	 
       									                                                 	
[bookmark: OLE_LINK2]Performance of Power Generation in the pre-&-post-COVID-19 Oman: 
A Dynamic Productivity and Efficiency Analysis 
FathollahZadeh Aghdam, Reza, Sultan Qaboos University, +968 2414 2964, rezafa@squ.edu.om
Al Kharusi, Sami, Sultan Qaboos University, +968 2414 2849, ksami@squ.edu.om
Ahmad, Nisar, +968 2414 2098, nisar@squ.edu.om
Al Said, Adham, +968 2414 2907, adham@squ.edu.om 
Berenjforoush Azar, Bahareh, +61 2 8065 1840, berenjforoush@gmail.com 


Overview
This paper examines the dynamics of productivity and efficiency changes in the generation segment of the Omani Electricity Supply Industry. Special attention is made to capturing COVID-19 impact on such performance measures. We adopted the output-oriented DEA-like Malmquist Index approach, which decomposes the variations in total factor productivity into efficiency and technological changes over time. Data for twelve electricity firms are collected from all three regions of Oman's electric power system. These comprise firms listed in Oman's Stock Exchange Market, including more than 60% of the total generation in the Sultanate. Out of four models developed in this study, the predominant results reveal that COVID-19 hurt the industry's overall performance in 2020 but rapidly recovered in 2021. The decomposition of the collective TFP index of the sample firms confirms that the fall in TFP in 2020 is caused by both a fall in average efficiency scores and an inward shift in the estimated best practice frontier. These are likely outcomes of the recessionary impacts of the Pandemic. While average efficiency scores continue to drop, an outward shift in the frontier helps a fast recovery in 2021. Such an outward shift in the frontiers—we content—has its roots in appropriate technological upgrades (at least in some units owned by the sample firms) starting from 2018/2019 onward, far before the Pandemic. Al Kamal, Sembcorp Salalah, SMN Power, and Musandam Power have consistently been on the year-to-year best practice frontiers. Sembcorp Salalah and Musandam Power continually show the most remarkable performances over time, demonstrating a technological breakthrough while being on the best practice frontiers. 
Methods
In this study, we adopt the DEA-like Malmquist Index approach that is justifiable to analyse the dynamics of efficiency and TFP changes in Oman's power-generating firms. The DEA-like Malmquist Index is well elaborated in Coelli et al. (2005, pp. 289-310). More precisely, the (output-oriented) Malmquist index, using the concept of Distance Function (Coelli et al. 2005, pp. 47-51), is modelled as follows:

           (Equation 1)

Where x is the vector of inputs; y is the vector of outputs; mo represents TFP change. As can be seen, there are several distance functions in this formula, described by do(.). For instance,  represents the distance of a typical DMU at year t from the frontier at year t-1. A value of mo greater than one indicates positive TFP growth from year t-1 to year t, while a value of mo less than one indicates negative TFP growth. The ratio outside the square brackets in Equation (1) measures the relative efficiency change between years t and t-1—relative proximity to the frontier. The remaining part of Equation (1) measures technological change—shifts in the frontier.   
In the DEA-like Malmquist Index, four Linear Programming (LP) models must be solved to calculate the components of equation 1. Thus, for the ith DMU, four distance functions (i.e., do(.)s) must be estimated between two consecutive periods, t-1 and t:
	
 (Equation 2)
	
 (Equation 3)

	
 (Equation 4)
	
 (Equation 5)


Where notations are defined as follows:
	yit is a M×1 vector of output quantities for the ith DMU in the tth period
	xit is a K×1 vector of input quantities for the ith DMU in the tth period
	Yt is a N×M matrix of output quantities for all N DMUs in the tth period
	Xt is a N×K matrix of input quantities for all N DMU in the tth period
	λ is a N×1 vector of weights; and 
	Φ is a scaler.
Results
The most revealing results are visualised in the following figures. 
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(a) Model 0
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(b) Model 1

	[image: ]
(c) Model 2
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(d) Model 3


Conclusions
This paper set out to determine the dynamics of productivity and efficiency changes in the generation segment of the Omani Electricity Supply Industry. A predominant observation from the results of the four models developed for this purpose is that the collective TFP index (the geometric average) had an increasing trend from 2015 to 2019. Then, there is a TFP decline in 2020, followed by a significant recovery in 2021, irrespective of the magnitudes. This observation strengthens the conclusion that COVID-19 hurt the industry's overall performance in 2020 but rapidly recovered in 2021. The decomposition of the collective TFP index of all firms confirms that the fall in TFP is caused by both a fall in average efficiency scores and an inward shift in the estimated best practice frontier in 2020. These are likely outcomes of the recessionary impacts of the Pandemic.   Nonetheless, while average efficiency scores continue to drop, an outward shift in the frontier helps a fast recovery in 2021. We contend that such an outward shift in the frontiers has its roots in timely technological upgrades (at least in specific units owned by the sample firms), starting from 2018 onward. 
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