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			Reviews of Systematic Trading by Robert Carver

			A remarkable look inside systematic trading never seen before, spanning the range from small to institutional traders. Reading this will benefit all traders.

			— Perry Kaufman, legendary trader and author

			Being a hedge fund manager myself and having personally read almost all major investment and trading books, this is by far one of the best books I have read in over 15 years on a tough subject for most.

			— Josh Hawes, hedge fund manager

			Robert has had very valuable experience working for many years in a large quant hedge fund, which makes the book doubly worth reading… Well worth a read for anyone who trades, in particular for systematic traders (whether you’re a novice or more experienced)!

			— Saeed Amen, trader and author of Trading Thalesians

			Reviews of Smart Portfolios by Robert Carver

			In finance (like many other subjects) there is a large amount of research that is smart but impractical and an equally large amount of popular literature that is practical but dumb. This book is in that rare category of smart and practical – it is also an entertaining read in its own right.

			— Francis Breedon, Professor of Finance Queen Mary, University of London and former global head of currency research at Lehman Brothers

			The book is a solid piece of work so check it out… It’s about the process and there are some really practical ways, mathematical ways, to put a good process in motion for your life.

			— Michael Covel, author of several books on trading including the best selling Trend Following

			Reviews of Leveraged Trading by Robert Carver

			Like Robert’s other books, Leveraged Trading is an excellent guide for traders. Robert does an excellent job of progressing from basic to complicated information, without losing the reader. This book will be one I refer to over and over again. Highly recommended.

			— Kevin Davey, champion full-time trader, author of numerous trading books

			(Rob’s) latest book is not just the best coverage of the topic of leveraged trading of small portfolios I’ve read, it’s actually the only good one I’ve come across… This is a great book. Go buy it.

			— Andreas Clenow, hedge fund manager and author

			I wish I had read a book like this when I was starting my trading. It would have saved me a lot of time and money. Highly recommended!

			— Helder Palaro, hedge fund manager

		

	
		
			Think big. Think positive. Never show any sign of weakness. Always go for the throat. Buy low. Sell high. Fear? That’s the other guy’s problem.

			Nothing you have ever experienced can prepare you for the unbridled carnage you are about to witness. The Super Bowl, the World Series? They don’t know what pressure is.

			In this building it’s either kill or be killed. You make no friends in the pits and you take no prisoners. One minute you’re up half a million in Soybeans and the next boom! Your kids don’t go to college and they’ve repossessed your Bentley.

			Are you with me?

			— Louis Winthorpe III (Dan Aykroyd) giving strategic advice to Billy Ray Valentine (Eddie Murphy) as they prepare to short orange juice futures in the film Trading Places
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			Robert trades his own portfolio using the methods you can find in his books.

		

	
		
			Introduction

			I traded my first futures contract on instinct.

			It was September 2002, and I had just stepped onto a trading floor for the first time. The floor was in Canary Wharf, one of London’s two key financial districts, and belonged to Barclays Capital. ‘Barcap’, as I had learned to call it, ran a programme for fresh graduates on which I had recently started as one of just two newly recruited traders. We spent our first day in a classroom learning tedious theory that was mostly unrelated to our future jobs. At 4pm we were told to go and find our future teammates, who we’d be joining properly in a couple of months after the gruelling course had finished.

			With some trepidation I glanced at the map of the floor I had been given, and tried to locate the area where I would ultimately be working. Fortunately it didn’t take long to find my allocated desk where I also found Richard – the managing director of the team – who had interviewed me earlier in the year.

			After a few introductions and some chitchat, Richard asked me if I’d like to do a trade. I nervously said I would. Although I’d done some share trading on my personal account, this would be my first time trading with someone else’s money.

			He showed me the dealing screen, and asked me to trade a single contract of the December ‘Bund’, which I had recently learned was the future for 10-year German government bonds1 (one of the few useful pieces of information we’d been given in the classroom). I froze. Should I buy or sell? How could I possibly know what the right decision was? I’d read somewhere that the ability to make quick decisions was prized amongst traders, and I certainly didn’t want Richard to think I was too slow-witted for the job. Not wanting to hesitate any longer, I decided to buy and clicked the button on the screen to lift the offer.

			That was my first foray into the futures market, and it certainly wouldn’t be my last, although I only lasted 18 months on that particular trading floor. After leaving Barcap I spent a couple of years working in economic research before joining a hedge fund, AHL.

			AHL was, and is, one of the largest futures traders in the world. My job was to develop and manage systematic futures trading strategies. Beginning with a relatively small portfolio, I was eventually promoted to manage the fixed income team, responsible for several billion dollars of client funds. The strategies we managed were a significant part of the global futures markets, holding tens of thousands of contracts on any given day, and trading hundreds of thousands of contracts every year.

			I decided to leave AHL in 2013, but my trading didn’t stop there. After opening a trading account with a futures broker, I spent a few months building my own automated trading strategies which I have run ever since.

			It’s now over 20 years since I traded that first contract, and a very long time since I last traded on instinct. Nowadays I trade deliberately, using carefully honed trading strategies. Every single one of the trades I do today is backed up by years of experience and detailed analysis. And in this book, I will share that knowledge with you.

			30 strategies Over 50 years of data 100+ instruments

			This book contains the details of 30 strategies, specifically designed for trading futures. I explain how and why each strategy works. The rules for each strategy are described in detail, and I analyse the performance of the strategy over historical data, so that you can better understand its strengths and weaknesses, and likely behaviour in the future.

			Diversification is the most powerful weapon in the armoury of the financial trader. After reading this book you will have access to a large and diversified set of trading strategies. But, as I will explain in some detail, diversifying across different futures markets is an even more potent route to extra profits. Fortunately, there are hundreds of futures traded all around the world, covering every possible kind of tradeable instrument: US interest rate futures, the cryptocurrency Bitcoin, Japanese iron ore, Russian stocks, and milk – to name just a few.

			Each market is different. Equities are driven by emotion: greed, fear and the current mood of a million meme stock buyers. Bonds march to a mathematical drum; although rates and credit spreads are driven by market forces, their relationship to bond prices can be calculated using precise formulae. Currency markets move wildly with every interest rate change and macroeconomic announcement. The commodities space is packed with hedge funds and giant multinational commodity traders. But there are also farmers, hedging their Wheat exposure on their laptops whilst their boots are still covered with the dust of the fields.

			As a result, opinion amongst traders is divided: should each market be traded differently, or should we use common strategies that work equally well irrespective of the underlying asset? There are certainly benefits to using common strategies. If we can test strategies across a range of markets then that gives us more confidence that they will work in the future.

