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Abstract

:

We use the heterogenous autoregressive (HAR) model to compute out-of-sample forecasts of the monthly realized variance (RV) of movements of the spot and futures price of heating oil. We extend the HAR–RV model to include the role of El Niño and La Niña episodes, as captured by the Equatorial Southern Oscillation Index (EQSOI). Using data from June 1986 to April 2021, we show evidence for several model configurations that both El Niño and La Niña phases contain information useful for forecasting subsequent to the realized variance of price movements beyond the predictive value already captured by the HAR–RV model. The predictive value of La Niña phases, however, seems to be somewhat stronger than the predictive value of El Niño phases. Our results have important implications for investors, as well as from the perspective of sustainable decisions involving the environment.
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1. Introduction


As pointed out by Trenberth et al. [1], the El Niño Southern Oscillation (ENSO) is an irregularly periodic variation in winds and sea surface temperatures over the tropical eastern Pacific Ocean, which, in turn, impacts the climate of much of the tropical and subtropical zones. In this regard, the warming phase of the sea temperature is known as El Niño, while the cooling phase is called La Niña, with the two phases lasting several months each and typically occurring every few years with varying intensities. Because El Niño phases tend to be warmer and drier overall, people will require less heating and more cooling, while the opposite is true for La Niña phases. As a result, El Niño and La Niña phases are likely to cause fluctuations in the price of heating oil, given its crucial role as a source of heat in the winter months. Not surprisingly, while analyzing the role of the ENSO on the prices of oil, gasoline, heating oil, diesel fuel, jet fuel and propane, [2] detect the strongest impact for heating oil.



Against the backdrop, we build on this line of research by verifying whether this evidence of the impact of ENSO on the first moment of the price of heating oil can be extended to out-of-sample forecasting of its second moment (that is, the variance of price movements), which is likely to be affected via variable demand for heating oil during El Niño and La Niña phases, associated with extreme warm and cold temperatures during a year. In this regard, we can further hypothesize that with the La Niña events associated with extreme cold weather, they are likely to have a relatively stronger influence on the volatility of heating oil than the corresponding El Niño phases. Moreover, the ENSO has been held (partially) responsible for some of the world’s greatest humanitarian disasters, with [3,4] documenting the global El Niño droughts of 1876–1878, 1888–1891, and 1896–1902, which contributed to the deaths of between 30 and 60 million people in India, China and Brazil over the 26 year period. Moreover, these extreme weather conditions can constrain the supply of rain-driven agricultural commodities and induce food price and generalized inflation [5,6,7,8], which may trigger social unrest as shown empirically by [9] and both theoretically and empirically in [10]. In this regard, [11,12,13,14] show that El Niño and La Niña shocks may even have played a role in a substantial number of civil conflicts. In this sense, the ENSO cycle can serve as a proxy for rare disaster risks [15], which in turn contribute to jump risks [16,17] that account for a large part of the volatility process of asset and commodity prices [18,19,20]. Naturally, one can expect an impact on the variance of price movements of heating oil via the volatility jumps channel as well, over and above the heating oil demand fluctuations route due to El Niño and La Niña events.



Yet, from a statistical perspective, it is well-established that in-sample predictability does not necessarily guarantee out-of-sample predictability gains emerging from a specific predictor, and it is in fact the latter approach that often provides a more robust test of the appropriateness of an econometric model [21]. Hence, rather than focusing on in-sample predictions, we use an out-of-sample forecasting experiment to test the predictive value of El Niño and La Niña for the variance of movements of the price of heating oil. At the same time, heating oil is second only to gasoline in terms of products derived from crude oil, and given that commodity market participants need real-time volatility forecasts for effective investment, hedging risk and arbitrage strategies, the economic importance of the question we ask in this paper cannot be overemphasized. This is more so given the close linkage between energy-based commodities and the financial markets in the wake of the process of financialization of the former, and with investors looking for alternative safe investment assets following the Global Financial Crisis (see, for example, [22,23] for detailed discussions in this regard).



Given this, we forecast the monthly realized variance (RV) of movements of the spot and future heating oil price using an extended version of the widely-studied heterogeneous autoregressive (HAR)–RV model [24]. We extend the model to incorporate the role of El Niño and La Niña phases that occurred during the period from June 1986 to April 2021. In this regard, it is important to note that measuring variance in terms of RV, defined as the sum of squared daily returns of prices observed over a given month (see [25]), provides an observable and unconditional metric of variance, which is otherwise a latent process. Accordingly, we differ from the existing literature (see for example, [26,27,28,29,30,31,32]) on modeling and forecasting heating oil volatility based on various types of univariate GARCH models, under which the conditional variance is a deterministic function of model parameters and historical data, and, hence, is not model-free as in the case of RV. Moreover, as discussed in [33,34], the benchmark HAR–RV model captures the generally observed long-memory and multi-scaling properties of volatility, despite having a simplistic structure. Notably, one important feature of the HAR–RV model is that it employs volatilities from different time resolutions to forecast the realized heating oil price volatility. Accordingly, the model captures the main idea motivating the heterogeneous market hypothesis (EMH, [35]) in a simple and straightforward way. The EMH indicates that different groups of market participants populate financial markets (that is, in our case, the market for heating oil), and that these groups differ in their sensitivity to information flows at various time horizons. For example, in the energy market, speculators and traders are concerned with short-term investment horizons, whereas institutional investors are concerned with long-term investment horizons.



At this stage, to emphasize our contribution, it is important that we provide some further details on the literature cited above dealing with heating oil volatility forecasting, with these studies also simultaneously often dealing with crude oil, natural gas and gasoline. While in what follows we present a brief outline of the existing literature on forecasting heating oil price volatility, the reader is referred to [36] for a more detailed discussion of the literature on volatility forecasting of multiple energy commodities.



In this regard, Sadorsky cite26 showed that within the GARCH family models, the threshold GARCH (TGARCH) framework proved to be the most appropriate for the volatility of heating oil futures returns over the daily periods from 1988 to 2003. Nomikos and Pouliasis [27] compared the forecasting ability of a Markov-Switching (MS)–GARCH model to the basic GARCH on a dataset containing information about daily futures prices from 1991 to 2008 for heating oil, to depict the dominance of the former due to its ability to account for the special volatility characteristics. Arouri [28], while analyzing both daily spot and futures prices from 1986 to 2011, highlighted the role of a Fractionally Integrated GARCH (FIGARCH) model in its ability to better describe the time-varying volatility process, as it can capture long-memory (which decreases after incorporating structural breaks), a phenomenon we also account for via the HAR–RV model. Given this, the FIGARCH model (suitably modified to account for structural breaks) is shown to perform better than any other related model in forecasting heating oil volatility. Along similar lines, ref. [29] showed that the Autoregressive Fractionally Integrated Moving Average (ARFIMA)-FIGARCH model dominated various other GARCH-class models in forecasting volatility for heating oil derived from daily futures data covering 1995–2012. Different to the existing studies, ref. [31] pointed out that the unbiased extreme value volatility estimator, namely the Add RS, when incorporated into an ARFIMA model of heating oil futures volatility, outperforms the alternative models from the GARCH family over the daily period from 1996 to 2013. In a similar vein, in terms of methodological innovation, ref. [32] compared support vector regression (SVR) with the GARCH models, and showed the superiority of the former approach in forecasting the volatility of heating oil futures based on daily data from 2015 to 2019. However, this study also indicated that, within the GARCH models, asymmetric versions tend to perform better—an observation drawn earlier by [26]. Interestingly, while all the above studies relied on univariate models, ref. [30] stressed the need to look at multivariate (the Full BEKK [37], the Diagonal BEKK and Scalar BEKK) models while forecasting weekly spot prices of heating oil, as these frameworks capture the time-varying correlation between the returns processes of the energy-based commodities.



