned 

to the PM fixing. Within each chart, the green (red) line shows CURi
̅̅ ̅̅ ̅̅ ̅ for days with positive 

(negative) fixings, while the black line shows the unconditioned CURi
̅̅ ̅̅ ̅̅ ̅ seen in Figure 40, i.e. 

averaged across all days. For further context, diamond markers show the mean magnitude and 

timing of the fixing returns (R̅Fix) for the same sample of trade days. This enables a comparison 

of the market impact with the fixing return. 

There are three important findings in Figure 43. First, the price impact from the fixings 

is long lasting. Second, the magnitudes of the impact are material. Third, there is a material 

asymmetry in the timing and magnitude of the price impact transmission between positive and 

negative fixings.  

First, let’s consider the magnitude and persistence of the price impact. The 

unconditioned CURi
̅̅ ̅̅ ̅̅ ̅, shown the black line in Figure 43 (and Figure 40), shows a drop of 3-4 

bps. This is relatively short lived, with the unconditioned CURi
̅̅ ̅̅ ̅̅ ̅ returning to the pre-fixing level 

                                                      
116 n=3,307 when London and New York are the regular five hours apart, while the n=117, 33 and 94 for 

the four hour, six hour and no fixing groups. 
117 Similar results for spot gold are presented in Appendix D.4, shown in Figure D-106 
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(0 bps) within 10-15 minutes. In contrast, the green (red) lines showing CURi
̅̅ ̅̅ ̅̅ ̅ for positive 

(negative) fixings dwarfs the conditioned CURi
̅̅ ̅̅ ̅̅ ̅. The magnitude of the price impact is in the 

order of 10-15 bps, which does not recover for hours after the fixings.  

The asymmetry in the timing and magnitude of the price impact transmission is subtle, 

yet more intriguing. While the asymmetry in magnitude transmission is similar for both the AM 

and PM fixings, there is a marked difference in the timing of the futures price impact. 

We see a marked asymmetry in the linkage of the fix return, shown by the diamond 

markers, and the futures market (shown by the CURi
̅̅ ̅̅ ̅̅ ̅ curves). For positive fixings, shown in 

green, there is little to no difference between the fix return markers (+ 6 bps at the AM fixing 

and +12 bps at the PM fixing) and the CURi
̅̅ ̅̅ ̅̅ ̅ curve. That is, virtually all of the price changes 

witnessed in the fixing is transmitted to (or possibly from) the futures market. For negative 

fixings, shown in red, there are material differences, as seen by the large gap between the fix 

return markers and the red CURi
̅̅ ̅̅ ̅̅ ̅ curve. Only half the fixing return (-7 bps at the AM fixing 

and -13 bps at the PM fixing) is witnessed in the futures market. It appears as if the futures 

market is relatively skeptical of the negative fixings, while quite accepting of the positive 

fixings. This is indeed consistent with the negative price bias discussed in the previous section. 

This result is common to both the AM and PM fixing, and is also evident for the silver fixings. 

The AM and PM fixings diverge in the timing profile of their respective CURi
̅̅ ̅̅ ̅̅ ̅ curves. 

For the AM fixing, the negative and positive fixings days have near identical profiles leading 

into the fixing. Both show a gradual 2 bps drop in the one hour period preceding the AM fixing 

start. For the PM fixing, the positive CURi
̅̅ ̅̅ ̅̅ ̅ curve shows no significant pre-fixing drift, while the 

negative CURi
̅̅ ̅̅ ̅̅ ̅ curve shows a 5 bps drop starting some 20 minutes before the fixing start. Why 

this discrepancy exists is not obvious. The fact that it affects only the negative fix days adds to 

the suspicion of possible manipulation of the fixing process on the negative days. 
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Figure 43. Gold futures cumulative returns on positive/negative days 

Cumulative unadjusted  returns (CUR) are referenced at the start of the AM (PM) fixing in the top (bottom) chart. Mean 

CUR across all fixings (black line) appears to recover to the pre fixing level (0 bps) within an hour or so. However, 

when seperating out the negative return fixings (red line) from the positive return fixings (green line), the price impact 

can be seen to last past the end of  the day. Diamond markers show the mean fix return (R̅Fix) at the mean fix end times. 

Key intraday events are annotated with vertical lines. The sample covers fixings from January 2000 to December 2013. 
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As with silver, liquidity effects do not explain the abrupt price changes at the time of 

the fixing. Nor do they explain the asymmetry in these changes. Figure 44 shows the mean 

quoted spread, a common liquidity measure, and its 95% confidence interval throughout the 

trade day. While the AM and PM fixings have a noticeable liquidity effect on the gold futures 

market, this effect is relatively small and short lived. The spreads around the AM fixing widen 

by about 0.4 bps (a 7% increase), while spreads at the PM fixing widen by a mere 0.1 bps. 

Tellingly, the larger spread effect aligns with a smaller price dip (at the AM fixing), and vice 

versa.  

Some caution is needed in interpreting Figure 44 as it aggregates across an important 

change to the futures market structure. Trading hours over the fourteen-year study period have 

occasionally changed, and the transition to the Globex trading platform enabled screen trading 

side-by-side with floor trading. This transition changed market liquidity and data availability 

profoundly, as will be discussed in section 5.4.3.4 below. That said, the key finding remains 

intact. The return dynamics reported in this section, and the imbalance in the return direction 

reported in the previous section, do not align to changes in observed liquidity levels. 

 

Figure 44. Gold futures intraday quoted bid-ask spreads 

The mean (solid line) and 95% confidence interval (dotted line) are shown. The London gold fixings are seen to have 

a small  and postive, yet transient, impact on quoted spreads. The transitions in and out of the trading floor hours, 

however, have the largest impact. Key intraday events are annotated with vertical lines: the silver and gold fixings start 

times, and the COMEX floor trading hours. The sample covers 3,367 fixings from January 2000 to December 2013. 
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5.4.3 Information advantage 

As with the silver fixing, there is strong empirical support for information leaking from the 

gold fixings to spot and futures markets. These findings, originally published in Caminschi and 

Heaney (2013), are extended here in two ways: first the study period is broadened to cover the 

pre and post Globex periods and, secondly, the AM fixing is also considered.  

Trade volume and price volatility spikes are aligned to the start of the fixing and not to the 

final announcement of the fixing result. Returns drift in the direction of the fixing price 

direction at the start of the fixing, before the results are announced, whereas the announcement 

of the fixing result has relatively little impact on price. As with the silver fixing, the gold market 

returns after the start of the fixing, but before its announcement, are highly predictive of the 

fixing price direction. Trade advantages are shown to peak in the first two to four minutes 

following the start of the fixing, before the fixing has concluded and the results are made public. 

These findings hold for the full period of the study (2000-2013).  

Section 5.4.3.1 through 5.4.3.3 features findings common to both pre (2000-2006) and post 

(2007-2013) Globex eras, leaving section 5.4.3.4 to focus on the differences between the two 

periods. 

5.4.3.1 Volumes and volatilities 

Volumes and volatilities peak immediately after the start of the fixing in the opening two 

to four minutes of the fixing. These increases are material (>300% increase in trade volume and 

+30% increase in volatility) and statistically significant (at the 0.1% level).  

The results for gold futures are succinctly presented in Figure 45, which shows the mean 

relative volumes and volatilities at the time of the AM fixing. The top chart shows mean change 

in volume (Δ𝑉𝑀𝑖) aligned to the fixing start (t0=10:30am), while the bottom chart shows mean 

changes in volatilities (Δ𝑉𝑖). In both charts, the mean (solid line), 95% (dotted line) and 99% 

(dashed line) lower confidence bounds reference the left hand scale and are reported in log %. 

The break in the mean curve demarks intervals before and after the fixing start. The reference 

period (10:00am to 10:15am) is marked by the omission of confidence bounds. The mean 

volume/volatility across the reference period forms the reference level for the relative 
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volumes/volatilities. The dashed line starting at 10:30 shows the cumulative proportion of 

fixings completed (referenced to the right hand scale).  

The charts show that volumes and volatilities spike in the opening two minutes of the 

fixing. This is well before the majority of fixings have completed. Significant increases in trade 

volume start just before the fixing start, with the largest increase in the volumes and volatilities 

occurring immediately following the fixing start118. This is consistent with the findings for the 

silver fixing.  

 This is not unique to the futures market. While there are no volumes available for the 

spot market, price quotes do allow observation of price volatilities. As seen in Figure 46 for the 

PM fixing, the results for spot gold are nearly identical119. To further highlight volatilities 

peaking before the release of the fixing information, the lower chart in Figure 46 aligns the 

results to the end of the fixing, as opposed to the fixing start. Significantly higher levels of 

volatility are seen seven minutes before the end of the fixing, and peaking two minutes before 

the results become public. 

Numerical results are presented in Appendix D.3, where trade volumes are presented in 

Table D-21 (pre-Globex) and Table D-22 (post-Globex) for the AM fixing, and Table D-23 

(pre-Globex) and Table D-24 (post-Globex) for the PM fixing. Volatility results are presented in 

Table D-25 though Table D-32 for AM/PM fixings, of spot and futures, pre and post Globex. 

Within each table, results aligned to the fixing start (t0 = start of fixing) and fixing end (t0 = end 

of fixing). Included are summary statistics (mean, median and standard deviation) and 

associated t-test statistics for the fifteen minutes on either side of the start (end) of the fixing (-

14≤ i ≤ +15).  The t-statistics of the one-tailed, paired t-tests for VMi
̅̅ ̅̅ ̅ >𝑉𝑀𝑟𝑒𝑓̅̅ ̅̅ ̅̅ ̅̅ ̅ (Vi̅ >𝑉𝑟𝑒𝑓̅̅ ̅̅ ̅̅ ̅), using 

the untransformed data, are presented in column VM̅̅ ̅̅  (V̅). The results of the one-tailed t-tests of 

∆VMi
̅̅ ̅̅ ̅̅ ̅ > 0 (∆Vi

̅̅ ̅̅  > 0), using the log transformed, zero-substitute data, are presented in column ∆VM̅̅ ̅̅ ̅̅   

(∆V̅̅̅̅ ). Refer to section 3.6 for detailed definitions and design concepts. 

 

                                                      
118 Similar findings are presented in Appendix D.4, Figure D-107 for the PM gold fixing. 
119 Similar findings are presented in Appendix D.4, Figure D-108 for the AM gold fixing. 
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Figure 45. Gold futures volume and volatility changes at the AM fixing 

Peak volume is seen two minutes after the start of the fixing, before most fixings have completed. The top chart shows 

mean change in volume (Δ𝑉𝑀𝑖) aligned to the fixing start (t=10:30). The bottom chart shows the change in price volatily 

(Δ𝑉𝑖) and mirrors this result. Both show the mean (solid line), 95% (dotted line) and 99% (dashed line) lower confidence 

intervals on the left hand scale. Volume (volitility) is compared to a reference level, defined as the mean volume 30 to 

15 minutes before (after) the fixing start (end); a period denoted by the absence of the confidence intervals. The dashed 

line, starting at 10:30, shows the cumulative proportion of fixings completed on the right hand scale. The center vertical 

line denotes the fixing start time. The samples covers 3,367 fixings from January 2000 through to December 2013.  
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Figure 46. Spot gold volatility changes at the PM fixing 

Peak volatility is seen two minutes after the start of the fixing, before most fixings have completed. The top chart shows 

mean changes in volume (Δ𝑉𝑖) aligned to the fixing start (t=15:00), while the bottom chart aligns to the fixing end 

(i=0). Both show the mean (solid line), 95% (dotted line) and 99% (dashed line) lower confidence intervals on the left 

hand scale. Volatility is compared to a reference level, defined as the mean volume 30 to 15 minutes before (after) the 

fixing start (end); a period denoted by the absence of the confidence intervals. The dashed line, starting at 15:00 and 

shown in the top chart, shows the cumulative proportion of fixings completed on the right hand scale. The center vertical 

line denotes the fixing start time. The samples covers 3,466 fixings from January 2000 through to December 2013.  
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5.4.3.2 Returns 

Significant returns in the spot and futures gold markets align to the start of the fixing, 

before the fixing result is announced. There is comparatively little return response observed 

after the fixing result is announced. These results underscore the findings from the volume and 

volatility analysis: informed traders are not waiting for the announcement of the fix to trade on 

its outcome.  

Whereas unadjusted returns (UR) are useful in assessing market impact, as discussed in 

the previous section, when assessing information leakage we are more concerned with the 

difference in returns (DR) between the uninformed trader and the directional informed trader120. 

The dynamics of the DR shows us both the value of the information and the timing profile of the 

information leakage from one market to the other. Figure 47 and Figure 48 show the magnitude, 

significance and timing profile of DR for gold futures at the AM and PM fixings121.  

The top chart in Figure 47 and Figure 48 show material (>1.5bps) and significant (better 

than 0.1%) differences are clustered two to ten minutes before the end of the fixing. Within each 

figure, the top chart shows the difference in returns (DR) between the uninformed long trader 

(unadjusted returns) and that of a directionally informed trader (adjusted returns). The chart is 

aligned to the fixing end with i=0 representing the last interval before the announcement of the 

fixing. The mean one-minute returns are denoted with the white “+” markers, and the 95%, 

99%, and 99.9% confidence intervals about the mean are shown by the black, dark grey and 

light grey bars, respectively.  

 

 

 

  

                                                      
120 Unadjusted returns (UR) represent uninformed long positions, adjusted returns (AR) represent 

directionally informed positions and the difference between these constitutes the difference returns (DR), 

as defined in section 3.8. 
121 Similar results for spot gold are presented in Appendix D.4, Figure D-109 and Figure D-110. 
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Figure 47. Gold futures difference in returns at the AM gold fixing 
The difference in returns (DR) shows the advantage a directionally informed trader has over an uninformed trader 

holding a long position. The top chart shows the largest DR are observed in the five minutes before the end of the 

fixing, whereas the bottom chart shows the mean DR to be around 6 bps (from 10:15 to 12:05). For the top chart, 

intervals are aligned to the fixing end (i=0), the “+” markers signify the mean DR and the 95%, 99% and 99.9% 

confidence intervals are depicted by the black, dark grey and light gray bars surrounding the mean, respectively. For 

the bottom chart, cumulative DR (CDR) is shown aligned to the start of the fixing,while the mean and confidence 

intervals are also shown. The dashed line starting at 10:30 shows the cumulative proportion of fixings completed, on 

the right hand scale, and the center vertical line denotes the fixing start time. The samples covers 3,367 fixings from 

January 2000 through to December 2013.   
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Figure 48. Gold futures difference in returns at the PM gold fixing 
The difference in returns (DR) shows the advantage a directionally informed trader has over an uninformed trader 

holding a long position. The top chart shows the largest DR are observed in the five minutes before the end of the 

fixing, whereas the bottom chart shows the mean DR to be around 15 bps (from 11:50 to 12:05). For the top chart, 

intervals are aligned to the fixing end (i=0), the “+” markers signify the mean DR and the 95%, 99% and 99.9% 

confidence intervals are depicted by the black, dark grey and light gray bars surrounding the mean, respectively. For 

the bottom chart, cumuative DR (CDR) is shown aligned to the start of the fixing, with the mean and confidence 

intervals are shown as well. The dashed line starting at 15:00 shows the cumulative proportion of fixings completed, 

on the right hand scale, the center vertical line denotes the fixing start time. The samples 3,238 covers fixings from 

January 2000 through to December 2013.  
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The accumulated trade advantage is shown in the bottom charts, which present the 

cumulative DR (CDR) referenced to the start of the fixing. Differencing the CDR between any 

two points in time yields the net gain the informed trader has over the uninformed long position. 

It shows the sharpest rise occurs immediately after the start of the fixing, but before most 

fixings have been announced. The mean CDR is the solid black line, surrounded by the 95%, 

99% and 99.9% confidence intervals, referenced on the left hand scale. Also shown is a dashed 

line from 10:30am (3:00pm). This is the cumulative proportion of AM (PM) fixings completed 

and announced as a function of time (referenced on the right hand scale).  

For example at the AM fixing, the informed trader holding a position from 10:10am (-2 

bps) through to 10:35pm (+4 bps) experienced on average a 6 bps return advantage over the 

uninformed trader holding a long position over the same period. A trader who learns of the 

direction somewhat later, at say 13:32pm (+5 bps), realizes only a 2 bps edge over an 

uninformed position. As can be seen by the gradient of the CDR curve, the information 

advantage has its maximum value during the opening two minutes of the fixing. Trade 

advantage erodes within five minutes after the fixing start.  

At the PM fixing, in contrast, the informed trader holding a position from 2:40pm (-5 

bps) through to 3:10pm (+10 bps) has on average a 15 bps return advantage over the 

uninformed trader holding a long position over the same period. As with the AM fixing, the 

information advantage has the maximum value in the opening two minutes of the fixing, with 

most of the trade advantage eroding within five minutes after the fixing start. These findings are 

strikingly consistent with those reported for silver in Section 4.4.3.2, both in terms of timing and 

magnitude. 