			I use data from over 100 different instruments to test the strategies in this book, some of which have over 50 years of data. So you can be confident they are not one-trick ponies that work on one or two markets, or only in benign market environments. But it’s also important to make sure that a given strategy is suitable for a specific instrument, and if necessary to adapt it: I will explain how. I will discuss how you can select the best set of markets to trade, given the capital you have available to trade with, and how to allocate risk across your portfolio.

			This book will also cover diversification across different trading strategies and time scales. I also explain how you can evaluate the performance of a strategy, how to ensure you are using the correct degree of leverage, how you can predict and manage your risk, and how you can measure and reduce your trading costs.

			Of course futures trading isn’t just about the exciting job of predicting the direction of the market. It’s also about relatively dull stuff: deciding which contract to trade, executing your trades, managing your risk, and making the most efficient use of your cash. I will be discussing these potentially boring, but very important, subjects in the final part of the book.

			Can you read this book? Should you read this book?

			You need significant capital to trade futures. Although some instruments can be accessed with a few thousand dollars, most require much more. As a rule of thumb, you will find this book most useful if you have at least $100,000 in your trading account2 (or the equivalent in another currency). With that sort of capital many of you will be managing institutional money, perhaps as part of a hedge fund or commodity advisor. But this book will also be useful if, like me, you are trading your own money with a decent-sized account, and are serious about futures trading.

			This is not a book for beginners. You will notice that I’ve already used some financial jargon, as I’m expecting you to have at least a rudimentary understanding of the futures market, and trading generally. If you need a primer on futures trading,3 then I can recommend my previous book Leveraged Trading.

			I will be using US dollars throughout the book for simplicity, but this book is not just for traders living in the Land of Liberty. There are futures exchanges in many different countries, and thanks to the internet you can trade them from wherever you live (except where regulatory restrictions apply). As long as you can legally trade futures, you will find this book useful regardless of where you are domiciled. Later in the book I’ll discuss the issues created by cross-border trading, and how you can address them.

			If you’ve read any of my previous books, you will probably know that I’m a strong advocate of using systematic trading strategies. These strategies allow no room for discretionary judgement, and traders are expected to follow their instructions without deviation. Naturally, fully systematic traders will be able to use this book without any difficulties, since all the strategies in this book are fully described using clear rules. So I won’t be showing you a series of charts and expecting you to identify a ‘head and shoulders’, ‘broadening top’, or ‘abandoned baby bottom’ pattern.

			But not everyone is comfortable with the idea of trading without human input. Unlike me, you may possess a genuine ability to use your intuition and experience to identify profitable trades that exceeds what a simple rule based system can do. If so, then it would make sense to use the strategies in this book as part of a discretionary trading setup, combining them with your own judgement4 to decide which trades to take.

			You don’t need to be able to code to use the vast majority of strategies in this book. Almost everything here can be implemented in a spreadsheet. On the website for this book5 are links to spreadsheets that you can copy and adapt as you require. Having said that, there are also web links to snippets of Python code for those who are comfortable with programming.

			Finally, there are many equations in this book, but almost all6 are at the level of high school math.7 You don’t need a PhD to read this book. I didn’t need one to write it!

			My other books

			If you already have the requisite basic knowledge of futures trading, you do not need to read anything else before you read Advanced Futures Trading Strategies (AFTS). Should you feel the need to improve your basic knowledge of the futures market then I would recommend another of my books, Leveraged Trading (LT). This covers the mechanics of trading leveraged instruments, such as futures, without assuming any prior knowledge. Reading LT will also give you a head start in understanding some of the concepts I introduce in Part One of this book.

			Another book I’ve written, Systematic Trading (ST), also includes some material on futures trading and briefly covers a couple of trading strategies that I also write about in detail here in AFTS. But ST is primarily about the general design of trading strategies and is not written primarily for futures traders. In contrast, AFTS describes many strategies in detail, which are specifically for the futures markets. If you want to develop and test your own futures strategies then it’s worth reading both ST and AFTS. If you haven’t read either, then I’d recommend reading AFTS first. All this implies that if you’re completely new to futures trading, and want to design your own strategies, then a suitable reading order would be: LT first, then AFTS, and finally ST.

			I have written a further book, Smart Portfolios, but that relates to investment and not trading. But if you also want to buy a copy of Smart Portfolios, I won’t stop you!

			Scope

			Here is a list of what this book does not cover:

			
					Subjective decision making. All the strategies in this book are objective: given some data, they will always recommend the same action. This makes them suitable for a purely systematic trader like myself. But you can also use these strategies as part of a discretionary trading methodology: signals from various strategies can be used to inform your trading decisions, but you then make the final call based on your judgement.

					Fundamental data. I only use price data. So there is no strategy that uses CPI releases, nonfarm payrolls, equity earnings information, commitment of traders figures, or Baker-Hughes rig count. This significantly reduces the number of possible strategies to a manageable figure. It’s also easier to construct objective trading strategies if you’re using only price data.8 Having said that, in Part Three I explain how to construct a trading strategy given some arbitrary data input, which could certainly be fundamental data as long as it is quantifiable.

					Candlesticks. I only use closing prices for each relevant time period. I don’t use ‘OHLC’ (open, high, low, close) prices from which ‘candlestick’ charts can be constructed. This makes the strategies in this book easier to explain, and simpler to trade. Also, after thorough testing I’m not convinced that the market patterns which only candlesticks can allegedly reveal make for profitable objective trading strategies. No doubt there are traders that can make good subjective decisions by staring at such charts, but I am not one of them.

					High frequency and other fast trading. The smallest time interval I collect prices for is hourly. This rules out any strategy with a holding period of less than a few hours, since we could not accurately test it. In any case, I believe it’s impossible for most traders to compete with specialised high frequency trading firms, and they should not try.

					Options. Whilst it would be possible to use options on futures to trade the strategies in this book, for example by buying calls when the market is expected to rally, this is emphatically not a book about options trading.

					Stocks. Many of the strategies in this book could certainly be applied to shares, but I have not checked if they are suitable or done any kind of analysis with individual equity data. However, I have tested many strategies using equity index futures, such as the S&P 500 index.

					Other asset classes. This is not a book about trading crypto currencies, FX, or bonds. But this is no significant impediment, since we can usually trade futures which are based on crypto, FX, bonds, and many other different assets.

					Tax. The taxation of futures trading is very complex, varies across countries, depends on the legal status of the account owner, and is constantly changing. It would be complete madness to try and cover this in a single book. I am fairly sane, so I won’t attempt this particular challenge here. As a result, none of the strategies in this book take taxation into consideration, and there are no tax optimisation or tax-loss harvesting strategies to be found here.

					This book does not cover every single future in the world. But I did test the strategies in this book using data for over 100 different futures, which meet my requirements9 for liquidity and costs. However, there are many others10 where finding the data was too difficult or expensive. But I’m confident that the strategies in this book can be easily adapted to trade almost any type of future (and of course I’ll explain how).