Given the brief description of the academic literature, it appears that our current paper is the first paper that evaluates the out-of-sample forecasting power of the El Niño and La Niña phases for the realized variance of heating oil price movements, which are likely to be affected via demand and volatility jumps channels, based on an extended HAR–RV model. Our focus is not necessarily to contribute to the technicality of volatility forecasting models, but rather to consider the usage of innovative predictors, namely the El Niño and La Niña phases.



Section 2 provides the dataset. Section 3 describes the HAR–RV model. Section 4 presents the results from our forecasting experiment. Section 5 concludes the paper.




2. Data


We use daily spot and futures prices of heating oil (U.S. dollars and cents per gallon) as represented by the New York Harbor No. 2 Heating Oil Spot Price FOB and the continuous NYMEX New York HARBOR ULSD futures contract, respectively, with the price data extracted from DataStream. After having computed the continuously compounded (i.e., log) daily returns of the spot and futures prices, we compute the monthly realized variance by taking the sum of daily squared returns over a month, where the overall sample period runs from June 1986 to April 2021. Figure 1 shows the daily price data that we used to construct the monthly realized variances. Table 1 depicts the key summary statistics of daily returns. Both returns series are slightly negatively skewed, are leptokurtic and they are slightly positively (negatively) skewed in the case of spot (futures) returns. The two top panels of Figure 2 show the monthly realized variances of the spot and futures returns of the heating oil price. While the overall pattern of RV is similar across the spot and futures data, there are also noticeable differences visible in the figure, for example, in the early 1990s, in 2000 and in 2020 at the end of the sample period.



In order to measure the ENSO cycle, we rely on the Southern Oscillation Index (SOI) as compiled and published by the Bureau of Meteorology, Government of Australia (http://www.bom.gov.au/climate/current/soihtm1.shtml, accessed on 21 May 2021). The SOI summarizes the development and intensity of El Niño or La Niña events in the Pacific Ocean. From a methodological point of view, the SOI is computed by taking the pressure differences between Tahiti and Darwin. Such pressure differences are important because low atmospheric pressure tends to occur over warm water, while high pressure tends to occur over cold water, in part because of deep convection over the warm water. El Niño phases are, by definition, periods of sustained warming of the central and eastern tropical Pacific Ocean. La Niña phases are periods of sustained cooling of the central and eastern tropical Pacific Ocean. As such, the result is a decrease and an increase in the strength of the Pacific trade winds, respectively. Sustained negative (positive) realizations of the SOI below (above) −7 (+7) usually indicate El Niño (La Niña) phases.



It should be mentioned, however, that a drawback of the SOI data is because both Darwin and Tahiti are located well south of the Equator, implying that the surface air pressure at both locations is less directly linked to ENSO. In order to address this drawback, a new index called the Equatorial Southern Oscillation Index (EQSOI) was constructed. For further details, see https://www.climate.gov/news-features/blogs/enso/why-are-there-so-many-enso-indexes-instead-just-one (accessed on 21 May 2021). The data for this index are collected at two new regions, both centered on the Equator, where the western one is located over Indonesia while the eastern one is located over the equatorial Pacific, close to the South American coast. We collect data on the EQSOI from the Climate Prediction Center of the National Oceanic and Atmospheric Administration (US Department of Commerce). See https://www.cpc.ncep.noaa.gov/data/indices/ (accessed on 21 May 2021).



Like [38], we first compute the SOI and EQSOI “anomalies”, defined as the deviation of the SOI and EQSOI in any given month from its historical average, normalized (divided) by its historical standard deviation. The two middle panels of Figure 2 show the EQSOI data and the EQSOI anomaly. Equipped with the anomalies, we identify sustained negative SOI and EQSOI anomaly values below −1 (above +1) as indicators of El Niño (La Niña) phases. In order to capture the two phases of the ENSO cycle, we create a dummy variable which assumes the value of one whenever the SOI and EQSOI anomalies are negative (positive), and zero otherwise. Finally, we multiply the dummy variable with the SOI and EQSOI anomalies to obtain a metric for the intensity of the El Niño (La Niña) phases. In our empirical analysis, we use the El Niño and La Niña phases, depicted in the two lower panels of Figure 2, associated with EQSOI as a measure of the ENSO, given its stronger reliability. We use the El Niño and La Niña phases based on the SOI data for a robustness check.




3. The HAR–RV Model


The HAR–RV model proposed by [24] has become the workhorse model in empirical finance for the analysis of the dynamics of the realized variance (  R V  ) of asset-price returns. While the HAR–RV model is typically applied to studying high-frequency data, we use a variant of the HAR–RV model to study the monthly realized variance (  R V  ) of spot and futures movements of the price of heating oil. Our benchmark HAR–RV model is given by:


  R  V  t + h   =  β 0  +  β 1  R  V t  +  β 2  R  V  q , t   +  β 3  R  V  y , t   +  ϵ  t + h   ,  



(1)




where   h =   the forecast horizon,   R  V  t + h   =   the average (spot or futures) realized variance observed during the forecast horizon,   R  V  q , t   =   the average quarterly realized variance from month   t − 3   to   t − 1  , and   R  V  y , t   =   the average yearly realized variance from month   t − 12   to   t − 1  ). We estimate the following coefficients    β j  , j = 0 , 1 , 2 , 3  , and    ϵ t  =   a disturbance term.



The predictive value of the benchmark HAR–RV model is compared to that of each of the following extended HAR–RV models:


     R  V  t + h       =  β 0  +  β 1  R  V t  +  β 2  R  V  q , t   +  β 3  R  V  y , t   +  β 4    El   Niño  t  +  ϵ  t + h   ,     



(2)






     R  V  t + h       =  β 0  +  β 1  R  V t  +  β 2  R  V  q , t   +  β 3  R  V  y , t   +  β 5    La   Niña  t  +  ϵ  t + h   ,     



(3)






     R  V  t + h       =  β 0  +  β 1  R  V t  +  β 2  R  V  q , t   +  β 3  R  V  y , t   +  β 4    El   Niño  t  +  β 5    La   Niña  t  +  ϵ  t + h   .     



