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Abstract 

The commodity futures curve is viewed as a market-based path forecast, a term structure, 

optimizing multivariate loss preferences. Based on the forecast decision setting, we apply 

estimation of flexible multivariate loss functions, which reveal the preference term structure 

along the futures curve, which can be flat, smoothly sloping or oscillating, rotating among 

optimism, pessimism and symmetry. Evidence from the thirty main world commodities around 

the global crisis period, accommodates the futures curve forecast rationality questioned in the 

literature, suggesting the presence of joint preference asymmetries for longer maturities and 

symmetries for shorter ones. This reveals joint optimistic preferences for most commodities until 

2004, evolving into oscillating preferences rotating within the term structure from symmetry to 

pessimism and optimism in 2005-2008 and finally back to weaker optimism until 2013.  

 

Keywords: (B) Finance; Commodity Futures; Forecast Decision, Loss Functions; Optimism; Preferences 

 

 

 

 

 

 

 



2 

 

1. Introduction 

Commodities constitute a major asset universe, with established two-way links to real 

economic activity as shown by Hamilton (2009) and Yang (2013), but also to financial assets 

as shown by Hong and Yogo (2012), influencing a broad set of forward-looking economic 

decisions ranging from consumption to investment portfolio allocations. Commodity futures 

curves are often viewed as market-based forecasts for the evolution of spot prices in the 

future, see Fama and French (1987), and are included in both private decisions and formal 

policy making processes, see Chen et al (2009). As an example, the Monetary Policy 

Committee of the Bank of England assumes that oil prices follow the path projected by the 

futures market in order to decide its central forecasts for CPI and GDP growth, see Nixon and 

Smith (2012).   

By construction, futures prices target the spot prices of the underlying commodities 

on maturity date, and as they approach maturity futures and spot prices converge until 

coincidence. The conditions under which commodity futures prices constitute (or not) 

market-based forecasts and their predictive power, have been discussed in the literature 

extensively since the early work of Carter et al (1983), Hazuka (1984) and French (1986), but 

with little agreement. Still, recent evidence on oil futures prices provide rather poor evidence 

for their out-of-sample predictive ability, see Laws and Thompson (2004), while for other 

commodities the results are much more supportive, see for example Reeve and Vigfusson 

(2011). These views are often based on the standard approach linking predictability to market 

efficiency, which under rational expectations dictates that futures prices should constitute 

unbiased predictors of the spot price in the future. In this respect, conventional tests for 

market efficiency utilise univariate regressions, see Fama and French (1987) and Alquist and 

Kilian (2010), essentially advocating the use of conventional statistics such as the mean error 

and mean squared error which reflect symmetric preferences for the forecast decision maker, 

see also Menezes et al (2000) and  Goyal and Welch, (2003) , while Brenner and Kroner 

(1995) show under what conditions such tests should reject the null hypothesis of 

unbiasedness. Any such empirical approach is conditional on the maintained assumptions, 

including the preferences of the forecaster and as such, the the above studies ignore 

behavioural aspects in the decision-making context, such as the possibility of heterogeneous 

beliefs, see Joëts (2015), or the presence of asymmetric loss preferences for dependent 

forecast errors along the futures curve. Knowledge of such preference functions can have a 

tremendous impact on the structure of forecast optimality as well as on the evaluation criteria. 
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In particular, in a decision-making problem allowing for the presence of asymmetric joint 

loss preferences, forecast optimality for the decision maker requires the presence of elements 

additional to the conditional expectation, involving the interaction between preferences, 

higher moments of the future distribution and the dependence to other assets. Thus, the 

conditional expectation is no longer an optimal forecast and tests based on this assumption 

often falsely conclude about the presence or the absence of market inefficiency or forecast 

irrationality. Elliott et al (2008) provide comprehensive evidence for the effects of 

asymmetric preferences on univariate tests of forecast rationality, see also  Jarrow and Zhao 

(2006) for its analogue in portfolio optimization. The estimation of preference functions is 

generally a challenging problem, considered in a variety of decision making problems, see for 

example Blackmond-Laskey and Fischer (1987), Wakker and Deneffe (1996), Pennings and 

Smidts (2000), Pennings J and A Smidts (2003), Alghalith (2010), Halme and Kallio (2014), 

Brenner (2015), Feess et al (2016), Murphy and Brincke (2017) and Paravisini et al (2017). 

In this paper we shall adopt a decision-making point of view, in which the futures 

markets for a commodity in various maturities are viewed as joint prediction markets, see 

Wolfers and Zitzewitz (2004), assuming that the efficient market hypothesis holds, so that the 

observed price of each commodity contract will be the best possible assessment of the 

available data. Thus, the market is viewed as a consensus forecast decision maker and the 

futures curve as a jointly determined path forecast, which optimizes multivariate flexible 

preferences, capturing both preference asymmetries and the dependence between forecast 

errors along the futures curve. Against the possible view that such preferences reflect a purely 

statistical estimation setting, rather than a financial decision making process, in the 

subsequent section we shall refer to the arguments of Granger and Machina (2006) who show 

how to derive the utility - based decision problem corresponding to a certain loss-function 

setting. As an example, one might think of a utility-maximizing commodity producer, whose 

hedging of price risk requires a daily settlement of his short futures position until maturity. 

Since the financing of margin requirements is costly especially when the position cumulates 

losses until maturity, but not so much in case of profits, the producer exhibits asymmetric 

preferences so that price under-forecasting along the futures curve results in heavier cost of 

such settlement versus an equal over-forecasting. 

Observing time series of pricing errors for different futures maturities and assuming 

the existence of a generalized class of multivariate parametric forecast loss preferences, we 

estimate the parameters of the loss function and test for forecast rationality along the lines of 
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the GMM procedure proposed by Komunjer and Owyang (2012). Our approach reveals the 

shape of preferences term structure along the futures curve, which can be flat, smoothly 

sloping, or oscillating, rotating among symmetry, optimism and pessimism. The shape of 

preferences term structure is shown to reflect the relationship of the average futures curve 

shape versus the spot price in the future. This is not the first time where term structure is 

considered in the context of financialised commodities; see for example applications on 

foreign exchange markets by Inci Ahmet Can (2004), De los Rios (2009) and Chen and 

Tsang (2013), although these studies do not deal with preference issues. Moreover, although 

the literature traditionally focuses on evidence for the energy markets, see Alquist and Kilian 

(2010), the interest is now being extended to broader commodity classes given the sharp 

movements in prices during the global credit crisis, the introduction of new large speculative 

funds in the market, see Singleton (2104) and Hamilton and Wu (2015), and the growth of 

non-energy futures markets. We consider the thirty main commodities constituting the 

universe of futures contracts for the six major world commodity indices classified in five 

sectors, namely agriculture, livestock, energy, industrial metals and precious metals. Our 

sample 2001 – 2013 focuses on a broad crisis period to include the high volatility years, 

suggesting the existence of a variety of preference term structures, revealing strong 

preference asymmetries for longer maturities and symmetries for shorter maturities. 

Moreover, in the presence of periodic price forecast breakdowns detected by applying the 

procedure of Giacomini and Rossi (2009), our results reveal preference term structures that 

are strongly optimistic for most commodities in 2001-2004, which evolve into oscillating 

preferences along the futures curves in 2005-2008 rotating from symmetry to pessimism and 

optimism, and finally back to general optimism in 2009-2013 but for a smaller number of 

commodities. Forecast rationality tests show that our framework accommodates the 

rationality of observed forecast errors and thus serves as a new approach for the advancement 

of forecasting and trading in commodity markets. 

The paper is organised as follows. Section 2 presents the theoretical arguments and 

the empirical methodology on multivariate asymmetric loss preferences. Section 3 presents 

the data set and Section 4 our full-sample estimation results. Section 5 tests for possible price 

forecast breakdowns and Section 6 exhibits further empirical evidence in the presence of 

preference regime changes. Section 7 concludes. 

2. Estimating the Decision Maker’s Joint Loss Preferences 
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The recent developments in the estimation the forecaster’s loss preferences essentially 

emerged from the criticism on the standard approaches assessing the optimality of observed 

forecasts. The standard approach to the study of the predictive content of commodity futures 

prices on the spot prices in the future has been introduced in early studies such as French 

(1986) and Fama and French (1987). Studies following the standard approach tend to link 

market efficiency to predictability, since the pricing error between the current futures price 

and the corresponding spot price in the future, constitutes both a portfolio profit or loss and a 

forecast error. This line of thought requires the pricing error to be on average zero to 

guarantee that both market efficiency and forecast rationality are maintained and is 

empirically tested through two simple linear regressions of the form 

                                        �� − ���� = �� + 
������,� − ����� + ��,�                  (1a) 

                                       ����,� − �� = �� + 
������,� − ����� + ��,�                  (1b) 

where ��,	���� denote the current and s periods back (log) spot price respectively, ����,� 

denotes the (log) futures price generated s periods back that matures at time t and �� 

represents a serially uncorrelated zero-mean random error, see Brenner and Kroner (1995)
 1

. 

Under this setting and rational expectations, the composite null hypothesis of market 

efficiency and forecast rationality would require that �� = 0	and	
� = 1. More generally, 

positive 
� means that basis ����,� − ���� observed at t-s contains information about the 

change in the spot price from t-s to t, or equivalently that futures price has power to forecast 

the spot rate in the future. Moreover, positive 
� means the basis observed at t-s contains 

information about the premium ����,� − �� to be realized at t, which is evidence for the 

existence of time-varying expected premiums. Regressions (1a) and (1b) are subject to cross 

parameter restrictions, since the sum of their left side should equal the sum of their right side, 

therefore  �� + �� = 0 and 
� + 
� = 1. Under this set of assumptions, the testing 

framework also implies that such a relationship should also hold between different futures 

maturities, so that we could write 

    ����,� − ����,����� = �� + 
������,� − ����,������ + ��,�                      (1c) 

                                                             
1
 It can be shown that basis ��−�,� − ��−� can be decomposed in two parts: (1) the cost‐of‐carry, that is the sum 

of storage costs less the convenience yield plus interest and risk premium and (2) the marking‐to‐market. As 

Fama and French (1987) note, the theory of storage provides an alternative but not a competing view of the 

basis. 
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which provides a univariate iterative testing framework for the full term structure of the 

futures curve. However, this linear framework of equations (1a,b) and (1c) introduces a 

pathology in the testing procedures as it makes important implicit assumptions about how the 

forecast decision maker behaves and rational expectations are formed. First, the conditional 

expectation of ����,� − ���� (or ����,� − ����,�����) can be an optimal predictor of the future 

spot price change �� − ���� (or ����,� − ����,�����) only under symmetric forecast loss 

preferences, see Christoffersen and Diebold (1997). The presence of preference asymmetries, 

penalising asymmetrically positive vs negative forecast errors, would require the decision 

maker’s optimal forecast to be composed of the conditionally expected future spot price plus 

a rational bias reflecting optimism or pessimism embedded in preference asymmetries. In this 

respect, estimation of the above two equations delivers in a large number of empirical cases 

spurious evidence suggesting the rejection of the composite null hypothesis, while this is just 

a reflection of the presence of neglected asymmetric loss preferences. Moreover, such an 

asymmetric preference forecast would cause a positive value for 
�, thus falsely showing as a 

time-varying expected premium. Second, the testing framework of equation (1c) ignores the 

correlation between forecast errors of the same variable for different horizons. The problem 

introduced by equations (1a,b) is effectively addressed by Elliott et al (2005) who contributed 

a general decision making – based univariate framework for the estimation of forecast loss 

preferences and testing of forecast rationality under flexible asymmetric loss functions, see 

also Christodoulakis and Mamatzakis (2009). The problem introduced by equation (1c) is 

more complex as it concerns a term structure or a path of forecasts, see Jordà and Marcellino 

(2010), and requires a formal multivariate treatment acknowledging the correlation structure 

between different horizon forecasts. This problem is addressed by Komunjer and Owyang 

(2012) who generalise the work of Elliott et al (2005) to a full multivariate setting, thus 

addressing the problems introduced by both equations (1a,b) and (1c) in a unified framework.  

The possibility of empirical estimation of forecaster’s loss preferences raises the fundamental 

question of whether such preferences reflect a purely economic decision making process or a 

facilitating artefact for statistical optimization. An economic decision maker’s ultimate 

objective is not to eliminate expected loss, but rather to maximise expected utility or profits. 

Hence, as any forecast is destined to be subject to error, the loss arising from it simply 

reflects the loss in utility or profit due to missing perfect foresight. Accordingly, Granger and 

Machina (2006) show that it is possible to derive the family of underlying utility-based 

problems that generate a given loss function and its implicit restrictions. In perticular, the loss 
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function L ( ) induced by a decision problem based on utility function U (s,α) for a random 

variable s ∈ S and a choice variable α ∈ Α, can be written as  

 !�", �# ≡ %��", �!�"#� − %��", �!�#�	for	all	�"	and	�	 ∈ S 

where sr and f denote the realised and forecast value of s respectively. Inessential 

transformations of the decision making problems on U ( ) that do not change the implied loss 

function L ( ) can lead to a family of decision problems consistent with L ( ). 