			

			How should you read this book?

			Like a good novel, you should ideally read this book in order, from cover to cover. In particular, you must read Part One: Basic Directional Strategies before anything else. A directional strategy bets on the overall direction of the market rather than the relative performance of two or more instruments. The first four Parts of this book are exclusively about directional strategies.

			It probably seems strange that the first part of a book on advanced trading strategies is entitled basic strategies… If you’re a relatively experienced trader, or if you’ve read my other books, you might be tempted to skip Part One. Do not do this!

			Let me explain: I decided not to write a book where the first few chapters are full of tedious theory that you need to know before getting to the juicy bits that provide practical value. Every single chapter of this book includes one or more strategies that you can actually trade. But during Part One I also gradually introduce a number of concepts that you will need throughout the book. Hence, it’s vital that you read this Part first.

			The other Parts of the book are designed to stand alone, since they cover different types of trading strategy. Part Two: Advanced Trend Following and Carry Strategies explores two of the key strategies in futures trading: trend following (where we try to identify trends which we assume will continue) and carry (where we use futures prices for different expiry dates to try and predict the future). These two strategies are introduced towards the end of Part One, but in Part Two I extend them and explore alternative ways to capture these important market effects. Next there is Part Three: Advanced Directional Strategies. Trend following and carry are directional strategies, but in Part Three I’ll explore other kinds of directional strategy that exploit other sources of returns.

			All the strategies in Parts One, Two and Three can be combined together in a mix and match fashion. This is possible because they are all built using a consistent position management methodology. Also, they are all designed to trade once a day, using daily data to calculate required trades. This is not true of the strategies in Parts Four and Five. Part Four: Fast Directional Strategies explains a couple of strategies which trade more frequently than daily. Although this is not a book about high frequency trading, there are a couple of strategies included here whose holding period can be measured in hours and days, rather than weeks.

			I then pivot from directional strategies to Part Five: Relative Value Strategies. As you might expect, these strategies try to predict the relative movement of futures prices, whilst hopefully hedging against overall market movements. In Part Five I will explain both calendar strategies – that trade different delivery months of the same future against each other – and cross instrument strategies, which trade the relative value of different futures.

			Finally, we have Part Six: Tactics. These are not chapters about trying to predict the absolute or relative movement of prices. Instead they seek to improve the less glamorous but still important aspects of futures trading: contract selection, risk control, execution, and cash management.

			Please note that the word chapter may refer to either a strategy in Parts One to Five, or a tactic in Part Six.

			At the end of the book there are Appendices: Appendix A has further resources, including lists of books and websites that you may find useful. Appendix B contains details of key calculations used throughout the book. Appendix C has a full list of the futures contracts used in this book.

			There are also many useful resources on the website for this book, the link to which you can find in Appendix A, including code and spreadsheets.

			

			
				
					1 The desk actually traded exotic interest rate options, not futures, but we used bond and interest rate futures to hedge our exposure. Bund is apparently short for Bundesanleihe.

				

				
					2 If you do not have the equivalent of $100,000 to hand, and you are based outside the USA, then you could potentially use dated Contracts for Difference (CFDs) or spread bets as an alternative to futures. Although these are more expensive to trade, they have significantly lower funding requirements. I explain how you can trade CFDs and spread bets in one of my earlier books, Leveraged Trading.

				

				
					3 There is a list of suggested reading in Appendix A.

				

				
					4 I wouldn’t even be offended if you use the strategies in this book as ‘counter-strategies’, deliberately doing the opposite trade to what is indicated, as long as you’ve paid for the book. Of course I wouldn’t recommend that, either.

				

				
					5 See Appendix A for the link.

				

				
					6 A few chapters contain slightly more advanced material which is necessary for certain strategies, but you can skip them if you wish.

				

				
					7 That’s secondary school maths for my UK readers.

				

				
					8 In particular, I don’t use volume data even though this is a very popular source of information for many traders. Volume data for futures is tricky to analyse systematically, since it is affected by rolling from one contract expiry to the next.

				

				
					9 These requirements are outlined in some detail in strategy three. I have also tested the strategies on another 50 or so instruments which are too expensive or illiquid to trade, and the results were not significantly different.

				

				
					10 For example, rather ironically given I am based in the UK, due to prohibitive data acquisition costs I am unable to trade, and hence was unable to test, futures listed on the UK-based Intercontinental Exchange (ICE), including short sterling interest rate futures, UK gilts (bonds) and FTSE 100 equity index futures.

				

			

		

	
		
			Part One: Basic Directional Strategies

		

	
		
			You must read all of Part One before reading the rest of the book.

			You must read the chapters in Part One in order: each depends on the previous chapters.

			Strategy one introduces the simplest possible strategy. Strategies two to eight gradually improve upon previous strategies, introducing several important components that any trading strategy should have.

			Strategies nine, ten and eleven are fully featured trading strategies which can be used as a basis for other strategies in Parts Two and Three:

			
					Strategy nine implements a specific kind of trading signal, trend following, which is traded across multiple time frames.

					Strategy ten introduces an additional trading signal, carry.

					Strategy eleven combines both trend following and carry.

			

		

	
		
			Strategy one: Buy and hold, single contract

			What have I told you since the first day you stepped into my office? There are three ways to make a living in this business. Be first. Be smarter. Or cheat. Now, I don’t cheat.

			— John Tuld, the fictional bank CEO played by Jeremy Irons in the film Margin Call

			Like John Tuld, I don’t cheat. And I believe that consistently being first is not a viable option for futures traders, except for those in the highly specialised industry of high frequency trading. That just leaves being smart.

			How can we be smart? First, we need to avoid doing anything stupid. Examples of rank stupidity include: (a) trading too quickly – slowly draining your account through excess commissions and spreads; (b) using too much leverage – quickly blowing up your account; and (c) designing a set of trading rules that assume the future will be almost exactly11 like the past (also known as over fitting or curve fitting). During the rest of this book I’ll be explaining how to avoid these pitfalls by using properly designed trading strategies.

			Avoiding stupid mistakes is a necessary but not sufficient condition for profitable trading. We also need to create strategies that are expected to earn positive returns. There are a couple of possible methods we could consider to achieve this.

			The first way, which is very difficult, is to find some secret unique pattern in prices or other data, which other traders have been unable to discover, and which will predict the future with unerring accuracy. If you’re looking for secret hidden formulae you’re reading the wrong book. Of course, if I did know of any secret formula I’d be crazy to publish it; better to keep it under my hat and keep making millions in easy profits. Sadly, highly profitable strategies tend not to stay secret for very long, because of the substantial rewards for discovering them.