(4)







In our empirical analysis, we focus on the out-of-sample predictive performance of our various HAR–RV models. We compute out-of-sample forecasts by estimating the models on rolling-estimation windows of different lengths. Equipped with the out-of-sample forecasts, we then evaluate the forecasts by means of the Clark and West [39] test. The null hypothesis of this test is that the two models that a researcher compares have an equal out-of-sample mean-squared prediction error (MSPE). The Clark–West test is easy to implement because it requires regressing the quantity     f ^   t + h   =   ( R  V  t + h   −    R V  ^   A , t + h   )  2  −  [   ( R  V  t + h   −    R V  ^   B , t + h   )  2  −   (    R V  ^   A , t + h   −    R V  ^   B , t + h   )  2  ]    on a constant. A hat over a variable marks a forecast of   R V   and the subindices A and B denote the two models being compared (B denotes the larger model). We reject the null hypothesis if the t-statistic of the constant in this regression model is significantly positive (one-sided test; we use Newey–West robust standard errors to compute the t-statistic). In addition, we use the root mean squared forecasting error (RMSFE) and the mean absolute forecasting error (MAFE) statistics to compare the forecasting performance of the various HAR–RV models. We carry out our forecasting experiments using the R language for statistical computing [40].



As an extension and a robustness check (and given the results of the causality-in-quantiles test reported in Table A1 at the end of the paper), we consider a quantile-regression version of the HAR–RV model (see [41,42], among others). The quantile-regression variant of the HAR–RV model is tailored to study whether the predictive value of the El Niño and La Niña phases differs across the quantiles of the conditional distribution of the realized variance. The quantile-regression HAQR–RV model is estimated by minimizing


    b ^  α  = arg min  ∑ t   ρ α   ( R  V  t + h   −  X t   b α  )  ,  



(5)




where    ρ α  =  ϵ  t + h    ( α − 1   (  ϵ  t + h   < 0 )    denotes the standard check function,  α  denotes a quantile,  1  denotes the indicator function, and   b α   denotes a vector of quantile-specific parameters to be estimated (a hat denotes an estimated parameter). In Equation (5), we simplify the notation by letting the matrix   X t   denote the predictors of the HAQR–RV model.



In order to evaluate forecasts for the various quantiles of the conditional distribution of   R V  , we use an out-of-sample relative loss criterion [43,44]. The out-of-sample relative-loss criterion,   R o  , is defined as:


   R o  = 1 −    ∑  t = τ  T   [ α +  ( 1 − 2 α )  1  ( R  V t  −    R V  ^   t , α   < 0 )  ]    | R  V t  −    R V  ^   t , α   |  p     ∑  t = τ  T   [ α +  ( 1 − 2 α )  1  ( R  V t  −    R V  ¯   t , α   < 0 )  ]    | R  V t  −    R V  ¯   t , α   |  p    ,  



(6)




where     R V  ¯  t   denotes the forecast derived from the benchmark model given in Equation (1),  τ  is the first period for which a forecast is available. It should be noted that the benchmark forecast is also indexed by the quantile parameter,  α , showing that the benchmark model is also estimated as an HARQ–RV model.



The parameter, p, governs the functional form used to compute the out-of-sample relative loss criterion. Specifically, in case we set   p = 1  , a forecaster evaluates forecast errors under a lin–lin loss function (L1; this case corresponds to the check function of the quantile regression framework), while in the case of   p = 2  , a forecaster uses a quad–quad loss function (L2) to evaluate forecast errors [45].



It should be noted that the quantile parameter,   α ∈ ( 0 , 1 )  , governs the asymmetry of the loss function. The loss function is symmetric for   α = 0.5   and is symmetric and quadratic if, in addition,   p = 2  . Setting   α = 0.5   and   p = 1  , in turn, implies that the the loss from a forecast error increases in the absolute magnitude of the forecast error. If   α > 0.5   (  α < 0.5  ), then the loss from underpredicting (overpredicting)   R V   exceeds the loss from an overprediction (underprediction) of the same size, that is, for   α ≠ 0.5   the loss function is asymmetric.



For a given quantile parameter and a given functional form of the loss function, the HARQ–RV model, extended to include the El Niño and/or La Niña phases, outperforms the benchmark HARQ–RV model when the out-of-sample relative loss criterion is positive,    R o  > 0  . When the out-of-sample relative loss criterion assumes a negative value,    R o  < 0  , the benchmark model performs better than the extended model.




4. Empirical Results


Table 2 summarizes our main forecasting results. We report, for the EQSOI data, results for the CW test (p-values) for different forecast horizons (  h = 1 , 3 , 6 , 12 , 24 , 36 , 48  ) and various lengths of the rolling estimation window (48, 60, 72, 96 and 120 months). In Panels A to C, we document the results for spot   R V  , while Panels D to F contain the results for futures   R V  . In the case of spot   R V   (Panel A), we observe that El Niño phases add to the predictive performance of the HAR–RV model when we use an intermediate window length and forecast horizons of up to two years. The test results become largely insignificant for the short and the long window length and for the longer forecast horizons. When we consider La Niña phases in Panel B, in contrast, most test results are significant. Only for a combination of a long estimation window and a short to intermediate forecast horizon are the test results not statistically significant. A similar result emerges when we combine El Niño and La Niña phases in a unified forecasting model (Panel C).



For the futures   R V  , the results are slightly different. The forecasting model that features El Niño phases as an additional predictor (Panel D) only adds predictive value to the HAR–RV model for the two short rolling estimation windows. The test results for the other model configurations are statistically insignificant. For La Niña phases, in contrast, the test results are stronger (Panel E). The CW test yields significant results for all combinations of window length and forecast horizon with only a few exceptions, which are not systematically linked either to the window length or the forecast horizon. It is clear, thus, that La Niña phases are an important source of the superior forecasting performance that we find in Panel F, where we consider the forecasting model that features both El Niño and La Niña phases as additional predictors.



It is interesting to examine whether the test results are robust to a change in the definition of realized variance. To this end, we report in Table 3 the test results for the square root of realized variance,    R V   , which researchers in empirical finance also often consider as a metric of realized “volatility”. The results that we document in Panel A witness that the contribution of El Niño phases to the predictive performance of the HAR–RV model, in the case of spot    R V   , is concentrated at the shorter forecast horizons. The overall picture that emerges, however, is that La Niña phases (Panel B) have a more systematic statistically significant effect on the forecasting performance of the HAR–RV model than on El Niño phases. Only the test results for the long rolling estimation window are not significant. We conclude that La Niña phases are a major driver of the results, especially as far as the longer forecast horizons are concerned, for the combined model in Panel C. For the futures-based    R V    (Panels D to F), the results are not too different. We observe that the contribution of El Niño phases to the forecasting performance of the HAR–RV model, in terms of statistical significance, is concentrated at the two short rolling estimation windows and at the intermediate forecast horizons. The overall picture that emerges from a comparison with the results for La Niña phases in Panel D, however, is that, with the exception of the long rolling estimation window, the test results for La Niña phases are statistically significant for a broader array of combinations of window length and forecast horizons. As a result, it is not surprising that the test results in Panel F, for a model that features both El Niño and La Niña phases as predictors, are largely significant.



Table 4 summarizes the results of an additional robustness check, where we replace our EQSOI-based predictors with corresponding predictors based on the SOI data. The results corroborate our EQSOI-based results. Most test results are statistically significant and show that accounting for El Niño and La Niña phases helps to improve forecasts of   R V   of heating oil price movements at various forecast horizons.