In this paper we shall follow the generalised decision making approach of Komunjer 

and Owyang (2012), viewing the set of different horizon price forecasts as a term structure or 

a path forecast, jointly determined. From a decision making point of view, we may think of 

the commodity market as a consensus forecaster, that is making joint decisions at each point 

in time for a set of commodity price forecasts for different horizons. Its decisions choose path 

forecasts that optimise multivariate asymmetric preferences on the losses occurring as a result 

of mis-forecasting along the futures curve. Let us denote ����*,�, ����+,�,, …	, ����-,� the set of 

commodity futures prices with maturity ��, ��, … , �. periods-ahead respectively. For every 

maturity date t we observe the spot price, ��, thus leading to a vector /� = �	�� − ����*,�, �� −

����+,�,, …	 , �� − ����-,��
0
 of N forecast errors. Following Komunjer and Owyang (2012) the 

preferences of the forecast decision maker take the form of a flexible multivariate loss 

function such as  

( ) ( ) 1
',,

−
+=

p

pttpttN pL eeτeeτ                    (1d) 

where /� denotes our N-vector forecast error, ∞≤≤ p1  denotes a scalar parameter 

controlling the non-linearity and the N-vector τ determines the degree of asymmetry with 

respect to over- or under-forecasting. The function (1d) exhibits a number of properties for 

the role of a multivariate loss function and nests a number of known special cases. The loss 

function is non-negative, continuous, taking the value of zero for e = 0 and ∞ as ‖/‖3 → ∞, 

while it is convex on R
N
. For τ = 0 the function exhibits symmetry and equals the sum of 

univariate losses 5�65
3
 for any value of parameter p. Moreover, for τ ≠ 0 the function exhibits 

loss asymmetry, the nature of which is determined by both the magnitude and the direction of 

the deviation of loss from the symmetry case, whereas the magnitude is measured by ‖/‖7, 

where 
�
7
+ �

3
= 1, and the direction is given by the sign of τ. Finally, for N = 1 the function 
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reduces to the univariate loss of Elliott et al (2005), for N > 1 and p = 1 the function exhibits 

additive reparability reducing to the sum of univariate losses, however for p > 1 the function 

will lose the additive separable property. As a result, for p > 1 optimality of multivariate 

forecasts would not generally imply optimality of univariate forecasts and vice versa. 

In the presence of multivariate forecast error loss preferences (1d), given p and τ, the 

decision maker is assumed to construct the optimal multiple-step-ahead vector forecast of 8�, 

9� = �	����*,�, ����+,�,, …	, ����-,��
0
= Θ;���- , where Θ is an < × > matrix of unknown 

parameters and ;���- is a > × 1 vector observable variables known to the forecaster at 

� − �. thought to help forecast 8�. The optimal forecast is constructed by solving  

min
A

BC !D, E, /F#G 

The first order optimality condition for the joint forecast is both necessary and sufficient, and 

can be shown that it takes the form 

    
( ) 0')1(

..
11

sa

tptpt

p

ptp IppE =−++
−−

eveτeτv       (2) 

where expectation E( .) is conditional on the time-t information set It,  

( )'v
11

11 )sgn(...)sgn(
−−

=
p

NN

p

p eeee  and sgn(e) takes the values (-1, 1, 0) for (e < 0, e > 0, 

e = 0) respectively. Assuming the presence of a vector of d instruments, xt, which is a sub-

vector of ;, then we can derive N×d orthogonality conditions, HI, which can be shown as 

( )
tptpt

p

ptpt pp xeveτeτvg ⊗−++=
−− 11

')1(  

If all the othogonality conditions are satisfied by the vector, τ, then these conditions can be 

used to form a GMM estimator of τ such that 

[ ] [ ]∑∑
−−−

tt TT gSg
' 

τ

111 ˆmin  

Where matrix Ŝ is a consistent estimate of S, and is given by ∑
−

=
'ggS ttT

1ˆ . The solution of 

the above problem delivers a GMM estimator of τ in closed form which takes the form  

[ ] aSBBSBτ
'1' ˆˆˆˆˆˆˆ 1

1
−

−
−

−=      (3) 

where  
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( ) ( ) ( )

( )
tp

ttppttNd

p

pt

pT

pT

xva

exvexIeB '

⊗=

⊗−+⊗=

∑

∑
−

−−−

1

111

ˆ

1ˆ

 

Similarly to the univariate case, note that matrix S does depends on τ, which call for an 

iterative estimation. In the first iteration we assume S = I to extract the first rough estimate 

EJ, then in the second iteration EJ is used to re-estimate S and extract the second estimate EK, 

and so on until the estimate of matrix S stabilises and convergence is reached.  Moreover, 

Komunjer and Owyang (2012) show that  

( ) ( )( )1
,ˆ

−−
→− BSB0ττ

1'
NT

d

     (4) 

Finally, as an analogue to the univariate test of Elliott et al (2005), when d >> 1 produces a 

number of satisfied orthogonality conditions, then testing for over-identification essentially 

provides a procedure for a joint test of forecast rationality and asymmetric loss. Then, the 

associated J statistic takes the form 

[ ] [ ] ( )1~ˆˆ 211
−Χ= ∑∑

−−
dnTJ ttN gSg

' 

 

3. The Commodity Universe of Major Futures Indices 

In this section we wish to present our data set as well as a number of empirical stylised facts 

that characterise the associated commodity markets in the respective period. The broad 

international commodity market includes a large and expanding number of commodities. The 

financialization of commodity price formation through “… the increasing role of financial 

motives, financial markets and financial actors in the operation of commodity markets …”, 

see UNCTAD (2011), reflects a global policy for the establishment of new organised 

commodity derivative markets across the globe, from Brazil and South Africa to India, China 

and Malaysia, see UNCTAD (2009). Commodity futures markets contribute to the efficiency 

and transparency of the price discovery mechanism and the management of risks. However a 

number of these markets are subject to liquidity constraints and, as a result, futures contracts 

may suffer from relatively less efficient price discovery. For this reason our data set will be 

focused on the universe of major world commodity markets.  
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In particular, our dataset focuses on the full number of the constituent commodities of 

the six major indices
2
, covering thirty commodities across five sectors: energy, agriculture, 

livestock, industrial metals and precious metals. We use Bloomberg to collect generic 

(continuous) time series of futures price data from January 2001 to June 2013 with monthly 

frequency to cover a broad crisis period and include high volatility years. Bloomberg creates 

continuous time series for the prices of each maturity through rollover of contacts prior to 

their maturity.  We opt for contract maturities that exhibit sufficiently large trading volume 

during our full sample period, which are one-, three-, six-, nine- and twelve-month maturities, 

although this choice is not fully supported by the availability of Bloomberg data for all 

contracts, see Table 1 for the relevant contract details. For the i-th commodity, i = 1,…30, we 

construct a <L × M matrix of price forecast errors which is a time series realisation of vector 

/� as defined in (1c), where <L denotes the number of available futures contract maturities for 

the i-th commodity and M denotes the number of monthly observations. Moreover, market 

liquidity issues led us to adopt at each time t the nearest-to-maturity one-month futures 

contract as a proxy to the commodity spot price.  

Table 1. Description of Commodity Futures Contracts 

    Type Exchange 
Bloomberg 

Ticker 

Analysed Horizons 

(in months) 

ENERGY 

Crude Oil WTI NYMEX CL 1, 3, 6, 9, 12 

Crude Oil Brent  NYMEX CO 1, 3, 6, 9, 12 

Gasoline RBOB NYMEX XB 1, 3, 6, 9, 12 

Heating Oil NY Harbour ULSD NYMEX HO 1, 3, 6, 9, 12 

Gas oil ARA ICE QS 1, 3, 6, 9, 12 

  Natural Gas Henry Hub NYMEX NG 1, 3, 6, 9, 12 

INDUSTRIAL METALS 

Aluminium Primary LME LA 1, 3, 6, 9, 12 

Copper Primary COMEX HG 1, 3, 6, 9, 12 

Lead Refined Pig Lead  LME LL 1, 3, 6, 9, 12 

Nickel Primary LME LN 1, 3, 6, 9, 12 

Zinc Primary LME LX 1, 3, 6, 9, 12 

  Tin Refined Tin LME LT 1, 3, 6, 9, 12 

AGRICULTURE / SOFTS 

                                                             
2
 These are the Standard & Poors – Goldman Sachs Commodity Index (S&P GSCI), the Dow Jones – UBS 

Commodity Index,(DJ-UBSCI), the Rogers International Commodity Index (RICI), the Deutsche Bank Liquid 

Commodity Index (DBLCI), the Merrill Lynch Commodity index eXtra (MLCX) and the Thomson 

Reuters/Jefferies CRB Commodity Index (TR/J CRB). 
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Chicago Wheat Benchmark CBOT W 1, 3, 6 

Corn No. 2 Yellow CBOT C 1, 3, 6, 9 

 

Soybeans No. 2 Yellow CBOT S 1, 3, 6, 9 

Cotton No. 2 NYB ICE CT 1, 3, 6, 9 

 

Sugar No. 11 (Raw Sugar) NYB ICE SB 1, 3, 6 

Coffee Arabica Coffee  NYB ICE KC 1, 3, 6 

 

Cocoa Benchmark NYB ICE CC 1, 3, 6 

Soybean Oil Crude CBOT BO 1, 3, 6, 9 

 

Oats No2 and No 1  CBOT O 1, 3 

Rice No. 2 CBOT RR 1, 3, 6 

  

Milk Class III For production of dairy 

products 

CME DA 1, 3, 6, 9 

LIVESTOCK 

Feeder Cattle Defined by Exchange  CME FC 1, 3, 6 

Live Cattle Defined by Exchange  CME LC 1, 3, 6 

  Lean Hogs Defined by Exchange  CME LH 1, 3, 6 

PRECIOUS METALS 

 

Gold General COMEX GC 1, 3, 6, 9, 12 

Silver General COMEX SI 1, 3, 6, 9, 12 

 

Platinum General NYMEX PL 1, 3 

  Palladium  General NYMEX PA 1, 3 

 

A graphical inspection of our average futures prices versus the corresponding average 

spot prices in the future, across commodities and over our full sample period, reveals three 

classes of futures curves with variants: Backwardation, Contango and Contango-

Backwardation, which are presented in sections (a), (b) and (c) of Graph 1 respectively. 

Better understanding of the average futures curves versus the spot prices will help us to 

understand the sign and the size of the average forecast error as well as their evolution along 

different maturities and their implications for the associated joint loss preferences. Inspecting 

Graphs (1a) and (1b) we observe that Backwardation and Contango curves may be above, 

below or crossing the spot price line. Backwardation curve 1 exhibits decreasingly over-

predicting expectations from the spot price as maturity gets longer, while curves 3 and 4 

exhibit increasingly under-predicting expectations from the spot price as maturity gets longer, 

but curve 3 starts with agreement between futures and spot for short maturities at point A. 

Moreover, curve 2 exhibits the interesting case of expectations switch, in which for short 

maturities futures over-predict, then converge to the spot price at point B and subsequently 

under-predict for longer maturities. Contango curves 1 and 2 exhibit increasingly over-

predicting expectations from the spot price as maturity gets longer, but curve 2 starts with 
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agreement between futures and spot for short maturities at point A, while curve 4 exhibits 

decreasingly under-predicting expectations from the spot price as maturity gets longer. 

Moreover, curve 3 exhibits expectations switch, in which for short maturities futures under-

predict, then converge to the spot price at point B and subsequently over-predict for longer 

maturities. 

The third class of observed aggregate futures curves in our sample is depicted in 

Graph (1c) and constitutes a combination of Contango and Backwardation. The curves start at 

short maturities as Contango and then evolve into Backwardation for longer maturities. 

Curves 1, 2 and 3 exhibit increasingly over-predicting expectations, which are subsequently 

reduced, while curves 1 and 2 start with agreement between futures and spot for short 

maturities, see point A. Moreover, curve 1 exhibits expectations switch, in which for short 

maturities futures over-predict, then converge to the spot price at point B and subsequently 

under-predict for longer maturities. Finally, curve 4 exhibits decreasingly under-predicting 

expectation for short maturities, which evolve into agreement at point C and subsequently to 

increasing under-prediction for longer maturities. 

Graph 1. Classes of Average Futures Curves, January 2001- June 2013 

 

4. Empirical Evidence  

Our empirical results for the full sample period are reported in Tables 2 and 3, where the 

upper part of each table reports estimates under quadratic loss function specification and the 

lower part concerns linear specification. We have performed GMM estimation for each 

contract using d = N + 1 instruments, where N denotes the number of available maturities, 

namely a constant and the first lag of the N price forecast errors. In interpreting these results, 

let us recall that zero value of a loss function parameter signifies symmetric preferences for 

the respective variable, reflecting the same loss as a result of equal over- or under-

forecasting, positive value of a parameter signifies higher loss for over-forecasting and 
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negative value of a parameter signifies higher loss for under-forecasting. Note that in the case 

of quadratic multivariate loss specification (p = 2), the degree of joint asymmetry is given by 

‖E‖�, while for the linear specification (p = 1) the function exhibits additive reparability 

reducing to the sum of univariate losses and the degree of joint asymmetry is given by ‖E‖N. 

In our context, higher loss for over-forecasting (under-forecasting) would be interpreted as an 

aversion towards overvaluation (undervaluation) of commodities, an indication of pessimistic 

(imprudent or optimistic) preferences. However, the characterisation of higher aversion 

towards price under- (over-) forecasting as optimism (pessimism) essentially adopts an asset 

management perspective. This interpretation might change in different contexts, e.g. in policy 

making, in which a conservative or prudent view would require higher aversion towards 

under-forecasting. In the following we will keep the asset management perspective having in 

mind that interpretation might adapt in other applications. 

