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1 Introduction

The economically important and potentially complex links between oil prices and macroeco-

nomic dynamics have been the subject of a large and growing empirical literature (Hamilton

2009, Kilian 2008). Because tracking the oil price is important to explain and forecast macroe-

conomic dynamics, interest in studying the properties of oil-price forecasts has mushroomed in

recent years (Pierdzioch et al. 2010, Reitz et al. 2010). Our empirical study contributes to this

recent literature. In contrast to earlier literature, we ask whether the loss function of oil-price

forecasters is symmetric or asymmetric. Symmetry of the loss function implies that forecasters

seek to minimize the mean-squared forecast error, an assumption on which traditional tests of

unbiasedness and rationality of forecasts rest (Ito 1990, Elliott and Ito 1999). Such traditional

tests, however, are misspecified if oil-price forecasters’ loss function is asymmetric (Batchelor

and Peel 1999, Elliott et al. 2008). Rejection of the null hypothesis of rationality, thus, may

simply reflect that oil-price forecasters have an asymmetric loss function.

Because traditional tests for rationality of forecasts do not take into account the potential

asymmetry of oil-price forecasters’ loss function, we studied the shape of the loss function and

the rationality of forecasts by means of an approach recently advanced by Elliott et al. (2005).

Their approach is easy to implement, it informs about the type of a potential asymmetry in oil-

price forecasters’ loss function, and it allows the rationality of forecasts under an asymmetric

loss function to be tested. Our application of this approach to the study of oil-price forecasts

closes a gap in the literature. In fact, while much significant empirical research on asymmetric

loss functions has been done in recent years (Batchelor and Peel 1999, Elliott et al. 2008,

Döpke et al. 2010, to name just a few), the results of this research have not been applied,

to the best of our knowledge, to the study of oil-price forecasts. A recent study of oil-price

forecasts under asymmetric loss is Auffhammer (2007). The focus of his study, however, is the
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forecasts published by the United States Energy Information Administration (EIA).

In Section 2, we briefly outline the approach developed by Elliott et al. (2005). In Section 3,

we describe our data while in Section 4, we report our results. Our results indicate that the loss

function of a sample of oil price forecasters is asymmetric, and that the form of the asymmetric

loss function is important for the question of whether accounting for the asymmetry of the

loss function makes forecasts rational. In Section 5, we offer some concluding remarks.

2 Theoretical Background

The approach developed by Elliott et al. (2005) rests on the assumption that the loss function,

L, of oil-price forecasters can be described in terms of the following general functional form:

L = [α+ (1− 2α)I(st+1 − ft+1 < 0)]|st+1 − ft+1|p, (1)

where st+1 denotes the oil price, ft+1 denotes the forecast of the oil price in period t+1 formed

in period t, I denotes the indicator function, p = 1 for a linear-linear (lin-lin) loss function and

p = 2 for a quadratic-quadratic (quad-quad) loss function, and α ∈ (0, 1) governs the degree

of asymmetry of the loss function. In the case of α = 0.5, the loss function is symmetric. The

standard symmetric quadratic loss function studied in earlier literature obtains for α = 0.5

and p = 2. In this case, the loss forecasters incur increases in the squared forecast error. For

α = 0.5 and p = 1, the loss increases in the absolute forecast error.

Elliott et al. (2005) show that, for a given parameter p, which defines the general functional
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form of the loss function, the asymmetry parameter, α, can be consistently estimated as

α̂ =

[
1
T

∑T+τ−1
t=τ vt|st+1 − ft+1|p−1

]′
Ŝ−1

[
1
T

∑T+τ−1
t=τ vtI(st+1 − ft+1 < 0)|st+1 − ft+1|p−1

]
[
1
T

∑T+τ−1
t=τ vt|st+1 − ft+1|p−1

]′
Ŝ−1

[
1
T

∑T+τ−1
t=τ vt|st+1 − ft+1|p−1

] ,

(2)

where Ŝ = 1
T

∑T+τ−1
t=τ vtv

′
t(I(st+1−ft+1 < 0)−α̂)2|st+1−ft+1|2p−2 denotes a weighting matrix,

vt denotes a vector of instruments, T denotes the number of forecasts available, starting at

t = τ+1. Because the weighting matrix depends on α̂, estimation is done iteratively. Following

Elliott et al. (2005) and Döpke et al. (2010), we consider four alternative sets of instruments:

a constant (Model 1), a constant and the lagged forecast error (Model 2), a constant and the

lagged oil price (Model 3), and, a constant, the lagged forecast error, and the lagged oil price

(Model 4).