Our empirical findings show that both El Niño and La Niña have predictive value in an out-of-sample forecasting experiment for the realized variance (and volatility) of heating oil price movements, as measured by means of spot and futures price data. On balance, however, the predictive value of La Niña appears to be somewhat more robust in our out-of-sample forecasting experiment across the various model configurations that we have studied than the predictive value of El Niño. The results that we report in Table 5 illustrate this finding. Specifically, we report in Table 5 (for the EQSOI data in Panel A and the SOI data in Panel B) the average RMSFE statistics and the average ratios of the MAFE statistics as computed, for every model, across the five different lengths of the rolling-estimation window and the six different forecast horizons. The ratios are defined by dividing the RMSFE (MAFE) obtained for the baseline HAR–RV model by the corresponding RMSFE (MAFE) obtained for the HAR–RV model extended to include the El Niño and/or La Niña phases. Hence, a ratio larger than one indicates that the extended model produces, on average, more accurate forecasts than the baseline HAR–RV model. The punchline of the results summarized in Table 5 is that extending the the HAR–RV model to include El Niño phases tends to improve forecast accuracy, but extending the HAR–RV model to incorporate La Niña phases leads to a larger improvement of forecast accuracy. In fact, including both El Niño and La Niña phases in the forecasting model yields RMSFE and MAFE ratios that are close to the ratios reported for the forecasting model that features the La Niña phases as the only additional predictor.



We next turn to a quantiles-based analysis. As for in-sample predictability, we find, based on the multivariate version of the the nonparametric k-th order causality-in-quantiles test of [46], which allows us to test for causality in (spot and futures) returns and squared returns (i.e., variance) simultaneously over their respective conditional distributions (thus defining the states of the heating oil market) strong evidence of in-sample predictability from both El Niño and La Niña phases, when controlling for La Niña or El Niño in the model, respectively—see the results reported in Table A1 at the end of the paper. The results further show that the evidence of in-sample predictability is not concentrated at one or a few quantiles, justifying our decision to use the HARQ–RV model to compute quantile-specific forecasts of   R V  , and to use the out-of-sample relative-loss criterion to evaluate the forecasts relative to the forecasts we obtain from the benchmark HARQ–RV model. In order to save journal space, we compare the models that feature either El Niño or La Niña phases as an additional predictor. Figure 3 and Figure 4 summarize the results for the spot   R V   under the lin–lin and quad–quad loss function. For the lin–lin loss function, the colored areas depicted in the figure show that, according to the out-of-sample relative-loss criterion, using El Niño phases contributes to the overall forecasting performance of the HARQ–RV model mainly at the short to intermediate forecast horizons, while the areas where the benchmark HARQ–RV model performs better than the extended model become larger as the forecast horizon increases. The results for the La Niña phases, in contrast, show that the contribution of this predictor to the forecasting performance of the model increases in terms of the out-of-sample relative-loss criterion when we study the intermediate to long forecast horizons. For the quad–quad loss function, in turn, the HARQ–RV model extended to include La Niña phases as an additional predictor outperforms the benchmark HARQ–RV model in terms of the out-of-sample relative-loss criterion for most combinations of the quantile parameter and the length of the rolling estimation window for all forecast horizons being studied. A key message conveyed by the results is that the overall contribution of La Niña phases to the forecasting performance of the model is stronger than that of El Niño phases. In this regard, it should also be noted that, as indicated by the legends of the figures, the maximum gains a forecaster can realize in terms of the out-of-sample relative-loss criterion are often larger for La Niña phases than for El Niño phases.



In this regard, we note that the higher values of the statistic for the k-th order nonparametric causality-in-quantiles test, as reported in Table A1, confirm the finding of a stronger impact of La Niña phases relative to El Niño ones, especially at higher conditional quantiles, which corresponds to higher returns and volatility. In fact, based on the average derivative (AD) using the conditional pivotal quantile, based on the approximation or the coupling approach of [47], both El Niño and La Niña phases are found to have a positive relationship with the entire conditional distributions of returns and the volatility of heating oil price. These results are available from the authors upon request.



Figure A1 and Figure A2 at the end of the paper (Appendix A) summarize the results for the futures   R V  . Again, we observe that the range of combinations of the quantile parameter and the length of the rolling estimation window that result in positive realizations of the out-of-sample relative-loss criterion tends to be wider for La Niña phases than for El Niño phases. Hence, to summarize, the message to take home from the results is that the out-of-sample relative loss criterion takes on positive values for many combinations of the quantile parameter, window length, and the the forecast horizon being studied, especially as far as the La Niña phases are concerned.



Finally, we present in Table 6 the results for upside (“good”) and downside (“bad”)   R V  , where the former is computed from positive daily returns, while the latter is computed from negative daily returns. This is an important issue, as [48] stresses that financial market participants care not only about the nature of volatility, but also about its level, with traders typically differentiating between good and bad volatilities, which, in turn, provides us the motivation to look at such disaggregation of   R V  . We present in Table 6 the results for the futures   R V  , but results for spot   R V   are qualitatively similar (and available from the authors upon request). The results show that El Niño phases add to the forecasting performance of the HAR–RV model estimated for upside and downside   R V   only for the two shortest rolling estimation windows. La Niña phases, in contrast, also carry information for several forecast horizons, which is useful for forecasting upside and downside   R V   when we study the longer rolling-estimation windows, in the case of downside   R V   mainly for the longer forecast horizons. As a consequence, it is not surprising that using both El Niño and La Niña phases as predictors of upside/downside   R V   results in significant test results for several combinations of the rolling estimation window and the forecast horizon.




5. Conclusions


Our empirical findings show that both El Niño and La Niña phases contain predictive value for the realized variance (and volatility) of heating oil price movements. Across the various model configurations that we have studied, however, the predictive value of La Niña phases appears to be stronger than the predictive value of El Niño phases in terms of both statistical significance of the test results and in terms of forecast accuracy, which is not surprising given that the latter is associated with the cooling of temperatures and, hence, greater demand for heating oil and a stronger impact on volatility via trading in the market.



Our results are useful for investors who need to obtain reliable information on the response of the future path of heating oil price fluctuations to changes in climate patterns for portfolio management and hedging decisions. Our results also have implications from the context of “sustainability"; in this case related to the environment. Note that La Niña phases lead to a greater demand for heating oil, and hence drive the volatility of heating oil price. Now, the rise in heating oil demand is expected to cause an increase in the emissions of carbon dioxide, which is known to result in global warming [49,50,51,52]. The implication of this is that the warming of the ocean’s surface is faster than the subsurface, which is likely to induce occurrences of the El Niño phenomena [53]. In this regard, the National Oceanic and Atmospheric Management Climate Prediction Center states that global warming makes the extreme weather more severe, including an increase in the frequency of the super El Niño phenomenon. Therefore, there is a close feedback relationship between the El Niño phenomenon and the movements in prices in the heating oil market, resulting from its high demand due to La Niña phases. Naturally, policy authorities need to ensure stability in the price of the heating oil market, which would only be possible if the demand is kept from fluctuating wildly in the wake of La Niña events, and this would entail investing more in greener, more sustainable and renewable energy sources such as solar, wind, hydro, ocean, geothermal, biomass and hydrogen.