The contrast between the AM and PM fixing is also revealing. If these effects were 

somehow artifacts of arbitrage limits within efficient markets, we should expect these artifacts 

to be more pronounced when the market is less liquid, with fewer contracts traded amongst 

fewer participants. However, we see the exact opposite. The trade advantage observed at the PM 

fixing is more than twice as large, starts to accumulate five minutes earlier and lasts five 

minutes longer than in the AM fixing. These findings argue against the premise of short term 

efficiency at the time of the fixing. Further, approximately one third of the trade advantage is 
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observed before the start of the fixing. This suggests the possibility of participant collusion 

ahead of the fixing. 

Note that numerical results are presented in Appendix D.3, Table D-35 through to Table 

D-50. These report unadjusted, adjusted and difference returns ( UR̅̅ ̅̅ , AR̅̅ ̅̅ , DR̅̅ ̅̅   ) and their 

corresponding cumulative returns (CUR̅̅ ̅̅ ̅̅ , CAR̅̅ ̅̅ ̅̅ , CDR̅̅ ̅̅ ̅̅  ) for gold futures and spot gold at the AM 

and PM fixings. Within each table, the fixing start (end) aligned results are presented from 

fifteen minutes before to fifteen minutes after the start (end) of the fixing (-14 ≤  i  ≤ +15 ). By 

design (see in section 3.8) the cumulative returns are zeroed at the interval immediately before 

the start (end) of the fixing (i=0). 

5.4.3.3 Predictability  

If information is leaking from the fixing, market returns should contain information 

about the fixing price direction. As with silver, this is indeed the case. Market price movements 

are highly predictive of the fixing price direction. The price movements in the opening two to 

four minutes of the fixing show the highest increase in prediction success. Further, predictability 

is strongly influenced by the magnitude of fix return: large absolute fix returns are significantly 

more predictable. That is, not only are the trades quite accurate in predicting the fixing 

direction, but the larger the available profits, the more accurate the trades become.  

The charts in Figure 49 illustrate these findings for spot gold122,123. The figure is 

composed of two charts: the top for the AM fixing and the bottom for the PM fixing. Within 

each chart, there are two panels. The top panel reports the proportion of fixings (P) for which 

the fixing price direction (𝐹𝐼𝑋𝐷𝐼𝑅𝑑
∗ ) is correctly predicted by the market returns to interval i 

(𝑀𝐾𝑇𝐷𝐼𝑅𝑖,𝑑), as detailed in section 3.10. A reference horizontal line at P=0.5 shows the 

prediction level expected of an uninformed participant.  

 

                                                      
122 Similar results for gold futures are presented in Appendix D.4, Figure D-111.   
123 Numerical results are provided in D.3, where Table D-51 through to Table D-58 report results for gold 

futures and spot gold for the AM and PM fixings. 
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Figure 49. Spot gold returns predictive power 

The charts show the fixing price direction is largely predicted by returns shortly following the fixing start. The top 

(bottom) chart shows returns predicting the AM (PM) fixing direction. The direction of the fixing (positive or negative) 

is predicted on the basis of the returns observed to interval i. The sample includes only unannounced fixings at the close 

of interval i. Announced fixings are removed, as seen in the bottom panel of each chart. The sample is further divided 

into fixings with small (Si,Sml) and large (Si,Lrg) fixing return magnitudes. Before the start of the fixing (i < 1), the 

predictions rates, P(Si), shown by the dark solid line surround by the 95% and 99% confidence intervals, are not 

materially different to 1/2, uninformed guessing. Following the fixing start (i>0), P(Si) rapidly increases to show 

significantly better rates of prediction. Prediction rates for large fixing returns are higher than for small fixing returns. 

The sample covers 3,367 (3,238) fixings from January 2000 through to December 2013. 
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Three sets of results are depicted. First, P(Si) refers to the fixings still unannounced at 

the end of the cut-off interval i, P(Si,Lrg) refers to unannounced fixings with absolute fix returns 

larger than the median absolute fix return, and P(Si,Sml) are fixings with fix returns smaller than 

or equal to the median. While P(Si) is shown by the solid black line surrounded by 95% and 

99% confidence intervals, the “large” and “small” fixing return results, P(Si,Lrg) and P(Si,Sml), are 

presented by white and black bars, respectively.  

The bottom panel reports the sample size for each interval. The reduction in sample size 

results from removing fixings as they are announced. That is, prior to the fixing start no fixing 

results have been announced, so all fixings are in the sample. After the fixing start, any fixings 

which conclude and are announced are removed from the sample.  

The figures illustrate two key findings. First, returns after the start of the fixings are 

significantly predictive of the final fixing price direction. Second, fixings resulting in large price 

moves (Si,Lrg) show higher levels of predictability than those resulting in small price moves 

(Si,Sml). These findings are consistent with the findings for silver. 

Before the fixing start, both spot and futures prices show little power to predict the 

fixing direction. This dramatically changes immediately after the start of the fixing. Within two 

minutes, rates of correctly predicted fixing direction increase to 70% (55%) for the PM (AM) 

fixing. Five minutes after the fixing start, prediction rates are around 80% and 65% for the PM 

and AM fixings, respectively. These proportions are materially greater than the 50% benchmark 

for an uninformed guess, which is significant at the 0.1% level. 

These prediction rates, however, are not homogenously distributed across the sample. 

Once days with small fix returns (black bars) are separated from large fix returns (white bars) 

the spread becomes very evident. Both sub-samples show prediction rates materially and 

significantly above 50%. Further, the large fix returns show prediction rates above 90% (80%) 

for the PM (AM) fixings, while the prediction rates of small fix returns peak at around 65% 

(55%). Prediction accuracy is found to be associated with larger (and more economically 

lucrative) fixing returns. 
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 As with the DR results in the previous section, the PM fixing shows lower levels of 

market efficiency than the AM fixing, despite all market metrics indicating that the PM fixing 

takes place in a more liquid and active trading environment. 

5.4.3.4 Summary discussion 

The results above confirm abnormally high trade volumes, high price volatility, 

economic trade advantage and significant levels of predictability of fix direction. All of these 

observations align to the start of the fixing, before the fixing is announced. Unexpectedly, there 

is little market response following the announcement of the fixing. These results mirror those 

found for silver, reported in section 4.4.3.4, and are similar with the discussion and arguments 

about the direction of causality. These results provide further evidence that these effects are not 

explained by limits to arbitrage. Finally, the results for the PM fixing are materially larger than 

those for the AM fixing, with the PM fixing occurring at a far more liquid time of day, as 

witnessed by trade volumes and quoted spreads. 

5.4.4 The Globex transition 

While sections 5.4.1 to 5.4.3 report aggregates for the whole study period (2000-2013), 

this section focusses on comparing the floor trading era (2000-2006) with the electronic Globex 

era (2007-2013). In particular, this section focusses on how the changes in liquidity affected the 

market impact and information advantage reported in sections 5.4.1 to 5.4.3. Overall, the 

findings for gold are consistent with those found for silver. Namely, the higher levels of 

liquidity following the Globex introduction are associated with larger market impacts and 

greater information advantage. 

Competitive pressure from its rival, the Chicago Board of Trade (CBOT), forced 

NYMEX/COMEX124 to adopt CME’s Globex electronic trading platform in December 2006 for 

gold and silver. While NYMEX ACCESS had been available since 1993, its use had been 

restricted to outside of floor trading hours. Globex, on the other hand, was operational nearly 24 

hours per day. As such, the switch from NYMEX ACCESS to Globex represented more than a 

                                                      
124 http://online.wsj.com/news/articles/SB115187952655396585. 
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technology upgrade; it marked a policy shift to allow “side-by-side” trading. For the first time, 

NYMEX/COMEX allowed electronic trading during floor trading hours.  

Section 5.4.4.1 demonstrates the collapse in spreads and increase in trade volumes 

following the Globex transition. Indeed liquidity increased at the time of the fixings, especially 

for the AM fixing which, prior to Globex, was quite illiquid. Further, post Globex quoted 

spreads narrowed at the start of the fixing, suggesting informed trading, whereas pre Globex 

spreads widened. 

These higher levels of liquidity suggest reduced limits to arbitrage.  If the abnormal returns 

detailed above, in sections 5.4.2 and 5.4.3, are to be explained as some limit to arbitrage, we 

should see these effects subside in the Globex era (the “limits to arbitrage” theory). 

Alternatively, if futures markets are used to monetize price sensitive information relating to the 

fixing, the opposite should be observed. Reduction in spreads lowers the profit thresholds on 

round trip trades, while the increased trade volume offers the opportunity to make larger trades 

(the “monetization” theory). 

The study finds the transition to Globex, with its associated drop in spreads and increases 

in trade volume, seems to “amplify” the abnormal returns surrounding the gold fixing. This is 

seen in the price impact (CUR) (section 5.4.4.2) and in trade advantage (CDR) and information 

leakage (CAR) (section 5.4.4.4). Measures of information leakage, including elevated levels of 

trade volume, price volatility and fix direction predictability, also increase after the introduction 

of Globex (see section 5.4.4.3). 

The reduced trade costs and higher profitability act to increase the incentives for front 

running and/or collusion. The lower cost threshold and higher incentives allow an increase in 

the frequency of such activities, resulting in the elevated returns observed. In short, all empirical 

analysis supports the monetization theory rather than the limits to arbitrage theory. 

The pre-fixing price drift, unique to negative return fixings, is observed only following the 

Globex transition. Positive fixings do not exhibit this pre-emptive drift. Further, the price drifts 

in the direction of the subsequent fixing direction. It appears for fixings resulting in a price drop, 

with the direction established ahead of the official proceedings, at least occasionally. While this 

affirms the adage that “bad news travels faster than good news”, it is far from clear why this 
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would be the case. Perhaps a clue is that this coincides with the negative bias found in the 

benchmark, with both findings consistent with participant collusion. However, it is not clear 

why collusion would predominately occur on negative days as opposed to positive days. 

Alternate explanations, such as hedging trades placed prior the fix, also fail to account for this 

asymmetry.  

5.4.4.1 Changes in market liquidity  

The dramatic market impact of the NYMEX ACCESS to Globex transition can be seen 

in Figure 50. The figure presents two views of the evolution of liquidity in this market. The top 

chart shows a rolling 3-month moving average of the quoted bid-ask spread for the active gold 

futures contract. The overall trend is a drop in the spread from around 20 bps (in 2000) to 1 bps 

(by 2010). The transition from NYMEX ACCESS to Globex (annotated by the vertical line at 

December 4, 2006) marks proportionately the largest drop in quoted spread.  

Hand-in-hand with the collapse in spreads is the increasing trade volume. In the NYMEX 

ACCESS era, 2 to 5 contracts are traded per minute near the AM fixing, and around 3 to 20 are 

traded near the PM fixing125. Further, median volumes (𝑉𝑀𝑖
̃ ) are zero for all intervals near the 

fixing, indicating most days had no trades within these one-minute intervals. Compare this to 

the Globex era: 50 to 115 contracts traded per minute near the AM fixing and 300-500 traded 

near the PM fixing; median trade volumes (𝑉𝑀𝑖
̃ ) ranged from 30 to 80 contracts per minute near 

the AM fixing and 190 to 350 contracts near the PM fixing. 

A slightly more subtle feature of the chart is the inversion of the spread at the start of the 

fixing (the solid black line) when compared to the end of the fixing (the dotted line). Prior to 

2007, the spread at the end of the fixing is generally wider than at the start of the fixing. 

Following the transition to Globex, the spread at times is either inverted or reduced to near zero.  

The bottom chart shows mean quoted spreads at times near the fixing start. Means are 

taken over two-year period groupings, e.g. 2000-2001 and 2012-2003, while 2006 and 2007 are 

kept separate on account of the Globex transition. The decline and break in the spread over the 

years is evident. The pre Globex years range (2000-2006) show spreads of 14 to 22 bps, while 

                                                      
125 See Table D-21 through to Table D-24 for AM and PM fixings, before and after Globex. 
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Globex years (2007-2013) show spreads that range from 3 to 8 bps. The chart provides finer 

resolution as to the change of spread around the fixing. All the pre Globex years show a 

widening of spreads following the start of the fixing, whereas in the Globex years this is no 

longer evident. 

 
 

 
 

Figure 50. Gold futures quoted bid-ask spread evolution 
The top chart shows the 3-month moving average of quoted spreads at the start and end of the AM gold fixing. The bottom chart 

illustrates the mean quoted spread around the time of the AM gold fixing for various year groups. The spread declined over the period, 
markedly after the introduction of the Globex electronic trading platform in December 2006. Prior to Globlex, the spread increased 

following the fixing start. This reverses following the transition to Globex. The sample covers fixings from January 2000 to December 

2013. 

 

2010-2011 
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This is confirmed in Figure 51, which shows the relative change in spreads, before and 

after the Globex transition. A reference level is taken by averaging the spreads over a reference 

period (8:30am to 9:30am) indicated on the chart by the omission of the confidence intervals. 

The solid black line is the mean spread relative to this reference level, with 95%, 99% and 

99.9% confidence intervals indicating significance. 

The top chart, covering the pre Globex years, shows a significant increase of around 15% 

in the mean spread following the start of the fixing, which is significant at the 0.1% level. This 

dissipates within 30 minutes after the fixing start, with spreads returning to their fixing levels. 

The bottom chart, covering the Globex years, shows a very different picture. There is a decrease 

of around 5% in the spreads following the start of the fixing, albeit with marginal significance. 

This inversion of spread dynamics is quite remarkable, yet consistent with findings for 

silver. In the NYMEX ACCESS era, widening spreads signal heightened uncertainty as to the 

fixing outcome. In the Globex era, spreads narrow in the lead up to the fixing, and more so after 

it starts. This signals a decreased level of uncertainty and is consistent with informed traders 

taking out successive levels of the central limit order book. 

 While there are no reasons to suspect these findings hold for the PM fixing, data 

limitations prevent a direct analysis. Prior to Globex, there was only floor trading of gold 

futures and no quoted spread records were availble. That these findings also hold for silver 

provides further support. 
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Figure 51. Gold futures bid-ask spreads at the AM gold fix 

In the pre-Globex years (2000-2006, top chart) the spread increases following the start of the fixing, while in the Globex 

years (2007-2013, bottom chart) the spread decreases. The mean change in quoted spread is shown by the solid black 

line surround by the 95%, 99% and 99.9% confidence intervals. The change is reference to the mean spread observed 

from 8:30am through 9:30am, denoted by the omission of confidence intervals about the mean. The sample covers 

fixings from January 2000 to December 2013. 
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5.4.4.2 Changes in market impact 

In Figure 52, we can see the change in the spot market impact was economically 

material and statistically significant for the AM fixing, and only marginal for the PM fixing126. 

The top (bottom) chart reports the mean CUR for the AM (PM) fixings. With each chart, the 

mean CUR pre (post) Globex is shown by the green (red) solid line. Significance is shown by 

the green (red) dotted lines, representing the 99% confidence interval. For further context, 

diamond markers show the mean magnitude and timing of the fixing returns (R̅Fix) for the same 

sample of trade days. This enables a comparison of the market impact with the fixing return. 

For the AM fixing (top chart), there is a material change between the pre and post 

Globex years. After the introduction of Globex, there is a material and significantly larger 

impact observed following the start of the fixing. For the PM fixing (bottom chart), the 

difference is marginal, with overlapping confidence bounds suggesting the difference is not 

significant at the 1% level. 

An increase in market impact at the AM fixing is a key finding. Both fixings 

experienced higher levels of liquidity following the introduction of Globex, however, the AM 

fixing received a proportionately larger increase in liquidity. The fact that the market impact 

increased with an increase in liquidity supports the “monetization” theory rather than the “limits 

to arbitrage” theory. The finding is also consistent with the silver fixing findings which, like the 

AM fixing, also transitioned from NYMEX ACCESS to Globex. 

The disaggregation of positive and negative days is shown in Figure 53 for the AM 

fixing, and in Figure 54 for the PM fixing127. As discussed in 5.4.2.3, separating the positive fix 

return days from the negative fix return days removes the averaging across returns with opposite 

signs. This in turn gives a better measure of market impact around the time of the fixings.  

Within each figure, the top chart represents the pre Globex years, and the bottom chart 

represents the post Globex years. Within each chart, the green (red) line shows CURi
̅̅ ̅̅ ̅̅ ̅ for days 

with positive (negative) fixings, while the black line shows the unconditioned CURi
̅̅ ̅̅ ̅̅ ̅, i.e. 

averaged across all days. For further context, diamond markers show the mean magnitude and 

                                                      
126 Similar results for gold futures are presented in Appendix D.4, Figure D-112. 
127 Similar results for gold futures are presented in Appendix D.4, Figure D-113 and Figure D-114. 
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timing of the fixing returns (R̅Fix) for the same sample of trade days. This enables a comparison 

of the market impact with the fixing return. 

 

 
 

 
 

Figure 52. Spot gold returns near AM/PM fixings, pre/post Globex 
The top (bottom) chart shows the mean cumulative unadjusted retruns (CUR) at the time of the AM (PM) fixings. The solid green 

(red) line shows the mean CUR pre (post) the introduction of the Globex electronic trading platform. Diamond markers show the 

mean fix return (R̅Fix) at the mean fix end times. The sample covers 3,487 (3,466) fixings from January 2000 to December 2013. 
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The key finding is that the impact from the negative fixings is transmitted faster and 

more effectively to the public market following the introduction of Globex. The response post-

Globex is a -4.5 bps drop within five minutes of the AM fixing start, compared to -2 bps in ten 

minutes pre-Globex. This is striking given the mean fix return actually became less negative by 

0.7 bps from -7.6 bps (pre-Globex) to -6.9 bps (post-Globex). The mean fix period T̅Fix did 

reduce from 6.6 minutes (pre-Globex) to 4.9 minutes (post-Globex). However, this accounts for 

only 1.7 of the 5 minute reduction in response time. A similar increase in the rate of 

transmission is observed at the PM fixing, although the change in magnitude is not as large. 

