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Overview

In 2009, the G20 and APEC countries made commitments to phase out fossil fuel subsidies (OECD 2013). As economists are well aware, such subsidies may drain the public coffers and are often inefficient from a social point of view. In order to evaluate the effect of these studies, we initially need to understand the mechanisms and magnitudes of these subsidies. To address this first step, OECD completed their first comprehensive inventory of estimated budgetary support and tax expenditures of fossil fuels for 34 OECD member countries (OECD (2013)). 
The OECD estimates that fossil subsidies may have been as high as 50-90 billion dollars annually from 2005-10 for the 34 OECD countries. Some of these subsidies are given to consumers, some to producers, and some to what the OECD calls general services. This latter category includes subsidies that do not influence current production or consumption such as compensation for past environmental damage, R&D, and strategic stockpiles.

Although consumer energy subsidies have received a considerable amount of study, a unique feature of this latest OECD undertaking is that is also catalogues and measures producer subsidies. A difficulty in measuring producer subsidies is that many of the subsidies are indirect. However, the OECD also categorizes and estimates magnitudes for this latter category. The support to producers for OECD countries is about 18 billion dollars in 2011 (22% of the total). The support to consumers totalled 62 billion dollars (75% of the total) while the rest is for general services. In this paper, we are concerned with only producer subsidies for oil and gas. 
Although such subsides may help certain sectors of the economy, they may be detrimental to combined welfare and may degrade the environment for us and future generations. Thus, the removal of such subsidies may have positive fiscal results, improve the environment as well as improving overall social welfare. Our contribution in this paper is to consider these various subsidies, qualitatively determine what sectors and variables the subsidies may influence, and the direction of causality. Next, we will present a review of the modelling literature and recommend models matching for each type of producer subsidies to evaluate their effects.
Methods

For each member country, the OECD has categorized producer subsidies into a number of groups and subgroups. They consider the transfer mechanisms such as direct transfers, foregone government revenues, and risk transference as well as the point of direct incidence in the supply chain such as cost of various inputs or effects on revenue.
Next, we consider the mechanism through which subsidies enter the economy. For example, wage subsidies will enter through the labor market, perhaps influencing wages and employment as well as price and quantity in oil and gas markets, whereas an export subsidy will enter through international markets, perhaps influencing exchange rates, prices and quantities of import and export goods as well as production costs of oil and gas; meanwhile, land and resource subsidies will enter through resource markets, perhaps influencing acquisition prices of land and resources, cost and price in oil and gas market; a capital subsidy will enter through the capital market, perhaps influencing the cost of capital, scale and sequence of investment and profits of producer; An R&D subsidy will enter through technology and may influence investment of R&D and technical change, as well as future price and production costs. 
Subsidy effects to consider include: prices and quantity of oil and gas, prices and quantities of domestic consumption of oil, gas, and oil products, import and export of oil, natural gas and oil products, resource extraction rates and timing, scale and sequencing of investment in oil and gas, employment and wage level in the oil and gas industry, production costs, government revenue, social welfare, GDP level, technology change, income distribution, and investment incentives.
These influences are likely to be country specific. For example, since the oil and gas is relatively large in Norway, there may be effects at the macro level or perhaps even at the international level. In the US, where the oil industry is relatively large by world standards but small in terms of its overall economy, macro effects may be inconsequential, whereas effects on the world oil market may be measureable. Alternatively, some OECD countries produce little oil and gas, such as Austria, Belgium, Czech Republic and Japan, and the effects in their markets and economy may not be noticeable. 

And then we have set for ourselves is to survey the literature for the existing fleet of oil and gas supply models. We make taxonomy of these models we found, and compare their main features. The final task we categorize the producer subsidies into several groups under their transfer paths, and determine the strengths and weaknesses of each model and make recommendations for the best model to quantify the specific effects of subsidy removal on upstream decisions. 

Results

So far we have studied the subsidy mechanisms and began our literature review of oil and gas models. We have surveyed 37 oil and gas supply models and stratified them into a number of categories. For example, we have twelve models using econometric methods to describe the production, reserves or costs of oil and gas supply, almost all these models adopt a log structure with weighted coefficients, some with lagged variables, and price is usually included. Meanwhile, some models contain tax effects, which can be easily changed into subsidies. However, even if taxes/subsidies are excluded, they can be modelled as changes in cost. The scope of the models ranges from the pool up to national and international markets spanning decades. Ten process models describe the exploration and development process. These models mainly describe the geological and engineering process without including the economic factors. Hubbert or multi-cycle Hubbert models employ logistics functions and are used to forecast the production peaks for oil and gas. Models addressing risk typically use probability functions. There are fourteen models using optimization methods, with objectives of minimizing the discounted present value of the stream of costs or maximizing the discounted present value of profits, subject to linear or non-linear constraints, such as recoverable reserves, reserve-production ratio, or engineering factors such as flow pressure etc., with demand an exogenous constraint to meet. Process models are involved in forecasting the production profile, and some use econometric methods to describe costs. Price is predicted by scenario analysis, supply and demand equilibrium or is exogenous. Meanwhile, they all include tax variables in optimization, so the tax or subsidy effects are more transparent. 
We make a statistic of producer subsidies of OECD countries, and collect them into four groups according to their transfer paths, such as price, cost, risk and cash inflow. And we choose reserves, production, number of wells drilled, drilling footage and drilling cost as decision variables that these subsidies may influence. We select models to analyze the effects of each type of subsidies on different decision variables and their strength and weakness: Cox and Wright (1976) model is used to describe the producer subsidies related to price on reserves found; Rehrl and Friedrich (2006) model is adopted to present the influence of subsidies related to price on world production and Smith (2012) is the effects on field or national production, and also used to analyze the influence of subsidies related to price on drilling cost; Berman and Tuck (1994) model is used to analyze the impacts of subsidies related to price on number of wells drilled; Iledare (1995) model is used to describe the influence of subsidies related to price on drilling footage, and also used to describe the effects of subsidies related to cost on drilling footage, as well as the effects of subsidies related to cash inflow on reserve found; Erickson et al. (1974) model is adopted to present the influence of subsidies related to cost on reserves found; Rao (2000) model is used to describe the impacts of subsidies related to cost on production; Walls (1994) model is selected to analyze the effects of subsidies related to cost on number of well drilled, and also used to analyze the impacts of subsidies related to cash inflow on number of wells drilled; OPEC world energy model is used to analyze the impacts of subsidies related to cost on drilling cost; MacAvoy and Pindyck (1973) model is adopted to present the impacts of subsidies related to risk on reserves found and number of wells drilled; and Leighty and Lin (2011) model is adopted to describe the influence of subsidies related to risk and cash inflow on production.
Conclusions

Our results include not only taxonomy of models, but their basic methodology, questions they can answer, their strengths and weaknesses and recommendations for the best model in its class for specific subsidies. We may also recommend model enhancements that may improve the models capabilities for the specific subsidies in the OECD database. 
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