In future research, it will be interesting to build on our empirical research and examine how the returns and the realized variance of the prices of non-energy (for example, agricultural) commodities respond to El Niño and La Niña phases, and whether these phases help to forecast price movements. Such a forecasting exercise for the returns and the variance should be particularly useful for policymakers in developing countries, and in countries whose exports consist, to a large extent, of agricultural commodities.
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Table A1. k-th Order Nonparametric Causality-in-quantiles Test Results.
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Heating Oil Returns

	
Heating Oil Volatility (Squared Returns)




	

	
Spot

	
Futures

	
Spot

	
Futures




	
Quantile

	
El Niño

	
La Niña

	
El Niño

	
La Niña

	
El Niño

	
La Niña

	
El Niño

	
La Niña






	
0.05

	
1.89 *

	
1.98 **

	
2.00 **

	
2.29 **

	
1.70 *

	
1.84 *

	
2.21 **

	
2.24 **




	
0.10

	
2.71 ***

	
2.61 ***

	
3.40 ***

	
3.23 ***

	
2.63 ***

	
2.58 ***

	
3.26 ***

	
3.07 ***




	
0.15

	
3.82 ***

	
3.51 ***

	
4.32 ***

	
4.33 ***

	
3.57 ***

	
3.40 ***

	
4.07 ***

	
4.08 ***




	
0.20

	
4.44 ***

	
4.35 ***

	
4.78 ***

	
4.86 ***

	
4.08 ***

	
3.91 ***

	
4.81 ***

	
5.10 ***




	
0.25

	
4.66 ***

	
4.41 ***

	
5.77 ***

	
5.39 ***

	
4.67 ***

	
4.51 ***

	
5.36 ***

	
5.11 ***




	
0.30

	
4.93 ***

	
5.08 ***

	
5.80 ***

	
5.50 ***

	
4.79 ***

	
4.84 ***

	
5.75 ***

	
5.95 ***




	
0.35

	
5.19 ***

	
5.21 ***

	
5.86 ***

	
5.90 ***

	
5.08 ***

	
5.39 ***

	
6.10 ***

	
6.19 ***




	
0.40

	
5.22 ***

	
5.22 ***

	
5.86 ***

	
6.03 ***

	
5.26 ***

	
5.34 ***

	
5.95 ***

	
6.01 ***




	
0.45

	
5.26 ***

	
5.28 ***

	
5.91 ***

	
5.84 ***

	
5.38 ***

	
5.39 ***

	
5.84 ***

	
6.03 ***




	
0.50

	
5.53 ***

	
5.40 ***

	
5.98 ***

	
5.90 ***

	
5.38 ***

	
5.31 ***

	
5.93 ***

	
5.81 ***




	
0.55

	
5.09 ***

	
5.25 ***

	
5.91 ***

	
5.62 ***

	
5.09 ***

	
5.09 ***

	
5.87 ***

	
5.73 ***




	
0.60

	
4.86 ***

	
5.03 ***

	
5.59 ***

	
5.43 ***

	
4.91 ***

	
4.88 ***

	
5.50 ***

	
5.34 ***




	
0.65

	
4.71 ***

	
4.87 ***

	
5.16 ***

	
5.31 ***

	
4.66 ***

	
4.86 ***

	
5.48 ***

	
5.30 ***




	
0.70

	
4.15 ***

	
4.45 ***

	
4.86 ***

	
5.22 ***

	
4.26 ***

	
4.64 ***

	
5.12 ***

	
5.13 ***




	
0.75

	
3.96 ***

	
4.17 ***

	
4.57 ***

	
4.90 ***

	
4.00 ***

	
4.17 ***

	
4.66 ***

	
5.10 ***




	
0.80

	
3.59 ***

	
3.72 ***

	
4.28 ***

	
4.45 ***

	
3.48 ***

	
3.76 ***

	
4.14 ***

	
4.23 ***




	
0.85

	
3.09 ***

	
3.42 ***

	
3.55 ***

	
3.57 ***

	
3.02 ***

	
3.32 ***

	
3.61 ***

	
3.66 ***




	
0.90

	
2.79 ***

	
2.87 ***

	
2.85 ***

	
3.09 ***

	
2.69 ***

	
2.87 ***

	
3.13 ***

	
3.21 ***




	
0.95

	
2.22 **

	
1.98 **

	
2.24 **

	
2.25 **

	
2.06 **

	
2.03 **

	
2.10 **

	
2.12 **








Note: *, **, and *** indicates rejection of the null hypothesis of no-causality due to El Niño or La Niña phases derived from the EQSOI (when controlling for La Niña or El Niño in the model) for a specific quantile at   10 %  ,   5 %  , and   1 %   level of significance, with critical values of 1.645, 1.96 and 2.575 respectively corresponding to the standard normal test-statistic of the k-th order nonparametric causality-in-quantiles test of Balcilar et al. (2018) [46].
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Figure A1. Results for the HARQ-RV Model (Futures; Lin-Lin Loss Function). Note: This figure reports the out-of-sample relative loss criterion for a lin-lin loss function (L1) and an extended HARQ-RV models that features either El Niño or La Niña phases as an additional predictor. The baseline model is the benchmark HARQ-RV model. White spaces indicate areas where the out-of-sample relative loss criterion takes on negative values (the baseline model performs better than the extended model). The rolling-estimation window is varied from 48, 49, 50, … to 120 observations. The results are based on the SOI data. The parameter h denotes the forecast horizon (in months). 
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Figure A2. Results for the HARQ-RV Model (Futures; Quad-Quad Loss Function). Note: This figure reports the out-of-sample relative loss criterion for a quad-quad loss function (L2) and an extended HARQ-RV models that features either El Niño or La Niña phases as an additional predictor. The baseline model is the benchmark HARQ-RV model. White spaces indicate areas where the out-of-sample relative loss criterion takes on negative values (the baseline model performs better than the extended model). The rolling-estimation window is varied from 48, 49, 50, … to 120 observations. The results are based on the SOI data. The parameter h denotes the forecast horizon (in months). 
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Figure 1. The Spot and Futures Data. Note: The figure shows the daily spot und futures price data (in US dollars per gallon) used to construct the monthly realized variance of movements of the price of heating oil. 
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Figure 2. The   R V    a d   and EQSOI Data. 
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Figure 3. Results for the HARQ–RV Model (Spot; Lin–Lin Loss Function). Note: This figure reports the out-of-sample relative loss criterion for a lin–lin loss function (L1) and an extended HARQ–RV models that features either El Niño or La Niña phases as an additional predictor. The baseline model is the benchmark HARQ–RV model. White spaces indicate areas where the out-of-sample relative loss criterion takes on negative values (the baseline model performs better than the extended model). The rolling estimation window is varied from 48, 49, 50, … to 120 observations. The results are based on the EQSOI data. The parameter h denotes the forecast horizon (in months). 
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Figure 4. Results for the HARQ–RV Model (Spot; Quad–Quad Loss Function). Note: This figure reports the out-of-sample relative loss criterion for a quad-quad loss function (L2) and an extended HARQ–RV models that features either El Niño or La Niña phases as an additional predictor. The baseline model is the benchmark HARQ–RV model. White spaces indicate areas where the out-of-sample relative loss criterion takes on negative values (the baseline model performs better than the extended model). The rolling estimation window is varied from 48, 49, 50, … to 120 observations. The results are based on the EQSOI data. The parameter h denotes the forecast horizon (in months). 
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Table 1. Summary Statistics of Returns.
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	Statistic
	Spot
	Futures