What is consistent across all four charts is the difference in the gap between the market 

price impact and the fixing return. The market response is well aligned with the positive fixings, 

and poorly aligned with the negative fixings. On positive fixing days, depicted in green, we 

observe the green marker (fix returns) overlapping the CURi
̅̅ ̅̅ ̅̅ ̅ line, indicating virtually all of the 

fixing return is witnessed in the market. On negative fixing days, depicted in red, the diamond 

marker is well off the CURi
̅̅ ̅̅ ̅̅ ̅ line, with the CURi

̅̅ ̅̅ ̅̅ ̅ line showing only 25-50% of the fix return 

magnitude. This underscores the finding for the entire study period by showing it holds before 

and after Globex. 
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Figure 53. Spot gold returns at AM fixing on positive/negative days, pre/post Globex 

The top (bottom) chart shows the cumulative unadjusted returns before (after) the transition to Globex. Cumulative 

unadjusted  returns (CUR) are referenced to 0 bps at to the start of the fixing. All fixings (black line) are seperated into 

negative return fixings (red line) and positive return fixings (green line). Diamond markers show the mean fix return 

(R̅Fix) at the mean fix end times (start time + T̅Fix). The fixing start time is denoted with a blue vertical line. The sample 

covers 3,487 fixings from January 2000 to December 2013. 
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Figure 54. Spot gold returns at PM fixing on positive/negative days, pre/post Globex  

The top (bottom) chart shows the cumulative unadjusted returns before (after) the transition to Globex. Cumulative 

unadjusted  returns (CUR) are referenced to 0 bps at to the start of the fixing. All fixings (black line) are seperated into 

negative return fixings (red line) and positive return fixings (green line). Diamond markers show the mean fix return 

(R̅Fix) at the mean fix end times. The fixing start time is denoted with a blue vertical line. The sample covers 3,466 

fixings from January 2000 to December 2013. 
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5.4.4.3 Changes in informational leakage 

Adjusted returns (AR) are positive when observed prices move in line with the fixing 

price direction and negative when moving against it. Accumulating AR over one minute 

intervals yields the CAR, defined to be zero at the start of the fixing. The CAR shows when 

prices start to move in the same direction as the fixing direction.  Figure 55 plots CAR for the 

pre and post Globex eras for spot gold128.  

The figure is composed of two charts, with the top (bottom) chart covering the AM 

(PM) fixing. Within each chart, the pre (post) Globex years are presented in green (red). The 

mean CAR, shown as a solid line, is surrounded by 99% confidence intervals. The fixing start 

times are marked by the dotted blue vertical line at 10:30am (3:00pm) for the AM (PM) fixing. 

There are two key findings here. First, at both the AM and PM fixing, we see the market 

responds faster to the fixing information. This can be directly seen by the gradient of the CAR. 

This increase in transmission speed is most notable for the AM fixing, where the largest 

increase in liquidity occurs across the two eras. Second, peak CAR increased at both the AM 

and PM fixing after the introduction of Globex. Further, the PM fixing shows around twice the 

level of CAR observed at the AM fixing (while the charts look similar in shape, note the 

difference in scale on the vertical axis). 

The first of these findings, faster market response, seems to be an intuitive result. We 

expect electronic markets to be faster and more efficient. What is counter intuitive is the second 

result, that is, the increase in magnitude of CAR. This increase is observed both pre and post 

Globex for both the AM and PM fixing, and also between the AM and PM fixings in either era. 

Across all four comparisons, the more liquid setting shows the larger CARs. As before, this 

supports the “monetization” theory rather than the “limits to arbitrage” theory.  

 

 

 

 

                                                      
128 Similar results for gold futures are presented in Figure D-115. 



 

 178 

 

 
 

 
 

Figure 55. Spot gold cumulative adjusted returns pre/post Globex 

The top (bottom) chart shows the cumulative adjusted returns (CAR) at the time of the AM (PM) fixings. Adjusted 

returns show when the market returns align to the fixing price direction. Pre Globex (2000-2006) CAR is shown in 

green, while post-Globex CAR are red. The sample covers 3,487 (3,466) fixings from January 2000 to December 2013. 
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5.4.4.4 Changes in information advantage 

We can assess information advantage by observing the difference in returns (DR) 

between the uninformed trader and the directional informed trader. The dynamics of DR shows 

us both the value of the information and the timing profile of information leakage.  

Figure 56 plots the cumulative DR (CDR) for the pre and post Globex eras for spot 

gold129. The figure is composed of two charts, with the top (bottom) chart covering the AM 

(PM) fixing. Within each chart, the pre (post) Globex years are presented in green (red). The 

mean CDR is shown as a solid line surrounded by 99% confidence intervals. The fixing start 

time is marked by the dotted blue vertical line at 10:30am (3:00pm) for the AM (PM) fixing. 

 Both fixings show an increase in information advantage following the transition to 

Globex. The effect is most evident at the AM fixing, where the trade advantage approximately 

doubled to 8 bps from 4 bps. At the PM fixing, the impact is not as large, increasing to 15 bps 

from 12 bps. A secondary finding is that a pre-fixing drift is only significant in the period 

following the transition to Globex for both the AM and PM fixing. 

 These findings show that information advantage increases with liquidity on two counts: 

between the pre and post Globex era for both the AM and PM fixing, and between the AM and 

PM fixings. In all cases, the more liquid period shows the larger mean CDR. This further 

supports the “monetization” theory, in lieu of the “limits to arbitrage” alternative. 

                                                      
129 Similar results for gold futures are presented in Figure D-116. 
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Figure 56. Spot gold informed trade advantage pre/post Globex 

The top (bottom) chart shows the cumulative difference returns (CDR) at the time of the AM (PM) fixings. The trade 

advantage is the difference between the unadjusted returns (of an uninformed long trader) and adjusted returns (of an 

directionally informed trader). The sample covers 3,487 (3,466) fixings from January 2000 to December 2013. 
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5.5 Conclusion 

This chapter provides detailed institutional background about the London gold fixings, 

which is a private auction-based benchmarking mechanism, and reports the results of the 

analysis on the interaction between the fixing and spot and futures markets. 

The institutions and trading instruments, their history and characteristics, paint the 

picture of a very large and dynamic global market which trades US$20-30 trillion in gold each 

year. Within this market, the London fixing – controlled by five banks – has played a central 

role since its inception in 1919. 

The empirical analysis presented in this chapter focuses on the interaction between the 

daily fixing auction and the continuously and contemporaneously trading spot and futures 

markets. The analysis draws on minute to minute market data covering a fourteen-year period, 

with sufficient data quality for over 95% of the fixings which occurred from 2000-2013. 

The results show strong empirical evidence to suggest the fixing induces economically 

exploitable information asymmetries among market participants and a negative bias in the 

benchmark price. The market responses to the fixings also show a marked asymmetry, aligning 

well to positive price moves and poorly to negative moves. Further, the trade advantage to 

fixing participants increased with the futures market’s transition to anonymous screen trading 

from in-person floor trading, with its associated increase in trade volumes, execution speed and 

drop in trading costs. The findings for gold are consistent with those found for silver. 

The benefits of the fixing are strongly skewed to its members and select non-member 

participants. For those transacting at the fixing price, those who can actually buy at the fix are 

the winners while the sellers are the losers. In short, this study brings into question the fixing’s 

role as an objective price discoverer.  
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CHAPTER 6     

 

PLATINUM & PALLADIUM 
 

"Consistency is contrary to nature, contrary to life.  

The only completely consistent people are the dead.” 

 

Aldous Huxley 
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6.1  Introduction  

With the consistency in results for silver and gold, a related and mechanical treatment 

of platinum and palladium would at best serve to confirm the findings in a further two settings. 

While this could border on the monotonous, there are some good reasons to expect platinum and 

palladium markets to behave differently. 

 First, platinum and palladium are primarily industrial metals and, unlike gold and 

silver, have never formed an integral part of financial systems. Neither has had any widespread 

monetary use. Second, and possibly related to the first point, the platinum and palladium fixings 

include a non-bank, non-financial intermediary within its membership, BASF, which is an 

industrial firm. Finally, unlike the uncoupled timing of the silver and gold fixings, the platinum 

and palladium fixings are tightly coupled, with one starting soon after the other has completed. 

All these features are detailed in section 6.2, covering the historical and contextual 

background for these two precious metals, as well as key events in the development of their 

market, the London platinum and palladium fixings and futures exchanges. Section 6.3 briefly 

reviews the data and methodology detailed in Chapter 3, drawing out any specific issues in 

analyzing the platinum and palladium markets. Section 6.4 presents the results of the analysis 

with a focus on comparing and contrasting the findings to those of silver and gold. Section 6.5 

provides concluding commentary. 

 

6.2 Summary of background, institutions and instruments  

6.2.1 Brief historical context 

While gold and silver have played a role in human affairs as far back as the written 

record, platinum and palladium are relatively new arrivals. Platinum derives its elemental 

symbol (“Pt”) from the Spanish word “platina”, meaning “little silver”130. The first reference to 

platinum comes from Julius Caesar Scalinger in 1557. He described “deposits of a metal, which 

is mined between Mexico and Dariem (Panama) that hitherto cannot be melted by any fire nor 

by any Spanish techniques.” While resembling silver, it was considered “unripe” gold, treated as 

                                                      
130 Platinum. (n.d.). Online Etymology Dictionary. 
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a contaminant, holding little to no value. It wasn’t until the 1740s and 1750s that its chemistry 

was understood, and it was classified as a metal in its own right. The discovery of palladium 

occurred some fifty years later, in 1802. It was named after an asteroid, Pallas, also discovered 

that year. 

The primary uses for both platinum and palladium are as chemical catalysts, particularly 

automotive catalytic converters used to reduce emissions. While there is a limited amount of 

“investment” trade in platinum, neither metal has ever played a monetary role. As seen in Figure 

1, the market for these industrial precious metals is orders of magnitudes smaller than the gold 

and silver markets. 

6.2.2 Overview of price, volatility and market turnover during study period 

The price of platinum over the period of this study is shown in the price and volatility 

charts in Figure 57. The fourteen years cover extended bull markets (2002-2008), bear markets 

(2011-2013), sharp corrections (2001, 2008-2009), and periods of low volatility (2005-2006). 

The price ranged from $414/ounce (2002) to over $2270/ounce (2008). The variation of low and 

high volatility and returns ensure results cover this wide range of market conditions. 

 Palladium also experienced a wide range of market conditions within the study period, 

as seen in Figure 58. Unique to palladium was the boom and bust of 2001. Uncertainties around 

Russian supply, amidst allegations of political interference in the granting of export quotas, led 

to speculative buying (Behrmann, 2001). Fearing shortages, the Ford Motor Company started 

amassing a substantial palladium stockpile. The palladium price quadrupled to around 

US$1,100/oz. in 2001, before collapsing back to around $200/oz. by 2003. In the end, Ford’s 

stockpiling efforts led to a $1 billion write-off and investor lawsuits (White, 2002).  
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Figure 57. Platinum price chart for the study period 

The top chart shows the nominal price of platinum in US dollars per troy ounce over the study period (2000-2013). 

The bottom chart shows annualized monthly historical price volatility. The study period contains both bull and bear 

markets, and both high and low volatility periods. 
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Figure 58. Palladium price chart for the study period 

The top chart shows the nominal price of palladium in US dollars per troy ounce over the study period (2000-2013). 

The bottom chart shows annualized monthly historical price volatility. The study period contains both bull and bear 

markets, high and low volatility periods. 
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6.2.3 The platinum and palladium fixing 

Compared with the silver and gold fixings, the history of the London platinum and 

palladium fixing is relatively brief. The London Platinum Quotation was introduced in 1973 and 

in 1979 agreements between the major dealers led to the standardization of a “good delivery” 

specification. By 1997, rumors of the switch from the Quotation to a new mechanism started to 

emerge ("Platinum plan,"). However, it was not until 1989 that platinum and palladium had a 

“full fixing” 131. The transition was relatively low-key, receiving scant media coverage in the 

financial press. 

A unique feature of the platinum and palladium fixing is the membership of a non-

financial intermediary, namely BASF. This industrial firm is the world’s largest chemical 

producer, with history dating back to 1866132. BASF’s membership of the platinum and 

palladium fixing came as a result of its acquisition of Engelhard Metals Limited in early 2006 

("BASF/Engelhard," 2006). Engelhard had become the “world's largest refiner and fabricator of 

platinum metals”133 , and is credited with being the first producer of catalytic converters. The 

other three participants are all global banks: Goldman Sachs, HSBC, and the Standard Bank.  

 Market participants funnel their orders through the four fixing members who 

consolidate the orders, as well as any orders from their own proprietary trade desks. The fixing 

process begins with the Chair announcing a starting price, which is usually near the current spot 

price. Each of the remaining three members then declares themselves as either a net buyer or a 

net seller at this price. The Chair then adjusts the price until there are both buyers and sellers 

declared. The auction progresses to the next phase with buyers and sellers declaring the quantity 

they seek to transact at this price. The Chair then adjusts the price to bring the quantities to 

balance. With quantities balanced, to within 4,000 oz., the Chair deems the price to be “fixed” 

and announces the result for broad publication. The fixing members are not restricted in trading 

in related instruments during this period. 

                                                      
131 http://www.lppm.com/a-brief-history-of-the-lppm/. 
132 See https://www.basf.com for company profile. 
133 Time Magazine May 29, 1972: http://content.time.com/time/magazine/article/0,9171,903553,00.html 
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The process is conducted twice a day: the AM fixing at 9.45am and the PM fixing at 

2:00pm each London business day. Gold and silver are separated by distinct start times, but this 

is not the case for the platinum and palladium fixings which are conducted in tandem. The 

process starts by fixing the platinum price and then progresses to fixing the palladium price. As 

will be discussed in section 6.3 (Methodology and data), this has some methodological 

implications. 

6.2.4 Physical “spot” platinum and palladium 

The physical spot market for platinum and palladium is an OTC market with no central 

exchange. The market consists of the 11 market-maker members of the London Platinum & 

Palladium Market (LPPM)134, which includes the four fixing members. Market makers are 

required to provide two quotes during regular London business hours, 8am to 5pm, however the 

market functions virtually around the clock with regional offices providing coverage outside the 

London trade day. 

Market data consists of two way quotes (bids and asks) provided by market makers, with 

no record of actual trades being publicly available. Financial market data providers, such as 

Bloomberg or Thomson-Reuters, commonly consolidate the quotes from several sources, and 

report the consolidated feed under the generic ticker “XPT” for platinum and “XPD” for 

palladium. Prices for spot platinum and palladium are quoted in US Dollar per troy ounce. Spot 

settlement is on a “T+2” basis, i.e. delivery and payment clear on the 2nd business day after the 

trade. 

6.2.5 Platinum and palladium futures 

Over the study period, platinum was traded on six futures exchanges while palladium 

was traded on only two. For both metals, NYMEX and TOCOM were, at differing times, the 

dominant exchange. By the midpoint of the study period, the tussle between NYMEX and 

TOCOM was largely settled, with TOCOM becoming less relevant year by year.  

 

                                                      
134 The full list of members is available at http://www.lppm.com/members-list/. 
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Figure 59. Platinum futures trade volume and market share 

The top chart shows the daily average trade volumes for each major contract; the bottom chart shows the respective 

trade volume share for each market. 
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The transition of platinum futures trading, from TOCOM to NYMEX, is illustrated in 

Figure 59 showing trade volumes, in average oz. per day, and volume market share shown over 

the study period. While in the early years (2000-2008), TOCOM dominated the platinum trade, 

towards the end of the study NYMEX had well over half the trade volume. 

The transition from TOCOM to NYMEX in palladium, however, was far more abrupt. 

As seen in Figure 60, prior to February 2000 TOCOM had been the dominant market for 

palladium futures. After February 2000, the palladium trade on TOCOM virtually disappeared.  

This precipitous drop in the TOCOM trade volumes is not a data issue. The 

abandonment of TOCOM by palladium traders stemmed from an unprecedented, and 

controversial, decision by the TOCOM board to freeze the palladium futures price for several 

weeks. The decision was in response to the rapid appreciation of the palladium price and the 

stated concern for small investors (who were short) being driven to ruin.  

Market observers prognosticated that such a heavy handed intervention would result in 

TOCOM never recovering as a viable palladium market (O'Connor, 2000). The bottom chart in 

Figure 60, showing market share, is graphic evidence of traders voting with their feet and taking 

their trade to the NYMEX. By 2010, total trade volumes had returned to pre-2000 levels. 

However, TOCOM’s share had been reduced to single digit percentages. 
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Figure 60. Palladium futures trade volume and market share  

The top chart shows the daily average trade volumes for each major contract; the bottom chart shows the respective 

trade volume share for each contract. 
  