			Alternatively, to earn positive returns we can take a risk that most other people are unwilling, or unable, to take. Usually if you are willing to take more risk, then you will earn higher returns. This might not seem especially smart, but the clever part is understanding and quantifying the risks, and ensuring you don’t take too much risk, or take risks for which the rewards are insufficient. Blindly taking risks isn’t smart: it’s terminally stupid. The trading strategies in this book aren’t secret, so to be profitable they must involve taking some risks that most people in the market aren’t comfortable with.

			The advantage of a risk taking strategy is that human beings’ risk preferences haven’t changed much over time. We can check these strategies have worked for long historical periods, and then be pretty confident that they will continue to work in the future. They tend not to be as profitable as secret strategies, but this is also an advantage because the fact of their already being known about, and existing for a long period of time already, means they are unlikely to be competed away in the future when other traders discover them.

			What sort of risks do we get paid for? The list is almost endless, but for starters the most well-known risk in financial markets is equity market risk, which is informally known in the financial markets as beta (β).  Equities are almost always riskier than bonds, and certainly riskier than bank deposits, and thus we would expect them to earn a higher return.

			Economists usually assume we can buy the entire stock market, with portfolios weighted by the market capitalisation of every company. In most countries it’s not realistic to buy every listed stock, but you don’t have to, because the largest firms make up the vast majority of the market. If you want to earn US stock market beta, then you could just buy all the stocks in the S&P 500 index of the largest firms in the US, spending more of your money on shiny gadget maker Apple (at the time of writing, the largest stock in the S&P 500 with around 6.4% of the index weighting) and only a tiny fraction on preppy clothing outlet Gap (just 0.013% of the weighting).

			However, buying 500 stocks is going to be an expensive and time-consuming exercise. You will also have to spend more time and money adjusting your exposure whenever stocks are added to and removed from the index.12 There is a much simpler way, and that’s to buy a futures contract that will provide exposure to all the stocks in the S&P 500.

			This is our first trading strategy, and it’s the simplest possible:

			Strategy one: Buy and hold a single futures contract.

			Initially we’ll focus on the S&P 500 future as a way to get exposure to – and be rewarded for – equity market risk. Later in the chapter I’ll explain how and why we’d want to buy and hold other kinds of future from different asset classes. We’ll also learn about some important concepts in futures trading:

			
					Futures multipliers, tick size and tick value.

					Expiry dates and rolling.

					Back-adjusting futures prices.

					Trading costs.

					Calculating profits.

					Required capital.

					Assessing performance.

			

			Multipliers, tick size and tick value

			As you might expect, given the S&P 500 is a US index, the primary exchange where you can trade S&P 500 futures is also in the US: the Chicago Mercantile Exchange (CME). Perusing the CME website, we can see that there are two sizes of S&P 500 future, defined as follows:13

			
					The e-mini future (symbol ES), with a ‘contract unit’ of $50, and a ‘minimum price fluctuation’ of 0.25 index points = $12.50

					The micro e-mini (symbol MES), with a ‘contract unit’ of $5, and a ‘minimum price fluctuation’ of 0.25 index points = $1.25

			

			The ‘contract unit’ defines the relationship between the price and value of different futures contracts. Let’s imagine that the S&P 500 is currently at a level of 4,500 and we decided to buy a single contract – the smallest possible position. The price rises by 45 to 4,545. What is our profit? A buy of the e-mini would have resulted in a profit of 45 × $50 = $2,250. Whereas if we had bought the micro contract there would be an extra 45 × $5 = $225 in our account.

			To calculate our profit we multiply each $1 rise in price14 by the ‘contract unit’. Hence, rather than contract unit, I prefer to use the term futures multiplier.15 Another way of thinking about this is as follows: Buying one contract is equivalent to buying stocks equal in value to the price (4,500) multiplied by the contract unit. For example, if  we were using the e-mini we’d have exposure to 4,500 × $50 = $225,000 worth of S&P 500. You can easily check this assertion: a 45 point change in the price is equal to 45 ÷ 4500 = 1%, and 1% of the notional value ($225,000) is $2,250, which is the profit for holding the e-mini that we’ve already calculated. I call this quantity the notional exposure per contract:

			[image: ]

			Here the notional exposure and multiplier are in US dollars, but in principle we could convert a notional exposure into any currency. I define the base currency as the currency my account is denominated in. Then:

			[image: ]

			The FX rate is the relevant exchange rate between the two currencies. We’ll need this formula if our trading account base currency is different from the instrument currency. As an example, if I’m a UK trader trading the S&P 500 e-mini then the relevant FX rate would be USD/GBP. At the time of writing the FX rate is 0.75, hence my notional exposure is:

			[image: ]

			Now, what about the ‘minimum price fluctuation’? Simply, the futures price cannot be quoted or traded in smaller units than this minimum. Hence a quote of 4500.25 would be okay for the e-mini and micro contracts with a minimum fluctuation of 0.25, but a price of 4500.10 would be forbidden.

			As minimum price fluctuation is a bit of a mouthful, I will instead use the alternative term tick size. Multiplying the minimum fluctuation by the futures multiplier gives us the tick value.

			[image: ]

			In the case of the e-mini contract this is 0.25 × $50 = $12.50.

			The decision as to which of the two S&P 500 futures we should trade is not entirely straightforward, and I will answer it in a subsequent chapter. For now we’ll focus on the smallest micro future, with a futures multiplier of $5, a tick size of 0.25, and a tick value of 0.25 × $5 = $1.25.

			Futures expiries and rolling

			Having decided to trade the micro future, we can check out the order book to see what there is available to buy. An order book16 is shown in table 1, with some other useful statistics.

			Table 1: Order book (i) for S&P 500 e-mini micro futures, plus volume and open interest

			
				
					
					
					
					
					
					
				
				
					
							
							
							Bid

						
							
							Offer

						
							
							Mid

						
							
							Volume

						
							
							Open interest

						
					

					
							
							Sep 2021

						
							
							4503.25

						
							
							4503.50

						
							
							4503.375

						
							
							119,744

						
							
							123,856

						
					

					
							
							Dec 2021

						
							
							4494.00

						
							
							4494.25

						
							
							4494.125

						
							
							6,432

						
							
							6,073

						
					

					
							
							Mar 2022

						
							
							4483.25

						
							
							4483.75

						
							
							4483.500

						
							
							12

						
							
							227

						
					

					
							
							Jun 2022

						
							
							4485.25

						
							
							4486.25

						
							
							4485.750

						
							
							0

						
							
							4

						
					

				
			

			Order book as of 9th September 2021. Mid is average of bid and offer.