	Mean
	0.0002
	0.0002



	Standard deviation
	0.0246
	0.0229



	Skewness
	−1.4094
	−1.1954



	Kurtosis
	37.1312
	21.3331



	AR(1)
	0.0002
	−0.0236







Note: The number of observations on returns is 9109 for both spot and futures returns.
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Table 2. Clark–West Test Results.
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Panel A: Spot RV (El Niño)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.1766

	
0.1141

	
0.1336

	
0.0135

	
0.4691

	
0.1135

	
0.1155




	
Window length = 60

	
0.0993

	
0.0354

	
0.0606

	
0.0319

	
0.0219

	
0.1080

	
0.2243




	
Window length = 72

	
0.0797

	
0.0462

	
0.0585

	
0.0376

	
0.0772

	
0.4138

	
0.7867




	
Window length = 96

	
0.1459

	
0.0943

	
0.0916

	
0.0875

	
0.1299

	
0.7561

	
0.8137




	
Window length = 120

	
0.1027

	
0.0960

	
0.1349

	
0.1423

	
0.1578

	
0.6694

	
0.7623




	
Panel B: Spot RV (La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0355

	
0.0078

	
0.0374

	
0.0180

	
0.3356

	
0.6720

	
0.0502




	
Window length = 60

	
0.0405

	
0.0581

	
0.0284

	
0.0096

	
0.0008

	
0.0107

	
0.0013




	
Window length = 72

	
0.0813

	
0.0904

	
0.0606

	
0.0290

	
0.0054

	
0.0020

	
0.0020




	
Window length = 96

	
0.1410

	
0.1247

	
0.1048

	
0.0536

	
0.0394

	
0.0299

	
0.0172




	
Window length = 120

	
0.1553

	
0.1632

	
0.1706

	
0.1034

	
0.0822

	
0.1033

	
0.0734




	
Panel C: Spot RV (El Niño and La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0191

	
0.0017

	
0.0099

	
0.0074

	
0.4377

	
0.0695

	
0.0368




	
Window length = 60

	
0.0288

	
0.0457

	
0.0102

	
0.0046

	
0.0009

	
0.0397

	
0.0186




	
Window length = 72

	
0.0650

	
0.0729

	
0.0335

	
0.0206

	
0.0050

	
0.0177

	
0.0065




	
Window length = 96

	
0.1312

	
0.1145

	
0.0837

	
0.0487

	
0.0392

	
0.0052

	
0.0040




	
Window length = 120

	
0.1369

	
0.1375

	
0.1342

	
0.0931

	
0.0740

	
0.0298

	
0.0274




	
Panel D: Futures RV (El Niño)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0221

	
0.0069

	
0.0159

	
0.0277

	
0.0232

	
0.0448

	
0.0685




	
Window length = 60

	
0.0459

	
0.0123

	
0.0222

	
0.0545

	
0.0683

	
0.0584

	
0.0658




	
Window length = 72

	
0.2770

	
0.0685

	
0.1112

	
0.1005

	
0.2046

	
0.5192

	
0.7192




	
Window length = 96

	
0.4088

	
0.0964

	
0.1847

	
0.3417

	
0.6243

	
0.9867

	
0.9144




	
Window length = 120

	
0.3303

	
0.0517

	
0.0616

	
0.0122

	
0.0024

	
0.3246

	
0.4821




	
Panel E: Futures RV (La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.1697

	
0.0652

	
0.1175

	
0.3629

	
0.0340

	
0.0737

	
0.0333




	
Window length = 60

	
0.0167

	
0.0266

	
0.0168

	
0.0321

	
0.0024

	
0.0239

	
0.0072




	
Window length = 72

	
0.2276

	
0.0947

	
0.0545

	
0.0398

	
0.0039

	
0.0022

	
0.0015




	
Window length = 96

	
0.1098

	
0.0800

	
0.0501

	
0.0717

	
0.1550

	
0.2296

	
0.0582




	
Window length = 120

	
0.1188

	
0.1280

	
0.0809

	
0.0655

	
0.0411

	
0.0700

	
0.0647




	
Panel F: Futures RV (El Niño and La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
tabularnewline Window length = 48

	
0.0096

	
0.0008

	
0.0024

	
0.0346

	
0.0091

	
0.0245

	
0.0228




	
Window length = 60

	
0.0119

	
0.0060

	
0.0114

	
0.0419

	
0.0155

	
0.0106

	
0.0032




	
Window length = 72

	
0.1960

	
0.0479

	
0.0613

	
0.0299

	
0.0022

	
0.0016

	
0.0021




	
Window length = 96

	
0.1563

	
0.0472

	
0.0487

	
0.0365

	
0.1722

	
0.2836

	
0.0678




	
Window length = 120

	
0.1839

	
0.0555

	
0.0558

	
0.0175

	
0.0200

	
0.0558

	
0.0383








Note: This table reports results (p-values) of the Clark–West test for an equal mean squared prediction error (MSPE) for alternative forecast horizons and alternative lengths of the rolling estimation window used to compute forecasts. The baseline HAR–RV model is the benchmark model, and the HAR–RV that features El Niño and/or La Niña phases as predictors is the rival model. The alternative hypothesis is that the rival model has a smaller MSPE than the benchmark model. The parameter h denotes the forecast horizon (in months). The p-values are based on robust standard errors.
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Table 3. Test Results for   R  V  0.5    .
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Panel A: Spot RV (El Niño)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0304

	
0.0238

	
0.0682

	
0.1023

	
0.0544

	
0.1206

	
0.1089




	
Window length = 60

	
0.1012

	
0.0267

	
0.0837

	
0.1018

	
0.0648

	
0.0804

	
0.1197




	
Window length = 72

	
0.0803

	
0.0304

	
0.0780

	
0.0976

	
0.1459

	
0.3367

	
0.5523




	
Window length = 96

	
0.0703

	
0.0373

	
0.0717

	
0.1230

	
0.1610

	
0.6337

	
0.6159




	
Window length = 120

	
0.0606

	
0.0432

	
0.0673

	
0.0956

	
0.1230

	
0.8169

	
0.8414




	
Panel B: Spot RV (La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0320

	
0.0281

	
0.0073

	
0.0089

	
0.0095

	
0.0692

	
0.0320




	
Window length = 60

	
0.0131

	
0.0300

	
0.0126

	
0.0045

	
0.0002

	
0.0160

	
0.0050




	
Window length = 72

	
0.0568

	
0.0740

	
0.0551

	
0.0103

	
0.0001

	
0.0020

	
0.0011




	
Window length = 96

	
0.1485

	
0.1622

	
0.1374

	
0.0354

	
0.0188

	
0.0199

	
0.0107




	
Window length = 120

	
0.1913

	
0.1931

	
0.2123

	
0.1376

	
0.1327

	
0.1325

	
0.0926




	
Panel C: Spot RV (El Niño and La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0112

	
0.0079

	
0.0061

	
0.0038

	
0.0299

	
0.0443

	
0.0160




	
Window length = 60

	
0.0071

	
0.0139

	
0.0070

	
0.0128

	
0.0119

	
0.0146

	
0.0177




	
Window length = 72

	
0.0327

	
0.0403

	
0.0235

	
0.0057

	
0.0011

	
0.0113

	
0.0119




	
Window length = 96

	
0.1179

	
0.1284

	
0.0959

	
0.0249

	
0.0188

	
0.0223

	
0.0129




	
Window length = 120

	
0.1702

	
0.1438

	
0.1346

	
0.1113

	
0.1212

	
0.0938

	
0.0600




	
Panel D: Futures RV (El Niño)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0980