 

 193 

6.2.5.1 The NYMEX  

Platinum and palladium futures trace their origins to the New York Mercantile 

Exchange (NYMEX). The NYMEX was founded in 1882, emerging from the Butter, Cheese, 

and Egg Exchange with its expansion into “dried fruits, canned goods, and poultry”135. Platinum 

futures were introduced considerably later, in December 1956, while palladium contracts started 

trading in January of 1968 (Whaley, 2003). 

As previously outlined136, the NYMEX introduced its electronic trading in 1993 via its 

NYMEX ACCESS platform. One major limitation of NYMEX ACCESS was that it was only 

offered outside of floor trading hours. As an “after-hours” trade venue, NYMEX ACCESS only 

ever attracted a small portion of market activity. Competitive pressure from its rival, the 

Chicago Board of Trade (CBOT), forced NYMEX137 to adopt the Chicago Mercantile Exchange 

(CME) Globex electronic trading platform for platinum and palladium in June 2006. This 

transition brought with it a significant policy shift to offer “side-by-side” trading. Via Globex, 

NYMEX/COMEX permitted electronic trading during floor trading hours for the first time. 

These changes have particular relevance to the London AM platinum and palladium 

fixing, which falls outside the NYMEX floor trading hours138. Enabling side-by-side trading, via 

the transition to the Globex platform, quickly resulted in liquidity from the trading floor to the 

trading terminals. It was no longer necessary to be physically in the NYMEX metals pit (in New 

York) to trade platinum and palladium futures in volume. With liquidity on Globex, the 

platinum and palladium contracts were tradable 23¼ hours per day139. Trading overlapped the 

London AM fixing. Further, unlike floor trading, screen trading offered a level of anonymity not 

possible on the floor. 

                                                      
135 Faber, A. “Control on the New York Mercantile Exchange: Seat Ownership, Membership, and Voting 

Rights.” Hostra Law Review Vol 25, Issue 2, pg. 639. 
136 See section 4.2.5.2 for silver, or 5.2.5.1 for gold. 
137 http://online.wsj.com/news/articles/SB115187952655396585. 
138 The COMEX floor trading hours are from 8:25am to 1:25pm (New York) and usually 12:25pm to 

6:25pm (London). 
139 Sunday – Friday 6:00pm – 5:15pm (New York) as outlined in 

http://www.cmegroup.com/trading/metals/precious/silver_contract_specifications.html. 
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6.2.5.2 The NYMEX “PL” platinum and “PA” palladium futures contract 

The NYMEX “PL” platinum and “PA” palladium futures contract covers 50 troy 

ounces of good delivery platinum or palladium, physically settled at a CME certified warehouse 

within the contract delivery month. This contract is quoted in US Dollars with a tick size 

(minimum price fluctuations) of USD 0.10 (ten cents per troy ounce). The contract trades on 

three platforms within the CME group: the electronic CME Globex, the CME Clearport for 

block trades, and the original COMEX open outcry pit in New York. The Globex platform has 

come to dominate the open outcry floor trading and thus Globex market data are used in the 

analysis.  

Maturities for the PL contract range from the current month to 60 months out, with 

trading focused on the nearest designated “active” month contract. These months are January, 

April, July and October. For PA, the active months are March, June, September and December. 

While multiple contracts trade on any given day, this study only analyzes pricing data of the 

active month contract. 

Transaction costs for these futures contracts are low. For CME/NYMEX futures, there 

are three components to transaction costs: exchange fees, brokerage commissions and regulatory 

fees. The CME/NYMEX exchange fees for the PL/PA contracts range from USD 0.45 to USD 

1.45 per contract, with brokerage fees adding a further USD 0.25 per contract or more140. Total 

trading fees range from USD 0.70 per contract for high volume institutional traders to USD 2.32 

per contract for retail traders. As one contract covers 50 oz. of platinum or palladium, with each 

ounce having a price of say $1000, this results in a notional exposure of $50,000. Even at the 

worst case of $2.32 per contract for retail traders, the transaction costs represent less than 

0.005% or 0.5 basis points (bps) of notional value. Apart from the explicit transaction costs, 

other key trade costs are traversing the bid-ask spread and slippage. While these costs are 

difficult to estimate, each price tick represents about 0.01% (1 bps) of notional value, using a 

price of $1000 per ounce. Allowing for four ticks of slippage and spread, and two sets of 

transaction costs, a threshold of 5 bps will be used to classify a round-trip trade as economic.  

                                                      
140 Source: CME Website –NYMEX Fee schedule (July 2, 2012) and Interactive Brokers LLC published 

fee schedule (August 2012). 
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6.3 Methodology and data  

The methods used to analyze fixing returns, unadjusted, adjusted and difference returns 

and return predictability are detailed in Chapter 3. As a brief summary, returns observed during 

the fixing (fix returns) are compared with those over the full trade day (day returns), unadjusted 

returns are compared to returns adjusted for the fix price direction, and the power of observable 

market returns to predict the fix price direction are assessed. There are, however, some specific 

considerations for platinum and palladium which are detailed in this section. The first issue 

relates to the relative light trading in platinum and palladium. The second issue is the tandem 

nature of the platinum and palladium fixings and the impact on observed timings. 

6.3.1 Sample data  

For platinum and palladium, there are two daily fixings: the AM held at 9.45am London 

and the PM held at 2:00pm London. This places the AM fixing typically at 4.45am New York 

local time, outside the regular floor trading hours, and the PM fixing typically at 9:00am New 

York local time, inside regular trading hours141. See Appendix C for a summary of trading hours 

over the study period. This impacts the availability of market data in the first half of the study 

period (2000-2006), prior to the transition to the Globex electronic trading platform and the 

introduction of side-by-side trading. 

In the first half of the study period (2000-2006), trading at the time of the PM fixing was 

restricted to the open outcry floor, while the trading near the AM fixing was restricted to the 

NYMEX ACCESS platform. As such, for the AM fixing there is a full record of market data, 

including quoted bids and asks. For the PM fixing this is not the case. The lack of electronic 

order processing during floor trading hours means quote information was not recorded and 

retained. Further, the trade data quality originating from the trading floor is not as dense or as 

timely as the electronic system. As such, analysis of the PM fixing in the first half of the study 

period is limited.  

 That said, data coverage for the fourteen years remains comprehensive, as outlined in 

Table 13 and Table 14 for platinum and palladium, respectively. 

                                                      
141 See Appendix C, Table C-1 for a summary of trading over the study period. 
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Table 13. Platinum fixings sample data summary     
Presented are the total number of daily silver fixings, the various data issues and their impact on the effective sample size 

over the study period (2000-2013). The sample of fixings covers nearly 99% of the population, whereas the sample of fixings 
with futures market data covers 95.6% of the population. Source data: Thomson-Reuters, Bloomberg and the London Bullion 

Market Association (LBMA). 

 AM Fixing  PM Fixing 
        

 Fixings  %   Fixings  %  

Total number of fixings (nRaw) 3,537  100%  3,509  100% 

   Missing spot market data 1  0.00%  1  0.00% 

Fixings with spot returns (nReturns) 3,536  99.98%  3,508  99.98% 

   Missing from primary data set 55  1.6%  30  0.9% 

   Exceeding two hours 16  0.5%  15  0.4% 

Fixings with valid timestamps (n) 3,466  98.0%  3,464  98.7% 

   Corrected fixing price 3  0.1%  9  0.3% 

   Closed futures market 54  1.5%  51  1.5% 

   Insufficient futures market data 46  1.3%  1,444  41.2% 

Fixings with valid timestamps and market data (n*) 3,366  95.2%  1,969  56.1% 

 

For platinum, the sample covers more than 95% of the AM fixings and 56% of the PM 

fixings conducted over the fourteen-year study period. For the PM fixings, the loss of fixings 

occurs only in the first half of the sample (2000-2006), with the second half (2007-2013) 

coverage exceeding 95%.  

 

Table 14. Palladium fixing sample data summary     
Presented are the total number of daily silver fixings, the various data issues and their impact on the effective sample size 

over the study period (2000-2013). The sample of fixings covers nearly 99% of the population, whereas the sample of fixings 

with futures market data covers 95.6% of the population. Source data: Thomson-Reuters, Bloomberg and the London Bullion 
Market Association (LBMA). 

 AM Fixing  PM Fixing 
        

 Fixings  %   Fixings  %  

Total number of fixings (nRaw) 3,537  100%  3,509  100% 

   Missing spot market data 1  0.00%  1  0.00% 

Fixings with spot returns (nReturns) 3,536  99.98%  3,508  99.98% 

   Missing from primary data set 47  1.3%  33  0.9% 

   Exceeding two hours 15  0.4%  16  0.5% 

Fixings with valid timestamps (n) 3,475  98.2%  3,460  98.6% 

   Corrected fixing price 4  0.1%  5  0.1% 

   Closed futures market 53  1.5%  51  1.5% 

   Insufficient futures market data 362  10.2%  1,521  43.3% 

Fixings with valid timestamps and market data (n*) 3,060  86.5%  1,888  53.8% 

 

For palladium, the results are largely similar, with lighter trading reducing the sample 

slightly. The sample covers more than 85% of the AM fixings and around 53% of the PM 

fixings conducted over the fourteen-year study period. For the PM fixings, the loss of fixings 

occurs mainly in the first half of the sample (2000-2006), with the second half (2007-2013) 

coverage exceeding 95%.  

This level of coverage should provide some degree of confidence that the sample is 

indeed representative of the population, particularly for the AM fixing. For the PM fixing, 

however, it is not possible to make direct comparisons between the pre and post Globex era due 
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to the limited sample in the first half of the study period. All data sources and sample exclusions 

are detailed in section 3.2. 

6.3.2 Fixing timing  

An important distinction between the silver and gold fixings and the platinum and 

palladium fixings is the tandem nature of the latter, and how this impacts timing observations. 

While silver and gold fixings run independently, this is not the case for the platinum and 

palladium fixings. The platinum fixing is run first and it is then immediately followed by the 

palladium fixing. Complicating matters, the results of the fixings are often reported only after 

both have completed. 

This poses two issues unique to platinum and palladium. The first is the observability of 

the platinum fixing end times, and the second is the selection of the palladium fixing start times. 

While these are tightly related, each issue has its own set of considerations. 

6.3.2.1 Platinum end times 

As the platinum and palladium fixings are conducted on the same conference call, there 

can be some ambiguity as to when the platinum fixing concluded and the palladium fixing 

started. This is especially true if the results are jointly announced, at the conclusion of both 

auctions, rather than independently and at the conclusion of each auction.  

Within the study period, there is empirical evidence for both practices. This can be seen 

in Figure 61, which reports the timing relationship between the platinum and palladium for each 

year of the study period. The proportion of fixings, for which the difference in the platinum and 

palladium announcement timestamps are essentially equal to within one second, is shown in 

grey. The proportion of platinum fixings reported before the palladium results are shown in 

white, and vice versa in black.  

The early years (2000-2004) shows a large proportion (as high as 80%) of the platinum 

fixings reported before the palladium fixings. This declines substantially in 2005, and by 2007 

nearly all fixings report the platinum and palladium jointly. 
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Figure 61. Comparison of platinum and palladium fixing periods 

The chart shows the percentage of fixings for which the platinum fixing period is shorter (white), equal to within one 

second (grey) or longer (black) than the palladium fixing period. 

 

 

The analysis in this study is doubtful about when the platinum fixing actually finishes 

versus when its result is published. The fix return analysis only uses the fixing price, and 

ignores the fixing period. The price impact analysis relies on spot and futures timestamps, but 

not those of the fixings. The information advantage analysis depends on the publication time, 

not the fix conclusion time, as the publication time is the critical event separating those with 

insider knowledge (of the unpublished results) and those without. The same applies for the 

return predictability analysis. 

In short, the direct observability of the platinum fixing end times, within the platinum 

and palladium fixings, is noteworthy but not a critical factor in the analysis and interpretation of 

the results. It does, however, have some bearing on the palladium results. 

6.3.2.2 Palladium start times 

 One approach would be simply to run the analysis for palladium with a variable start 

time. That is, adjust the start time of the palladium fix to be the end time of the platinum fix, 

with no further modification to the methodology. 

 However, there are two issues with this approach. The first is observability of the 

platinum fixing end times, as detailed in the previous section; the second is that information 

from the platinum fixing may influence the outcome of the palladium fixing. With both metals 
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serving in similar applications, and in similar markets, there is a degree of substitutability 

between them. This suggests the existence of a degree of price correlation. Empirically, this is 

evidenced by correlations at times exceeding 0.70. As such, shifting the start time of the 

palladium fixing, for those fixings where data availability permits, is not prudent. For example, 

when analyzing the predictive power of returns, the tests would be biased to show an earlier 

response, while ignoring the information available in the platinum markets.  Further, as seen 

with both gold and silver, a price sampled 10-15 minutes before the start of the fixing is 

arguably a more representative reference price as it avoids some anticipatory price changes 

observed shortly before the start of the fixing. 

 In summary, there are compelling reasons not to modify the start times of the palladium 

fixings, above and beyond the data limitations. Some care will be required in interpreting the 

palladium results as these may be biased toward showing a delayed response.  
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6.4 Results 

This study finds empirical support for four key findings. First, the fixing benchmark price 

shows anomalies inconsistent with an unbiased reference price, as detailed in section 6.4.1. The 

average fix returns are consistently, materially and significantly negative. This negative bias 

stands in contrast to the observed day returns for the platinum and palladium market generally. 

This is consistent with the findings for gold and silver. 

Second, the price impact from the fixing spills into the spot and futures markets, as detailed 

in section 6.4.2. The fixings have a consistent, material and significantly negative price impact 

on spot and futures market prices. This price impact on spot and futures markets is the main 

feature of the London trade day, with the impact lasting for several hours after the conclusion of 

the fixing. The liquidity impact, however, dissipates in minutes. This suggests that short term 

liquidity effects are an unlikely explanation for the price bias. Further, negative fixings are 

found to be poorly aligned to markets price impacts, whereas positive fixings show close 

alignment. This is also consistent with the findings for gold and silver. 

Third, there is empirical support for information leaking from the fixing, providing a trade 

advantage to fixing participants, as detailed in section 6.4.3. Trade volume and price volatility 

spikes are aligned to the start of the fixing, rather than following the announcement of the fixing 

price. Adjusted returns show that prices drift in line with the subsequent fixing price before the 

fixing result is announced. The price direction of the fixing is highly predictable from public 

market trades immediately following the start of the fixing. These findings closely follow those 

of gold and silver.  However, the pre-fixing price drift observed for the monetary metals is not 

evident for platinum and palladium. 

Finally, section 6.4.4 presents the effects of the migration from floor trading to electronic 

trading (in mid-2006). This break in market structure results in the collapse of the bid-ask 

spread and a dramatic increase in trade volume. This suggests an increase in liquidity which 

results in lower limits to arbitrage in the platinum and palladium futures market. This, in turn, 

should lead to a reduction in the distortions around the fixing. Unlike gold and silver, this is 

indeed observed; the unadjusted returns (price impact) around the fixing reduce. The adjusted 

returns (information advantage) decrease as transactions cost decrease, suggesting markets did 
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become more efficient. However, other measures of information leakages, including elevated 

levels of trade volumes, price volatility and fix direction predictability, all increase. 

Combined, these findings suggest the change in market behavior is unlikely to be related to 

trader imbalance or liquidity effects. Limits to arbitrage do appear to play a role in these results, 

capping the value of the information advantage. However, limits to arbitrage cannot explain 

away the other anomalies, price suppression and impact asymmetries, which are consistent with 

benchmark manipulation and likely front running by fixing participants. 

6.4.1 Suppression of the fixing price 

Summary statistics of the fix period and returns are provided in Table 15 through Table 

18 for the AM and PM fixings of platinum and palladium, respectively. The structure and 

conventions of the tables are detailed for silver, in section 4.4.1 (p. 87) and gold in section 5.4.1, 

(p. 142). It is important to note that the key findings for platinum and palladium mirror those for 

gold and silver. 

For platinum, we see a material and significantly negative bias in the fix returns (R̅Fix-

R̅Day*) of -6.0 bps (-11.6 bps) for the AM (PM) fixing. For the palladium fixings, there are -21.1 

bps for the AM fixing and -18.4 bps for the PM fixing. These results are significant at the 0.1% 

level.  

The excess frequency of negative to positive fix returns (%NegFix  - %NegDay) is also 

observed in all four fixings: 17% for platinum AM, 22% for platinum PM, 17% for palladium 

AM and 12% for palladium PM. These results are significant at the 0.1% level. 

There is asymmetry evident between negative and positive fix return magnitudes 

(�̅�P - |�̅�N|). This was also seen in silver but not in gold. These are observed at the platinum PM 

fixing (-5.4 bps), palladium AM (-10.0 bps) and palladium PM (-15.9 bps) fixings. All are 

significant at the 0.1% level. The AM platinum fixing does show excess negative magnitude (-

0.4 bps), but as with the PM gold fixing, this is both immaterial and without statistical 

significance. 

Summarizing, as with gold and silver, the platinum and palladium fixings (both AM and 

PM) demonstrate average fixing returns which are consistently, materially and significantly 
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negative for the fourteen-year study period, even when controlling for the returns in the broader 

platinum and palladium markets.  

