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Overview

It is well established that the combustion of fossil fuels results in carbon dioxide (CO2) emissions.  Climate change skeptics remain unconvinced that the fossil-fuel induced increases in the atmospheric concentration of CO2 have any climate or meteorological implications. In contrast, many climate scientists believe that the fossil-fuel induced increases in  CO2 concentration levels do indeed have climate and meteorological consequences but that it is impossible to disentangle these effects from those of other factors. This qualification is not a minor shortcoming; it leaves the causes of extreme weather events open to question, allowing climate skeptics to attribute the increased incidence of extreme events to so-called “natural variability.” In the United States, this has undermined the political consensus necessary to adopt robust, cost-effective policies to reduce emissions. 
This paper contends that it is possible to assess the effects of CO2 and other greenhouse gases on weather.  This paper explores the relationship between the atmospheric concentration of CO2 and the dry-bulb temperature using hourly CO2 atmospheric concentration data from the Mauna Loa Observatory (MLO) in Hawaii. 

Methods
The approach adopted in this paper addresses the issue of causality between CO2 and temperature by following Granger [1969], who defined causality in terms of whether lagged values of a variable lead to more accurate predictions of some other variable.  In his words, “The definition of causality …is based entirely on the predictability of the some series, say Xt. If some other series Yt , contains information in past terms that helps in the prediction of Xt and if this information is contained in no other series used in the predictor, then Yt is said to cause Xt.” [Granger, 1969, p 430].  This study embraces this view of causality by examining whether lagged values of CO2 lead to more accurate forecasts of temperature.
The starting point of  the analysis is the recognition that meteorologists do not explicitly take CO2–induced temperature changes into account when making weather forecasts. The analysis makes use of day-ahead hourly weather forecast data to control for expected weather conditions exclusive of CO2 considerations. The analysis employs a two-step procedure. In the first step, the issue of functional form is addressed  using hourly data over the period 7 August 2009 through 7 August 2012.  Using the results of the first step as a base, an autoregressive moving average (ARMA) process is then modeled. Following the conditions required to establish causality, the residuals are found to have the property of “white noise.” An out-of-sample forecast is then performed using about five months of hourly data.  
Results
The estimation results are consistent with the hypothesis that the hourly CO2 concentration level has implications for temperature. Consistent with the existence of a causal relationship, the inclusion of the CO2 level as an explanatory variable improves the accuracy of the out-of-sample forecast.  The improved forecast is also more accurate than conventional temperature forecasts for the same location.  
Conclusions
This analysis has examined the relationship between the CO2 atmospheric concentration level and temperature.  Using day-ahead weather forecast data as controls, a CO2-augmented ARMA model was estimated.   The out-of-sample results are consistent with causality between CO2 and temperature.  Given the importance of weather  in people’s lives, replication of these results by other researchers could lead to a more reasoned assessment of the policy options.