	
0.0106

	
0.0207

	
0.0503

	
0.0400

	
0.0463

	
0.0825




	
Window length = 60

	
0.1202

	
0.0033

	
0.0256

	
0.0819

	
0.0926

	
0.0887

	
0.1176




	
Window length = 72

	
0.1844

	
0.0219

	
0.0589

	
0.0471

	
0.1017

	
0.3484

	
0.5596




	
Window length = 96

	
0.2597

	
0.0470

	
0.1493

	
0.2718

	
0.3910

	
0.8508

	
0.6995




	
Window length = 120

	
0.3717

	
0.0831

	
0.0858

	
0.0601

	
0.0327

	
0.5982

	
0.6202




	
Panel E: Futures RV (La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0241

	
0.0187

	
0.0279

	
0.0936

	
0.0190

	
0.0655

	
0.0203




	
Window length = 60

	
0.0086

	
0.0208

	
0.0210

	
0.0144

	
0.0027

	
0.0264

	
0.0079




	
Window length = 72

	
0.0913

	
0.0670

	
0.0728

	
0.0269

	
0.0048

	
0.0200

	
0.0191




	
Window length = 96

	
0.0665

	
0.0748

	
0.0774

	
0.0743

	
0.0769

	
0.0958

	
0.0561




	
Window length = 120

	
0.1264

	
0.1566

	
0.1785

	
0.0965

	
0.0917

	
0.1095

	
0.0891




	
Panel F: Futures RV (El Niño and La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0295

	
0.0021

	
0.0043

	
0.0224

	
0.0181

	
0.0194

	
0.0095




	
Window length = 60

	
0.0161

	
0.0039

	
0.0069

	
0.0206

	
0.0233

	
0.0131

	
0.0080




	
Window length = 72

	
0.0787

	
0.0252

	
0.0284

	
0.0067

	
0.0063

	
0.0310

	
0.0379




	
Window length = 96

	
0.0944

	
0.0399

	
0.0590

	
0.0478

	
0.0857

	
0.1089

	
0.0552




	
Window length = 120

	
0.1770

	
0.0821

	
0.1001

	
0.0670

	
0.0874

	
0.0932

	
0.0593








Note: This table reports results (p-values) of the Clark–West test for an equal mean squared prediction error (MSPE) for alternative forecast horizons and alternative lengths of the rolling estimation window used to compute forecasts. The baseline HAR–RV model is the benchmark model, and the HAR–RV that features El Niño and/or La Niña phases as predictors is the rival model. The alternative hypothesis is that the rival model has a smaller MSPE than the benchmark model. The parameter h denotes the forecast horizon (in months). The p-values are based on robust standard errors.
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Table 4. Test Results for SOI.






Table 4. Test Results for SOI.





	
Panel A: Spot RV (El Niño)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.1606

	
0.0285

	
0.0333

	
0.0122

	
0.5127

	
0.0322

	
0.0797




	
Window length = 60

	
0.0204

	
0.0010

	
0.0008

	
0.0021

	
0.0056

	
0.1035

	
0.3536




	
Window length = 72

	
0.0543

	
0.0156

	
0.0051

	
0.0096

	
0.0049

	
0.2092

	
0.1960




	
Window length = 96

	
0.1470

	
0.0958

	
0.0437

	
0.0520

	
0.0849

	
0.9016

	
0.2992




	
Window length = 120

	
0.1672

	
0.1758

	
0.1509

	
0.1140

	
0.2000

	
0.9645

	
0.7523




	
Panel B: Spot RV (La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0675

	
0.0549

	
0.1364

	
0.0119

	
0.1180

	
0.3431

	
0.0071




	
Window length = 60

	
0.0105

	
0.0216

	
0.0041

	
0.0032

	
0.0022

	
0.0001

	
0.0004




	
Window length = 72

	
0.0638

	
0.0436

	
0.0343

	
0.0316

	
0.0098

	
0.0002

	
0.0051




	
Window length = 96

	
0.1169

	
0.0981

	
0.0692

	
0.0588

	
0.0450

	
0.0299

	
0.0276




	
Window length = 120

	
0.0656

	
0.1245

	
0.1047

	
0.0400

	
0.0344

	
0.0409

	
0.0232




	
Panel C: Spot RV (El Niño and La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.2468

	
0.0192

	
0.0743

	
0.0182

	
0.1948

	
0.0011

	
0.0038




	
Window length = 60

	
0.0122

	
0.0106

	
0.0009

	
0.0032

	
0.0011

	
0.0004

	
0.0003




	
Window length = 72

	
0.0545

	
0.0303

	
0.0074

	
0.0156

	
0.0052

	
0.0001

	
0.0016




	
Window length = 96

	
0.1256

	
0.0951

	
0.0608

	
0.0538

	
0.0426

	
0.0194

	
0.0227




	
Window length = 120

	
0.1051

	
0.1241

	
0.0890

	
0.0628

	
0.0356

	
0.0147

	
0.0193




	
Panel D: Futures RV (El Niño)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.1421

	
0.0776

	
0.0139

	
0.0011

	
0.0238

	
0.0411

	
0.0397




	
Window length = 60

	
0.0677

	
0.0075

	
0.0009

	
0.0013

	
0.0115

	
0.0147

	
0.0162




	
Window length = 72

	
0.1734

	
0.0596

	
0.0078

	
0.0053

	
0.0188

	
0.0244

	
0.0272




	
Window length = 96

	
0.2947

	
0.1487

	
0.0414

	
0.1266

	
0.6690

	
0.9802

	
0.7344




	
Window length = 120

	
0.1104

	
0.0412

	
0.0062

	
0.0052

	
0.0003

	
0.1895

	
0.3012




	
Panel E: Futures RV (La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.4347

	
0.0727

	
0.2163

	
0.3099

	
0.0625

	
0.1152

	
0.0574




	
Window length = 60

	
0.0861

	
0.0056

	
0.0095

	
0.0028

	
0.0070

	
0.0143

	
0.0035




	
Window length = 72

	
0.2762

	
0.0896

	
0.0600

	
0.0279

	
0.0089

	
0.0046

	
0.0013




	
Window length = 96

	
0.0469

	
0.0359

	
0.0665

	
0.0652

	
0.1159

	
0.0520

	
0.0087




	
Window length = 120

	
0.0569

	
0.0648

	
0.0742

	
0.0467

	
0.0120

	
0.0208

	
0.0164




	
Panel F: Futures RV (El Niño and La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.2481