 

 

Table 15. Summary statistics of the London AM platinum fixing 

Presented are the statistics on the time taken for the AM platinum fixing to complete (the fix period, TFix) and the price change in 

platinum over this period (the fix return, RFix). Statistics are reported for each year of the study, pre and post 1 January 2007 under 
“<’07” and “≥'07”, and for the full study period under “All”. Panel A details the sample count: nRaw is the total number of fixings 

within the period (inclusive of outliers), nReturns is the number for which returns are calculable, n is the number of fixings with 

returns and valid timestamps (exclusive of outliers), and n* is the number of fixings with futures and spot intraday market data 

available. Panel B details fixing timings: T̅Fix reports the average period between the fixing start and end, %Upd is the percentage of 

fixings for which a price update is published before the fixing ends, T̅Upd reports the average time to the first update, and T̅1st reports 
the average period to the 1st public reporting of a price from the fixing. All periods are presented in minutes.  Panel C details 

returns: R̅Fix is the mean fix return, R̅Day is the mean day return being from 6AM (London) before the fixing to the following 6AM, 

and R̅Day* is the mean scaled day return, where RDay* is RDay scaled by TFix/24 hours. Significance is stated for a two-tailed t-test of 

R̅Fix = 0, R̅Day = 0, R̅Day*  = 0 and R̅Fix - R̅Day* = 0, respectively. Panel D details price directions: %NegFix reports the percentage of days 
with a negative price movement across the fixing (RFix<0), excluding days with no price movements (RFix=0) which are reported in 

%FlatFix. For day price movements %NegDay and %FlatDay are similarly defined. Significance is stated for a one-sample proportion 
z-test of %NegFix = 0.5 and %NegDay = 0.5, and a two-sample, pooled proportion z-test of %NegFix = %NegDay. Finally, Panel E 

details the return magnitudes: R̅N (R̅P) is the mean fix return of the negative (positive) fixing returns. R̅P-|R̅N| reports the difference 

between the two average returns, along with significance for a two-side t-test of R̅P-|R̅N| = 0. The sample period covers January 

2000 to December 2013. All returns are log returns presented in basis points. *, ** and *** denotes 5%, 1% and 0.1% significance 
levels, respectively. 

                              
 

        

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  <'07 ≥'07  All 
                                      

Panel A – Sample count  

nRaw 252 253 252 253 254 252 252 253 254 253 253 251 252 253   1768 1769   3537 

nReturns 252 253 252 253 253 252 252 253 254 253 253 251 252 253   1767 1769   3536 

n 244 232 243 246 247 248 248 250 252 250 252 251 250 253   1708 1758   3466 

n* 226 213 232 230 232 236 241 249 252 250 251 251 250 253   1610 1756   3366 

                                       

Panel B – Fixing period  

T̅Fix 12.3 10.6 9.9 12.2 12.3 13.8 19.3 19.3 23.7 22.3 20.7 20.9 18.9 18.5   13.0 20.6   16.8 

%Upd 2.0 0.9 2.9 2.8 1.2 2.4 4.0 0.0 0.4 0.8 0.8 0.0 0.4 0.0   2.3 0.3   1.3 

T̅Upd 17.0 19.0 11.5 16.4 20.6 17.0 23.1 0.0 12.8 10.7 17.7 0.0 13.9 0.0   17.8 13.9   17.3 

T̅1st 11.2 10.5 9.8 12.0 12.3 13.4 19.1 19.3 23.6 21.9 20.4 20.9 18.8 18.5   12.6 20.5   16.6 

                                        

Panel C – Returns  

R̅Fix -4.2 -10.2** -7.4** -4.8* -4.0* -3.9** -2.4 -2.3* -14.7*** -9.2*** -4.4*** -4.6*** -5.3*** -5.7***   -5.3*** -6.6***   -5.9*** 

R̅Day 12.5 -9.1 8.6 12.0 2.0 5.3 6.2 11.7* -19.2 18.2 7.0 -9.1 3.7 -5.2   5.4 1.0   3.2 

For fixings with returns and valid timestamps (n=3492) 

R̅Fix -4.2 -10.2** -7.1** -5.0* -3.9 -3.7** -3 -2.3 -14.7*** -9.3*** -4.4*** -4.6*** -5.4*** -5.7***   -5.3*** -6.6***   -5.9*** 

R̅Day* 0.4 -0.1 0.1 0.1 0.0 0.1 0.0 0.1 -0.4 0.2 0.2 -0.2 0.1 0.0   0.1 0.0   0.0 

R̅Fix-R̅Day* -4.6 -10.3** -7.2** -5.0* -4.1* -3.8** -3 -2.4* -14.2*** -9.5*** -4.6*** -4.4*** -5.5*** -5.6***   -5.4*** -6.6***   -6.0*** 

                                       

Panel D – Price direction 

%NegFix 55 61** 57* 58** 58* 63*** 58* 57* 60** 72*** 69*** 69*** 76*** 78***   58*** 69***   64*** 

%NegDay 46 55 46 44 46 46 45 41** 48 47 43* 50 52 51   47* 48*   47** 

%NegFix-%NegDay 9 5 11* 15** 12** 17*** 13** 16*** 12** 25*** 26*** 19*** 24*** 27***   12*** 21***   17*** 

                                       

%FlatFix 20 8 6 2 2 17 8 8 6 6 9 4 1 2   9 5   7 

%FlatDay 4 3 6 9 7 6 3 5 0 2 0 0 0 0   5 1   3 

                                        

Panel E – Return magnitude 

R̅P 46 43.5 26.6 28.2 21.3 17.5 22.2 15.4 22.9 18.4 9.8 6.7 7.1 6.5   29.3 13.3   22.3 

R̅N -47.3 -46.4 -34.4 -28.6 -22.8 -17.8 -20.6 -15.9 -41.3 -21 -11.4 -9.9 -9.4 -9.1   -30.8 -16.1   -22.7 

R̅P-|R̅N| -1.3 -2.9 -7.8* -0.4 -1.5 -0.4 1.6 -0.5 -18.4*** -2.5 -1.6 -3.2** -2.3* -2.6*   -1.5 -2.8**   -0.4 
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Table 16. Summary statistics of the London PM platinum fixing 

Presented are the statistics on the time taken for the PM platinum fixing to complete (the fix period, TFix) and the price change in 

platinum over this period (the fix return, RFix). Statistics are reported for each year of the study, pre and post 1 January 2007 under 
“<’07” and “≥'07”, and for the full study period under “All”. Panel A details the sample count: nRaw is the total number of fixings 

within the period (inclusive of outliers), nReturns is the number for which returns are calculable, n is the number of fixings with 

returns and valid timestamps (exclusive of outliers), and n* is the number of fixings with futures and spot intraday market data 

available. Panel B details fixing timings: T̅Fix reports the average period between the fixing start and end, %Upd is the percentage of 

fixings for which a price update is published before the fixing ends, T̅Upd reports the average time to the first update, and T̅1st reports 
the average period to the 1st public reporting of a price from the fixing. All periods are presented in minutes.  Panel C details 

returns: R̅Fix is the mean fix return, R̅Day is the mean day return being from 6AM (London) before the fixing to the following 6AM, 

and R̅Day* is the mean scaled day return, where RDay* is RDay scaled by TFix/24 hours. Significance is stated for a two-tailed t-test of 

R̅Fix = 0, R̅Day = 0, R̅Day*  = 0 and R̅Fix - R̅Day* = 0, respectively. Panel D details price directions: %NegFix reports the percentage of days 

with a negative price movement across the fixing (RFix<0), excluding days with no price movements (RFix=0) which are reported in 
%FlatFix. For day price movements, %NegDay and %FlatDay are similarly defined. Significance is stated for a one-sample proportion 

z-test of %NegFix = 0.5 and %NegDay = 0.5, and a two-sample, pooled proportion z-test of %NegFix = %NegDay. Finally, Panel E 

details the return magnitudes: R̅N (R̅P) is the mean fix return of the negative (positive) fixing returns. R̅P-|R̅N| reports the difference 

between the two average returns, along with significance for a two-tailed t-test of R̅P-|R̅N| = 0. The sample period covers January 
2000 to December 2013. All returns are log returns presented in basis points. *, ** and *** denote 5%, 1% and 0.1% significance 

levels, respectively. 
                              

 
        

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  <'07 ≥'07  All 
                                      

Panel A – Sample count  
nRaw 250 251 250 251 252 250 250 251 252 251 251 249 250 251   1754 1755   3509 
nReturns 250 251 250 251 251 250 250 251 252 251 251 249 250 251   1753 1755   3508 
n 245 239 242 247 247 249 248 251 252 248 248 249 249 250   1717 1747   3464 
n* 20 19 14 22 28 16 103 251 252 248 248 249 249 250   222 1747   1969 

                                       

Panel B – Fixing period  

T̅Fix 16.4 13.1 12.2 14.1 13.2 16.5 22.6 23.2 27.2 25.0 21.5 21.6 19.5 19.9   15.5 22.6   19.0 
%Upd 4.1 1.3 1.2 1.6 0.8 2.0 6.5 0.0 0.4 0.4 0.8 0.0 0.0 0.0   2.5 0.2   1.4 
T̅Upd 26.9 17.1 18.6 26.1 19.7 20.1 22.6 0.0 12.4 20.6 20.5 0.0 0.0 0.0   22.9 18.5   22.5 

T̅1st 15.6 12.8 12.1 14.1 13.2 16.2 22.2 23.2 27.2 24.8 21.4 21.6 19.5 19.9   15.2 22.5   18.9 

                                        

Panel C – Returns  

R̅Fix -26.4*** -15.9*** -19.3*** -13.7*** -5.3* -9.8*** -3.8 -5.5*** -14.6*** -20.1*** -8.5*** -6.4*** -4.6*** -9.7***   -13.5*** -9.9***   -11.7*** 

R̅Day 12.9 -9.4 8.7 12.1 2.0 5.4 6.2 11.7* -19.4 18.3 7.0 -9.1 3.8 -4.8   5.4 1.1   3.3 

For fixings with returns and valid timestamps (n=3492) 

R̅Fix -26.9*** -15.8*** -18.9*** -13.7*** -5.3* -9.7*** -4 -5.5*** -14.6*** -20.0*** -8.5*** -6.4*** -4.6*** -9.6***   -13.4*** -9.9***   -11.6*** 

R̅Day* 0.0 0.1 0.1 0.1 -0.1 0.1 0.0 0.2 -0.5 0.3 0.0 -0.2 0.1 -0.1   0.0 0.0   0.0 

R̅Fix-R̅Day* -26.9*** -15.9*** -19.0*** -13.8*** -5.4* -9.8*** -4 -5.7*** -14.1*** -20.3*** -8.5*** -6.2*** -4.7*** -9.4***   -13.5*** -9.8***   -11.6*** 

                                       

Panel D – Price direction 

%NegFix 72*** 67*** 69*** 66*** 56 70*** 62*** 64*** 64*** 82*** 76*** 67*** 68*** 78***   66*** 71***   69*** 

%NegDay 46 54 48 42* 44 46 46 42* 51 46 40** 48 50 50   47** 47**   47*** 

%NegFix-%NegDay 25*** 12** 21*** 24*** 11* 24*** 16*** 21*** 13** 36*** 36*** 19*** 18*** 28***   19*** 25***   22*** 

                                       
%FlatFix 15 4 4 1 5 9 7 10 7 6 9 1 0 0   7 5   6 
%FlatDay 3 5 6 5 5 5 1 6 0 3 1 0 0 0   5 1   3 

                                        

Panel E – Return magnitude 

R̅P 42.4 45.2 28.2 30.4 23.6 16.4 34.1 19 27.9 18.9 8.7 8 7.7 6.3   31.2 14.2   23.4 

R̅N -60.2 -47.5 -42.4 -36.3 -28.7 -22.4 -27.9 -20.5 -40 -30.4 -15 -13.7 -10.4 -14   -38.2 -20.3   -28.8 
R̅P-|R̅N| -17.8** -2.3 -14.2*** -5.9 -5.1 -5.9** 6.2 -1.5 -12.1** -11.4** -6.3*** -5.7*** -2.6* -7.7***   -7.0*** -6.1***   -5.4*** 
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Table 17. Summary statistics of the London AM palladium fixing 

Presented are the statistics on the time taken for the AM palladium fixing to complete (the fix period, TFix) and the price change in 
palladium over this period (the fix return, RFix). Statistics are reported for each year of the study, pre and post 1 January 2007 under 

“<’07” and “≥'07”, and for the full study period under “All”. Panel A details the sample count: nRaw is the total number of fixings 

within the period (inclusive of outliers), nReturns is the number for which returns are calculable, n is the number of fixings with 
returns and valid timestamps (exclusive of outliers), and n* is the number of fixings with futures and spot intraday market data 

available. Panel B details fixing timings: T̅Fix reports the average period between the fixing start and end, %Upd is the percentage of 

fixings for which a price update is published before the fixing ends, T̅Upd reports the average time to the first update, and T̅1st reports 

the average period to the 1st public reporting of a price from the fixing. All periods are presented in minutes.  Panel C details 

returns: R̅Fix is the mean fix return, R̅Day is the mean day return being from 6AM (London) before the fixing to the following 6AM, 

and R̅Day* is the mean scaled day return, where RDay* is RDay scaled by TFix/24 hours. Significance is stated for a two-tailed t-test of 

R̅Fix = 0, R̅Day = 0, R̅Day*  = 0 and R̅Fix - R̅Day* = 0 respectively. Panel D details price directions: %NegFix reports the percentage of days 
with a negative price movement across the fixing (RFix<0), excluding days with no price movements (RFix=0) which are reported in 

%FlatFix. For day price movements, %NegDay and %FlatDay are similarly defined. Significance is stated for a one-sample proportion 

z-test of %NegFix = 0.5 and %NegDay = 0.5, and a two-sample, pooled proportion z-test of %NegFix = %NegDay. Finally, Panel E 

details the return magnitudes: R̅N (R̅P) is the mean fix return of the negative (positive) fixing returns. R̅P-|R̅N| reports the difference 

between the two average returns, along with significance for a two-side t-test of R̅P-|R̅N| = 0. The sample period covers January 
2000 to December 2013. All returns are log returns presented in basis points. *, ** and *** denote 5%, 1% and 0.1% 

significancelevels, respectively. 
                              

 
        

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  <'07 ≥'07  All 
                                      

Panel A – Sample count  

nRaw 252 253 252 253 254 252 252 253 254 253 253 251 252 253   1768 1769   3537 

nReturns 252 253 252 253 253 252 252 253 254 253 253 251 252 253   1767 1769   3536 

n 245 238 245 248 245 249 244 250 254 250 253 251 250 253   1714 1761   3475 

n* 146 102 154 207 221 232 238 249 254 250 252 251 250 253   1300 1759   3059 

                                       

Panel B – Fixing period  

T̅Fix 13.9 14.0 12.2 15.4 15.1 14.8 20.2 19.3 23.9 22.3 20.4 20.9 18.9 18.5   15.1 20.6   17.9 

%Upd 1.2 0.8 1.6 1.6 1.6 3.2 3.3 0.0 0.4 0.8 0.4 0.0 0.4 0.0   1.9 0.3   1.1 

T̅Upd 23.1 21.8 9.9 18.0 18.2 17.3 20.8 0.0 24.9 13.9 17.5 0.0 13.9 0.0   18.3 16.8   18.1 

T̅1st 13.5 13.6 12.1 15.3 15.0 14.4 19.6 19.3 23.9 22.0 20.4 20.9 18.8 18.5   14.8 20.5   17.7 

                                        

Panel C – Returns  

R̅Fix -11.1 -31.1*** -21.3*** -61.7*** -36.2*** -32.2*** -22.7*** -17.3*** -17.4*** -17.9*** -3.4 -4.8*** -8.9*** -8.6***   -30.9*** -11.2***   -21.0*** 

R̅Day 30.2 -33.7* -24.8* -8.0 -0.5 14.1 10.4 4.0 -26.3 30.5* 26.0 -7.7 3.0 0.4   -1.8 4.3   1.3 

For fixings with returns and valid timestamps (n=3492) 

R̅Fix -11.2 -35.1*** -18.9*** -62.7*** -36.7*** -32.4*** -22.0*** -17.5*** -17.4*** -18.2*** -3.4 -4.8*** -9.0*** -8.6***   -31.3*** -11.3***   -21.2*** 

R̅Day* 0.3 -0.5* -0.2 -0.1 -0.1 0.2 0.1 0.0 -0.6 0.5* 0.5* -0.1 0.2 0.1   -0.1 0.1   0.0 

R̅Fix-R̅Day* -11.3 -34.6*** -18.7*** -62.6*** -35.9*** -32.6*** -22.0*** -17.5*** -16.7*** -18.7*** -3.9* -4.7*** -9.2*** -8.7***   -31.2*** -11.4***   -21.1*** 

                                       

Panel D – Price direction 

%NegFix 54 62*** 63*** 72*** 73*** 76*** 65*** 72*** 64*** 70*** 59* 62*** 68*** 70***   67*** 66***   66*** 

%NegDay 46 58* 56 52 50 49 44 46 52 44 43* 48 51 49   51 48*   49 

%NegFix-%NegDay 8 4 7 20*** 22*** 27*** 21*** 25*** 12** 26*** 15*** 14** 18*** 21***   16*** 19***   17*** 