Inspecting Tables 2 and 3 we observe that preference parameters differ significantly 

from zero typically for maturities longer than 3 months, while the strength of asymmetry 

increases with the length of maturity. The preference parameters for shorter maturities, in 

particular 1-month for agriculture and livestock and 1-, 3- or 6-month contracts for energy 

and metals, are typically not different from zero thus reflecting symmetric preferences. For p 

= 2, which is the case explicitly introducing price forecast error dependence, we observe 

seven different shapes in the term structure of preference parameters: flat (fully symmetric, 

fully optimistic, fully pessimistic), where preferences remain qualitatively the same for all 

maturities, sloping (symmetric-optimistic, symmetric-pessimistic), where preferences appear 

symmetric for short maturities and asymmetric for longer maturities and oscillating 

(symmetric-optimistic-pessimistic, symmetric-pessimistic-symmetric), where preference 

regimes tend to rotate across maturities. These patterns exactly reflect the relationship of the 

average shape of futures curve versus the average spot price in the future, over our sample 

period, as depicted in Graph 1. For example, consider curve 3 in Graph 1a, exhibiting 

agreement between futures and spot prices for short maturities and a widening under-

forecasting for longer maturities. This is reflected empirically on the estimated vector of 

preference parameters, τ, where elements corresponding to short maturities should not be 

statistically different from zero while elements corresponding to longer maturities take 

significant negative values, thus justifying a picture of upward sloping preferences evolving 

from symmetry to optimism along the futures curve. As a second example, consider curve 2 

in Graph 1a, which exhibits over-forecasting of futures versus spot prices for short maturities, 
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then converges to agreement for medium maturities, and subsequently diverges and exhibits a 

widening under-forecasting for longer maturities. The empirical reflection of this picture on 

the vector τ, reveals statistically significant positive elements for short maturities, statistically 

zero elements for medium maturities and negative elements for longer maturities, thus 

justifying a picture of oscillating preferences evolving from optimism to symmetry and then 

pessimism along the futures curve. All curves presented in Graph 1 admit an analogous 

interpretation in terms of estimated preferences term structures captured by vector τ. 

Continuing inspection of Tables 2 and 3, our empirical evidence for agricultural 

commodities preferences are rather mixed, where we observe symmetric-optimistic 

preferences for Cotton and Milk and fully optimistic for Sugar, symmetric-pessimistic 

preferences for Wheat, Corn, Cotton and Coffee and fully pessimistic for Oat. Finally, we 

observe fully symmetric preferences for Cocoa, Soybean Oil and Rough Rice. For livestock 

commodities we observe symmetric optimistic preferences for Feeder Cattle and fully 

symmetric for Live Cattle and Lean Hogs. In the energy and metals markets optimism is the 

general behavioural characteristic, where we observe symmetric-optimistic preferences for 

twelve out of sixteen commodities, namely Crude Oil WTI, Crude Oil Brent, Gasoline, 

Heating Oil, Gas Oil, Aluminium, Copper, Lead, Nickel, Tin, Gold and Silver. Moreover, we 

observe fully symmetric preferences for Zinc, Platinum and Palladium and symmetric-

pessimistic preferences only for Natural Gas. Overall, our evidence for p = 2 in this section 

using the full sample of data, suggests there exists a smooth evolution of preferences across 

the futures curve which start as symmetric for short maturities and evolve into asymmetric 

ones for longer maturities, typically pessimistic for agricultural commodities and typically 

optimistic for energy and metals commodities. Moreover, our estimate for the J statistic 

rejects the null hypothesis of forecast rationality in all cases except of Platinum. This is not 

entirely surprising given the dramatic evolution of the commodity markets during the full 

sample period and the large standard errors of parameters for short maturities. The above 

results need to be compared with those for p = 1, where the loss function exhibits additive 

reparability reducing to the sum of univariate losses, thus losing the benefits of formally 

accounting for dependence between pricing forecast errors. 
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Table 2. Multivariate Loss Estimation, Agricultural Commodities and Livestock, January 2001- June 2013 

 Wheat Corn Soybeans Cotton Sugar Coffee Cocoa 
Milk 

Class III 

Soybean 

Oil 
Oats 

Rough 

Rice 

Feeder 

Cattle 

Live 

Cattle 

Lean 

Hogs 

Quadratic Specification (p = 2) 

τ1 0.26 0.17 0.05 -0.08 -0.42 -0.45 -0.31 0.00 0.11 0.70 -0.32 -0.00 0.02 -0.64 

 0.37 0.26 0.42 0.42 0.31 0.48 0.56 0.14 0.30 0.01 0.61 0.45 0.53 0.48 

τ2 0.52 0.38 -0.10 0.25 -0.59 0.02 -0.40 -0.06 0.14 0.71 0.17 -0.20 0.26 -0.11 

 0.31 0.32 0.53 0.43 0.20 0.54 0.55 0.33 0.38 0.02 0.64 0.67 0.72 0.57 

τ3 0.73 0.56 -0.43 0.41 -0.61 0.66 -0.48 -0.19 0.03  0.59 -0.69 0.36 -0.07 

 0.26 0.27 0.40 0.44 0.26 0.44 0.66 0.41 0.38  0.67 0.51 0.88 0.62 

τ4 - 0.56 -0.65 0.58 - - - -0.24 -0.19 - - - - - 

  0.33 0.38 0.43    0.41 0.44      

τ5 - - - - - - - -0.44 -0.41 - - - - - 

        0.39 0.45      

J 41.4 66.7 55.8 45.3 71.0 69.5 58.9 78.62 55.55 12 44.88 58.79 56.1 77.4 

|| τ ||2 0.89 0.87 0.65 0.58 0.94 0.66 0.00 0.44 0.00 0.99 0.000 0.69 0.00 0.00 

Linear Specification (p = 1) 

τ1 0.48 0.48 -0.01 -0.12 -0.85 -0.50 -0.47 -0.00 -0.04 - -0.43 -0.12 -0.06 -0.35 

 0.89 0.83 0.95 0.94 0.61 0.76 0.89 0.88 0.85  0.87 0.98 0.97 0.78 

τ2 0.79 0.77 -0.43 0.46 -0.88 0.32 -0.49 -0.36 -0.16 - 0.08 -0.44 0.41 0.09 

 0.62 0.62 0.83 0.86 0.48 0.88 0.85 0.87 0.86  0.90 0.88 0.91 0.85 

τ3 0.88 0.85 -0.62 0.60 -0.89 0.66 -0.42 -0.62 -0.20  0.45 -0.63 0.41 -0.32 

 0.47 0.48 0.73 0.76 0.46 0.70 0.89 0.76 0.91  0.80 0.73 0.90 0.82 

τ4 - 0.81 -0.72 0.59 - - - -0.69 -0.28 - - - - - 

  0.57 0.68 0.74    0.70 0.84      

τ5 - - - - - - - -0.69 -0.33 - - - - - 

        0.69 0.82      

J 40.7 59.8 75.7 57.6 61.4 76.4 66.3 78.3 96.2  70.3 76.2 69.7 97.3 

|| τ ||∞ 0.88 0.87 0.00 0.00 0.89 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 

Note: The table reports Komunjer and Owyang (2012) GMM estimation results for multivariate loss functions using d = N+1 instruments. τj , j = 1,…,5 denotes the loss function 

parameter corresponding to futures contract maturity j. Bold numbers denote statistical significance in at least 10% level. The numbers below the estimated parameters are standard 

errors. J statistic is X2 distributed with N(D-1) degrees of freedom. The X2 critical values for 9, 16 and 25 degrees of freedom at 5% (1%) level are 16.92 (21.67), 26.30 (32) and 37.20 

(44) respectively.
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Table 3. Multivariate Loss Estimation, Energy, Industrial and Precious Metals, January 2001- June 2013 
 Crude 

Oil WTI 

Crude 

Oil Brent 
Gasoline 

Heating 

Oil 

Natural 

Gas 
Gas Oil Aluminium Copper Lead Nickel Zinc Tin Gold Silver Platinum Palladium 

Quadratic Specification (p = 2) 

τ1 0.03 0.02 0.16 -0.01 0.08 0.1 0.05 0.02 -0.02 -0.02 0.09 -0.01 -0.07 -0.01 -0.06 0.01 

 0.25 0.25 0.42 0.29 0.26 0.28 0.27 0.19 0.21 0.25 0.27 0.19 0.24 0.31 0.79 0.82 

τ2 -0.05 -0.05 0.02 -0.1 0.22 -0.1 0.13 -0.03 -0.09 -0.11 0.24 -0.12 -0.21 -0.12 -0.51 -0.13 

 0.34 0.31 0.36 0.33 0.26 0.3 0.3 0.29 0.3 0.36 0.34 0.28 0.26 0.34 0.97 1.1 

τ3 -0.18 -0.11 -0.12 -0.21 0.42 -0.09 0.16 -0.16 -0.28 -0.31 0.27 -0.29 -0.38 -0.26 - - 

 0.35 0.29 0.34 0.32 0.23 0.31 0.29 0.3 0.33 0.35 0.42 0.28 0.26 0.34   

τ4 -0.4 -0.4 -0.39 -0.45 0.56 -0.34 -0.13 -0.39 -0.48 -0.49 0.19 -0.5 -0.53 -0.43 - - 

 0.32 0.26 0.3 0.29 0.17 0.28 0.4 0.28 0.29 0.34 0.5 0.22 0.21 0.29   

τ5 -0.64 -0.67 -0.66 -0.66 0.57 -0.6 -0.47 -0.69 -0.65 -0.58 0.11 -0.71 -0.7 -0.68 - - 

 0.28 0.24 0.3 0.24 0.27 0.27 0.5 0.23 0.3 0.39 0.59 0.2 0.21 0.25   

J 71 83 66 78 88 88 76 54 63 85 72 70 81 62 7.7 25 

||τ ||2 0.40 0.78 0.76 0.79 0.90 0.68 0.47 0.79 0.80 0.75 0.00 0.86 0.95 0.80 0.00 0.00 

Linear Specification (p = 1) 

τ1 -0.28 -0.4 0.08 -0.13 0.28 -0.08 -0.01 -0.21 -0.4 -0.25 0.36 -0.31 -0.34 -0.19 -0.2 -0.09 

 0.87 0.85 0.89 0.94 0.94 0.92 0.93 0.89 0.89 0.93 0.92 0.91 0.9 0.89 0.98 0.99 

τ2 -0.46 -0.58 -0.19 -0.31 0.72 -0.47 -0.07 -0.45 -0.58 -0.47 0.45 -0.7 -0.7 -0.43 -0.57 0.05 

 0.82 0.77 0.82 0.85 0.72 0.76 0.89 0.84 0.81 0.78 0.85 0.72 0.74 0.86 0.82 0.99 

τ3 -0.58 -0.59 -0.54 -0.54 0.76 -0.59 -0.26 -0.63 -0.68 -0.56 0.4 -0.82 -0.85 -0.56 - - 

 0.74 0.73 0.75 0.79 0.67 0.78 0.82 0.74 0.73 0.75 0.82 0.56 0.56 0.8   

τ4 -0.62 -0.73 -0.74 -0.68 0.85 -0.72 -0.36 -0.72 -0.7 -0.54 0.47 -0.83 -0.91 -0.68 - - 

 0.69 0.6 0.64 0.61 0.56 0.63 0.83 0.63 0.69 0.74 0.87 0.56 0.44 0.67   

τ5 -0.67 -0.73 -0.68 -0.7 0.84 -0.72 -0.43 -0.73 -0.71 -0.67 0.47 -0.89 -0.94 -0.76 - - 

 0.63 0.57 0.7 0.56 0.52 0.59 0.82 0.56 0.65 0.7 0.85 0.45 0.34 0.56   

J 70 75 68 68 74 73 78 68 74 89 89 75 73 73 25 53 

||τ ||∞ 0.67 0.73 0.74 0.70 0.85 0.72 0.00 0.73 0.71 0.00 0.00 0.89 0.94 0.76 0.00 0.00 

Note: The table reports Komunjer and Owyang (2012) GMM estimation results for multivariate loss functions using d = N+1 instruments. τj , j = 1,…,5 denotes the loss function parameter 

corresponding to futures contract maturity j. Bold numbers denote statistical significance in at least 10% level. The numbers below the estimated parameters are standard errors. J statistic is X2 

distributed with N(D-1) degrees of freedom. The X2 critical values for 9, 16 and 25 degrees of freedom at 5% (1%) level are 16.92 (21.67), 26.30 (32) and 37.20 (44) respectively. 
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We observe that the two estimates agree in twenty out of thirty commodity cases, 

while for the rest ten cases our estimates for p = 1 typically fail to reveal the preference 

asymmetries in longer maturities, which are presented as fully symmetric preferences. 

5. Market Pricing Forecast Breakdown 

Our evidence in section 4 suggests that the market tends to exhibit asymmetric preferences 

for longer maturities and symmetric preferences for short maturities. Out of the 30 

commodities, this is evident for 21 under quadratic loss function specification and for 14 for 

linear specification, while the rest do not exhibit statistically significant loss asymmetries. 

This picture concerns the full study period, from 2001 to 2013, thus reflecting an on average 

behavior over a sample of at least 150 months. It is indicative that loss preference parameter 

estimates for short maturities take values that are often away from zero (symmetric 

preferences) along with large standard errors. However, this period is marked primarily by 

the 2005-2008 commodity market turmoil as well as a number of unique political and 

economic events, which might have changed the structural behavior of the markets in the 

subsequent years, see also Bakshi et al (2017). Given the strongly developed links between 

commodity and financial markets
3
, where as Credit Suisse (2012) states the latter tend to “… 

oscillate periodically from over-exuberance to excessive pessimism and back again …”, we 

wish to examine possible heterogeneity in the behavior of commodity markets over time. We 

shall apply the methodology proposed by Giacomini and Rossi (2009) to test for forecast 

breakdowns in sequential sample periods. The presence of a forecast breakdown maybe due 

to various factors including changes in preferences. Detection of possible breakdowns of the 

commodity market could indicate possible changes in the underlying preferences, thus 

guiding re-estimation of the multivariate market loss preferences in the respective sub-

periods. 