			S&P 500 micro futures expire on a quarterly cycle in March, June, September and December. The current front month, September 2021, is the most liquid. It has the highest volume traded today (just under 120,000 contracts), and also the largest number of open positions (open interest of over 120,000 contracts). But this future will expire on 17th September, in just eight days. It hardly seems worth bothering with the September contract: instead we will purchase the next future, December 2021, which is already reasonably liquid. With a market order we will buy at the offer, paying 4494.25.
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			Trading costs

			Sadly brokers and exchanges don’t work for free: it costs money to buy or sell futures contracts. I split trading costs into two categories: commissions and spread costs. Commissions should be familiar to all traders, although many equity brokers now offer zero commission trading. For futures, we normally pay a fixed commission per contract. For example, I pay $0.25 per contract to trade micro S&P 500 futures and $2 for each e-mini. These are pretty good rates for retail traders, but large institutional traders can negotiate even lower commissions.

			Additionally we need to pay a spread cost, which is the value you are giving up to the market when you buy or sell. I define this as the difference between the price you pay (or receive if selling) and the mid-price that you’d pay or receive in the absence of any spread between bid and offer prices. Later in the book I’ll discuss how to avoid or reduce your spread costs, but for now I assume we have to pay up every time.

			In table 1 we can’t get the December future for the mid-price (4494.125). Instead we lift the offer at 4494.25, for an effective spread cost of 4494.25 − 4494.125 = 0.125. If we were selling instead and hit the bid we would receive 4494.00, again for a spread cost of 0.125. The spread cost is the same, regardless of whether we are buying or selling. It has a value of 0.125 × $5 = $0.625 for the single contract we trade.

			Another way of describing this is as follows: if the bid/offer is one tick wide,17 the spread cost is half of this, and thus the value of the spread cost is half the tick value (half of $1.25, or $0.625). The total cost here is $0.25 commission, plus $0.625 in spread cost, for a total of $0.875. Of course, if the bid/offer was two ticks wide, then the spread cost would be one unit of tick value, and so on.

			This is applicable for orders which are small enough to be filled at the top of the order book in a liquid market where spreads are at their normal level. Large institutional traders will usually pay higher spread costs and will need to consider their market impact.
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			Now, we can hold December 2021 for somewhat longer than September, until 17th December to be exact. However, this is supposed to be a buy and hold strategy: equities are expected to go up, but only in the long run. If we want to continue being exposed to the S&P 500 then we’re going to have to roll our December 2021 contract into March 2022, at some point before 17th December.

			We roll by selling our December contract, and simultaneously buying the March 2022 contract. Subsequently, we’re going to have to roll again in March 2022, to buy the June contract. And so on, until we get bored of this particular strategy.

			This question of which contract to hold, and when to roll it, is actually pretty complex. For now, so we don’t get bogged down in the detail, I will be establishing some simple rules of thumb. In Part Six of this book I’ll explain in more detail where these rules come from, and how you can determine for yourself what your rolling strategy should be. For the S&P 500 the specific rule we will adopt is to roll five days before the expiry of the front month. At that point both the front and the second month are both reasonably liquid.

			How will this roll happen in practice? Well, let’s suppose that we bought December 2021, which expires on 17th December. Five days before the expiry – 12th December – is a Sunday, so we roll the next day, 13th December 2021. The order book on 13th December is shown in table 2.

			Table 2: Order book (ii) for S&P 500 e-mini micro futures, plus volume and open interest

			
				
					
					
					
					
					
					
				
				
					
							
							
							Bid

						
							
							Offer

						
							
							Mid

						
							
							Volume

						
							
							Open interest

						
					

					
							
							Dec 2021

						
							
							4706.25

						
							
							4706.50

						
							
							4706.375

						
							
							119,744

						
							
							123,856

						
					

					
							
							Mar 2022

						
							
							4698.00

						
							
							4698.25

						
							
							4698.125

						
							
							64,432

						
							
							35,212

						
					

					
							
							Jun 2022

						
							
							4690.50

						
							
							4691.00

						
							
							4690.750

						
							
							12

						
							
							227

						
					

				
			

			Order book as of 13th December 2021. Mid is average of bid and offer.

			We need to close our December 2021 position, which we can do by hitting the bid at 4706.25. So that we aren’t exposed to price changes during the roll, we want to simultaneously buy one contract of March 2022, lifting the offer at 4698.25. On each of these trades we’d also be paying $0.25 commission, and also paying the same $0.625 spread that we had on our initial entry trade.

			Alternatively, we could do the trade as a calendar spread, so called because we’re trading the spread between two contracts of the same future but with different expiries. Here we do the buy and the sell as a single trade, most probably with someone who is also rolling but has the opposite position. With luck we can do a spread trade for a lower spread cost18 and it would also be lower risk since we aren’t exposed to movements in the underlying price. For now I’ll conservatively assume we submit two separate orders, but I will discuss using calendar spreads for rolling in Part Six.

			Time for some tedious, but important, calculations. The profits and losses so far from the buy and hold trading strategy can be broken down into a number of different components:

			
					The commission on our initial trade, $0.25.

					The profit from holding December 2021 from a buy price of 4494.25 to a sell of 4706.25: 4706.25 − 4494.25 = 212, which in cash terms is worth 212 × $5 = $1,060.

					The commission on the part of the roll trade we do to close our position in mid-December, $0.25.

			

			Subtracting the two commission payments from the profit we get $1,059.50 in net profits. If we continue to implement the buy and hold strategy, we’d then have:

			
					The commission on the opening part of our roll trade in mid-December, $0.25.

					Any profit or loss from holding March 2022 from a purchase price of 4698.25 (which is not yet known).

					The commission on both parts of our next roll trade, rolling from March to June.

					Any profit or loss from holding June 2022 from its purchase price, whatever it turns out to be.

					The commission on the next roll trade.

					And so on.

			

			We can break these profits and costs down a little differently as:

			
					The spread cost ($0.625) and commission ($0.25) on the initial trade: $0.875.

					The profit from holding December 2021 until we close it, as it goes from a mid of 4494.125 to a mid of 4706.375 (we can use mid prices here, since the spread cost is being accounted for separately): $1,061.25.

					The spread cost and commission on the closing part of the mid-December roll trade: $0.875.

			

			Notice that if I subtract the commissions from the gross profit I get the same figure as before: $1,059.50. If we continue with the strategy we’d earn:

			
					The spread cost and commission on the opening part of the mid-December roll trade.

					The profit from holding March 2022 until we close it, as it goes from a mid of 4698.125 to wherever it ends up.

					The spread cost and commission on the subsequent roll trade.

					And so on.

			

			The terms in this second breakdown can be summed so that the profits (or losses) from any futures trade can be expressed as:

			
					The costs (commission and spread) on the initial trade, and any other trades which aren’t related to rolling (there are none for this simple buy and hold strategy, but this won’t usually be the case).

					The costs (commission and spread) on all our rolling trades.

					The profit or loss from holding the different contracts between rolls: calculated using mid prices.