                                       

%FlatFix 12 13 19 4 6 14 7 15 9 17 14 3 2 4   11 9   10 

%FlatDay 10 14 19 6 8 14 4 13 3 4 0 0 0 1   11 3   7 

                                        

Panel E – Return magnitude 

R̅P 77.1 104.5 68.2 94.4 64.7 58.1 55.3 32.8 57.6 39.8 25.5 15 11.8 9.1   75.7 26.9   51 

R̅N -88.9 -123 -81.8 -127 -77.8 -66.7 -66.6 -41.5 -62.5 -47.6 -24.8 -17.2 -18.8 -16.8   -90.2 -32.3   -61 

R̅P-|R̅N| -11.8 -18.7 -13.6 -32.7* -13.1 -8.6 -11.4 -8.7* -5 -7.7 0.7 -2.2 -7.0*** -7.7***   -14.5*** -5.4**   -10.0*** 
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Table 18. Summary statistics of the London PM palladium fixing 

Presented are the statistics on the time taken for the PM palladium fixing to complete (the fix period, TFix) and the price change in 

palladium over this period (the fix return, RFix). Statistics are reported for each year of the study, pre and post 1 January 2007 under 
“<’07” and “≥'07”, and for the full study period under “All”. Panel A details the sample count: nRaw is the total number of fixings 

within the period (inclusive of outliers), nReturns is the number for which returns are calculable, n is the number of fixings with 

returns and valid timestamps (exclusive of outliers), and n* is the number of fixings with futures and spot intraday market data 

available. Panel B details fixing timings: T̅Fix reports the average period between the fixing start and end, %Upd is the percentage of 

fixings for which a price update is published before the fixing ends, T̅Upd reports the average time to the first update, and T̅1st reports 
the average period to the 1st public reporting of a price from the fixing. All periods are presented in minutes.  Panel C details 

returns: R̅Fix is the mean fix return, R̅Day is the mean day return being from 6AM (London) before the fixing to the following 6AM, 

and R̅Day* is the mean scaled day return, where RDay* is RDay scaled by TFix/24 hours. Significance is stated for a two-tailed t-test of 

R̅Fix = 0, R̅Day = 0, R̅Day*  = 0 and R̅Fix - R̅Day* = 0 respectively. Panel D details price directions: %NegFix reports the percentage of days 

with a negative price movement across the fixing (RFix<0), excluding days with no price movements (RFix=0) which are reported in 
%FlatFix. For day price movements, %NegDay and %FlatDay are similarly defined. Significance is stated for a one-sample proportion 

z-test of %NegFix = 0.5 and %NegDay = 0.5, and a two-sample, pooled proportion z-test of %NegFix = %NegDay. Finally, Panel E 

details the return magnitudes: R̅N (R̅P) is the mean fix return of the negative (positive) fixing returns. R̅P-|R̅N| reports the difference 

between the two average returns, along with significance for a two-side t-test of R̅P-|R̅N| = 0. The sample period covers January 
2000 to December 2013. All returns are log returns presented in basis points. *, ** and *** denote 5%, 1% and 0.1% significance 

levels, respectively. 
                              

 
        

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  <'07 ≥'07  All 
                                      

Panel A – Sample count  

nRaw 250 251 250 251 252 250 250 251 252 251 251 249 250 251   1754 1755   3509 

nReturns 250 251 250 251 251 250 250 251 252 251 251 249 250 251   1753 1755   3508 

n 245 239 244 248 240 249 248 251 252 248 248 249 249 250   1713 1747   3460 

n* 3 4 13 12 17 5 87 251 252 248 248 249 249 250   141 1747   1888 

                                       

Panel B – Fixing period  

T̅Fix 19.3 17.1 15.1 17.8 17.0 17.5 23.5 23.6 27.4 25.0 21.5 21.6 19.5 19.9   18.2 22.6   20.4 

%Upd 2.4 1.3 1.6 2.4 1.7 3.2 5.2 1.2 0.0 0.4 0.8 0.0 0.0 0.0   2.6 0.3   1.4 

T̅Upd 37.2 17.4 16.8 26.3 14.7 19.8 24.0 21.8 0.0 20.6 20.5 0.0 0.0 0.0   23.4 21.2   23.1 

T̅1st 18.9 16.9 14.8 17.8 17.0 17.1 22.6 23.3 27.4 24.8 21.4 21.6 19.5 19.9   17.9 22.6   20.2 

                                        

Panel C – Returns  

R̅Fix -19.2** -20.8** -30.6*** -53.6*** -20.6*** -20.0*** -17.0*** -18.8*** -24.9*** -27.4*** -3.9 3.8* 0.5 -4.1**   -26.0*** -10.7***   -18.4*** 

R̅Day 30.4 -33.9 -25.0* -8.1 -0.8 14.2 10.5 3.9 -26.3 30.4* 26.3 -7.4 2.7 0.6   -1.8 4.3   1.2 

For fixings with returns and valid timestamps (n=3492) 

R̅Fix -19.5** -21.7** -28.2*** -53.8*** -23.9*** -20.2*** -17.2*** -18.8*** -24.9*** -27.2*** -3.5 3.8* 0.6 -4.0**   -26.4*** -10.6***   -18.4*** 

R̅Day* 0.3 -0.4 -0.3 -0.2 -0.1 0.3* -0.1 0.1 -0.7 0.6* 0.2 -0.1 0.1 0.0   -0.1 0.0   0.0 

R̅Fix-R̅Day* -19.4** -23.3** -27.9*** -53.6*** -23.5*** -20.5*** -17.1*** -18.8*** -24.3*** -27.8*** -3.8 3.9* 0.5 -4.2**   -26.5*** -10.7***   -18.5*** 

                                       

Panel D – Price direction 

%NegFix 63*** 60** 60** 66*** 60** 64*** 59** 75*** 65*** 75*** 58* 39*** 48 58*   62*** 59***   61*** 

%NegDay 45 58* 57 53 51 47 45 44 50 45 41** 50 48 50   51 47*   49 

%NegFix-%NegDay 18*** 2 3 13** 9* 17*** 14** 31*** 16*** 30*** 17*** -11* 0 8   11*** 12***   12*** 

                                       

%FlatFix 8 10 15 4 8 13 7 14 10 15 11 2 2 3   9 8   9 

%FlatDay 11 14 18 7 11 17 7 12 2 5 0 0 0 0   12 3   7 

                                        

Panel E – Return magnitude 

R̅P 81.2 97.7 61.4 98 63.2 57.7 56.7 39 55.3 39.4 27.7 18.5 18.3 15.9   73.5 27.1   49.3 

R̅N -80.1 -102 -101 -135 -79 -67.9 -70.4 -41.6 -71.6 -55.7 -27.1 -19.5 -18.8 -18.7   -91.5 -38.2   -65.2 

R̅P-|R̅N| 1.1 -4.6 -40.0*** -36.6** -15.8* -10.2 -13.7* -2.5 -16.3 -16.3** 0.6 -0.9 -0.5 -2.8   -18.0*** -11.1***   -15.9*** 
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6.4.2 Impact on spot and futures markets 

As with gold and silver, the platinum and palladium fixings spill into the spot and 

futures markets. The impacts on platinum and palladium prices are observed at both the AM and 

PM fixings for both metals, and are materially larger (20-60 bps) compared to what is observed 

in the silver and gold markets (6-20 bps). 

The unconditioned mean unadjusted returns (UR) are reported in Figure 62 and Figure 

63 for platinum and palladium, respectively.  For platinum, the PM fixing has the most abrupt 

price drop (-5 bps), while both the AM and the PM fixings show the characteristic clustering of 

statistically significant (at the 0.1% level) negative returns. For palladium, the AM fixing has 

the most abrupt price drop (-11 bps) and shows statistically significant (at the 0.1% level) 

negative returns. However, for the PM fixing, the picture is not nearly as clear. The price drop is 

both smaller (-1 bps) and statistically significant at the only 5% level. That said, in all four cases 

the price impact matches the direction of the fix return bias, with the price drop and significant 

returns clearly aligned to the fixing start times. 

The magnitude and duration of the impact on these markets is shown in Figure 64 and 

Figure 65, which present the mean cumulative unadjusted returns (UR) conditioned by the 

fixing price direction.  

For platinum, on positive fixing days, we see price impacts of around 20 to 30 bps, with 

no observable reversion to the pre-fixing price levels. On negative fixings days, the price impact 

is less, around 15 to 17 bps, but just as permanent. The pre-fixing price drift is relatively 

immaterial, measuring 2 to 3 bps and showing no statistical significance.  

For palladium, the results are qualitatively similar; however, the magnitude of the 

impact is 2-3 times larger. On positive fixing days, we see price impacts of around 50 to 55 bps, 

with no observable reversion to the pre-fixing price levels. On negative fixings days, the price 

impact is less, around 35 to 45 bps, but just as permanent. The pre-fixing price drift is smaller, 

measuring 1 to 6 bps and showing no statistical significance. 

All four cases show the same asymmetry in their response to the positive and negative 

fixings, as observed in silver and gold. On positive days, between 85-108% of the fix return can 

be seen in the public markets, i.e. all of the fixing return is transmitted. On negative days only 
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52%-62% can be seen in the public markets, i.e. nearly half of the fix return is effectively 

ignored by the market. In both figures, this can be seen graphically by the proximity of the mean 

fix return (diamond marker) and the respective CUR trace. 

Finally, Figure 66 reports the intraday quote spread at the time of the AM Fixing over 

the study period. As with silver and gold, this shows the liquidity effects to be relatively 

transient compared to the longer lasting price impacts. This suggests the price impacts are not 

driven by short term liquidity changes induced by the fixing. 
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Figure 62. Spot platinum unadjusted returns over the London trade day 

The top chart shows the mean cumulative unadjusted returns (CUR), referenced to 0 bps at the start of the London AM 

platinum fixing, with relative price levels through the traded day. The chart shows the price of platinum falling 

approximately 5 bps (3 bps) at the time of the PM (AM) fixing. The bottom chart shows mean ten-minute returns. The 

“+” markers signify the mean returns. The 95%, 99% and 99.9% confidence intervals are depicted by the black, dark 

grey and light gray bars surrounding the mean. Statistically significant negative returns are clustered around the fixings. 

Key intraday events are annotated with vertical lines: the platinum fixing start times and the COMEX floor trading 

hours. The sample covers 3,466 fixings from January 2000 to December 2013.  
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Figure 63. Spot palladium cumulative intraday returns over the London trade day. 

The top chart shows the mean cumulative unadjusted returns (CUR), referenced to 0 bps at the start of the London AM 

palladium fixing, show relative price levels through the traded day. The chart shows the price of palladium falling 

approximately 12 bps at the time of the AM fixing. The bottom chart shows the mean ten-minute returns. The “+” 

markers signify the mean five minute returns. The 95%, 99% and 99.9% confidence intervals depicted by the black, 

dark grey and light gray bars surrounding the mean. Statistically significant negative returns are clustered around the 

AM fixings. Key intraday events are annotated with vertical lines. The sample 3,475 covers January 2000 to December 

2013.  
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Figure 64. Spot platinum cumulative returns on positive/negative days 

Cumulative unadjusted  returns (CUR) are referenced at the start of the AM (PM) fixing in the top (bottom) chart. Mean 

CUR across all fixings (blank line) materially understates the price impact, noticeably when seperating out the negative 

return fixings (red line) from the positive return fixings (green line). Diamond markers show the mean fix return (R̅Fix), 

at the mean fix end times. Key intraday events are annotated with vertical lines. The sample covers 3,466 (3,464) fixings 

from January 2000 to December 2013. 
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Figure 65. Palladium futures cumulative returns on positive/negative days 

Cumulative unadjusted  returns (CUR) are referenced at the start of the AM (PM) fixing in the top (bottom) chart. 

Mean CUR across all fixings (blank line) materially understates the price impact, noticeably when seperating out the 

negative return fixings (red line) from the positive return fixings (green line). Diamond markers show the mean fix 

return (R̅Fix), at the mean fix end times. Key intraday events are annotated with vertical lines. The sample covers 

3,475 (3,460) fixings from January 2000 to December 2013.  
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Figure 66. Platinum and palladium futures intraday quoted bid-ask spreads 

The top (bottom) chart shows the mean quoted spread and confidence intervals for platinum (palladium) futures. The 

mean (solid line) and 95% confidence interval (dotted line) are shown. The London palladium fixings show a small 

postive, yet transient impact on quoted spreads. The transitions in and out of the trading floor hours, however, have the 

largest impact. Key intraday events are annotated with vertical lines: the palladium fixings start times and the COMEX 

floor trading hours. The sample covers fixings from January 2000 to December 2013. 
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6.4.3 Information advantage 

 

6.4.3.1 Volumes and volatilities 

As with silver and gold, there is an immediate increase in observed trade volumes and 

price volatilities immediately after the start of the platinum and palladium fixings. These peak 

within three to eight minutes of the fixing start, and the increases are material (>300% increase 

in trade volume and >60% increase in volatility) and statistically significant (at the 0.1% level).  

The results are illustrated on Figure 67 (AM platinum fixing), Figure 68 (PM platinum 

fixing), Figure 69 (AM palladium fixing) and Figure 70 (PM palladium fixing), with 

supplementary charts and supporting numerical tables available in Appendices D.6 and D.8. 

For platinum, peak trade volume and price volatility are observed three minutes after the 

start of the fixing for both AM and PM fixings. At the AM fixing, spot price volatility increases 

one minute later. For palladium, peak trade volume and futures price volatilities are found five 

and six minutes after the start of the fixing, for the AM and PM fixing respectively. Spot price 

volatility also peaks a little later, eight (seven) minutes after the AM (PM) fixing. The longer 

time taken for palladium volumes and volatilities to peak does not imply the information takes 

longer to reach the market. Rather, as discussed in section 6.3.2, this is reflective of the 

palladium fixing which generally starts only after the platinum fixing has completed.  

The peak change in volume and price volatilities are similar between the metals, but are 

distinctly different between the AM and PM fixings. The PM fixing shows trade volume 

increasing by 331% (314%), futures price volatility increasing by 69% (51%) and spot price 

volatility increasing by 15% (19%) for platinum (palladium). the AM fixing shows trade volume 

increasing by 76% (47%), futures price volatility increasing by 28% (24%) and spot price 

volatility increasing by 12% (18%) for platinum (palladium). Across all categories, the PM 

fixing shows materially higher increases. Between the metals, platinum shows slightly higher 

increases than palladium. 

The above argues against arbitrage limits driving these results. The abnormal increases 

are larger at times of higher market activity and liquidity (PM versus AM) and for the metal 

with higher market activity and liquidity (platinum versus palladium). 
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Finally, in Figure 68 (platinum) and Figure 70 (palladium), there appears some evidence 

of elevated volumes and volatilities following the end of the fixing. The end-aligned charts 

show statistically significant evaluation occurring before the fixing end, but peaking 

immediately after the fixing end. This gives the (false) impression that peak volumes and 

volatilities are observed following the end of the fixing. It is not the case that the peak following 

the fixing end is not real; it is just that the peak at the start of the fixing is diffused by the 

variability in the fix end time. A more appropriate comparison is between the start aligned peak 

14% (17%), seen in the top chart, and the end aligned peak 6% (12%), seen in the bottom chart, 

for platinum (palladium). 

Numerical results for trade volumes and price volatilities (both for futures and spot) are 

presented in Table D-59 through to Table D-70 for platinum and Table D-96 through to Table 

D-107 for palladium. Within each table, results are aligned to the fixing starts (t0 = Start of 

fixing) and fixing end (t0 = End of fixing). Included are summary statistics (mean, median and 

standard deviation) and associated t-test statistics for the fifteen minutes either side of the start 

(end) of the fixing (-14≤ i ≤ +15).  The t-statistics of the one-tailed, paired t-tests for VMi
̅̅ ̅̅ ̅ 

>𝑉𝑀𝑟𝑒𝑓̅̅ ̅̅ ̅̅ ̅̅ ̅ (Vi̅ >𝑉𝑟𝑒𝑓̅̅ ̅̅ ̅̅ ̅) using the untransformed data are presented in column VM̅̅ ̅̅  (V̅). The results of 

the one-tailed t-tests of ∆VMi
̅̅ ̅̅ ̅̅ ̅ > 0 (∆Vi

̅̅ ̅̅  > 0), using the log transformed, zero-substitute data, are 

presented in column ∆VM̅̅ ̅̅ ̅̅ ̅  (∆V̅̅ ̅̅ ). Refer to section 3.6 for detailed definitions and design 

discussion.  
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Figure 67. Platinum futures volume and volatility changes at the AM fixing 

Peak volume is seen two minutes after the start of the fixing, before most fixings have completed. The top chart shows 

mean change in volume (Δ𝑉𝑀𝑖) aligned to the fixing start (t=9:45). The bottom chart shows the change in price volatily 

(Δ𝑉𝑖) mirrors this result. Both show the mean (solid line), 95% (dotted line) and 99% (dashed line) lower confidence 

intervals on the left hand scale. Volumes and volatilities are compared to means observed 30 to 15 minutes before the 

fixing start, a period denoted by the absence of confidence intervals. The dashed line, starting at 9:45, shows the 

cumulative proportion of fixings completed on the right hand scale. The center vertical line denotes the fixing start 

time. The sample covers fixings from January 2000 through to December 2013.  
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Figure 68. Spot platinum volatility changes at the PM fixing 

Peak volume is seen three minutes after the start of the fixing, before most fixings have completed. The top chart shows 

mean change in volume (Δ𝑉𝑖) aligned to the fixing start (t=15:00), with the bottom chart aligned to the fixing end (i=0). 