As in Giacomini and Rossi (2009), for each contract our time-series sample of T pricing 

forecast errors is partitioned between m in-sample and n = T – m – s + 1 out-of-sample data 

points. Then we consider three competing price forecasting processes: (i) a fixed scheme, in 

which the in-sample part at time t contains data indexed 1,…,m; (ii) a rolling scheme, in 

                                                             
3
 Although for long time it was widely believed that correlation between commodity and equity markets was 

low, see Gorton and Rouwenhorst (2006), it is now a well-established empirical fact that both commodity and 

financial markets are affected by demand-side shocks, thus capturing common risk factors increasing correlation 

especially in the growing presence of financial speculators, see Fattouh et al (2012). 
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which the in-sample part at time t contains data indexed t-m+1,…,t; and last (iii) a recursive 

scheme, in which the in-sample part contains data indexed 1,…,t. To formally define forecast 

breakdown we consider the distance of the loss performance out-of sample versus in-sample, 

which is termed Surprise Loss. Let a variable SLt+s at time t + s defined as the distance of the 

out-of-sample loss Lt+s at time t + s from the average in-sample loss 
tL  at time t, O ��� =

 ��� −  P� 	for	� = Q,…M − �	. The out-of-sample loss is given by  ��� =  ����� − ��,����. 

The in-sample loss 
tL  is calculated over the in-sample data part as defined by the 

corresponding forecasting schemes: Fixed Scheme: 	 P� =
�
R
∑  ��6�� − �6���R��
6T� , Rolling 

Scheme: 	 P� =
�
R
∑  ��6�� − �6������
6T��R��  and Recursive Scheme: 	 P� =

�
�
∑  ��6�� −���
6T�

�6���. Then, the Surprise Loss will be on average O PPPR,U = V��∑ O ���W��
�TR . If the predictive 

ability of the commodity futures price is maintained from the in-sample to the out-of-sample 

forecast, then we would expect the Surprise Loss on average not to differ significantly from 

zero. If this is not the case, then a forecast breakdown should have taken place. It is now 

possible to set up a null hypothesis of no forecast breakdown taking the form XY: E�O PPPR,U� =

0. It can be shown that the test statistic �R,U,� =
√U	]^PPPP_,`

ab_,`
, where cdR,U is given by Giacomini 

and Rossi (2009), section 2.6, is standard normally distributed. Then, under the null 

hypothesis of no forecast breakdown, a test of level α would reject the null hypothesis when it 

exceeds the value of the (1-α)-th percentile of the standard normal distribution. We perform 

this testing procedure along our sample considering 11 possible braking points corresponding 

to multiples of 12 monthly observations. That is, the first braking point sets the in-sample 

sample m = 12, the second sets m = 24 and so forth.  Our empirical results are presented in 

Tables 4-9 which report p-values of the forecast breakdown test for all commodities, across 

all available contact maturities and for 11 sequential possible braking points. It is important 

to note that these results do not provide information about the direction
4
 but rather detect a 

change of price forecast quality. The general view of our empirical evidence suggests that the 

null hypothesis of no pricing forecast breakdown tends to be more often rejected during the 

first four or five years as well as during the last few years of our sample period. This suggests 

that when the period of commodity market turbulence is fully included in either of the in- or 

the out-of-sample data set a pricing forecast breakdown is  

                                                             
4 Detection of forecast breakdown may reflect an improvement or a deterioration of loss, while detection of no 

forecast breakdown may reflect no change of loss in situations of either advanced or poor market price forecast 

performance. 
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 Table 4, Forecast Breakdown Tests,  Agricultural Commodities - I 

  Wheat Corn Soybeans Cotton Sugar Coffee “C” Cocoa 

 BP 1M 3M 6M 1M 3M 6M 9M 1M 3M 6M 9M 1M 3M 6M 9M 1M 3M 6M 1M 3M 6M 1M 3M 6M 

F
ix

e
d
 S

c
h
em

e 

1 0.06 0.07 0.01 0.03 0.64 0.05 0.02 0.22 0.78 0.90 0.86 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.02 0.01 0.00 0.01 0.02 

2 0.67 0.72 0.74 0.52 0.40 0.00 0.00 0.86 0.81 0.93 0.90 0.59 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 

3 0.94 0.92 0.72 0.59 0.58 0.70 0.81 0.79 0.92 0.99 0.99 0.77 0.95 0.96 0.90 0.52 0.78 0.94 0.00 0.01 0.53 0.00 0.00 0.00 

4 1.00 1.00 1.00 0.35 0.34 0.65 0.96 0.01 0.00 0.00 0.00 0.55 0.89 0.93 0.87 0.57 0.83 0.99 0.00 0.09 0.64 0.00 0.00 0.00 

5 1.00 1.00 1.00 0.86 0.87 0.91 0.99 0.34 0.67 0.45 0.13 0.69 0.99 1.00 0.99 0.42 0.81 0.96 0.00 0.06 0.20 0.00 0.00 0.00 

6 1.00 1.00 1.00 0.73 0.77 0.92 0.99 0.75 0.79 0.84 0.86 0.83 0.99 1.00 0.99 0.76 0.70 0.62 0.00 0.03 0.09 0.00 0.04 0.00 

7 1.00 1.00 1.00 0.71 0.73 0.92 1.00 0.81 0.91 0.95 0.95 0.87 1.00 1.00 1.00 0.85 0.82 0.73 0.00 0.22 0.36 0.00 0.13 0.01 

8 1.00 1.00 1.00 0.51 0.69 0.95 1.00 0.02 0.53 0.74 0.20 0.76 0.99 1.00 1.00 0.36 0.78 0.89 0.00 0.61 0.94 0.00 0.02 0.00 

9 0.12 0.31 0.09 0.07 0.00 0.00 0.21 0.00 0.00 0.00 0.00 0.73 0.95 0.96 0.93 0.53 0.91 0.98 0.00 0.33 0.98 0.00 0.00 0.00 

10 0.01 0.00 0.00 0.11 0.02 0.02 0.55 0.03 0.04 0.22 0.28 0.81 0.97 0.98 0.98 0.26 0.88 0.92 0.00 0.34 1.00 0.00 0.01 0.00 

11 0.00 0.00 0.04 0.00 0.19 0.00 0.00 0.00 0.28 0.05 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.93 0.00 0.04 0.12 

R
o
ll

in
g
 S

c
h
em

e
 

1 0.36 0.79 0.04 0.00 0.78 0.02 0.00 0.39 0.92 0.99 1.00 0.00 0.00 0.00 0.00 0.02 0.04 0.35 0.00 0.24 0.01 0.00 0.00 0.00 

2 0.89 0.99 1.00 0.98 0.88 0.44 0.52 0.98 0.62 0.09 0.04 0.94 0.62 0.01 0.00 0.00 0.00 0.00 0.00 0.20 1.00 0.00 0.00 0.00 

3 1.00 1.00 0.98 0.21 0.09 0.12 1.00 0.00 0.00 0.00 0.00 0.96 1.00 1.00 1.00 0.01 1.00 1.00 0.00 0.33 1.00 0.00 0.00 0.00 

4 1.00 1.00 1.00 0.01 0.01 0.00 0.99 0.00 0.00 0.00 0.00 0.89 1.00 1.00 1.00 0.29 0.99 1.00 0.00 0.59 1.00 0.00 0.02 0.00 

5 1.00 1.00 1.00 0.79 0.74 0.99 1.00 0.02 0.72 0.20 0.01 0.96 1.00 1.00 1.00 0.18 0.95 0.97 0.00 0.97 1.00 0.00 0.30 0.00 

6 1.00 1.00 1.00 0.21 0.28 0.80 1.00 0.40 0.72 0.69 0.71 0.91 1.00 1.00 1.00 0.48 0.79 0.61 0.00 0.90 1.00 0.01 0.81 0.31 

7 1.00 1.00 1.00 0.32 0.33 0.67 0.99 0.43 0.76 0.75 0.73 0.88 1.00 1.00 1.00 0.46 0.72 0.58 0.00 0.85 1.00 0.04 0.71 0.33 

8 0.99 0.99 1.00 0.17 0.32 0.80 1.00 0.00 0.19 0.34 0.03 0.76 1.00 1.00 1.00 0.11 0.68 0.79 0.01 0.91 1.00 0.02 0.22 0.01 

 9 0.00 0.03 0.00 0.02 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.72 0.97 0.97 0.96 0.24 0.85 0.94 0.00 0.66 1.00 0.01 0.04 0.02 

 10 0.00 0.00 0.00 0.07 0.01 0.00 0.51 0.01 0.02 0.06 0.08 0.80 0.98 0.99 0.98 0.08 0.81 0.88 0.00 0.60 1.00 0.01 0.04 0.00 

 11 0.00 0.00 0.02 0.00 0.17 0.00 0.00 0.00 0.22 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.99 0.00 0.06 0.08 

R
ec

u
rs

iv
e 

S
ch

em
e
 

1 0.31 0.33 0.04 0.03 0.59 0.08 0.06 0.40 0.71 0.79 0.80 0.00 0.02 0.02 0.01 0.28 0.16 0.05 0.05 0.06 0.13 0.00 0.00 0.17 

2 0.70 0.80 0.88 0.67 0.58 0.08 0.02 0.81 0.69 0.56 0.37 0.63 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.22 0.00 0.00 0.00 

3 0.96 0.91 0.76 0.34 0.22 0.24 0.83 0.08 0.07 0.14 0.09 0.79 0.99 0.99 0.98 0.36 0.91 0.98 0.00 0.03 0.95 0.00 0.00 0.00 

4 1.00 1.00 1.00 0.16 0.12 0.06 0.85 0.03 0.00 0.00 0.00 0.72 0.99 0.99 0.98 0.59 0.92 0.99 0.00 0.07 0.83 0.00 0.00 0.00 

5 1.00 1.00 1.00 0.88 0.86 0.96 1.00 0.38 0.80 0.63 0.21 0.85 1.00 1.00 1.00 0.44 0.84 0.94 0.00 0.34 0.87 0.00 0.00 0.00 

6 1.00 1.00 1.00 0.58 0.65 0.91 1.00 0.70 0.81 0.85 0.84 0.84 1.00 1.00 1.00 0.72 0.79 0.77 0.00 0.20 0.65 0.00 0.03 0.00 

7 1.00 1.00 1.00 0.58 0.61 0.85 0.99 0.66 0.83 0.87 0.84 0.83 1.00 1.00 1.00 0.67 0.76 0.75 0.00 0.27 0.71 0.00 0.04 0.00 

8 1.00 1.00 1.00 0.35 0.53 0.89 1.00 0.01 0.36 0.57 0.10 0.73 0.99 1.00 1.00 0.26 0.73 0.87 0.00 0.58 0.97 0.00 0.01 0.00 

9 0.06 0.17 0.04 0.05 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.71 0.94 0.95 0.92 0.38 0.86 0.96 0.00 0.32 0.99 0.00 0.00 0.00 

10 0.01 0.00 0.00 0.09 0.02 0.01 0.47 0.03 0.05 0.17 0.21 0.79 0.97 0.98 0.97 0.15 0.83 0.89 0.00 0.36 1.00 0.00 0.00 0.00 

11 0.00 0.00 0.02 0.00 0.18 0.00 0.00 0.00 0.26 0.04 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.94 0.00 0.03 0.10 
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 Table 5, Forecast Breakdown Tests,  Agricultural Commodities - II 

  Milk Class III Soybean Oil Oats Rough Rice Feeder Cattle Live Cattle Lean Hogs 

 BP 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 1M 3M 1M 3M 6M 1M 3M 6M 1M 3M 6M 1M 3M 6M 

F
ix

e
d
 S

c
h
em

e 

1 0.92 0.00 0.03 0.01 0.01 0.01 0.02 0.02 0.01 0.00 1.00 0.97 0.27 0.00 0.00 0.92 0.98 0.99 0.01 0.02 0.14 0.18 0.69 0.89 

2 0.96 0.01 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.03 0.00 0.00 0.92 0.99 1.00 0.00 0.00 0.00 0.80 0.98 0.94 

3 0.92 0.09 0.00 0.00 0.03 0.00 0.00 0.01 0.03 0.02 1.00 1.00 0.00 0.01 0.00 0.97 0.99 1.00 0.20 0.00 0.00 0.28 0.98 0.97 

4 0.98 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.01 1.00 1.00 0.00 0.03 0.00 0.13 0.00 0.14 0.00 0.00 0.00 0.14 0.51 0.00 

5 0.99 0.10 0.21 0.73 0.90 0.27 0.84 0.92 0.92 0.94 0.99 1.00 0.01 0.43 0.02 0.24 0.03 0.01 0.00 0.00 0.14 0.58 0.47 0.00 

6 1.00 0.15 0.49 0.87 0.98 0.64 0.91 0.97 0.99 1.00 1.00 1.00 0.02 0.86 0.59 0.42 0.03 0.01 0.00 0.00 0.09 0.76 0.02 0.00 

7 1.00 0.17 0.34 0.69 0.80 0.86 0.95 0.98 0.99 1.00 0.69 0.90 0.12 0.94 0.82 0.51 0.04 0.05 0.00 0.00 0.20 0.86 0.15 0.00 

8 0.97 0.31 0.50 0.85 0.92 0.00 0.00 0.19 0.60 0.81 0.52 0.76 0.16 0.60 0.11 0.46 0.15 0.25 0.00 0.00 0.60 0.76 0.61 0.02 