Testing whether α̂ differs from α0 is done by using the following z-test
√
T (α̂ − α0) →

N (0, (ĥ′Ŝ−1ĥ)−1), where ĥ = 1
T

∑T+τ−1
t=τ vt|st+1 − ft+1|p−1. Elliott et al. (2005) further

prove that a test for rationality of oil-price forecasts, given a loss function of the lin-lin or a

quad-quad type (p = 1, 2), can be performed by computing

J(α̂) =
1

T

(
x′tŜ

−1xt

)
∼ χ2

d−1, (3)

where xt =
∑T+τ−1

t=τ vt[I(st+1 − ft+1 < 0) − α̂]|st+1 − ft+1|p−1 and d denotes the number

of instruments. In the case of a symmetric loss function, the rationality test is given by

J(0.5) ∼ χ2
d. The statistic J(0.5) answers the question of whether forecasters under the

maintained assumption of a symmetric loss function form rational oil-price forecasts. The

statistic J(α̂), answers the question of whether forecasters form rational oil-price forecasts,

given an estimated asymmetric loss function (lin-lin or quad-quad). A comparison of J(α̂)
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with J(0.5) shows whether an asymmetric loss function helps to remedy a potential failure of

rationality of forecasts observed under a symmetric loss function.

3 The Data

Quarterly oil-price forecasts from the Survey of Professional Forecasts (SPF) data conducted

by the European Central Bank (ECB) are available for the sample period 2002Q4−2010Q4.1

As shown in Figure 1, this sample period witnessed a substantial swing in the oil price (solid

line), where the oil price started in 2002 at around 26 dollars per barrel and peaked in 2008 at

around 140 dollars per barrel.2 In the third quarter of 2008, a large oil-price reversal occurred.

After having slumped to a level of 44 dollar per barrel in late 2009, the oil price again gained

momentum at the end of the sample period to reach a range between approximately 70 and

80 dollars per barrel in the second half of 2010.

– Please insert Figure 1 about here. –

The SPF data contain information on individual oil-price forecasts delivered by forecasters

who work at financial or non-financial institutions based within the European Union (Bowles

1Empirical analyses of the SPF database are scarce because the ECB released the database only recently.
The few available empirical studies of the SPF data focus on the accuracy of macroeconomic forecasts (Garcia
and Manzanares 2007, Bowles et al. 2007).

2We used the oil price at the beginning of a quarter. The oil-price data are drawn from Thompson Financial
Datastream. All figures and all computations were implemented using the software R (R Development Core
Team 2009).
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et al. 2007).3 The forecasting horizon is three-months-ahead forecasts because the ECB

publishes at the beginning of a quarter forecasts of the end-of-quarter oil price.4 The SPF

data are unbalanced because not all forecasters participated in all surveys. In order to avoid

a nonresponse bias, we compiled forecasts for those 25 forecasters who participated in all

questionnaire studies conducted during our sample period. In total, the SPF data contain

forecasts from 83 oil-price forecasters. Approximately 30% of forecasters participated in all

surveys. For every forecaster who always participated in the questionnaire study, we have 33

forecasts.

Figure 1 also shows the cross-sectional average (dashed line) across individual oil-price fore-

casts. In the majority of cases (∼70%), the cross-sectional mean forecast fell short of the

actual oil price, suggesting that forecasters were more cautious with respect to underpredic-

tions of the oil price than with respect to overpredictions. The tendency of the mean forecast

to underpredict rather than to overpredict the oil price is important because for a lin-lin loss

function the estimate of the asymmetry parameter, α̂, is simply equal to the proportion of

negative forecast errors if one assumes that the only instrument is a constant. We, thus,

