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Overview

This paper presents an analysis of the fiscal system for oil and gas exploration in India covering the period from the liberalisation of the upstream sector to the present. The primary motivation of the paper is twofold: first, to re-examine hydrocarbons policy and fiscal design in developing countries within broader and more recent goals relating to macroeconomic constraints and environmental objectives, and second, to explore the fundamental problem faced by energy-deficit developing countries such as India in designing their fiscal systems, namely, incentivising firms to invest in exploration and production to ensure ‘security of supply’ – particularly through gas as a major ‘transition’ fuel - whilst ensuring a fair and preferably early share of revenues to the government. It begins by summarising key literature on natural resource taxation and the issue of what to tax – based on the objectives of a host government, and how to tax - or the design of fiscal terms, and the argument that different systems can be designed to attain exactly the same goals. It also summarises trade offs between a set of desirable features in the design of fiscal terms: namely, efficiency (or the impact on resource allocation), neutrality (or the impact on investment decisions), equity (or the taxation of large versus marginal fields), risk sharing (between government and investors), stability (time consistency), and simplicity and clarity (in administration) (Nakhle, 2008). This is followed by a description of India’s fiscal regime, and the empirical method used - a meta-modelling approach which combines cash flow simulations from model field data into a regression model (Kaiser and Pulisipher, 2004). This is followed by a discussion of empirical results, and finally, conclusions.

Methods
We follow an approach developed in Kaiser and Pulsipher (2004) and Hong and Kaiser (2010). Using data from a real representative field and the fiscal terms under the Indian regime, we first simulate a cash flow analysis, where the after tax net cash flow associated with field f in year t takes the form

NCFt = GRt – ROYt – CAPEXt –OPEXt – PO/Gt – TAXt -OTHERt

Where

NCFt = After tax net cash flow in year t
GRt = Gross revenues in year t
ROYt = Total royalties paid in year t
CAPEXt = Total capital expenditures in year t
OPEXt = Total operating expenditures in year t
PO/Gt =Government profit oil in year t
TAXt = Total taxes paid in year t
OTHERt = Other costs paid in year t
The after tax net cash flow vector associated with field f is denoted as NCF (f) = (NCF1, NCF2 . . .NCFk)

We compute four indicators representing economic outcomes from the application of the fiscal regime: the present value, the internal rate of return, and the discounted government and contractor takes. For field f and the fiscal regime F, the present value and internal rate of return of the cash flow vector NCF (f) is:
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Similarly, government take and contractor take are:     [image: image4.png]=
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,  respectively.

Where GT = government take, CT = contractor take and TP = total profit in year t.
The present value of government take PV(τg) and contractor take PV(τc) are calculated by applying discount rates Dg and Dc for the government and  contractor respectively, and both are computed on a cumulative discounted basis. 

Meta Modelling
We are interested in determining how the system functionals PV(f, F), IRR(f, F), τg(f, F) and τc(f, F) are influenced by the fiscal terms of the Indian regime F(ψ). The ‘standard’ approach depicts the functional under consideration as a function of one or more variables under a ‘high’ and ‘low’ case scenario -  this method is generally piecemeal, with the results anchored to the initial conditions employed (Kaiser and Pulsipher, 2004). The restrictions associated with geometric and tabular representations of multidimensional data are significant e.g. on a planar graph, at the most four variables can be examined simultaneously. Meta-modelling, a relatively recent approach in fiscal system analysis, allows us to understand the interactions between variables and their relative influence using a constructive modelling approach (Kaiser and Pulsipher, 2004). A cash flow model of the system is constructed and parameters of the system are defined and bound through specified design intervals. The parameters of the system are sampled from the design space and evaluation in the cash flow model. The results of the model and system parameters are then analysed and linear model constructed from the generated data.  

We specify the variable set ψ and determine the interval li ≤ ψ ≤ ui, i=1…n, for each parameter of interest, where the values of li and ui are user defined and account for a reasonable range of historic uncertainty associated with each parameter. The design space is denoted as Ω, where Ω = { ψ =( ψ1…. ψ n) | li ≤ ψ ≤ ui, i=1….n}.
We sample the components parameters ψ* =( ψ1*… ψn*) uniformly over the design space and compute the economic indicators 

{φ (f, F(ψ*))}.

Based on the datasets { ψ*} and {φ (f, F(ψ*)) }we estimate for each indicator the functional relation: 
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where the coefficients αi (φ) are determined through regression modelling.
Results

The relationships between economic measures - IRR, NPVGOV, NPVCON, τg and τc - and the set of seven parameters or independent variables - POil, Dg, Dc, R, Ti, IMhigher and IMlower - follow broad expectations, and the results highlight parameters which are particularly influential in the context of the Indian fiscal regime. Further, sensitivity analyses shows which of the parameters (or independent variables) account for the most variation amongst the economic measures used - the share of profits to the government (particularly at the upper tranche of the R Factor), the oil price and the discount rates account for the most influence on the system functionals or dependent variables. The explanatory contribution of royalties and taxes is seemingly much less.
Conclusions

Three observations can be made based on the results. First, a recently proposed reform to a revenue-sharing regime as opposed to profit sharing (R Factor) arguably represents a preference for simplicity in fiscal design. Simplicity trade-offs with neutrality (influencing investment decisions away form the social optimum), and with equity (both current and intergenerational). A consequence of this may be that contractor discount rates are higher, thereby increasing the supply price of investment, and impacting future investment decisions, future production, and future revenue streams. Second, results imply that royalties and taxation, both primary features of the proposed new revenue sharing model, are unlikely to influence broader government objectives in fiscal design unless elements of the R Factor model are incorporated into it via equivalent fiscal instruments. However, a revenue-sharing model places constraints on the rapid depletion of hydrocarbon reserves, which may be conducive to environmental objectives in fiscal design. And third, the comparison between profit sharing and revenue sharing systems arguably approximates to the analogy between rate-of-return and price cap systems in regulatory literature – the former involves the monitoring and estimation of capital costs of utilities by governments, and the latter leaves the estimation of capital costs to the utilities and assumes that utilities will be incentivised to maintain their capital costs within the price cap such that their returns to capital are optimised (Helm, 2012). The literature indicates that ‘price cap’ (or equivalent) systems almost always tend towards RoR, due to concerns over the impact on domestic pricing and the inevitability of government intervention ex post (Helm, 2010; Tapia, 2012). The conclusions explore these equivalencies further, along with a potential ranking of the Indian government’s objectives in fiscal design, and associated trade-offs.
