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Overview
[bookmark: _Hlk512001970]A number of previous authors have shown that the mean change in natural gas prices in the US along with the variance of that change can be explained by corresponding mean changes in oil prices and oil price volatilities, storage announcements and temperature shocks. These authors have all used the National Oceanic and Atmospheric Administration (NOAA) definitions of heating (HDD) and cooling (CDD) degree days to measure temperature shocks, and thus shocks to the demand for natural gas for heating or cooling. These measures are calculated by comparing the average of the daily maximum and minimum temperatures (the so-called daily mean temperature) to 65°F (18.33°C). Each day that the daily mean is above 65°F, CDD is set equal to the number of degrees of difference between the daily mean and 65°F and zero otherwise. Conversely, each day that the daily mean is below 65°F, HDD is set equal to the number of degrees of difference between 65°F and the daily mean and zero otherwise. The U.S. Energy Information Administration (EIA) uses population-weighted degree days calculated this way to model and project energy consumption for the United States and for U.S. Census regions and divisions. NOAA also calculates “gas home heating customer weighted degree days” by using “the number of residential customers heating with gas” in each region (according to the 2000 census) as weights. No doubt many in the industry use the latter as more appropriate measures for projecting natural gas demand.
There are several potential issues associated with using standard HDD and CDD measures to predict natural gas demands. First, the daily mean may be a poor indicator of the demand for heating or cooling services. On some days, for example when a strong cold front moves through in the autumn or spring, natural gas may be used to generate electricity for cooling before the front arrives and possibly also for heating after the temperature drops dramatically. The average of the daily maximum and minimum may then be close to the threshold temperature and suggest that both CDD and HDD are small or zero, while in reality one or perhaps even both may have been non-negligible. More generally, the standard measure ignores the fact that the temperature might change quickly on some days and gradually on others. Even if the average of the maximum and minimum is the same on two such days, the CDD or HDD measures should differ. In addition, the fraction of a day for which heating or cooling services are in demand will depend on when during the day a large low or high temperature departure occurs. The standard measure implicitly assumes that the CDD and HDD measures always correspond to the same fraction of a day for which temperatures departed from the threshold. This would be true only if the extremes always occur at the same time. We avoid most of these issues by using hourly temperature measurements from representative high quality weather stations – one for each state in the “lower 48 states” (excluding Alaska and Hawaii).
The second issue we can investigate by calculating our own CDD and HDD measures is whether the temperature threshold makes a difference. Specifically, we test for using thresholds for the CDD and HDD measures that differ from each other and also differ from the standard 65°F measure used by NOAA.
Third, we weight temperature departures differently from the measures used by previous researchers. We use forecasted natural gas consumption shares in each state in the lower 48 states as weights. Furthermore, we use different consumption shares for the CDD and HDD variables. Extra natural gas use on hot days (high CDD) is for electricity generation, while on cold days (high HDD) it is mainly for direct use in on-site space heating appliances (although electricity is also used as a primary or secondary source of heating for many US households). We therefore use forecasts of the demand for natural gas for electricity generation by state as weights for the CDD temperature variable and forecasts of natural gas demand for residential and commercial use by state as weights for the HDD variable. Since the consumption information is released periodically and with a two-month lag, we developed a model to forecast consumption shares for months after the data become available. Note that this also takes care of what would otherwise be a simultaneity issue if we use contemporaneous consumption data to obtain the weights.
Methods
A substantial academic literature provides strong statistical evidence for effects of weather and storage shocks on natural gas prices and their volatility. However, the number of papers examining the way that fundamentals simultaneously impact both the mean and variance of natural gas prices is more limited. In common with these papers, we use maximum likelihood to estimate a simultaneous model for the mean and the variance of the daily change in natural gas prices as reflected in the prompt month futures price.
Our analysis departs from the prior literature in several key respects. First, as noted in the overview, we calculate our own measures of HDD and CDD using hourly temperature measurements rather than use the default NOAA measurements. Since we construct our own measures, we can also test for the effect of using different temperature thresholds when calculating temperature departures affecting natural gas demand. Also as noted in the overview, we use forecasted natural gas consumption shares in each state in the lower 48 to weight temperature departures in different parts of the. Finally, we use time series models to forecast expected storage or degree-day measures. Prior work has instead used historical averages to measure “normal” levels of these variables. 
Results
Preliminary results reveal that different temperature thresholds other than the standard one appear to be more appropriate for measuring temperature effects on the demand for natural gas and thus natural gas price changes. Our results otherwise appear to correspond with what previous researchers have found in terms of identifying a strong impact of storage shocks, oil prices and oil price volatility on natural gas prices and natural gas price variability. We do not expect to find any different results as we go back to make sure that we have not made any errors in the construction of our variables and other parts of the analysis, but one can never be sure when doing empirical work.
Conclusions
Assuming that our preliminary results survive and audit of our calculations, the main conclusion will be that more accurate hourly temperature measurements, and different temperature thresholds should be used to forecast the effects of weather shocks on natural gas demand.
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