3A natural question is whether forecasters have an incentive to deliver accurate forecasts. In our view,
at least two issues play a key role in this respect. First, it is important to note that forecasters do not
necessarily trade on their forecasts. However, traders at their institution may do so, and this may give rise
to a direct or indirect link between forecast errors, trading profits, and forecasters’ income. This link should
strengthen forecasters’ incentive to deliver accurate forecasts. Second, forecasters’ career prospects may depend
on reputation, which, in turn, may be adversely affected by large forecast errors. Career prospects, however,
may also depend on rare but spectacular relative forecast successes. For example, if all forecasters deliver an
accurate forecast, an individual forecaster may have little to gain from delivering an accurate forecast. If, in
contrast, a forecaster is the only one whose forecast is accurate, the effect on reputation may be significant.
Anti-herding of forecasters may then be an equilibrium strategy. See Laster et al. (1999).

4The SPF data also contain longer-term forecasts. We do not present results for longer-term forecasts
because our empirical approach requires computations of leads and lags of the forecast error. Accounting for
leads and lags in the case of longer-term forecasts would substantially reduce the number of forecasts per
forecaster available for the empirical analysis. For three-months-ahead forecasts, we could use in total 33
forecasting cycles to estimate the shape of forecasters’ loss functions and to test for rationality of forecasts. As
a robustness check, we also analyzed six-months-ahead forecasts. The results (available upon request) turned
out qualitatively similar to the results for three-months-ahead forecasts.

5



expected estimates for the asymmetry parameter, α̂, smaller than 0.5, at least in the case of

a lin-lin loss function. As we shall show in Section 4, our empirical findings are in line with

this expectation.

It should be noted, however, that individual forecasts showed a substantial degree of cross-

sectional dispersion. In order to shed light on the cross-sectional dispersion of forecasts, Figure

1 shows a shaded area which is defined as the cross-sectional range between the maximum

and the minimum oil-price forecast. The shaded area illustrates that some forecasters over-

predicted the oil price, while others underpredicted the oil price. In case overprediction and

underprediction vary in a systematic way across forecasters, the dispersion of forecasts should

result in a cross-sectional variation in the asymmetry parameter, α̂, across forecasters.5

The kind of dispersion of forecasts as illustrated in Figure 1 has been analyzed also in several

earlier empirical studies (for exchange rates, see MacDonald and Marsh 1996 and Benassy-

Quere et al. 2003), but the only researchers so far who have linked the cross-sectional disper-

sion of forecasts to the asymmetry of forecasters loss function are Capistrán and Timmermann

(2009). Dispersion of oil-price forecasts has also been documented by Pierdzioch et al. (2010),

who report that anti-herding of oil-price forecasters may be a source of the cross-sectional

dispersion of oil-price forecasts. Anti-herding of forecasters may arise, for example, if forecast-

ers strategically interact and, as a result, their loss functions is not of the simple traditional

quadratic form (see, for example, Laster et al. 1999).

5In addition to accounting for the arguments put forward in Footnote 3, one could imagine that forecasters’
loss function may be asymmetric in the forecast error because of the non-linear payoffs that arise in case of,
for example, plain vanilla options or the kind of popular knock-out and barrier instruments.
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4 Empirical Findings

Table 1 summarizes, for every forecaster, the estimates of the asymmetry parameter, α̂, the

corresponding standard error, and the z-test of the null hypothesis α̂ = α0 = 0.5. The loss

function is of the lin-lin form. The table summarizes the results for the four alternative choices

of instruments. Table 2 summarizes the results for the quad-quad loss function.

– Please include Tables 1 and 2 and Figure 2 about here. –

Our findings provide strong evidence of an asymmetry parameter, α̂, that is smaller than 0.5.

Oil-price forecasters’ loss functions, thus, seem to be asymmetric, where the loss in case of a

negative forecast error (the oil price falls short the forecast) tends to be larger than the loss

forecasters incurred in case of a positive forecast error (the oil price exceeds the forecast) of the

same magnitude. This finding is in line with the observation (Figure 1) that the cross-sectional

mean of oil-price forecasts was often below the actual oil price. Figure 2 plots the implications

of our empirical findings for the shape of forecasters loss function, where we assumed for

illustrative purposes that the loss function is of the lin-lin form. In order to draw Figure 2, we

further assumed that the shape of the loss function is governed by the cross-sectional mean

value of the estimated asymmetry parameter, α̂, estimated under Model 1.