9 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.59 0.64 0.00 0.04 0.00 0.39 0.01 0.01 0.00 0.00 0.00 0.52 0.94 0.09 

10 0.38 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.52 0.00 0.01 0.00 0.63 0.10 0.21 0.00 0.00 0.00 0.06 0.88 0.68 

11 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.43 0.00 0.00 0.00 0.60 0.34 0.30 0.00 0.00 0.00 0.05 0.43 0.74 

R
o
ll

in
g
 S

ch
em

e
 

1 1.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.06 0.05 1.00 1.00 0.01 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00 0.48 0.93 0.19 

2 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.86 0.90 0.97 0.00 0.00 0.00 0.00 0.51 0.87 

3 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 

4 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 1.00 1.00 0.00 0.08 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.33 0.49 0.00 

5 1.00 0.05 0.27 0.93 0.93 0.09 1.00 1.00 1.00 0.99 0.97 1.00 0.00 0.88 0.23 0.24 0.00 0.00 0.00 0.00 0.38 0.86 0.40 0.00 

6 1.00 0.05 0.23 0.64 0.80 0.57 0.93 0.97 0.98 0.99 0.96 1.00 0.00 0.97 0.96 0.47 0.00 0.00 0.00 0.00 0.05 0.76 0.17 0.00 

7 0.99 0.09 0.18 0.42 0.38 0.77 0.90 0.94 0.94 0.94 0.57 0.70 0.02 0.91 0.87 0.49 0.00 0.01 0.00 0.00 0.13 0.67 0.26 0.00 

8 0.94 0.17 0.29 0.72 0.74 0.00 0.00 0.01 0.15 0.42 0.48 0.64 0.02 0.38 0.06 0.43 0.03 0.05 0.00 0.00 0.50 0.56 0.62 0.08 

9 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.58 0.00 0.01 0.00 0.34 0.00 0.00 0.00 0.00 0.00 0.26 0.90 0.10 

10 0.25 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.48 0.00 0.00 0.00 0.56 0.04 0.08 0.00 0.00 0.00 0.02 0.82 0.62 

11 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.42 0.00 0.00 0.00 0.57 0.28 0.22 0.00 0.00 0.00 0.01 0.30 0.69 

R
ec

u
rs

iv
e 

S
ch

em
e 

 

1 0.88 0.00 0.05 0.00 0.01 0.00 0.06 0.06 0.13 0.04 0.90 0.82 0.33 0.01 0.01 0.93 0.97 0.97 0.20 0.10 0.13 0.40 0.61 0.59 

2 0.95 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.75 0.98 0.00 0.00 0.00 0.86 0.93 0.95 0.00 0.00 0.00 0.11 0.78 0.88 

3 0.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.58 0.14 0.21 0.00 0.00 0.00 0.04 0.84 0.13 

4 1.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.05 1.00 1.00 0.00 0.08 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.51 0.79 0.00 

5 1.00 0.10 0.23 0.75 0.89 0.22 0.93 0.97 0.97 0.96 0.90 1.00 0.01 0.64 0.04 0.43 0.03 0.04 0.00 0.00 0.27 0.78 0.51 0.00 

6 1.00 0.06 0.21 0.68 0.92 0.51 0.89 0.96 0.98 0.99 0.96 1.00 0.01 0.88 0.57 0.53 0.02 0.02 0.00 0.00 0.06 0.78 0.22 0.00 

7 1.00 0.07 0.14 0.49 0.64 0.67 0.89 0.95 0.96 0.97 0.65 0.86 0.03 0.84 0.54 0.55 0.04 0.06 0.00 0.00 0.09 0.73 0.29 0.00 

8 0.97 0.15 0.23 0.69 0.81 0.00 0.00 0.04 0.33 0.59 0.51 0.72 0.04 0.38 0.02 0.51 0.13 0.22 0.00 0.00 0.36 0.62 0.67 0.05 

9 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.62 0.00 0.02 0.00 0.46 0.03 0.03 0.00 0.00 0.00 0.37 0.93 0.15 

10 0.37 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.50 0.00 0.00 0.00 0.65 0.15 0.26 0.00 0.00 0.00 0.04 0.87 0.68 

11 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.43 0.00 0.00 0.00 0.62 0.38 0.34 0.00 0.00 0.00 0.02 0.38 0.72 
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Table 6, Forecast Breakdown Tests,  Energy I 

  Crude Oil WTI Crude Oil Brent Gasoline Heating Oil 

 BP 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 
F

ix
e
d
 S

c
h
em

e 

1 0.02 0.01 0.01 0.03 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.04 0.01 0.00 0.01 0.01 

2 0.25 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.03 

3 0.05 0.00 0.01 0.00 0.00 0.00 0.00 0.16 0.27 0.05 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.00 

4 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 0.84 0.95 0.97 0.88 0.35 0.64 0.94 0.97 0.94 0.63 0.01 0.66 0.95 0.85 0.14 0.04 0.82 0.94 0.86 0.47 

6 0.89 0.97 0.99 0.97 0.72 0.65 0.96 0.99 0.98 0.87 0.00 0.57 0.95 0.91 0.27 0.03 0.87 0.97 0.96 0.78 

7 0.88 0.97 0.98 0.97 0.88 0.72 0.96 0.99 0.99 0.96 0.02 0.71 0.96 0.95 0.66 0.16 0.92 0.98 0.97 0.93 

8 0.02 0.00 0.62 0.71 0.21 0.00 0.00 0.60 0.81 0.44 0.00 0.00 0.29 0.66 0.10 0.00 0.00 0.50 0.78 0.51 

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

11 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

R
o
ll

in
g
 S

ch
em

e
 

1 0.00 0.00 0.00 0.04 0.18 0.00 0.00 0.00 0.06 0.17 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.09 

2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 0.99 1.00 1.00 0.80 0.00 0.79 1.00 1.00 0.98 0.02 0.00 0.58 1.00 0.96 0.00 0.00 0.99 1.00 0.86 0.01 

6 0.86 0.98 0.98 0.68 0.01 0.38 0.97 0.98 0.85 0.08 0.00 0.10 0.85 0.60 0.00 0.00 0.72 0.88 0.66 0.05 

7 0.75 0.93 0.93 0.69 0.12 0.48 0.92 0.94 0.83 0.31 0.01 0.35 0.86 0.70 0.04 0.03 0.75 0.86 0.72 0.25 

8 0.00 0.00 0.13 0.18 0.00 0.00 0.00 0.10 0.31 0.01 0.00 0.00 0.01 0.15 0.00 0.00 0.00 0.06 0.30 0.02 

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

11 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

R
ec

u
rs

iv
e 

S
ch

em
e
 

1 0.05 0.02 0.12 0.32 0.36 0.00 0.01 0.09 0.32 0.34 0.01 0.00 0.00 0.02 0.14 0.20 0.01 0.04 0.25 0.31 

2 0.11 0.02 0.04 0.01 0.01 0.00 0.00 0.01 0.05 0.09 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.04 

3 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

4 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 0.90 0.99 0.99 0.91 0.28 0.66 0.98 0.99 0.98 0.69 0.00 0.71 0.99 0.94 0.18 0.01 0.88 0.98 0.92 0.53 

6 0.86 0.97 0.98 0.93 0.43 0.51 0.95 0.98 0.97 0.72 0.00 0.44 0.93 0.86 0.10 0.00 0.81 0.95 0.91 0.59 

7 0.81 0.95 0.97 0.90 0.50 0.52 0.94 0.97 0.95 0.77 0.00 0.54 0.93 0.86 0.23 0.03 0.81 0.94 0.90 0.68 

8 0.01 0.00 0.38 0.45 0.02 0.00 0.00 0.35 0.62 0.12 0.00 0.00 0.07 0.37 0.01 0.00 0.00 0.23 0.57 0.18 

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

11 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 7, Forecast Breakdown Tests,  Energy II and Industrial Metals I 

  Natural Gas Gas Oil Aluminium Copper 

 BP 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 

F
ix

e
d
 S

c
h
em

e 

1 0.03 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.39 0.89 0.84 0.74 0.95 0.10 0.17 0.01 0.01 0.02 

2 0.03 0.06 0.13 0.13 0.32 0.00 0.00 0.00 0.00 0.02 0.96 1.00 0.99 1.00 1.00 0.89 0.93 0.53 0.47 0.52 

3 0.00 0.00 0.00 0.04 0.11 0.00 0.00 0.00 0.02 0.00 0.99 1.00 1.00 1.00 1.00 0.84 0.94 0.82 0.94 0.99 

4 0.00 0.01 0.05 0.56 0.89 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 0.82 0.82 0.86 0.93 0.83 

5 0.00 0.07 0.90 0.97 0.99 0.85 0.90 0.93 0.80 0.27 1.00 1.00 1.00 1.00 1.00 0.96 0.99 0.99 1.00 0.99 

6 0.00 0.00 0.61 0.90 0.96 0.86 0.95 0.96 0.92 0.60 1.00 1.00 1.00 1.00 1.00 0.92 0.95 0.91 0.57 0.02 

7 0.00 0.04 0.82 0.97 0.99 0.92 0.96 0.97 0.94 0.82 1.00 1.00 1.00 1.00 1.00 0.91 0.96 0.95 0.82 0.27 

8 0.00 0.00 0.47 0.98 1.00 0.77 0.14 0.64 0.75 0.35 0.95 0.79 0.97 0.99 1.00 0.03 0.00 0.50 0.58 0.23 

9 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.73 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 

10 0.00 0.00 0.03 0.05 0.12 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 

11 0.00 0.09 0.33 0.49 0.60 0.00 0.00 0.00 0.00 0.00 0.56 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 

R
o
ll

in
g
 S

ch
em

e
 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.90 0.94 0.89 0.66 0.98 0.30 0.47 0.32 0.24 0.33 

2 0.00 0.00 0.18 0.41 0.62 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 0.99 0.61 0.13 0.12 0.12 

3 0.00 0.00 0.25 0.79 0.97 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.98 0.96 0.97 0.52 0.01 0.00 0.00 0.00 

4 0.00 0.00 0.08 0.98 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 0.20 0.00 0.00 0.00 0.00 

5 0.00 0.00 0.92 1.00 1.00 1.00 1.00 1.00 0.74 0.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 0.89 0.06 0.00 

6 0.00 0.00 0.49 0.95 1.00 0.81 0.90 0.89 0.59 0.01 1.00 1.00 1.00 1.00 1.00 0.64 0.39 0.12 0.00 0.00 

7 0.00 0.00 0.65 0.95 0.99 0.84 0.87 0.86 0.65 0.11 1.00 1.00 1.00 1.00 0.99 0.69 0.63 0.36 0.03 0.00 

8 0.00 0.00 0.29 0.97 1.00 0.55 0.00 0.20 0.30 0.00 0.83 0.20 0.86 0.98 1.00 0.00 0.00 0.01 0.01 0.00 

9 0.00 0.00 0.00 0.01 0.04 0.00 0.00 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 0.00 0.00 0.03 0.06 0.15 0.00 0.00 0.00 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 

11 0.00 0.06 0.31 0.47 0.60 0.00 0.00 0.00 0.00 0.00 0.54 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 

R
ec

u
rs

iv
e 

S
ch

em
e
 

1 0.15 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.19 0.28 0.71 0.79 0.75 0.61 0.87 0.42 0.46 0.37 0.35 0.42 

2 0.00 0.01 0.10 0.19 0.29 0.00 0.00 0.00 0.03 0.08 0.99 1.00 0.98 0.98 0.99 0.85 0.67 0.33 0.33 0.35 

3 0.00 0.00 0.03 0.21 0.49 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.99 0.98 0.99 0.70 0.30 0.02 0.01 0.00 

4 0.00 0.00 0.02 0.62 0.98 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 0.61 0.09 0.24 0.21 0.03 

5 0.00 0.00 0.80 0.99 1.00 0.95 0.96 0.97 0.87 0.26 1.00 1.00 1.00 1.00 1.00 0.96 0.99 0.98 0.92 0.26 

6 0.00 0.00 0.54 0.91 0.98 0.84 0.93 0.94 0.87 0.37 1.00 1.00 1.00 1.00 1.00 0.90 0.91 0.86 0.45 0.01 

7 0.00 0.01 0.65 0.94 0.98 0.86 0.91 0.93 0.85 0.48 1.00 1.00 1.00 1.00 1.00 0.88 0.92 0.87 0.59 0.07 

8 0.00 0.00 0.26 0.96 1.00 0.64 0.02 0.42 0.55 0.09 0.94 0.68 0.96 0.99 1.00 0.02 0.00 0.19 0.23 0.04 

9 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.71 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 

10 0.00 0.00 0.02 0.05 0.12 0.00 0.00 0.00 0.00 0.00 0.44 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 

11 0.00 0.06 0.28 0.44 0.56 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 
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Table 8, Forecast Breakdown Tests, Industrial Metals II 

  Lead Nickel Zinc Tin 

 BP 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 

F
ix

e
d
 S

c
h
em

e 

1 0.95 0.96 0.97 0.96 0.94 0.08 0.03 0.03 0.02 0.05 0.93 0.12 0.00 0.00 0.01 0.84 0.78 0.28 0.01 0.05 

2 0.96 0.99 0.99 0.99 0.99 0.77 0.30 0.28 0.60 0.47 0.99 0.92 0.05 0.00 0.00 0.98 1.00 0.98 0.77 0.70 

3 0.97 0.95 0.91 0.97 0.97 0.05 0.01 0.00 0.00 0.00 1.00 0.98 0.22 0.01 0.00 1.00 1.00 1.00 1.00 1.00 