			

			This seemingly pedantic decomposition of returns is extremely important. As I will demonstrate in a moment, it is absolutely key to dealing with the problem of running and testing trading strategies on futures contracts that, annoyingly, keep expiring whilst we’re trying to hold on to them.

			Back-adjusting futures price

			Suppose we now want to test the S&P 500 buy and hold futures trading strategy. We go to our friendly futures data provider,19 and download a series of daily closing prices20 for each contract expiry date. Later in the book I’ll look at faster trading strategies that require more frequent data but initially I test all strategies on daily data.

			We’re now ready for the process of back-adjustment. Back-adjustment seeks to create a price series that reflects the true profit and loss from constantly holding and rolling a single futures contract, but which ignores any trading costs. We’ll consider the effects of these costs separately.

			Why should we use a back-adjusted series? What is wrong with simply stitching together the prices from different expiry dates? Indeed, many respectable providers of financial data do exactly that. Are they all wrong?

			In fact, doing this would produce incorrect results. Consider the switch from the December to the March contract shown above. When the switch happens on 13th December the relevant mid prices are 4706.375 and 4698.125 (remember, we use mid prices, as costs are accounted for elsewhere). If we used the March price after the roll date, and the December price before it, there would be a fall of 8.25 in the price on the roll date. This would create an apparent loss on a long position.

			But rolling doesn’t actually create any real profit or loss, if we ignore costs and assume we can trade at the mid price. Just before the roll we own a December contract whose price and value is 4706.375. We assume we can sell it at the mid-market price. This sale does not create any profit or loss, since we are trading at market value. Similarly, when we buy a March contract, we are paying the mid-market price. Although the notional value of our position has changed, as the prices are different, no profits or losses occur as a result of rolling.

			All this means that, in the absence of any actual price changes, the back-adjusted price should remain constant over the roll. To achieve this we’d first compare the December and March price differential on the roll date: $8.25. We now subtract this differential from all the December contract prices.

			The effect of this is that the December prices will all be consistent with the March prices; in particular on the roll date both prices will be the same. We can join together the adjusted December and actual March prices, knowing there will be no artificial jump caused by rolling. Our adjusted price series will use adjusted December prices prior to (and on) the roll date, and actual March prices afterwards.

			We could then go back in time and repeat this exercise, ensuring that the September 2021 prices are consistent with December 2021, and so on. Eventually we’d have a complete series of adjusted prices covering the entire history of our data. Once we include costs this series will give a realistic idea of what could be earned from constantly holding and rolling a single S&P 500 futures contract.21

			You can do this back-adjustment yourself, and I describe how in more detail in Appendix B, but it’s also possible to purchase back-adjusted data. Be careful if you use third party data. Make sure you understand the precise methodology that’s been used, and avoid series of data that have just been stitched together without any adjustment. Using pre-adjusted data also means that you lose the flexibility to test different rolling strategies, something I’ll explore in Part Six.

			Figure 1 shows the original raw futures contract prices (to be pedantic, a number of raw futures prices for different expires plotted on the same graph) for the S&P 500 with the back-adjusted price in grey.

			Figure 1: Back-adjusted and original prices for S&P 500 micro future
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			Notice that the original prices and the back-adjusted price are not identical, although the lines precisely overlap at the end. This will always happen: by construction,22 the adjusted price will be identical to the final set of original futures prices. Initially, the back-adjusted price is lagging below until around 2008, and then it begins to outpace the original prices. This effect is even clearer if we plot the difference between the two series, in figure 2.

			Figure 2: Difference between back-adjusted and original futures price for S&P 500
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			Ignoring the weird noise in the plot (which is due to differences in roll timing and data frequency), there is a clear pattern. Before 2008 we mostly lost money from rolling the contract, as the adjusted price went up more slowly than the original raw prices. After 2008, we usually earned money.

			Let’s think a little more deeply about what the different price series are showing. An S&P 500 index value just includes the price. This series doesn’t include dividends.23 If we include dividends, we get a total return series:

			[image: ]

			Now for the futures. Through a no-arbitrage24 argument, we know that the futures price at any one time is equal to the spot price of the index, plus any expected dividends we will get before the future expires, minus the interest we would pay to borrow money for buying stocks. This is known as the excess return:

			[image: ]

			This extra component of excess return over and above the spot return is also known as carry:

			[image: ]

			For the S&P 500 the carry was negative until 2008, because dividends were lower than interest rates. Hence the adjusted price was underperforming the raw futures price, as shown in the downward slope in figure 2. Subsequent to that, on the back of the 2008 crash and recession there was a massive reduction in interest rates. Dividends were also reduced, but they did not fall by as much.

			With dividends above interest rates after 2008, carry went positive. As a result the line begins to slope upwards in figure 2, as the adjusted price returns were higher than the spot price. This upward trend was briefly interrupted from 2016 to 2019 when the Fed raised interest rates, but then resumed with a vengeance during the COVID-19 pandemic when rates were hurriedly slashed. Later in the book I’ll discuss how we can construct a trading strategy using carry. For now, the important point to remember is that an adjusted futures price includes returns from both spot and carry.

			Note that the adjusted futures price is not a total return series. The adjusted price is the cumulated excess return, which has interest costs deducted. When we buy futures, we are able to earn additional profits from interest paid on any cash we were holding in our trading account (to cover initial margin payments25 and potential losses).

			Because the amount of cash in any given trading account can vary dramatically, depending on the leverage you want to operate at, it’s difficult to calculate exactly what we could expect in additional profits from interest on cash held. So I won’t be including interest on cash in any calculations. Hence all profits shown in this book will be for excess returns only. 

			Measuring the profits from a trading strategy

			We’re now in a position to calculate exactly what profits we could have made from the buy and hold strategy.

			Given a series of positions in contracts, Nt (where a positive number means we are long, and a negative is short), and a series of back-adjusted prices, Pt, the return in price points for time period t is:
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			For the simple buy and hold strategy where our position N is always one (a single contract), our cumulative return in price points will be equal to the change in price over the full period that we are trading (from t = 0 to t = T):
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			To work out our returns in dollars, or whatever currency the relevant future is priced in (the instrument currency), we’d multiply by the futures multiplier:
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			Once again, for the simple buy and hold strategy, our cumulative return in currency terms will be equal to the change in price over the full period that we are trading, multiplied by the futures multiplier. Finally, to convert this into the currency our account is denominated in (the base currency), we’d multiply by the relevant exchange rate:

			[image: ]

			As an example, suppose we’re UK traders investing in the S&P 500 micro future, we have a long position on (Nt = 1, for all t), and the price goes up from 4,500 to 4,545 over a single day. With the multiplier of $5, and assuming an FX rate of $1 = £0.75:
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			Summing up the values of Rbaset over time will give us our cumulative profits from holding a single futures contract, or indeed for any trading strategy for which we’ve been able to calculate a series of historic positions. The cumulative return series for a US dollar trader holding the S&P 500 micro future is shown in figure 3. Incidentally, these cumulative return series are also known as account curves.