Tables 1 and 2 also reveal some variation across forecasters with respect to the asymmetry

parameter, α̂. This variation may account, at least in part, for the dispersion of forecasts shown

in Figure 1. In the case of a lin-lin loss function, estimates of the asymmetry parameters varies

approximately between 0.14 and 0.24, depending on the model that is being considered. The

range of estimates in the case of a quad-quad loss function varies roughly between 0.04 and
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0.38. In general, the standard errors of the estimates are larger in the cases of Model 1 and

Model 2 for a quad-quad loss function than for a lin-lin function. Hence, the results of the

z-test in case of Model 1 and Model 2 are somewhat smaller than in the case of Model 3 and

Model 4 for the quad-quad loss function. As for Model 3 and Model 4, the results of the z-test

are significant irrespective of whether one considers a lin-lin loss function or a quad-quad loss

function.

– Please include Tables 3 and 4 about here. –

Tables 3 and 4 summarize the results of the J test of an asymmetric loss function and forecast

rationality. We report results for J(α̂) and J(0.5). Table 3 summarizes the results for a lin-

lin loss function. Table 4 summarizes the results for a quad-quad loss function. Under the

assumption of a lin-lin loss function, the vast majority of the J(0.5) tests reject the hypothesis

of forecast rationality. In contrast, the results for the J(α̂) tests do not lead to a rejection

of the hypothesis of forecast rationality. Accounting for an asymmetric loss function of the

lin-lin form, thus, helps to remedy the finding that, under a quadratic loss function, oil-price

forecasters do not form rational forecasts. This finding, however, does not extend to the case

of a quad-quad loss function. Assuming a quad-quad loss function leads to the result that both

the J(α̂) tests and J(0.5) tests yield significant results for Model 3 and Model 4, implying

a rejection of the hypothesis of rational forecasts. It follows that, under the quad-quad loss

function, the orthogonality condition between forecast errors, on the one hand side, and lagged

forecast errors and the lagged oil price, on the other hand side, does not hold.

– Please include Tables 5 and 6 about here. –
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As a robustness test, we studied pooled data. In the case of pooled data, we can use 33 × 25 =

825 forecasts. Table 5 summarizes the results for pooled data and a lin-lin loss function, and

Table 6 summarizes the results for pooled data and a quad-quad loss function. As in the case

of individual forecasters, the estimated asymmetry parameter, α̂, is significantly smaller than

0.5, a result that does not depend on the form of the loss function (lin-lin, quad-quad). The

J(0.5) test implies a rejection of the null hypothesis of rational oil-price forecasts. The J(α̂)

test does not reject the null hypothesis of rationality of oil-price forecasts for Model 2, but

rejects the null hypothesis of rationality of oil-price forecasts in all other models. Interestingly,

rationality of forecasts can now be rejected also for Model 3 and Model 4 in the case of a lin-lin

loss function, which is in contrast to the results we obtained for individual forecasts.

– Please include Table 7 and 8 about here. –

As yet another robustness test, we performed a subsample analysis. To this end, we excluded

data from 2007Q1 onwards from our sample of data to check whether the large increase and

eventual slump in the oil price that occurred at the end of 2008 has a significant effect on our

results. For this subsample analysis, we used 450 forecasts. Tables 7 (lin-lin loss function) and

8 (quad-quad loss function) summarize the results of this robustness check for pooled data.

As for the full sample of data, the asymmetry parameter, α̂, is smaller than 0.5 and the J3(α̂)

and J4(α̂) for rationality yield significant results.6

6As yet another robustness check, we considered the possibility that oil-price forecasters’ loss function is
not of the lin-lin and quad-quad form considered by Elliott et al. (2005). To this end, we implemented the
empirical test suggested by Batchelor and Peel (1998), which is based on the assumption that forecasters’ loss
function is of the linex form. Again, we found that accounting for asymmetry of the loss function often implies
that rationality of forecasts can be rejected (results are available upon request).
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5 Concluding Remarks