4 0.87 0.94 0.89 0.84 0.37 0.02 0.46 0.44 0.44 0.18 1.00 1.00 0.99 0.97 0.91 0.99 0.98 0.95 0.78 0.85 

5 1.00 1.00 1.00 1.00 0.99 0.87 0.99 1.00 1.00 0.99 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

6 1.00 1.00 1.00 1.00 1.00 0.83 0.96 0.85 0.82 0.82 0.94 0.90 0.69 0.35 0.10 1.00 1.00 1.00 1.00 1.00 

7 0.99 0.97 0.94 0.87 0.62 0.76 0.84 0.65 0.66 0.49 0.86 0.80 0.79 0.65 0.28 1.00 1.00 1.00 0.98 0.95 

8 0.03 0.00 0.32 0.06 0.04 0.00 0.00 0.01 0.02 0.09 0.16 0.00 0.02 0.00 0.00 0.78 0.49 0.89 0.93 0.81 

9 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.83 0.40 0.10 0.15 0.48 

10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.87 0.42 0.09 0.12 0.02 

11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.67 0.11 0.00 0.00 0.00 

R
o
ll

in
g
 S

ch
em

e
 

1 0.99 0.91 0.78 0.56 0.64 0.38 0.00 0.06 0.19 0.41 0.98 0.59 0.15 0.02 0.02 0.97 0.98 0.71 0.04 0.06 

2 0.96 0.88 0.17 0.10 0.15 0.09 0.02 0.01 0.03 0.01 1.00 0.97 0.58 0.45 0.36 1.00 1.00 0.95 0.26 0.16 

3 0.45 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.96 0.10 0.00 0.00 0.00 1.00 1.00 0.95 0.67 0.77 

4 0.04 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37 0.00 0.00 0.00 0.00 0.99 0.98 0.91 0.52 0.38 

5 0.33 0.11 0.27 0.10 0.00 0.14 0.24 0.03 0.00 0.00 0.53 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.97 0.29 

6 0.83 0.53 0.37 0.29 0.07 0.05 0.09 0.00 0.00 0.00 0.21 0.00 0.00 0.00 0.00 0.99 0.99 0.93 0.66 0.46 

7 0.59 0.29 0.04 0.02 0.00 0.19 0.12 0.00 0.00 0.00 0.29 0.01 0.00 0.00 0.00 0.98 0.99 0.92 0.57 0.14 

8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.08 0.39 0.49 0.14 

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.72 0.11 0.00 0.01 0.04 

10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.81 0.20 0.01 0.02 0.00 

11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.08 0.00 0.00 0.00 

R
ec

u
rs

iv
e 

S
ch

em
e
 

1 0.81 0.72 0.63 0.53 0.57 0.31 0.14 0.26 0.35 0.41 0.83 0.49 0.22 0.11 0.14 0.88 0.83 0.58 0.18 0.23 

2 0.88 0.86 0.56 0.45 0.49 0.35 0.18 0.15 0.28 0.18 0.98 0.82 0.40 0.30 0.26 0.99 1.00 0.88 0.48 0.38 

3 0.82 0.55 0.08 0.03 0.01 0.00 0.02 0.00 0.01 0.00 0.98 0.55 0.03 0.03 0.02 1.00 1.00 0.98 0.91 0.96 

4 0.64 0.48 0.71 0.59 0.03 0.01 0.10 0.02 0.00 0.00 0.96 0.26 0.11 0.05 0.00 0.99 0.99 0.98 0.90 0.93 

5 0.96 0.94 0.98 0.94 0.66 0.68 0.88 0.84 0.80 0.64 0.95 0.79 0.69 0.37 0.13 1.00 1.00 1.00 1.00 0.95 

6 1.00 0.99 1.00 0.99 0.97 0.53 0.83 0.40 0.19 0.06 0.90 0.73 0.45 0.14 0.01 1.00 1.00 1.00 0.99 1.00 

7 0.96 0.91 0.75 0.62 0.23 0.54 0.64 0.31 0.31 0.17 0.83 0.56 0.41 0.22 0.03 1.00 1.00 0.99 0.95 0.81 

8 0.01 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.10 0.00 0.00 0.00 0.00 0.80 0.45 0.79 0.83 0.61 

9 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.84 0.38 0.07 0.08 0.29 

10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.86 0.38 0.06 0.06 0.01 

11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.66 0.11 0.00 0.00 0.00 
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Table 9, Forecast Breakdown Tests, Precious Metals 

  Gold Silver Platinum Palladium 

 BP 1M 3M 6M 9M 12M 1M 3M 6M 9M 12M 1M 3M 1M 3M 

F
ix

e
d
 S

c
h
em

e 

1 0.92 0.94 0.93 0.80 0.36 0.95 0.98 0.95 0.81 0.83 0.94 0.02 0.01 0.01 

2 0.99 0.97 0.98 0.96 0.96 0.98 1.00 1.00 0.99 0.98 0.82 0.00 0.00 0.00 

3 0.99 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.79 0.00 0.00 0.00 

4 0.99 0.99 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00 0.83 0.00 0.00 0.00 

5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.94 0.16 0.52 

6 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.97 0.43 0.53 

7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.97 0.53 0.63 

8 0.88 0.94 0.87 0.97 0.99 0.98 0.98 1.00 1.00 1.00 0.95 0.94 0.25 0.77 

9 0.76 0.67 0.81 0.97 1.00 0.96 0.97 0.99 0.99 1.00 0.04 0.00 0.00 0.00 

10 0.92 0.71 0.73 0.75 0.87 0.98 0.91 0.98 0.98 0.99 0.25 0.00 0.00 0.00 

11 0.49 0.72 0.53 0.28 0.02 0.26 0.70 0.25 0.15 0.00 0.57 0.00 0.01 0.00 

R
o
ll

in
g
 S

ch
em

e
 

1 0.94 0.95 0.95 0.87 0.76 0.99 1.00 0.99 0.92 0.94 0.29 0.00 0.00 0.00 

2 1.00 0.96 0.99 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 

3 1.00 0.98 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.01 0.00 0.00 

4 1.00 0.99 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.23 0.00 0.00 

5 1.00 0.99 0.80 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.42 1.00 

6 1.00 1.00 0.96 0.98 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.92 

7 1.00 0.97 0.94 0.98 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.98 0.64 0.72 

8 0.71 0.85 0.64 0.83 0.96 0.95 0.93 0.97 0.99 1.00 0.95 0.94 0.21 0.81 

9 0.64 0.58 0.67 0.90 0.98 0.93 0.93 0.97 0.98 0.99 0.01 0.00 0.00 0.00 

10 0.87 0.68 0.67 0.66 0.79 0.96 0.87 0.97 0.96 0.99 0.17 0.00 0.00 0.00 

11 0.46 0.71 0.53 0.29 0.01 0.20 0.67 0.23 0.13 0.00 0.50 0.00 0.01 0.00 

R
ec

u
rs

iv
e 

S
ch

em
e
 

1 0.91 0.94 0.93 0.80 0.48 0.93 0.98 0.96 0.82 0.77 0.60 0.02 0.00 0.00 

2 1.00 0.96 0.98 0.96 0.97 0.99 1.00 1.00 0.99 0.99 0.93 0.00 0.00 0.00 

3 1.00 0.98 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.00 0.00 0.00 

4 1.00 0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.91 0.00 0.00 0.00 

5 1.00 1.00 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.17 0.74 

6 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.42 0.58 

7 1.00 0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.96 0.34 0.48 

8 0.89 0.94 0.86 0.96 0.99 0.98 0.98 1.00 1.00 1.00 0.95 0.92 0.11 0.62 

9 0.78 0.71 0.80 0.95 0.99 0.96 0.97 0.99 0.99 1.00 0.05 0.00 0.00 0.00 

10 0.91 0.73 0.74 0.73 0.84 0.97 0.92 0.98 0.97 0.99 0.26 0.00 0.00 0.00 

11 0.50 0.73 0.56 0.31 0.02 0.26 0.72 0.29 0.17 0.00 0.55 0.00 0.00 0.00 

Note to Tables 4-9: The table reports p-values for the Giacomini and Rossi (2009) test. Bold numbers denote cases that reject the null    

  hypothesis of no forecast breakdown. Symbols 1M, 2M etc denote months to maturity, BP denotes breaking point 
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often detected. As a result, this evidence suggests the formation of three rough four-year 

periods, during which the futures market disconnects from the spot market periodically. This 

evidence is largely consistent for a large number of commodities across contract maturities 

but we also observe a number of distinctive exceptions. In particular, we observe strong 

stability of the market price forecasting performance for specific maturities of some metals 

and agricultural and livestock contracts. This concerns Gold and Silver for all maturities 

except 12-month for braking point 11 (that is June 2012), Tin and Aluminium for 1-month 

contracts and weaker for Platinum 1-month contract, Oats for all maturities and weaker 

evidence for Milk and Feeder Cattle 1-month and Lean Hogs 3-month contracts. On the other 

side, we observe strong instability of the market price forecasting performance for specific 

maturities of some energy and agricultural contracts. This concerns Coffee and Cocoa 1-

month and Live Cattle 33-month contracts with weaker evidence for Rice and Live Cattle 1-

month contracts, as well as, Gasoline 1-month and Natural Gas 1- and 3-month and weaker 

for the Heating Oil 1-month contract.  

6. Periodic Joint Preference Asymmetries 

In response to our evidence suggesting the presence of market pricing forecast breakdowns, 

we re-estimate market loss preferences in three sequential sub-periods. This is motivated by 

our evidence in Section 5 suggesting, on average, the presence of forecast breakdowns during 

the first and the last four years in our sample, interrupted by a period without breaks. Each 

period covers roughly 50 observations of our initial sample, thus corresponding to 2001-

2004, 2005- 2008, 2009-mid 2013. 

An overview of our empirical results in Tables 10-14 reveals the presence of more extensive 

asymmetric preferences as compared to our full sample results in Tables 2-3. Preference 

asymmetries are now observed also for shorter maturities which often start from 1-month. 

Periodic estimation of market loss preferences also reveals a rich variety of preference term 

structure shapes. For p = 2, we observe twelve different shapes of joint preferences: flat (fully 

symmetric, fully optimistic, fully pessimistic) where preferences remain qualitatively the 

same for all maturities, sloping (symmetric - optimistic, symmetric - pessimistic, optimistic - 

symmetric, pessimistic - symmetric) where preferences appear symmetric for short (long) 

maturities and asymmetric for longer (shorter) maturities and oscillating (symmetric - 

pessimistic - symmetric, symmetric -pessimistic - optimistic, symmetric - pessimistic - 

symmetric - optimistic, optimistic - symmetric - optimistic, optimistic – symmetric - 
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pessimistic) where preference regimes tend to rotate across maturities. The shapes of 

preference term structures admit the same interpretation in relation to the shape of futures 

curves versus the spot prices in the future and Graph 2 presents representative examples for 

five commodities. Our evidence suggests that for agriculture across the three periods, we 

observe the presence of generally pessimistic preferences for Wheat, Oats and Rice, 

optimistic preferences for Sugar and Soybeans, a flight from general pessimism to optimism 

for Corn and Cotton and a flight from general optimism to pessimism for Coffee, Cocoa, 

Milk and Soybean Oil. We also observe a flight from general optimism to pessimism for 

livestock commodities. For the commodities in the energy sector we observe an evolution of 

preferences from general optimism (symmetric-optimistic) to oscillating preferences in the 

period 2005-2008 (symmetric - pessimistic - symmetric - optimistic) and then back to general 

optimism (symmetric-optimistic) in the last period 2009-2013, noting the exception of 

Natural Gas which evolved into generally pessimistic preferences. For industrial metals, we 

observe generally optimistic preferences across the three sub-periods (symmetric-optimistic), 

except of Aluminium and Zinc which evolved to oscillating preferences (symmetric - 

pessimistic - symmetric - optimistic) in the second and third sub-period respectively. Finally, 

for precious  metals we observe general optimistic preferences (symmetric-optimistic) across 

sub-periods, except of Palladium which evolved from symmetric-pessimistic to pure 

symmetric preferences. 

Overall, our periodic evidence suggests the presence of generally optimistic 

preferences for most assets in sub-period 2001-2004, which evolved into oscillating 

preferences in sub-period 2005-2008 of the general form symmetric - pessimistic - symmetric 

- optimistic which involve pessimism for medium maturities and finally back to general 

optimistic preferences in sub-period 2009-2013 but at a smaller scale. Moreover, the 

preference term structure in the first and the third sub-periods exhibits sloping shape, while in 

the second sub-period which contains the market turmoil the term structure is oscillating. Our 

evidence for p = 2 reveals a much richer set of preference term structure shapes as compared 

to those estimated for p = 1 in forty out of the total ninety cases estimated in Tables 10-14 

over the three sub-periods. Moreover, our estimate for the J statistic generally cannot reject 

the null hypothesis of forecast rationality in the majority of cases for 1% level, although there 

are a small number of rejections for 5% level as compared to our full sample analysis.  