Both show the mean (solid line), 95% (dotted line) and 99% (dashed line) lower confidence intervals on the left hand 

scale. Volatility is compared to a reference level, defined as the mean volume 30 to 15 minutes before (after) the fixing 

start (end), a period denoted by the absence of the confidence intervals. The dashed line, starting at 14:00 in the top 

chart, shows the cumulative proportion of fixings completed on the right hand scale. The center blue vertical line 

denotes the fixing start time and with the green vertical line denotes the NYMEX floor trading start time. The sample 

covers 3,464 fixings from January 2000 through to December 2013.  
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Figure 69. Palladium futures volume and volatility changes at the AM fixing 

Peak volume is seen two minutes after the start of the fixing, before most fixings have completed. The top chart shows 

the mean change in volume (Δ𝑉𝑀𝑖) aligned to the fixing start (t=9:45). The bottom chart shows the change in price 

volatily (Δ𝑉𝑖) mirros this result. Both show the mean (solid line), 95% (dotted line) and 99% (dashed line) lower 

confidence intervals on the left hand scale. Volumes and voliatlities are compared to means observed 30 to 15 minutes 

before the fixing start, a period denoted by the absence of confidence intervals. The dashed line, starting at 9:45, shows 

the cumulative proportion of fixings completed on the right hand scale. The center vertical line denotes the fixing start 

time. The sample covers fixings from January 2000 through to December 2013.  
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Figure 70. Spot palladium volatility changes at the PM fixing 

Peak volume is seen three minutes after the start of the fixing, before most fixings have completed. The top chart shows 

mean change in volume (Δ𝑉𝑖) aligned to the fixing start (t=14:00), and the bottom chart is aligned to the fixing end 

(i=0). Both show the mean (solid line), 95% (dotted line) and 99% (dashed line) lower confidence intervals on the left 

hand scale. Volatility is compared to a reference level, defined as the mean volume 30 to 15 minutes before (after) the 

fixing start (end), a period denoted by the absence of confidence intervals. The dashed line, starting at 14:00 in the top 

chart, shows the cumulative proportion of fixings completed on the right hand scale. The center blue vertical line 

denotes the fixing start time, while the green vertical line denotes the NYMEX floor trading start time. The sample 

covers fixings from January 2000 through to December 2013.  
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6.4.3.2 Returns 

As with silver and gold, significant returns in platinum and palladium markets align to 

the start of the fixing, before the fixing result is announced. There is comparatively little return 

response observed after the fixing result is announced. Returns start to drift in the direction of 

the fixing price direction immediately following the fixing start. These results underscore the 

findings from the volume and volatility analysis: informed traders are not waiting for the 

announcement of the fix to trade on its outcome.  

Whereas unadjusted returns are useful in assessing market impact, as discussed in the 

previous section, when assessing information leakage we are more concerned with the 

difference in returns (DR) between the uninformed trader and the directional informed trader. 

The dynamics of this DR shows us both the value of the information and the timing profile of 

the information leakage from one market to the other. Figure 71 through to Figure 74 present 

the magnitude, significance and timing profile of DR for platinum futures at the AM fixing, spot 

platinum at the PM fixing, palladium futures at the AM fixing and spot palladium at the PM 

fixings, respectively142.  

For platinum, futures show a peak CDR of 14.7 bps (7.2 bps) at the PM (AM) fixing. 

This peak is observed 12 (18) minutes after the start of the PM (AM) fixing, with 50% of the 

peak being reached within 3 (4) minutes and 90% of the peak being reached within 5 (14) 

minutes. Spot returns show similar results, with peak CDR of 16.4 bps (15.7 bps) occurring 20 

minutes after the fixing; 50% of the peak is reached within 5 (9) minutes and 90% is reached 

within 17 (16) minutes from the start of the PM (AM) fixing. Platinum futures show some 

statistically significant pre-fixing drift with 4.4 bps (1.2 bps) leading into the PM (AM) fixing, 

while spot platinum does not. These results are qualitatively similar to what was observed in 

silver and gold. The trade advantage is smaller for silver, while larger for gold.  

For palladium, futures show a peak CDR of 15.0 bps (17.4 bps) at the PM (AM) fixing. 

This peak is observed 19 (20) minutes after the start of the PM (AM) fixing, with 50% of the 

peak being reached within 4 (9) minutes and 90% of the peak being reached within 18 (19) 

                                                      
142 The remainder, showing materially the same results, are presented in Appendix D.6 and D.8 for 

platinum and palladium, respectively. 



 

 221 

minutes. Spot returns, however, are materially different, particularly at the AM fixing. The peak 

CDR is 42.2 bps (26.0 bps), occurring 20 minutes after the fixing, with 50% being reached 

within 13 (12) minutes and 90% being reached within 19 (18) minutes from the start of the AM 

(PM) fixing. Palladium futures show statistically significant pre-fixing drift, 3.8 bps (4.9 bps) 

leading into the PM (AM) fixing. Spot platinum only shows statistically significant pre-fixing 

drift at the PM fixing with 4.7 bps. 

Note, numerical results are presented in Appendix D.5, Table D-73 through to Table D-

88 for platinum and Appendix D.7, Table D-110 through to Table D-125 for palladium. 

Provided are tables for unadjusted, adjusted and difference returns ( UR̅̅ ̅̅ , AR̅̅ ̅̅ , DR̅̅ ̅̅   ) and their 

corresponding cumulative returns (CUR̅̅ ̅̅ ̅̅ , CAR̅̅ ̅̅ ̅̅ , CDR̅̅ ̅̅ ̅̅  ), at the AM and PM fixings, pre and post 

Globex. Unadjusted returns represent uninformed long positions, adjusted returns represent 

directionally informed positions and the difference between these constitutes the difference 

returns, as defined in section 3.8. Within each table, fixing start (end) aligned results are 

presented from fifteen minutes before to fifteen minutes after the start (end) of the fixing (-14 ≤  

i  ≤ +15 ). By design, the cumulative returns are zeroed at the interval immediately before the 

start (end) of the fixing (i=0). 
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Figure 71. Platinum futures difference returns at the AM fixing 
The difference in returns (DR) shows the advantage a directionally informed trader has over an uninformed trader 

holding a long position. For the top chart, intervals are aligned to the fixing end (i=0), the “+” markers signify the 

mean DR and the 95%, 99% and 99.9% confidence intervals are depicted by the black, dark grey and light gray bars 

surrounding the mean. For the bottom chart, cumuative DR (CDR) is shown aligned to the start of the fixing, with the 

mean and confidence intervals also shown. The dashed line starting at 9:45 shows the cumulative proportion of 

fixings completed, on the right hand scale, and the center vertical denotes the fixing start time. The sample covers 

3,366  fixings from January 2000 through to December 2013.   
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Figure 72. Spot platinum difference returns at the PM fixing 
The difference in returns (DR) shows the advantage a directionally informed trader has over an uninformed trader 

holding a long position. For the top chart, intervals are aligned to the fixing end (i=0), the “+” markers signify the 

mean DR and the 95%, 99% and 99.9% confidence intervals are depicted by the black, dark grey and light gray bars 

surrounding the mean. For the bottom chart, cumuative DR (CDR) is shown aligned to the start of the fixing, with the 

mean and confidence intervals also shown. The dashed line starting at 14:00 shows the cumulative proportion of 

fixings completed, on the right hand scale, the center vertical denotes the fixing start time. The sample covers 3,464 

fixings from January 2000 through to December 2013.  
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Figure 73. Palladium futures difference returns at the AM fixing 
The difference in returns (DR) shows the advantage a directionally informed trader has over an uninformed trader 

holding a long positionFor the top chart, intervals are aligned to the fixing end (i=0), the “+” markers signify the mean 

DR and the 95%, 99% and 99.9% confidence intervals are depicted by the black, dark grey and light gray bars 

surrounding the mean. For the bottom chart, cumuative DR (CDR) is shown aligned to the start of the fixing, with the 

mean and confidence intervals also shown. The dashed line starting at 9:45 shows the cumulative proportion of fixings 

completed, on to the right hand scale, the center vertical denotes the fixing start time. The sample covers 3,059 fixings 

from January 2000 through to December 2013.   
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Figure 74. Spot palladium difference returns at the PM fixing 
The difference in returns (DR) shows the advantage a directionally informed trader has over an uninformed trader 

holding a long position. For the top chart, intervals are aligned to the fixing end (i=0), the “+” markers signify the mean 

DR and the 95%, 99% and 99.9% confidence intervals are depicted by the black, dark grey and light gray bars 

surrounding the mean. For the bottom chart, cumuative DR (CDR) is shown aligned to the start of the fixing, with the 

mean and confidence intervals also shown. The dashed line starting at 14:00 shows the cumulative proportion of fixings 

completed, on to the right hand scale, the center vertical denotes the fixing start time. The sample covers fixings 3,460 

from January 2000 through to December 2013.  
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6.4.3.3 Predictability  

As with silver and gold, market returns contain information about the fixing price 

direction which materially and significantly increases the proportion of correct predictions of 

the fixing price direction. The price movements in the opening two to eight minutes of the 

fixing show the highest increase in prediction success. Further, predictability is influenced by 

the magnitude of the fix return: large absolute fix returns are significantly more predictable. 

That is, not only are the trades quite accurate in predicting the fixing direction, but the larger the 

available profits, the more accurate the trades become. The results for futures are presented in 

Figure 75 (platinum) and Figure 76 (palladium)143. For the AM fixings, the sample covers the 

full study period, while the data limitation for the PM fixing reduces the coverage to the latter 

half of the sample of September 2006 to December 2013.  

The platinum and palladium results are largely consistent with those observed for silver 

and gold. Namely: 

a) before the fixing start, prediction rates are not materially or significantly different to 

that of a random coin toss;  

b) within a handful of minutes after the start of the fixing, market returns show 

materially and significantly higher prediction rates; and  

c) prediction rates for days with large fixing price moves have higher prediction rates. 

 Some care is needed in interpreting the palladium results. With the precise start time of 

the fixing not directly observable, as discussed in section 6.3.2.2, results are in reference to the 

platinum start times. The effects of this can be seen in the top chart in Figure 76, showing the 

palladium AM results. Here, the first five minutes show poor predictability, unlike the other 

fixings. That said, a further five minutes from the fixing start yields the same findings. 

 Numerical results are available in Appendix D.5, Table D-89 through to Table D-95 for 

platinum, and Appendix D.7, Table D-126 through to Table D-132 for palladium. These cover 

futures and spot, for the AM and PM fixings, pre and post the Globex transition. 

  

                                                      
143 Similar figures, for spot/futures, pre/post the transition to GLOBEX are presented in Appendix D.6 

(platinum) and D.8 (palladium). 
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Figure 75. Platinum futures returns predictive power  
The charts show the fixing price direction is largely predicted by returns shortly following the fixing start. The top (bottom) charts 

show returns predicting the AM (PM) fixing direction. The direction of the fixing (positive or negative) is predicted made on the basis 
of the returns observed to interval i. The sample includes only unannounced fixings at the close of interval i, announced fixings are 

removed, as seen in the bottom panel of each chart. The sample is further divided into fixings with small (Si,Sml) and large (Si,Lrg) fixing 

return magnitudes. Before the start of the fixing (i < 1), the predictions rates, P(Si), shown by the dark solid line surrounded by 95% 
and 99% confidence intervals, are not materially different to 1/2, an uninformed guessing. Following the fixing start (i>0), P(Si) rapidly 

increases to show significantly better rates of prediction. Prediction rates for large fixing returns are higher than for small fix returns. 

The samples covers 3,367 (1,969) fixings from January 2000 (September 2006) through to December 2013. 

(AM Fixing) 

(PM Fixing) 
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Figure 76. Palladium futures returns predictive power 
The charts show the fixing price direction is largely predicted by returns shortly following the fixing start. The top (bottom) charts 

show returns predicting the AM (PM) fixing direction. The direction of the fixing (positive or negative) is predicted made on the basis 
of the returns observed to interval i. The sample includes only unannounced fixings at the close of interval i, announced fixings are 

removed, as seen in the bottom panel of each chart. The sample is further divided into fixings with small (Si,Sml) and large (Si,Lrg) fixing 

return magnitudes. Before the start of the fixing (i < 1), the prediction rates, P(Si), shown by the dark solid line surrounded by 95% 
and 99% confidence intervals, are not materially different to 1/2, an uninformed guessing. Following the fixing start (i>0), P(Si) rapidly 

increases to show significantly better rates of prediction. Prediction rates for large fixing returns are higher than for small fix returns. 

The samples covers 3,367 (1,969) fixings from January 2000 (September 2006) through to December 2013. 

(AM Fixing) 

(PM Fixing) 
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6.4.4 The Globex transition 

Whereas sections 6.4.1 to 6.4.3 report aggregates for the whole study period (2000-

2013), this section focusses on comparing the floor trading era (2000-2006) with the electronic 

Globex era (2007-2013). In particular, this section focusses on how the changes in liquidity 

affected the market impact and information advantage reported in sections 6.4.1 to 6.4.3. Some 

of the findings for platinum and palladium are consistent with those found for gold and silver. 

Namely, the higher levels of liquidity following the Globex introduction are associated with 

larger market impacts and greater information advantage. 

Recall that competitive pressure from its rival, the Chicago Board of Trade (CBOT), 

forced NYMEX144 to adopt CME’s Globex electronic trading platform in December 2006 for 

gold and silver. While NYMEX ACCESS had been available since 1993, its use had been 

restricted to outside of floor trading hours. Globex, on the other hand, was operational nearly 24 

hours per day. As such, the switch from NYMEX ACCESS to Globex represented more than a 

technological upgrade; it marked a policy shift to allow “side-by-side” trading. For the first 

time, NYMEX/COMEX allowed electronic trading during floor trading hours.  

Section 6.4.4.1 demonstrates the collapse in spreads and an increase in trade volumes 

following the Globex transition. Indeed liquidity increased at the time of the fixings, especially 

the AM fixing, which prior to Globex was quite illiquid. However, unlike for gold and silver, 

post Globex quoted spreads do not narrow at the start of the fixing. 

These higher levels of liquidity suggest reduced limits to arbitrage.  If the abnormal returns 

detailed above, in sections 6.4.2 and 6.4.3 , are to be explained as some limit to arbitrage 

artifact, we should see these effects subside in the Globex era (the “limits to arbitrage” theory). 

Alternatively, if futures markets are used to monetize price sensitive information relating to the 

fixing, the opposite should be observed. Reduction in spreads lowers the profit thresholds on 

round trip trades, while the increased trade volume offers the opportunity to make larger trades 

(the “monetization” theory). 

                                                      
144 http://online.wsj.com/news/articles/SB115187952655396585. 
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For platinum and palladium markets, the study finds that the transition to Globex, with its 

associated drop in spreads and increase in trade volumes, reduced the price impact and 

information advantage detailed in sections 6.4.4.2 and 6.4.4.4, respectively. Further, the pre-

fixing price drift, unique to negative return fixings, and observed for gold and silver is not 

evident for platinum and palladium. However, measures of information leakages, including 

elevated levels of trade volumes, price volatility and fix direction predictability, do increase 

following the transition to Globex, as detailed in section 6.4.4.3.  

This mix of results suggests that the limits to arbitrage theory is, at least in part, 

contributing to these results. However, limits to arbitrage cannot explain away the other 

anomalies, such as price suppression and impact asymmetries, which are evident both pre and 

post Globex and are consistent with benchmark manipulation and likely front running by fixing 

participants. 

6.4.4.1 Changes in market liquidity  

The same dramatic impact the NYMEX ACCESS to Globex transition had on the 

market can be seen in Figure 77 for platinum and Figure 78 for palladium. Within each figure, 

two views of the evolution of liquidity in these markets are presented. The top chart shows a 

rolling 3-month moving average of the quoted bid-ask spread for the active futures contract. The 

overall trend for platinum shows a drop in the spread from around 100 bps (in 2002) to 6 bps 

(by 2012). For palladium, a similar drop is observed from around 100-150 bps before 2005 to 

around 10 bps by 2012. For palladium, the limited quote data in the early years of the sample 

(2000-2004) results in a wide variance of spreads and gaps in the curve.  

Hand in hand with the collapse in spreads is the increase in trade volumes. In the NYMEX 

ACCESS era, for platinum (palladium) on average 0.1 to 0.3 (0.1 to 0.5) contracts traded per 

minute near the AM fixing, and around 0.5 to 1.7 (0.2 to 1.3) traded near the PM fixing145. 

Further, median volumes (𝑉𝑀𝑖
̃ ) are zero for all intervals near the fixing, indicating most days had 

no trades within these one-minute intervals. Compare this to the Globex era: for platinum 

                                                      
145 For platinum, see Table D-59 though to Table D-62 for the AM and PM fixings, before and after 

Globex. For palladium, see Table D-96 through to Table D-99. 