In terms of a suggested interpretation, our findings imply that oil-price forecasters’ loss func-

tion may be asymmetric. The asymmetry of the loss function seems to reflect that the loss

oil-price forecasters incurred when they overpredicted the price of oil exceeded the loss they

incurred when they underpredicted the oil price. Irrespective of the link between forecast accu-

racy and forecasters’ reputation, however, a lin-lin loss function and a quad-quad loss function

do not necessarily suffice to make forecasts derived from such loss functions look rational. One

possibility is that forecasters indeed form irrational forecasts that are not orthogonal to infor-

mation in their information set. Another possibility is that forecasters form rational forecasts,

but that the process of forecasting the oil price is more complex than implied by the lin-lin

or quad-quad loss functions that we have considered in our empirical analysis. For example,

strategic interactions among forecasters may lead forecasters to publish forecasts that inten-

tionally deviate from the forecasts of others. Empirical evidence of such “anti-herding” of

oil-price forecasters has been reported by Pierdzioch et al. (2010). If forecasters anti-herd,

their loss function is likely to deviate from a simple quadratic loss function (Laster et al.

1999) and, thus, rational forecasts violate traditional rationality criteria, which are based on

a quadratic loss function. If anti-herding, however, reflects deviations from a quadratic loss

function, it is not necessarily the case that loss functions of the lin-lin or the quad-quad form

suffice to fully account for such deviations from a quadratic loss function.7

7As a test of the anti-herding hypothesis, we used the S statistic suggested by Bernhardt et al. (2006) (see
also Pierdzioch et al. 2010). We computed the S statistic for every single one of our 25 forecasters. In all cases,
we found S > 0.5, a result that indicates that forecasters anti-herd. We then correlated the S statistic with the
estimated asymmetry parameter, α̂. Irrespective of whether we used a lin-lin or a quad-quad loss function, the
correlation was significantly negative. For example, in the case of a lin-lin loss function, we found a correlation
of -0.51 (t-value = -2.76, p-value = 0.01). The asymmetry of forecasters’ loss function, thus, is significantly
inversely linked to the propensity of forecaster anti-herding. Because the correlation is not perfect, however,
an asymmetric loss function, at least of the type considered in this research, does not fully capture forecaster
anti-herding.
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Given that the oil price substantially rose during our sample period, yet another possibility

is that the persistent underestimation of the oil price reflects that forecasters expected a

collapse of the ensuing “bubble”. This aspect has been analyzed in recent literature by Reitz

et al. (2010) by means of a regime-switching approach. As compared to a regime-switching

approach, studying an asymmetric loss function renders it possible to make forecasters’ fears

of a collapse of the bubble “visible” by means of the shape of their loss function.8 A further

interesting feature of our analysis of forecasters’ asymmetric loss function is that forecasts

are forward-looking by nature, implying that asymmetries in forecasters’ loss function may

recover fears of a crashing bubble earlier than a regime-switching approach. Such a potential

link between forecasts, asymmetric loss functions, and subsequent collapses of bubbles should

be explored in detail in future research.

It is also interesting to compare our results with those reported by Auffhammer (2007) for the

EIA. With regard to current-year forecasts of the price of oil, his estimated asymmetry param-

eter, α is larger than 0.5, where his data cover the sample period 1985−2003. Furthermore,

he finds that forecasts of the price of oil are consistent with rational expectations. In contrast,

our results indicate that the estimated asymmetry parameter, α, for professional economists

is smaller than 0.5, and that their forecasts are not necessarily consistent with rationality. It,

thus, seems that the loss function of the EIA, a government agency, markedly differs from

the loss function of private agents. This difference in results should also be explored in future

research.

8Another important point to note is that we found an asymmetric loss function not only for the full sample
period, but also for the shorter subsample period. The asymmetric loss function, thus, most likely does not
only reflect fears of a collapsing bubble (which gathered steam in the second half of the sample period). Rather
it seems that the structure of forecasters’ preferences led them to underestimate the oil price. An advantage
of the asymmetric-loss-function approach is that we can find signs of such “deep preference structures” even
when there are no regime shifts.
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Figure 1: The Data
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Note: The solid line shows the oil price. The dashed line shows the (lagged) cross-sectional mean forecast. The shaded
area shows the range of forecasts.
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Figure 2: The Loss Function
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Note: This lin-lin loss function is based on the cross-sectional mean of the asymmetry parameter, α̂, estimated under
Model 1. The forecast error is defined as the difference between the oil price and the oil-price forecast.
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