			This is our first backtest: a test of a trading strategy using historic data.

			Figure 3: Account curve (cumulative return in US$) from holding a constant long position in a single micro S&P 500 contract
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			This plot is identical to the back-adjusted price series in figure 2, but the y-axis shows different values as we have effectively multiplied the price by the futures multiplier, and started at a base of zero. We end up earning a total profit of over $200,000.

			Bear in mind that these profits do not allow for the costs of rolling our position. We can easily get a rough idea of the likely costs. The backtest is around 40 years in length, rolling four times a year, with a total cost calculated above of $0.875 × 2 = $1.75 on each roll. This gives a grand total of 4 × 40 × $1.75 = $280. That doesn’t make much of a dent in our total profit. Feel free to deduct another two chunks of $0.875 for the initial purchase and final closing trade if you’re feeling pedantic! But you could well ask if it was really realistic to assume that we would have paid precisely $1.75 every single time we rolled, even way back in 1982? This is a question I will address in a later chapter.

			Remember, these are excess returns. We would have made additional returns from earning interest on the cash in our account, especially earlier in the testing period when interest rates were usually at least 5%, and sometimes occasionally over 10%. But receiving interest on deposits isn’t part of our trading strategy, and the amount earned will depend on our leverage. We should ignore any interest payments to get a purer measure of performance.
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			Backtesting

			It’s fairly easy to define a backtest: it’s a test of a trading strategy using historical data. But that still leaves some important questions unanswered. Firstly, what exactly is the point of doing a backtest?

			We run backtests for a couple of different reasons. The first, which is what most people think about, is to make decisions about how we should trade in the future. Decisions such as: which trading strategy should we use? Which instrument(s) should we trade? How should we allocate our risk across strategies and instruments? More often than not, those decisions are made by looking just at outright or risk adjusted performance: which of these alternatives is more profitable?

			The second reason for backtesting, which is often overlooked, is to get an idea of the behaviour of a given trading strategy. How often does it trade? How expensive are its trading costs? How much leverage does it use?

			How should we backtest?

			Backtests have a dual nature. They run over historical data, so they show us what would have happened in the past. But we then use their results to make decisions about what to do in the future. There is an inherent contradiction here. Should we make our backtests as realistic as possible, reflecting what we could have actually achieved in the past. Or should we create something that would be a better guide to how we will trade in the future?

			For example, suppose that you run a backtest to decide whether to use strategy A or strategy B, and you have data back to 1970. With the benefit of hindsight strategy B is much better than A, but at the start of the backtest you have no information about whether strategy A or B was superior. To make it a realistic simulation of the past, you would have to include both strategies in the backtest until you had evidence, based only on backward looking information, that strategy B was better.

			This means your backtest will begin as a blend of A and B, and gradually morph into containing only strategy B. The returns from that hybrid strategy would be a realistic indication of what someone starting in 1970, with no forward-looking information, would have been able to achieve.

			But this weird concoction of strategies is not what you are going to trade now! Instead, you will be trading strategy B without a hint of A to be seen. If you want to understand or calibrate the likely behaviour of your trading strategy, then you would be better off just backtesting strategy B, once you had determined it was the better option.

			This is a common approach, but it is fraught with danger. The backtested returns from just strategy B will, by definition, be higher than the more realistic figures you would have got from a purer backtest blending A and B with no forward-looking information. Testing only strategy B is pejoratively known as in sample. We have made decisions with the full knowledge of what occurs in the future, such as selecting B over A. These decisions are known as fitting, hence what we have done here is in sample fitting.

			To an extent this is unavoidable; if we want to understand whether we should trade A or B then we need to test both. If we subsequently want to understand the behaviour of the strategy we have selected, then we will need to examine the returns and trading patterns of the chosen strategy, which will be 100% invested in strategy B. As long as we bear in mind that the returns achieved are almost certainly unrealistically high, then not too much harm has been done.

			However, there is another trap for users of in sample backtests, and that is the curse of over fitting. It is fine to choose B over A, but only if there is sufficient evidence that this is the correct decision. In practice it’s unlikely that our hypothetical strategy B is so much better than strategy A that we would be justified in dropping A entirely. This is because financial data is noisy, and almost never has sufficiently clear patterns that we can be significantly confident about such decisions.

			To take an extreme example, suppose your backtest suggested that the day of the year with the highest returns was 26th January. Would it make sense to sit on your hands for the rest of the year, and only trade on that single day? Of course not, that would be absurd. But plenty of traders are prepared to, for example, only trade the EUR/USD future purely because it has the highest returns in their backtest.

			(A more subtle problem with backtests is that there are some aspects of the past that we know for sure will not be repeated. As an example, the US Fed fund interest rate has fallen from over 10% in 1980 to 0.25% as I’m writing this paragraph. This significantly flattered bond performance, but it would clearly be a serious mistake to allocate our money only to strategies which had a bias to being long US bond futures. In later strategies I’ll explore how we can try and avoid this problem by extracting the effect of these trends from performance statistics, but for now it’s a serious concern.)

			By only trading strategy B there is a serious danger that we have extrapolated the past blindly into the future, putting all our eggs into a single basket that is balanced dangerously on the edge of a cliff. Just because B has done a little better in the past, does not give us any guarantee that B will outperform A over some period in the future. Even if B is a fundamentally better strategy, the laws of chance mean that it could very well underperform A in the next few years.

			With an understanding of statistical significance, a properly designed backtest would begin with a blend of A and B, and then gradually reallocate capital to the better strategy as more information about their relative performance was discovered over time. The most likely outcome would be that there would still be allocations to both A and B, but with more in B.

			Going forward, you would want to trade both A and B in the final proportions you obtained in the backtest. And to test and understand how this mixture of A and B behaved, you would probably run a second test with those proportions fixed. But again, the returns from this backtest would be overstated, although not by as much as a backtest only of strategy B. Still, by continuing to trade both A and B you have limited the dangers of in sample fitting to a minimum: hedging your bet on B with an allocation to A. This approach is more robust than the alternative of just trading B.

			How should we use backtest results?

			Good traders will use backtest results when their results are significant, but also consider other information. For example, it makes sense for a long position in volatility futures to return a negative return over time, for reasons I will discuss later in this chapter. We can trust this result in a backtest, and expect it to be repeated in the future. In contrast, where backtest results can’t be logically explained, there is a good chance it is data-mining: pure luck, and not to be trusted regardless of the statistical significance.