 

 231 

(palladium), on average 2.7 to 7.7 (1.3 to 3.0) contracts traded per minute near the AM fixing 

and 7.3 to 17.5 (3.8 to 8.3) traded near the PM fixing. 

A slightly more subtle feature of the chart is the inversion of the spread at the start of the 

fixing (the solid black line) when compared to the end of the fixing (the dotted line). Prior to 

2007, the spread at the end of the fixing is generally higher (wider) than at the start of the fixing. 

Following the transition to Globex, this relationship no longer holds; some periods show wider 

spreads from the fixing’s start to end, while others show narrower spreads. 

The bottom chart shows mean quoted spreads at times near the fixing start. Means are 

taken across two-year periods, e.g. 2000-2001 and 2012-2003, while 2006 and 2007 are kept 

separate on account of the Globex transition. The decline and break in the spreads over the years 

is evident, with the pre Globex years range (2000-2006) showing average platinum (palladium) 

spreads of 60 to 90 bps (70 to 120 bps), while average spreads in the Globex years (2007-2013) 

ranged from 5 to 40 bps (10 to 60 bps).  

While these results echo those for gold and silver, it is here the commonality ends. The 

characteristic narrowing of spreads witnessed at the start of the silver fixing (Figure 26) and 

gold AM fixing (Figure 51) after the transition to Globex is not seen in either platinum or 

palladium spreads.  

The pre and post Globlex change in relative spreads is presented in Figure 79 and 

Figure 80 for the platinum and palladium AM146 fixings, respectively. A reference level is taken 

by averaging the spreads over a reference period (7:45am to 8:45am), indicated on the chart by 

the omission of the confidence intervals. The solid black line is the mean spread relative to this 

reference level, with 95%, 99% and 99.9% confidence intervals indicating significance. Within 

each figure, the top (bottom) chart covers the pre (post) Globex era. 

  

                                                      
146 The PM fixings before the Globex transition occurred during floor trading hours for which no quoted 

data is available. As such, this analysis is not possible for the PM fixings. 
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Figure 77. Platinum futures quoted bid-ask spread evolution 

The top chart shows the 3-month moving average of quoted spreads at the start and end of the AM platinum fixing. 

The bottom chart illustrates the mean quoted spread around the time of the AM platinum fixing for various year groups. 

The spread declined over the period, markedly after the introduction of Globex electronic trading platform in June 

2006. Prior to Globlex, the spreads increased following the fixing start. This reverses following the transition to Globex. 

The sample covers fixings from January 2000 to December 2013. 
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Figure 78. Palladium futures quoted bid-ask spread evolution 

The top chart shows the 3-month moving average of quoted spreads at the start and end of the AM palladium fixing. 

The bottom chart illustrates the mean quoted spread around the time of the AM palladium fixing for various year 

groups. The spreads declined over the period, markedly after the introduction of Globex electronic trading platform in 

June 2006. Prior to Globlex, the spread increased following the fixing start. This reverses following the transition to 

Globex. The sample covers fixings from January 2000 to December 2013. 
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Platinum (palladium), in the pre Globex era, shows a significant increase of around 7% 

(15%) in mean spread following the start of the fixing, which is significant at the 0.1% level. 

This dissipates within 90 (120) minutes after the fixing start, with spreads returning to their 

fixing levels. The post Globex era shows a largely similar picture with spreads increasing, albeit 

by smaller amounts: 5% for platinum, and 7% for palladium. A notable difference, however, is 

the time taken to return the pre-fixing levels is reduce to around 15 minutes from the 90-120 

minutes pre Globex. 
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Figure 79. Platinum futures bid-ask spreads at the London AM fix 

In the pre-Globex years (2000-2006, top chart), the spread increases following the start of the fixing, while in the 

Globex years (2007-2013, bottom chart) the spread decreases. The mean change in quoted spreads is shown by the 

solid black line surrounded by 95%, 99% and 99.9% confidence intervals. The change is in reference to the mean spread 

observed from 8:30am through 9:30am, denoted by the omission of confidence intervals about the mean. The sample 

covers fixings from January 2000 to December 2013. 
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Figure 80. Palladium futures bid-ask at the London AM fix 

In the pre Globex years (2000-2006, top chart), the spread increases following the start of the fixing, while in the Globex 

years (2007-2013, bottom chart) the spread decreases. The mean change in quoted spread is shown by the solid black 

line surrounded by the 95%, 99% and 99.9% confidence intervals. The change is in reference to the mean spread 

observed from 8:30am through 9:30am, denoted by the omission of confidence intervals about the mean. The sample 

covers fixings from January 2000 to December 2013. 
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6.4.4.2 Changes in market impact 

The changes to market impact are quite different for platinum, shown in Figure 81, and 

palladium, shown in Figure 82. Within each figure the top (bottom) chart reports the mean CUR 

for the AM (PM) fixings. With each chart, the mean CUR pre (post) Globex is shown by the 

green (red) solid line. Significance is shown by the green (red) dotted lines, representing the 

99% confidence interval. The mean fix returns, at the mean fixing end time, for each subsample 

are shown by the green and red diamond markers. 

Platinum shows similar changes to those evident in the silver and gold markets. 

Namely, prior to Globex there is little to no significance seen in the mean CUR, while a 

significant drop can been seen at the time of the platinum fixings post Globex. This is more 

discernible at the PM fixing, but still observable at the AM fixing nonetheless. 

Palladium, on the other hand, shows a material (-20 bps) and significant price impact at 

the AM fix before Globex, but not after the Globex transition. At the PM fixing, there is no 

significant price impact observed at all.  

The disaggregation of positive and negative days is shown in Figure 83 through Figure 

86, for the spot platinum and pallidum, AM and PM fixings147, respectively. Separating the 

positive fix return days from the negative fix return days removes the cancelation inherent in 

averaging across returns with opposing signs. This in turn gives a better measure of market 

impact from the fixings.  

Within each figure, the top chart represents the pre Globex years and the bottom chart 

represents the post Globex years. Within each chart, the green (red) line shows CURi
̅̅ ̅̅ ̅̅ ̅ for days 

with positive (negative) fixings, while the black line shows the unconditioned CURi
̅̅ ̅̅ ̅̅ ̅, i.e. 

averaged across all days. For further context, the mean fixing returns (R̅Fix) at the mean fixing 

end times (fixing start time + mean fixing period, T̅Fix) are shown with the diamond markers.  

 

  

                                                      
147 Similar results for futures are provided in Appendix D.6, Figure D-126 for platinum and Appendix 

D.8, Figure D-138 for palladium. 
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Figure 81. Spot platinum returns at AM/PM fixings, pre/post Globex 

The top (bottom) chart shows the cumulative unadjusted returns (CUR) at the time of the AM (PM) fixings. Diamond 

markers show the mean fix return (R̅Fix) at the mean fix end times. The sample covers 3,466 (3,464) fixings from 

January 2000 to December 2013. 
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Figure 82. Spot palladium returns at AM/PM fixings, pre/post Globex 

The top (bottom) chart shows the cumulative unadjusted returns (CUR) at the time of the AM (PM) fixings. Diamond 

markers show the mean fix return (R̅Fix) at the mean fix end times. The sample covers 3,475 (3,460) fixings from 

January 2000 to December 2013. 
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For the silver and gold fixings, it was found that following the Globex transition, the 

market impact occurred faster and increased in magnitude. The first of these (a faster market 

reaction) is also found for platinum and palladium. However, the second finding is not. In fact, 

we see the reverse, with the market impact reducing by around 50%. In the case of platinum, 

positive day impacts fall from approximately 30 bps to 15 bps, and negative day impact 

magnitude reduces from approximately 20 bps to 10 bps. For palladium, the drops are 60 bps to 

30 bps and 40 bps to 20 bps, for positive and negative fixing days, respectively. 

The market impacts decreased with an increase in liquidity and this suggests that the 

reduction in spreads is an important component of the market impact for platinum and 

palladium, unlike in the gold and silver markets. 

A finding common to gold and silver is the asymmetry in the transmission of the fixing 

returns. Seen in all four figures, the proportion of the fix return that is transmitted to the market 

is materially different between positive and negative fixing days. As shown by the green marker 

intersecting the green CURi
̅̅ ̅̅ ̅̅ ̅ line, on positive fixing days, the market absorbs the full fixing 

returns. On negative fixing days, the market only absorbs 30% to 50% of the fix return. This 

underscores the finding for the full study period, by showing it holds before and after Globex. 

These findings are largely congruent with those of silver and gold.  
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Figure 83. Spot platinum returns at AM fixing on positive/negative days, pre/post Globex 

The top (bottom) chart shows cumulative unadjusted returns before (after) the transition to Globex. Cumulative 

unadjusted  returns (CUR) are referenced to 0 bps at to the start of the fixing. The all fixings (black line) are seperated 

into negative return fixings (red line) and positive return fixings (green line). Diamond markers show the mean fix 

return (R̅Fix), at the mean fix end times. The fixing start time is denoted with a blue vertical line. The sample covers 

3,466 fixings from January 2000 to December 2013. 
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Figure 84. Spot platinum returns at PM fixing on positive/negative days, pre/post Globex 

The top (bottom) chart shows cumulative unadjusted returns before (after) the transition to Globex. Cumulative 

unadjusted  returns (CUR) are referenced to 0 bps at to the start of the fixing. The all fixings (black line) are seperated 

into negative return fixings (red line) and positive return fixings (green line). Diamond markers show the mean fix 

return (R̅Fix), at the mean fix end times. The fixing start time is denoted with a blue vertical line. The sample covers 

3,464 fixings from January 2000 to December 2013. 
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Figure 85. Spot palladium returns at AM fixing on positive/negative days, pre/post Globex 

The top (bottom) chart shows cumulative unadjusted returns before (after) the transition to Globex. Cumulative 

unadjusted  returns (CUR) are referenced to 0 bps at to the start of the fixing. The all fixings (black line) are seperated 

into negative return fixings (red line) and positive return fixings (green line). Diamond markers show the mean fix 

return (R̅Fix), at the mean fix end times. The fixing start time is denoted with a blue vertical line. The sample covers 

3,475 fixings from January 2000 to December 2013. 
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Figure 86. Spot palladium returns at PM fixing on positive/negative days, pre/post Globex  

The top chart shows cumulative unadjusted returns prior to Globex (2000-2006), where as the bottom chart shows 

returns post transition to Globex (2007-2013). Cumulative unadjusted returns (CUR) are referenced to 0 bps at to the 

start of the fixing. The all fixings (black line) are seperated out into the negative return fixings (red line) and positive 

return fixings (green line). Diamond markers show the mean fix return (R̅Fix), at the mean fix end times. The fixing 

start time is denoted with a blue vertical line. The sample covers January 2000 to December 2013. 
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6.4.4.3 Changes in information leakage 

Cumulative Adjusted Returns (CAR) acts as a marker showing when prices start to 

move in the same direction as the fixing direction. The mean CAR for platinum and palladium, 

pre and post Globex, are shown in Figure 87 and Figure 88, respectively148. Each figure is 

composed of two charts, with the top (bottom) chart covering the AM (PM) fixing. Within each 

chart, the pre (post) Globex years are presented in green (red). The mean CAR is shown as a 

solid line surrounded by a 99% confidence interval. The fixing start time is marked by the 

dotted blue vertical line at 9:45am (2:00pm) for the AM (PM) fixing. 

The first key finding, at both the AM and PM fixing, is that the market responds faster 

to the fixing information. This is reflected in the gradient of the CAR at the start of the fixing. 

This mirrors what was seen with both silver and gold. The second key finding is the magnitude 

of peak CAR falls after the introduction of Globex. This is in contrast to what was found in the 

silver and gold markets. 

Both of these findings are intuitive; we expect electronic markets to be faster and more 

efficient. Like the findings on market impact, this suggests that the platinum and palladium 

markets are quite different from those of gold and silver. The argument that the open markets 

are being used to monetize information from the fixing appears less convincing with these 

industrial precious metals. 

 

  

                                                      
148 Similar results for futures arepresented in Appendix D.6, Figure D-127 for platinum and Appendix 

D.8, Figure D-139 for palladium. 
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Figure 87. Spot platinum cumulative adjusted returns at AM/PM fixing, pre/post Globex 

The top (bottom) chart shows the cumulative adjusted returns (CAR) at the time of the AM (PM) fixings. Adjusted 

returns show when returns align to the fixing price direction. The sample covers 3,466 (3,464) fixings from January 

2000 to December 2013. 
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Figure 88. Spot palladium cumulative adjusted returns at AM/PM fixing, pre/post Globex 

The top (bottom) chart shows the cumulative adjusted returns (CAR) at the time of the AM (PM) fixings. Adjusted 

returns show when returns align to the fixing price direction. The sample covers 3,475 (3,460) fixings from January 

2000 to December 2013. 
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6.4.4.4 Changes in information advantage 

We can assess the information advantage by observing the difference in returns (DR) 

between the uninformed trader and the directional informed trader. The cumulative DR (CDR) 

shows both the value of the information and the timing profile of information leakage.  

For spot platinum in Figure 89 plots CDR for the pre and post Globex eras, while the 

spot palladium CDR is presented in Figure 90149. Each figure is composed of two charts, with 

the top (bottom) chart covering the AM (PM) fixing. Within each chart, the pre (post) Globex 

years are presented in green (red). The mean CDR is shown as a solid line surrounded by a 99% 

confidence interval. The fixing start times are marked by the dotted blue vertical line at 10:30am 

(3:00pm) for the AM (PM) fixing. 

 Across all fours fixings (platinum and palladium, AM and PM), there is a marked 

reduction in the information advantage following the transition to Globex. For platinum fixings, 

the peak CDR drops to approximately 15 bps from 25 bps. For palladium, the drop in CDR is 

larger, falling to 20 bps from 80 bps (55 bps) for the AM (PM) fixing. This stands in contrast to 

what was observed for gold and silver, which showed an increase in peak CDR following the 

Globex transition.  

 A further difference between platinum/palladium and gold/silver is the pre-fixing CDR 

drift. Platinum and palladium show no significant pre-fixing CDR drift following the 

introduction of Globex, whereas gold and silver do. 

Information advantage in platinum and palladium markets appears to decrease 

following the decrease in spreads and increase in liquidity. This is the opposite of what is 

evident in gold and silver. These findings suggest that some behavior is indeed related to 

arbitrage limits, rather than the use of the markets to monetize the information. 

  

                                                      
149 Similar results for futures are presented in Figure D-140 and Figure D-128, for platinum and palladium 

respectively. 
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Figure 89. Spot platinum informed trade advantage at AM/PM fixing, pre/post Globex 

The top (bottom) chart shows the cumulative difference returns (CDR), the difference between the unadjusted returns 

(of an uninformed long trader) and adjusted returns (of an directionally informed trader). The sample covers 3,466 

(3,464) fixings from January 2000 to December 2013. 
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Figure 90. Spot palladium informed trade advantage at AM/PM fixing, pre/post Globex 

The top (bottom) chart shows the cumulative difference returns (CDR), the difference between the unadjusted returns 

(of an uninformed long trader) and adjusted returns (of an directionally informed trader). The sample covers 3,475 

(3,460) fixings from January 2000 to December 2013. 
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6.5 Chapter summary 

This chapter provides detailed institutional background about the London platinum and 

palladium fixings, a private auction-based benchmarking mechanism, and reports the results of 

the analysis on the interactions between the fixings and the spot and futures markets. 

These industrial precious metals largely share many of the institutional features of their 

closely related monetary metals (gold and silver). There are, however, some important 

distinctions. The order of magnitudes of the market is smaller; trading in platinum and 

palladium totals hundreds of billions, not trillions, of dollars each year. The platinum and 

palladium fixings are relatively new, having commenced as recently as 1989, and the 

composition of the fixing members includes both financial and industrial participants150.   

 The empirical analysis presented in this chapter focuses on the interaction between the 

twice daily fixing auction and the continuously and contemporaneously trading spot and futures 

markets. The analysis draws on minute to minute market data covering a fourteen-year period, 

with sufficient data quality for over 95% of the fixings which occurred from 2000-2013. 

The results show strong empirical evidence to suggest the fixing induces economically 

exploitable information asymmetries among market participants and a negative bias in the 

benchmark price. The market responses to the fixings also show a marked asymmetry, aligning 

well to positive price moves and poorly to negative moves.  

The futures market’s transition to anonymous screen trading from in-person floor 

trading, with its associated increase in trade volumes, execution speed and drop in trading costs, 

has a distinctly different impact on the industrial metals. Here, the magnitude of the trade 

advantage and market impact reduces following the transition, whereas the opposite occurs for 

the monetary metals. That said, other measures of information leakage do increase. 

The chapter results keep the central finding of this research intact. Namely, the benefits 

of the fixing are strongly skewed to its members and select non-member participants. For those 

transacting at the fixing price, those who can actually buy at the fix are the winners, while the 

                                                      
150 BASF, an industrial chemical firm, is a member of the platinum and palladium fixings, whereas the 

members of the monetary metal fixings are exclusively banks. 
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sellers are the losers. As with gold and silver, this study calls into question the platinum and 

palladium fixings’ roles as objective price discoverers.  

 

 

 

 