27 

 

Table 10. Periodic Loss Function Estimation, Agricultural Commodities, 2001-2004, 2005-2008, 2009-2013 

 Wheat Corn Soybeans Cotton Sugar Coffee Cocoa 

 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Quadratic Specification (p = 2) 

τ1 0.14 0.4 0.2 0.15 0.16 0.02 -0.08 0.19 -0.07 -0.11 -0.13 -0.05 -0.34 -0.58 -0.17 -0.61 -0.68 0.017 -0.18 -0.56 -0.49 

 0.33 0.26 0.33 0.16 0.2 0.36 0.24 0.29 0.32 0.31 0.31 0.28 0.21 0.3 0.29 0.31 0.28 0.35 0.35 0.44 0.56 

τ2 0.51 0.56 0.5 0.29 0.42 -0.03 -0.31 0.44 -0.3 0.24 0.4 -0.33 -0.63 -0.54 -0.55 -0.09 -0.39 0.36 -0.48 -0.41 -0.06 

 0.28 0.28 0.24 0.17 0.21 0.39 0.29 0.33 0.33 0.2 0.24 0.29 0.14 0.21 0.18 0.32 0.44 0.43 0.39 0.44 0.78 

τ3 0.81 0.7 0.83 0.59 0.65 -0.57 -0.6 -0.01 -0.57 0.58 0.63 -0.58 -0.69 -0.54 -0.82 0.75 0.063 0.86 -0.81 -0.56 0.47 

 0.18 0.19 0.14 0.1 0.13 0.28 0.17 0.36 0.26 0.13 0.13 0.16 0.13 0.26 0.16 0.2 0.52 0.31 0.26 0.4 0.72 

τ4 - - - 0.71 0.54 -0.68 -0.71 -0.48 -0.75 0.73 0.64 -0.59 - - - - - - - - - 

    0.13 0.18 0.32 0.21 0.33 0.3 0.11 0.12 0.24          

τ5 - - - - - - - - - - - - - - - - - - - - - 

                      

J 20 16 19 25 28 28 27 28 33 32 21 22 27 23 36 24 25 23 26 22 27 

||τ||2 0.97 0.98 0.99 0.98 0.96 0.89 0.99 0.68 0.99 0.97 0.99 0.9 1 0.96 1 0.97 0.79 0.93 0.96 0.89 0.68 

Linear Specification (p = 1) 

τ1 0.34 0.73 0.49 1.1 0.64 -0.07 -0.32 -0.14 -0.31 0.26 0.042 -0.3 -0.93 -0.86 -0.84 -0.89 -0.79 0.36 -0.62 -0.62 -0.5 

 0.92 0.71 0.83 0.28 0.69 0.86 0.8 0.77 0.79 0.81 0.83 0.77 0.48 0.56 0.6 0.44 0.51 0.84 0.84 0.71 0.87 

τ2 0.75 0.9 0.83 1 0.81 -0.34 -0.82 -0.33 -0.69 0.87 0.9 -0.48 -0.99 -0.89 -0.96 0.3 -0.76 0.76 -0.5 -0.75 -0.49 

 0.7 0.37 0.56 001 0.4 0.64 0.43 0.85 0.6 0.46 0.43 0.76 0.14 0.44 0.41 0.84 0.56 0.67 0.69 0.58 0.87 

τ3 0.96 0.86 0.92 1 0.83 -0.77 -0.91 -0.59 -0.68 0.86 1 -0.84 -1 -0.86 -0.99 0.87 -0.74 0.84 -0.16 -0.83 -0.36 

 0.37 0.48 0.39 0.01 0.35 0.51 0.28 0.53 0.51 0.46 0.26 0.39 0.033 0.47 0.27 0.41 0.66 0.57 0.89 0.57 0.9 

τ4 - - - 1 0.83 -0.87 -0.95 -0.69 -0.71 0.87 0.99 -0.73 - - - - - - - - - 

    0.01 0.35 0.44 0.32 0.59 0.64 0.44 0.058 0.54          

τ5 - - - - - - - - - - - - - - - - - - - - - 

                      

J 20 13 13 20 39 33 27 28 28 20 25 30 14 17 33 23 26 25 31 20 32 

||τ||∞ 0.96 0.90 0.92 1.00 0.83 0.87 0.95 0.69 0.71 0.87 0.99 0.84 0.99 0.89 0.99 0.89 0.79 0.84 0.00 0.83 0.00 

Note: The table reports Komunjer and Owyang (2012) GMM estimation results for multivariate loss functions using d = N+1 instruments. τj , j = 1,…,5 denotes the loss function parameter 

corresponding to futures contract maturity j. Bold numbers denote statistical significance in at least 10% level. The numbers below the estimated parameters are standard errors. The second row 

denotes estimation periods, (1) 2001-2004, (2) 2005-2008, (3) 2009-2013. J statistic is X2 distributed with N(D-1) degrees of freedom. The X2 critical values for 9, 16 and 25 degrees of freedom 

at 5% (1%) level are 16.92 (21.67), 26.30 (32) and 37.20 (44) respectively. 
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Table 11. Periodic Loss Function Estimation, Agricultural Commodities II and Livestock, 2001-2004, 2005-2008, 2009-2013 

 Milk Class III Soybean Oil Oats Rough Rice Feeder Cattle Live Cattle Lean Hogs 

 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Quadratic Specification (p = 2) 

τ1 -0.01 0.08 -0.03 -0.12 0.06 0.27 0.71 0.71 0.70 -0.23 -0.56 -0.2 -0.17 0.09 0.25 -0.09 0.22 -0.03 -0.64 0.4 0.43 

 0.02 0.07 0.13 0.18 0.09 0.15 0.01 0.01 0.01 0.41 0.53 0.55 0.26 0.31 0.41 0.48 0.52 0.4 0.23 0.48 0.4 

τ2 -0.21 0.16 -0.22 -0.27 0.18 0.38 0.70 0.71 0.71 0.25 -0.42 0.37 -0.51 -0.07 0.45 -0.58 0.65 0.36 -0.57 0.7 0.63 

 0.21 0.18 0.21 0.22 0.1 0.18 0.01 0.01 0.01 0.45 0.43 0.47 0.29 0.53 0.43 0.35 0.6 0.43 0.17 0.3 0.23 

τ3 -0.26 -0.1 -0.27 -0.48 0.14 0.54 - - - 0.9 -0.3 0.77 -0.77 -0.95 0.054 -0.7 -0.02 0.83 -0.48 -0.19 0.59 

 0.32 0.18 0.38 0.17 0.1 0.14    0.2 0.55 0.34 0.22 0.14 0.73 0.32 0.7 0.32 0.28 0.53 0.26 

τ4 -0.18 -0.44 -0.13 -0.57 -0.29 0.28 - - - - - - - - - - - - - - - 

 0.41 0.18 0.35 0.15 0.08 0.19                

τ5 -0.22 -0.61 -0.18 -0.59 -0.68 0.15 - - - - - - - - - - - - - - - 

 0.38 0.2 0.34 0.14 0.09 0.35                

J 38 32 34 32 38 37 43 39 14 19 17 17 20 24 27 26 22 22 19 25 25 

||τ||2 0.43 0.79 0.42 1 0.78 0.78 1.00 1.00 1.00 0.97 0.76 0.88 0.94 0.96 0.52 0.91 0.68 0.9 0.98 0.83 0.96 

Linear Specification (p = 1) 

τ1 0.09 0.13 0.39 -0.59 -0.55 1 - - - -0.56 -0.94 -0.18 -0.6 0.1 0.16 -0.21 0.1 -0.23 -0.92 0.41 0.19 

 0.69 0.61 0.65 0.31 0.4 0.24    0.82 0.45 0.94 0.78 0.94 0.9 0.92 0.97 0.94 0.35 0.69 0.77 

τ2 -0.64 -0.08 -0.25 -0.7 -0.46 1 - - - 0.32 -0.73 0.37 -0.72 -0.8 0.3 -0.73 0.38 0.61 -0.92 0.74 0.81 

 0.5 0.59 0.8 0.41 0.39 0.22    0.73 0.66 0.82 0.66 0.66 0.87 0.63 0.87 0.75 0.3 0.59 0.51 

τ3 -0.69 -0.47 -0.27 -0.84 -0.52 1 - - - 0.86 -0.66 0.7 -0.8 -0.91 0.29 -0.8 0.31 0.68 -0.87 -0.34 0.83 

 0.37 0.48 0.65 0.33 0.42 0.13    0.35 0.72 0.61 0.52 0.48 0.86 0.52 0.85 0.73 0.44 0.8 0.44 

τ4 -0.68 -0.61 0.09 -0.87 -0.92 1 - - - - - - - - - - - - - - - 

 0.32 0.47 0.61 0.35 0.29 0.27                

τ5 -0.68 -0.69 0.11 -0.85 -0.95 0.97 - - - - - - - - - - - - - - - 

 0.32 0.45 0.55 0.34 0.37 0.17                

J 45 37 39 37 36 34 - - - 27 18 22 22 25 32 28 22 25 15 28 34 

||τ||∞ 0.69 0.69 0.00 0.87 0.95 1.00 - -  0.86 0.94 0.70 0.80 0.91 0.00 080 0.00 0.00 0.92 0.74 0.83 

Note: The table reports Komunjer and Owyang (2012) GMM estimation results for multivariate loss functions using d = N+1 instruments. τj , j = 1,…,5 denotes the loss function parameter 

corresponding to futures contract maturity j. Bold numbers denote statistical significance in at least 10% level. The numbers below the estimated parameters are standard errors. The second row 

denotes estimation periods, (1) 2001-2004, (2) 2005-2008, (3) 2009-2013. J statistic is X2 distributed with N(D-1) degrees of freedom. The X2 critical values for 9, 16 and 25 degrees of freedom 

at 5% (1%) level are 16.92 (21.67), 26.30 (32) and 37.20 (44) respectively. 
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Table 12. Periodic Loss Function Estimation, Energy, 2001-2004, 2005-2008, 2009-2013 

 Crude Oil WTI Crude Oil Brent Gasoline Heating Oil Natural Gas  Gas Oil 

 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Quadratic Specification (p = 2) 

τ1 -0.01 -0.02 -0.07 -0.08 -0.02 -0.07 0.08 0.13 0.15 -0.07 -0.09 -0.01 0.12 0.093 0.059 -0.08 -0.01 0.02 

 0.14 0.09 0.25 0.17 0.08 0.17 0.24 0.19 0.28 0.14 0.12 0.2 0.24 0.16 0.093 0.16 0.14 0.21 

τ2 -0.14 0.24 -0.12 -0.25 0.18 -0.4 -0.11 0.27 -0.31 -0.16 0.13 -0.27 0.08 0.23 0.21 -0.18 0.02 -0.27 

 0.17 0.12 0.34 0.16 0.12 0.17 0.17 0.15 0.25 0.24 0.15 0.25 0.26 0.13 0.12 0.18 0.13 0.19 

τ3 -0.37 0.29 -0.26 -0.43 0.28 -0.54 -0.29 0.13 -0.51 -0.39 0.27 -0.49 -0.18 0.39 0.45 -0.4 0.22 -0.52 

 0.13 0.1 0.4 0.09 0.11 0.13 0.14 0.11 0.18 0.12 0.13 0.23 0.2 0.14 0.089 0.12 0.13 0.14 

τ4 -0.55 -0.11 -0.32 -0.52 -0.06 -0.51 -0.53 -0.3 -0.44 -0.56 -0.06 -0.49 -0.34 0.55 0.56 -0.55 0.02 -0.53 

 0.09 0.15 0.44 0.08 0.14 0.19 0.061 0.15 0.2 0.08 0.18 0.23 0.18 0.13 0.047 0.07 0.16 0.19 

τ5 -0.72 -0.54 -0.25 -0.68 -0.54 -0.43 -0.77 -0.57 -0.35 -0.71 -0.47 -0.37 -0.77 0.56 0.65 -0.68 -0.52 -0.36 

 0.09 0.18 0.57 0.09 0.19 0.15 0.08 0.16 0.2 0.09 0.19 0.22 0.11 0.11 0.088 0.09 0.2 0.2 

J 32 39 37 38 40 38 35 36 41 33 42 37 36 33 36 33 39 39 

||τ||2 0.99 0.66 0.5 0.99 0.64 0.95 0.99 0.72 0.83 0.99 0.57 0.83 0.87 0.91 0.99 0.99 0.56 0.87 

Linear Specification (p = 1) 

τ1 -0.8 -0.19 -0.23 -0.9 -0.41 -0.29 -0.29 -0.02 -0.11 0.67 -0.44 -0.2 -0.27 0.76 0.78 -0.55 -0.3 -0.12 

 0.25 0.68 0.68 0.32 0.41 0.62 0.71 0.67 0.73 0.4 0.61 0.73 0.72 0.48 0.39 0.61 0.73 0.58 

τ2 -0.84 0.36 -0.24 -0.98 -1.2 -0.6 -0.66 -0.45 -0.53 -1.4 -0.54 -0.45 -0.85 0.91 1 -0.79 -0.51 -0.46 

 0.35 0.46 0.68 0.16 0.12 0.61 0.47 0.53 0.64 0.7 0.42 0.67 0.48 0.27 0.12 0.46 0.52 0.52 

τ3 -0.98 -0.65 -0.46 -1 -1.6 -0.4 -0.72 -0.78 -0.72 2 -0.84 -0.15 -0.87 0.93 1 -0.84 -0.78 -0.38 

 0.01

2 
0.46 0.6 0.05 0.07 0.52 0.42 0.45 0.5 0.43 0.43 0.64 0.44 0.28 0.06 0.4 0.52 0.52 

τ4 -0.98 -0.65 -0.4 -1 -1.6 -0.66 -0.91 -0.82 -0.75 -0.07 -0.94 -0.59 -0.85 0.97 0.96 -0.92 -0.88 -0.82 

 0.01 0.46 0.69 0.05 0.07 0.4 0.28 0.45 0.51 0.01 0.3 0.5 0.47 0.1 0.07 0.28 0.39 0.4 