	
0.1042

	
0.0253

	
0.0275

	
0.0129

	
0.0205

	
0.0102




	
Window length = 60

	
0.0289

	
0.0012

	
0.0005

	
0.0006

	
0.0028

	
0.0036

	
0.0017




	
Window length = 72

	
0.1368

	
0.0348

	
0.0034

	
0.0040

	
0.0037

	
0.0015

	
0.0005




	
Window length = 96

	
0.0787

	
0.0351

	
0.0243

	
0.0627

	
0.2061

	
0.1375

	
0.0198




	
Window length = 120

	
0.0986

	
0.0453

	
0.0106

	
0.0113

	
0.0083

	
0.0251

	
0.0204








Note: This table reports results (p-values) of the Clark–West test for an equal mean squared prediction error (MSPE) for alternative forecast horizons and alternative lengths of the rolling estimation window used to compute forecasts. The baseline HAR–RV model is the benchmark model, and the HAR–RV that features El Niño and/or La Niña phases as predictors is the rival model. The alternative hypothesis is that the rival model has a smaller MSPE than the benchmark model. The parameter h denotes the forecast horizon (in months). The p-values are based on robust standard errors.
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Table 5. RMSFE and MAFE Ratios.
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Panel A: EQSOI




	
results.table

	
El Niño

	
La Niña

	
Both




	
RMSFE / Spot

	
0.9954

	
1.0137

	
1.0124




	
RMSFE / Futures

	
1.0012

	
1.0364

	
1.0284




	
MAFE / Spot

	
1.0057

	
1.0524

	
1.0680




	
MAFE / Futures

	
1.0070

	
1.0392

	
1.0411




	
Panel B: SOI




	
results.table

	
El Niño

	
La Niña

	
Both




	
RMSFE / Spot

	
1.0026

	
1.0474

	
1.0420




	
RMSFE / Futures

	
1.0130

	
1.0396

	
1.0333




	
MAFE / Spot

	
1.0080

	
1.0621

	
1.0638




	
MAFE / Futures

	
1.0178

	
1.0388

	
1.0384








Note: This table reports the ratio of the average root mean squared forecasting errors (RMSFE) and the ratios of the mean absolute forecasting errors (MAFE). The ratios are defined by dividing the RMSFE (MAFE) obtained for the baseline HAR–RV model by the RMSFE (MAFE) obtained for the HAR–RV model extended to include El Niño and/or La Niña phases. The average RMSFE (MAFE) is computed by computing the mean RMSFE (MAFE) across the five different lengths of the rolling estimation window and the six different forecast horizons.
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Table 6. Test Results for Upside and Downside Variances.
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Panel A: Futures Upside RV (El Niño)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0802

	
0.0083

	
0.0436

	
0.0651

	
0.0199

	
0.0351

	
0.0661




	
Window length = 60

	
0.2215

	
0.0261

	
0.0388

	
0.0385

	
0.0540

	
0.0393

	
0.0463




	
Window length = 72

	
0.2874

	
0.0776

	
0.0740

	
0.0650

	
0.0872

	
0.3049

	
0.5776




	
Window length = 96

	
0.6678

	
0.0958

	
0.2408

	
0.3105

	
0.3256

	
0.8476

	
0.7553




	
Window length = 120

	
0.4435

	
0.0650

	
0.1044

	
0.1062

	
0.0232

	
0.6889

	
0.6491




	
Panel B: Futures Upside RV (La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.1360

	
0.0536

	
0.1111

	
0.1723

	
0.0265

	
0.0649

	
0.0304




	
Window length = 60

	
0.0655

	
0.0114

	
0.0059

	
0.0055

	
0.0026

	
0.0142

	
0.0020




	
Window length = 72

	
0.2895

	
0.0650

	
0.0326

	
0.0231

	
0.0081

	
0.0339

	
0.0170




	
Window length = 96

	
0.1860

	
0.0451

	
0.0337

	
0.0583

	
0.1715

	
0.1808

	
0.0711




	
Window length = 120

	
0.1357

	
0.1055

	
0.0864

	
0.1136

	
0.1010

	
0.1301

	
0.0827




	
Panel C: Futures Upside RV (El Niño and La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.0533

	
0.0032

	
0.0102

	
0.0393

	
0.0106

	
0.0134

	
0.0128




	
Window length = 60

	
0.1807

	
0.0060

	
0.0114

	
0.0171

	
0.0201

	
0.0063

	
0.0016




	
Window length = 72

	
0.2214

	
0.0263

	
0.0364

	
0.0186

	
0.0066

	
0.0472

	
0.0292




	
Window length = 96

	
0.2847

	
0.0135

	
0.0326

	
0.0229

	
0.1442

	
0.1936

	
0.0782




	
Window length = 120

	
0.3162

	
0.0477

	
0.0733

	
0.0343

	
0.0821

	
0.1282

	
0.0658




	
Panel D: Futures Downside RV (El Niño)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.2710

	
0.0041

	
0.0225

	
0.0106

	
0.0086

	
0.0434

	
0.0574




	
Window length = 60

	
0.0560

	
0.0106

	
0.0298

	
0.0224

	
0.0411

	
0.0454

	
0.0393




	
Window length = 72

	
0.2463

	
0.1200

	
0.2237

	
0.2001

	
0.3406

	
0.6335

	
0.7758




	
Window length = 96

	
0.2147

	
0.1212

	
0.2447

	
0.3576

	
0.5843

	
0.9916

	
0.9729




	
Window length = 120

	
0.1684

	
0.0538

	
0.0585

	
0.0428

	
0.1032

	
0.0623

	
0.3510




	
Panel E: Futures Downside RV (La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.2406

	
0.1667

	
0.2421

	
0.4474

	
0.0424

	
0.0513

	
0.0483




	
Window length = 60

	
0.0164

	
0.0844

	
0.0665

	
0.0249

	
0.0008

	
0.0055

	
0.0027




	
Window length = 72

	
0.2914

	
0.1460

	
0.1349

	
0.0762

	
0.0065

	
0.0006

	
0.0004




	
Window length = 96

	
0.0882

	
0.1237

	
0.1200

	
0.0665

	
0.1919

	
0.3756

	
0.1083




	
Window length = 120

	
0.1228

	
0.1277

	
0.1302

	
0.0547

	
0.0141

	
0.0258

	
0.0377




	
Panel F: Futures Downside RV (El Niño and La Niña)




	
Forecast horizon

	
h = 1

	
h = 3

	
h = 6

	
h = 12

	
h = 24

	
h = 36

	
h = 48




	
Window length = 48

	
0.1381

	
0.0011

	
0.0101

	
0.0317

	
0.0019

	
0.0203

	
0.0201




	
Window length = 60

	
0.0170

	
0.0359

	
0.0430

	
0.0298

	
0.0035

	
0.0041

	
0.0013




	
Window length = 72

	
0.3039

	
0.1486

	
0.1882

	
0.0822

	
0.0046

	
0.0001

	
0.0002




	
Window length = 96

	
0.1072

	
0.0984

	
0.1174

	
0.0554

	
0.2025

	
0.4249

	
0.1153




	
Window length = 120

	
0.1366

	
0.0746

	
0.0512

	
0.0230

	
0.0147

	
0.0111

	
0.0199








Note: The results for upside and downside variances are based on the futures and the EQSOI data. This table reports results (p-values) of the Clark–West test for an equal mean squared prediction error (MSPE) for alternative forecast horizons and alternative lengths of the rolling-estimation window used to compute forecasts. The baseline HAR–RV model is the benchmark model, and the HAR–RV that features El Niño and/or La Niña phases as predictors is the rival model. The alternative hypothesis is that the rival model has a smaller MSPE than the benchmark model. The parameter h denotes the forecast horizon (in months). The p-values are based on robust standard errors.
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