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Overview
This paper builds on, and attempts to bring together, two strands of the energy demand modelling literature, focusing on the importance of including i) the impact of weather and ii) a stochastic trend to represent efficiency and other exogenous drivers.  Space heating and cooling increasingly represent the largest share of building energy consumption in most countries (Balaras et al., 2005; Pérez-Lombard et al., 2008) and the largest share of final energy consumption for most of the Gulf Cooperation Council (GCC) countries (Dincer et al., 2004).This research therefore utilizes the recently constructed and published CMCC-KAPSARC database of heating and cooling degree days (Atallah et al., 2015)[footnoteRef:1] to attempt to quantify the weather impact on GCC residential energy demand.  This is achieved, by specifying an energy demand model that explicitly recognizes that energy demand is derived from the demand for energy services (such as heating, cooling, and lighting) and thus the implications of the efficiency of the appliance stock needs to be incorporated in any estimated specification. Therefore, following Hunt and Ryan (2014) the estimated specification is based on a model where consumer utility is derived from the consumption of energy services rather than energy sources – one that includes a stochastic trend to proxy the efficiency effects and possible other exogenous influences (referred to by some as the Underlying Energy Demand Trend, or UEDT for short, see for example Hunt et al., 2003 and Dimitropoulos et al., 2005). [1:  The database is available at: www.kapsarc.org/en/Documents/KAPSARC-CMCC%20Enhanced%20Degree%20Days%20%20Database%20March%202015.xlsx.] 

Methods
Similar to Dimitropoulos et al. (2005), the Structural Time Series Model (STSM) approach is employed with annual data for the six GCC countries (Saudi Arabia, Oman, Bahrain, Qatar, Kuwait and United Arab Emirates) for the period 1983-2012. It is therefore assumed that the general specification for each GCC country’s residential energy demand is given by:
	(1) [footnoteRef:2] [2:  A two year lag is chosen to capture any dynamic effects, a since it is seen as a reasonable length given the data set being used. ] 

Where  is the natural logarithm of residential per capita energy demand in year t;  is the natural logarithm of per capita real GDP in year t;  is the natural logarithm of the real residential electricity price in year t;  is the natural logarithm of heating degree days in year t;  is the natural logarithm of cooling degree days in year t; and  is a random error term. The coefficients , , . and  therefore represent the short-run impact elasticities for per capita GDP, real electricity prices, heating degree days and cooling degree days respectively and the long-run per capita GDP and real electricity price elasticities are given by  and , respectively.
Furthermore, the UEDT is a stochastic estimated using the STSM as follows: 
 ;		(2)
 ;		(3)
Where µt and βt are the level and slope of the UEDT respectively.   and  are the mutually uncorrelated white noise disturbances with zero means and variances  and  respectively.  The disturbance terms  and  determine the shape of the stochastic trend component (Harvey and Shephard, 1993).  Where necessary the condition of normality of the auxiliary residuals (irregular, level and slope residuals) can be satisfied, by level and slope interventions (Harvey and Koopman, 1992). These interventions give information about important breaks and structural changes at certain dates with the estimation period. In the presence of such interventions the UEDT can be identified as:
UEDT= + irregular interventions + level interventions + slope interventions	(5)
The estimation strategy involves estimating Equations (1), (2) and (3) by a combination of maximum likelihood and the Kalman filter and then eliminating insignificant variables and adding interventions but ensuring the model passes an array of diagnostic tests until the preferred parsimonious model is obtained.  The software package STAMP 8.10 (Koopman et al, 2007) is used for the estimation of the model discussed in the results section below.
Results
As examples, the preliminary results for three of the GCC countries are given below (the final results for all six countries will be presented in the final paper).[footnoteRef:3] [3:  Note all estimated equations are from 1985 to 2012 given the two year lag in the general model, Equation (1) and for the estimated equations: * represents significance at the 10% level, ** at the =5% level and *** at the 1% level..] 

The preferred specification for Saudi Arabia obtained from the procedure above is given by
; 
, ;
	{Illustrated in Fig.1}
where se= , , Box-Ljung:, Het:, Norm(res):, Norm(Irr):, Norm(Lvl):, Norm(slp):, Failure:.
The preferred specification for Oman obtained from the procedure above is given by
; 
, ;
	{Illustrated in Fig.2}
where se= , , Box-Ljung:, Het:, Norm(res):, Norm(Irr):, Norm(Lvl):, Norm(slp):, Failure:.
The preferred specification for Bahrain obtained from the procedure above is given by
 
, ;
	{Illustrated in Fig.3}
where se= , , Box-Ljung:, Het:, Norm(res):, Norm(Irr):, Norm(Lvl):, Norm(slp):, Failure:.
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Conclusions
The results show that in general the model fits the data well for the three sample countries, with them all passing the diagnostic tests resulting in reasonable elasticity estimates.  Moreover, the estimated UEDTs show that for Saudi Arabia the exogenous (energy using) impacts appear to outweigh any energy efficiency (energy saving) impacts. For Oman, however, the preliminary estimate of the UEDT suggests that the exogenous factors were energy using up until 1997 but since then have become energy saving.  For Bahrain, however, the estimated UEDT has amore irregular pattern, which may be due to higher frequency in variation of electricity pricing and the cyclical GDP growth associated with a commodity-based economy.
As expected for a region as hot as the GCC, for all three sample countries the coefficients on the CDD variable are all positive and highly significant (varying between 0.24 and 2.2) consistent with the expectation that an increase in Degree Days increases residential energy demand. Whereas, it would appear (as expected) that HDD has much less of an impact, being only significant for Saudi Arabia and Bahrain and with coefficients less than 0.1.
Additional work will be undertaken whereby the preferred parsimonious residential energy demand models for all six of the GCC countries will be re-estimated using varying scenarios of weather conditions and in some cases assuming similar weather conditions across countries. This will include running Degree Days with various reference temperatures, and/ or generated from thermal comfort indices that accounts for the effect of humidity and solar radiation. This will provide some indication of possible future demand trends in the GCC countries in respect to possible climatic variations.
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Fig.1: Saudi Arabia Estimated UEDT
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Fig.2: Oman Estimated UEDT
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Fig.3: Bahrain Estimated UEDT