			In this book I’ll show you the results of my backtests, but I will also suggest what would be a robust course of action to take, given the statistical significance of my analysis. Of course you are free to ignore my suggestions, for example by taking decisions that assume the backtested results are a perfect guide to the future. Just be aware that there are potential dangers in taking this approach.

			Please also bear in mind that the results of any backtest will be potentially overstated, if they include decisions made with information that could not have been known in the past. Where possible my backtest results include decisions made without the benefit of hindsight by using automated fitting techniques that are only allowed to see past data, but you should always assume that backtested results overstate what we could really achieve in the future, no matter how carefully they have been constructed.
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			Capital

			Quoting profits in US dollars is generally frowned upon in finance, as they are meaningless without any context, although this message hasn’t got through to the leagues of Instagram trading influencers who hook you in with inflated claims of making a guaranteed income of $500 per day. Making $24,000 in just over 40 years, as we do in figure 3, is fantastic if you start with just $100. It’s less impressive if you started with $1 million. The y-axis in figure 3 starts at zero dollars, but we couldn’t actually have run this trading strategy with no money. 

			How much trading capital would we actually have needed to make these profits?

			If we weren’t trading futures, and had no access to leverage, the answer seems straightforward. The S&P index at the start of the testing period was around 109. To get the equivalent exposure that we had with micro futures, we’d need to have bought 109 × $5 = $545 worth of the underlying stocks. Nowadays, with the index at around 4,500, we’d need $22,500.

			However, one of the more useful attributes of futures markets is that we don’t need to put the entire exposure value up in cash – only what is required for initial margin. Right now, to buy one micro future only requires $1,150 initial margin. Given the current notional value of a single contract (around $22,500), this works out to a potential leverage ratio of almost 20:1.

			But it would be pretty crazy to buy a single micro contract with just $1,150. Things would be fine if the price went up in a straight line, without ever moving against you, but of course this will never happen. We also require additional variation margin to cover potential losses. Since the multiplier here is $5, for every point the index price moves against us, we’d be required to put up an additional $5.

			If that cash wasn’t already in our account, then there’s a good chance the broker would liquidate our position unless we moved quickly to top up our trading account. How much additional cash do we need? If we were ultra cautious, then for a long position you would want to put up enough cash to cover yourself against the price going to zero. This would be equivalent to the entire notional value26 of the futures exposure. That is extremely conservative! There are some circumstances when that might make sense, but generally you would hope that you could close your long position long before the price hit zero. But for now I am going to assume that we put up the entire current notional exposure value as capital; effectively trading without any leverage.

			This will allow us to get an understanding of the performance characteristics of each individual asset. When we get to strategy two, I’ll discuss how we can adjust the capital required to reflect the risk of a given asset.

			Figure 4 again shows the cumulated profits graph, this time overlaid with the required capital. It isn’t a surprise that they follow each other closely; the grey capital line is the current futures price multiplied by the futures multiplier, whilst the darker profits line is the sum of differences in the adjusted price also multiplied by the multiplier.

			Figure 4: Account curve ($) and required capital ($) for S&P 500 micro futures
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			If we divide the profits made each day by the capital required on the previous day, then we can calculate percentage returns:
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			Then we get the percentage returns shown in figure 5.

			Figure 5: Percentage returns from buy & hold single contract strategy in S&P 500
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			The scary days of 1987, 2008, and to a lesser extent 2020 are fairly clear; and should also be familiar, since this is how stock returns are normally shown. Another way to visualise our performance would be to cumulate up27 these daily percentage returns, adding each return to the previous day’s return.

			Figure 6 gives quite a different picture from figure 3. When looking at dollar returns, movements in earlier years appear much smaller in figure 3. But in summed percentage terms they are quite significant. My preference is to use graphs28 like figure 6, since it’s easier to see the full range of returns throughout the history of data.

			Figure 6: Account curve (cumulated sum of percentage returns) from buy and hold S&P 500 strategy
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			Assessing performance characteristics

			Annual returns

			Quoting performance figures as percentage returns is only the first step to properly evaluating the returns of our strategy. The total return in figure 6 is nearly 250%. That would be incredible over a single year, but we took over 40 years to earn that lucrative sum. We need to calculate an average annual return.

			We could do this by measuring the return in each year, and taking an average. Alternatively we could measure the daily returns, take an average of those, and  then annualise them. Assuming we’re using the mean as our average, we’ll get the same result.

			To annualise daily returns, we need to multiply by the number of days in a year.29 This is not the usual 365, the less common 366, or the approximate 365.25 (or an extremely pedantic 365.2422), since we only have returns for business days when the market is open. The number of business days per year varies depending on the year and the market you are trading but – for reasons that will become apparent below – I prefer to assume there are exactly 256 business days in a year.30

			The average daily return for the S&P 500 strategy is 0.0235%, which if I multiply by 256 equals 6.02% per year. We could also measure the average weekly, monthly or quarterly return. But I prefer to focus only on daily returns (since we’re using daily data to calculate our series of profits) and annual returns (as I find them more intuitive).

			Risk and standard deviation

			Futures are leveraged instruments which often have very low margin requirements. With Eurodollar interest rate futures anything up to nearly 500:1 is theoretically possible (although not sensible!). As a result we have a degree of latitude in deciding how much leverage to use. If we double our leverage, then we double our returns, but we also double our risk. So it’s meaningless to talk about outright returns, rather we should discuss risk adjusted returns.

			But it’s extremely difficult to define what is meant by risk. For starters, should we use a symmetric or asymmetric measure of risk? A symmetric measure of risk treats all returns as equally risky, whether they are positive or negative. An asymmetric measure is only concerned with negative returns.

			What possible logic could there be for using a symmetric measure of risk? Surely, we only worry about unexpected losses, whilst an unexpected gain is a joyous event to be celebrated? There are however a few reasons why symmetric risk makes some sense. Firstly, to get technical, if we measure our risk using all the available returns, then our risk statistic will be a more robust measure and less susceptible to occasional outliers.

			Secondly, once we are using daily returns it becomes likely that we’ll see both negative and positive returns: for the S&P 500, 54% of the daily returns are positive and 46% negative. If we are currently taking a lot of risk, then we’re only ever a coin flip away from a pleasingly large positive return turning into a depressingly large negative return. Hence, it makes sense to treat positive and negative returns as equally risky.

			Finally, when trading futures we can be both long and short, even if for now we’re limiting ourselves to long positions. If we used an asymmetric measure of risk, we’d have a different measure of price risk depending on our position. That would rather overcomplicate our lives!

			With that in mind, my preferred measure for a symmetric measure of risk is the standard deviation of returns.

			[image: ]

			Why not use drawdowns?

			A very popular measure of risk is the maximum drawdown. This is the maximum cumulative loss experienced at any point during the backtest of a trading strategy. It’s
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