τ5 -0.98 -0.65 -0.28 -1 -1.6 -0.51 -0.87 -0.79 -0.69 -0.06 -0.76 -0.49 -0.87 0.96 1 -0.91 -0.82 -0.65 

 0.01 0.46 0.78 0.05 0.07 0.57 0.28 0.44 0.58 0.01 0.36 0.62 0.44 0.1 0.01 0.27 0.39 0.57 

J 49 110 33 84 39 34 30 29 32 47 37 37 33 43 49 33 33 31 

||τ||∞ 0.98 0.65 0.00 1.00 1.60 0.66 0.91 0.82 0.75 2.00 0.94 0.59 0.87 0.97 1.00 0.92 0.88 0.82 

Note: The table reports Komunjer and Owyang (2012) GMM estimation results for multivariate loss functions using d = N+1 instruments. τj , j = 1,…,5 denotes the loss function 

parameter corresponding to futures contract maturity j. Bold numbers denote statistical significance in at least 10% level. The numbers below the estimated parameters are standard 

errors. The second row denotes estimation periods, (1) 2001-2004, (2) 2005-2008, (3) 2009-2013. J statistic is X2 distributed with N(D-1) degrees of freedom. The X2 critical values 

for 9, 16 and 25 degrees of freedom at 5% (1%) level are 16.92 (21.67), 26.30 (32) and 37.20 (44) respectively. 
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Table 13. Periodic Loss Function Estimation, Industrial Metals, 2001-2004, 2005-2008, 2009-2013 

 Aluminium  Copper Lead Nickel Zinc Tin 

 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Quadratic Specification (p = 2) 

τ1 -0.04 -0.05 0.2 -0.05 0.01 -0.01 -0.03 -0.08 0.03 -0.11 0.06 0.11 0.02 0.06 -0.01 0.01 -0.05 -0.01 

 0.26 0.1 0.19 0.17 0.078 0.13 0.16 0.07 0.16 0.16 0.15 0.28 0.15 0.19 0.21 0.11 0.13 0.15 

τ2 -0.22 0.22 0.18 -0.34 -0.02 -0.12 -0.27 -0.13 -0.05 -0.2 0.16 0.3 0.09 0.28 0.01 -0.06 -0.08 -0.13 

 0.25 0.09 0.24 0.17 0.11 0.14 0.16 0.11 0.18 0.16 0.21 0.32 0.18 0.2 0.32 0.18 0.18 0.2 

τ3 -0.42 0.36 -0.09 -0.45 -0.15 -0.33 -0.44 -0.21 -0.35 -0.41 0.14 0.09 0.24 -0.01 -0.18 -0.21 -0.15 -0.36 

 0.26 0.10 0.29 0.17 0.09 0.16 0.11 0.11 0.21 0.12 0.21 0.28 0.14 0.18 0.38 0.17 0.11 0.16 

τ4 -0.37 -0.08 0.21 -0.43 -0.55 -0.45 -0.55 -0.52 -0.63 -0.57 0.01 0.04 0.54 -0.29 -0.46 -0.49 -0.39 -0.58 

 0.26 0.15 0.27 0.15 0.078 0.17 0.08 0.11 0.15 0.12 0.18 0.42 0.08 0.18 0.34 0.12 0.11 0.11 

τ5 -0.49 -0.56 0.2 -0.45 -0.75 -0.76 -0.57 -0.77 -0.61 -0.67 -0.31 0.57 0.69 -0.59 -0.47 -0.71 -0.77 -0.71 

 0.33 0.16 0.33 0.27 0.06 0.1 0.15 0.06 0.21 0.11 0.22 0.3 0.14 0.2 0.51 0.14 0.08 0.11 

J 36 35 41 37 40 34 36 41 35 33 39 39 38 41 36 33 41 33 

||τ||2 0.77 0.7 0.41 0.85 0.94 0.95 0.95 0.96 0.95 0.99 0.38 0.66 0.91 0.71 0.68 0.89 0.88 0.99 

Linear Specification (p = 1) 

τ1 -0.49 -0.02 0.52 -0.91 -0.22 0.25 -0.46 -4.8 -0.59 -0.62 -0.19 0.2 0.07 0.36 0.13 -0.75 7.2 -0.43 

 0.62 0.67 0.63 0.26 0.56 0.71 0.68 0.42 0.53 0.76 0.56 0.8 0.6 0.51 0.64 0.43 0.49 0.68 

τ2 -0.42 0.15 0.66 -0.95 -0.77 -0.18 -0.82 -3.6 -0.75 -0.87 0.12 0.53 0.18 0.45 0.18 -0.91 1.7 -0.72 

 0.48 0.52 0.46 0.28 0.38 0.72 0.4 0.26 0.52 0.37 0.51 0.69 0.47 0.51 0.67 0.27 0.058 0.5 

τ3 -0.77 -0.29 0.64 -0.95 -0.96 -0.72 -0.89 -4.6 -0.89 -0.83 0.12 -0.14 0.17 0.15 -0.26 -0.99 -1.7 -0.98 

 0.62 0.47 0.5 0.24 0.16 0.46 0.24 0.3 0.44 0.38 0.51 0.41 0.49 0.31 0.74 0.21 0.01 0.18 

τ4 -0.61 -0.4 0.69 -0.95 -0.97 -0.75 -0.88 -2.9 -0.98 -0.99 0.11 -0.11 0.6 -0.04 -0.36 -0.96 -1.8 -0.98 

 0.55 0.51 0.46 0.25 0.15 0.44 0.24 0.1 0.38 0.15 0.52 0.62 0.41 0.31 0.72 0.23 0.01 0.16 

τ5 -0.61 -0.66 0.69 -0.96 -0.97 -0.72 -0.88 -2.9 -0.92 -0.99 0.07 0.01 0.6 -0.06 -0.22 -1 -2.8 -0.97 

 0.55 0.42 0.46 0.24 0.15 0.49 0.24 0.1 0.45 0.15 0.52 0.63 0.41 0.31 0.68 0.21 0.01 0.29 

J 39 40 44 36 48 36 44 48 31 120 49 44 48 48 34 31 21 33 

||τ||∞ 0.77 0.66 0.69 0.96 0.97 0.75 0.89 4.8 0.98 0.99 0.00 0.00 0.60 0.00 0.00 1.00 7.2 0.98 

Note: The table reports Komunjer and Owyang (2012) GMM estimation results for multivariate loss functions using d = N+1 instruments. τj , j = 1,…,5 denotes the loss function 

parameter corresponding to futures contract maturity j. Bold numbers denote statistical significance in at least 10% level. The numbers below the estimated parameters are standard 

errors. The second row denotes estimation periods, (1) 2001-2004, (2) 2005-2008, (3) 2009-2013. J statistic is X2 distributed with N(D-1) degrees of freedom. The X2 critical values 

for 9, 16 and 25 degrees of freedom at 5% (1%) level are 16.92 (21.67), 26.30 (32) and 37.20 (44) respectively. 
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Table 14. Periodic Loss Function Estimation, Precious Metals, 2001-2004, 2005-2008, 2009-2013 

 Gold Silver Platinum Palladium 

 1 2 3 1 2 3 1 2 3 1 2 3 

τ1 -0.22 -0.15 -0.09 -0.37 -0.01 -0.06 -0.11 -0.24 0.029 0.17 -0.17 -0.06 

 0.15 0.15 0.14 0.2 0.21 0.18 0.55 0.7 0.76 0.59 0.89 0.66 

τ2 -0.34 -0.35 -0.16 -0.5 -0.03 -0.09 -0.9 -0.83 -0.21 0.82 0.19 -0.54 

 0.21 0.15 0.18 0.21 0.2 0.22 0.31 0.4 1.1 0.43 1.2 0.87 

τ3 -0.44 -0.51 -0.36 -0.39 0.03 -0.34 - - - - - - 

 0.18 0.16 0.14 0.16 0.22 0.18       

τ4 -0.48 -0.51 -0.54 -0.35 -0.26 -0.52 - - - - - - 

 0.15 0.11 0.12 0.21 0.18 0.11       

τ5 -0.63 -0.53 -0.73 -0.02 -0.63 -0.76 - - - - - - 

 0.16 0.13 0.1 0.29 0.18 0.13       

J 38 40 31 38 39 34 7 5.8 5.1 14 13 5.8 

||τ||2 0.99 0.97 0.99 0.82 0.69 0.99 0.9 0.86 0.21 0.84 0.26 0.55 

τ1 -0.92 -0.34 -0.66 -2.1 -0.47 -0.79 -0.42 -0.2 -0.11 0.19 -0.11 -0.45 

 0.24 0.7 0.33 0.51 0.66 0.49 0.92 0.95 0.99 0.97 0.98 0.9 

τ2 -0.9 -0.85 -0.94 -2 -0.86 -0.7 -0.88 -0.69 -0.31 0.59 0.01 -0.35 

 0.22 0.43 0.15 0.44 0.44 0.65 0.48 0.62 0.94 0.8 0.99 0.92 

τ3 -0.92 -0.87 -0.99 -1.2 -0.79 -0.79 - - - - - - 

 0.17 0.46 0.08 0.65 0.52 0.45       

τ4 -0.97 -0.87 -0.99 -3.2 -0.84 -0.85 - - - - - - 

 0.081 0.3 0.1 0.03 0.39 0.39       

τ5 -0.97 -0.96 -0.99 -3.2 -0.84 -0.97 - - - - - - 

 0.08 0.15 0.08 0.03 0.39 0.28       

J 39 34 29 54 32 33 8.3 8.9 13 15 12 19 

||τ||∞ 0.97 0.96 0.99 3.2 0.86 0.97 0.88 0.00 0.00 0.00 0.00 0.00 

Note: The table reports Komunjer and Owyang (2012) GMM estimation results for multivariate loss functions using                         

d = N+1 instruments. τj , j = 1,…,5 denotes the loss function parameter corresponding to futures contract maturity j.                     

Bold numbers denote statistical significance in at least 10% level. The numbers below the estimated parameters are             

standard errors. The second row denotes estimation periods, (1) 2001-2004, (2) 2005-2008, (3) 2009-2013. J statistic                                                         

is X2 distributed with N(D-1) degrees of freedom. The X2 critical values for 9, 16 and 25 degrees of freedom at 5% (1%)                                                 

level are 16.92 (21.67), 26.30 (32) and 37.20 (44) respectively.  
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Graph 2. Temporal Evolution of Futures Curves and Preferences 

(a) Natural Gas 2001-2004   Natural Gas 2005-2008     Natural Gas 2009-2013 

 

(b) Nickel 2001-2004                 Nickel 2005-2008              Nickel 2009-2013 

 

(c) Coffee 2001-2004               Coffee 2005-2008                Coffee 2009-2013 

 

(d) Lean Hogs 2001-2004        Lean Hogs 2005-2008        Lean Hogs 2009-2013 

 

(e) Gold 2001-2004                 Gold 2005-2008                     Gold 2009-2013 
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7. Concluding Remarks 

We suggest going beyond the standard approach in the literature, which links commodity 

market efficiency to predictability and teststhe relationship between current futures contract 

price and the commodity spot price in the future using univariate linear regression. This 

conventional framework reflects symmetric preferences and fails to account for preference 

asymmetries as well as for the dependence between price forecast errors of different 

maturities i.e. along the futures curve, thus often falsely concluding the presence or the 

absence of market inefficiency or forecast irrationality.  Instead, in this paper we view the 

futures curve as a jointly determined market path forecast and estimate the term structure of 

joint market preferences under flexible multivariate asymmetric loss and test for forecast 

rationality using the GMM procedure proposed by Komunjer and Owyang (2012). 

We consider the universe of thirty commodities composing the six major commodity 

futures indexes, for maturities from 1- to 12-months, subject to sufficient trading volume 

from 2001 to 2013, covering a broad crisis period. These commodities are classified in five 

sectors, namely agriculture, livestock, energy, industrial metals and precious metals. Our full-

sample empirical evidence reveals generally term structures of preferences in which short 

maturities usually appear with symmetric preferences and longer maturities appear with 

asymmetric preferences. Preference asymmetries are more often optimistic and across all five 

commodity sectors, while they appear as prudent in a small number of cases in agriculture 

and for Natural Gas. Moreover, we observe symmetric preference term structures in eight 

cases and fully prudent or optimistic preferences in one case respectively. Motivated by the 

presence of a number of non-significant preference asymmetries in our full sample analysis, 

along with large parameter standard errors, we apply the procedure proposed by Giacomini 

and Rossi (2009) to test for the presence of price forecast breakdowns. A forecast breakdown 

may be due to various factors including changes in preferences. Our evidence suggests that 

for most commodities breakdowns take place during the first and the last four years of our 

study period, thus leading to three sequential non-overlapping four-year sup-periods of 

rotating price forecast (in) stability. Guided by this evidence, we re-estimated multivariate 

market loss preferences in the three sequential sub-periods. Our periodic evidence reveals the 

presence of overall optimistic preferences for most commodities in sub-period 2001-2004, 

evolving into oscillating preferences in sub-period 2005-2008 rotating within the term 

structure from symmetry to pessimism and optimism, and finally back to general optimism in 

sub-period 2009-2013 but in a smaller number of commodities. These shapes may reflect the 
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varying presence of index traders who counterbalance the effects of hedgers in determining 

the shape of the futures curves, see van Huellen (2019). 

This paper contributes to the literature a novel approach to address the market joint 

preferences along the commodity futures curve and provides supportive empirical evidence 

for the most heavily traded global commodities. Forecast rationality tests show that our 

framework accommodates the rationality of observed forecast errors and thus serves as a new 

approach for the advancement of forecasting and trading in commodity markets. 
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