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The Taxation of Petroleum and
Minerals

There are few areas of economic policy-making in which the returns to good decisions
are so high — and the punishment of bad decisions so cruel — as in the management of
natural resource wealth. Rich endowments of oil, gas and minerals have set some coun-
tries on courses of sustained and robust prosperity; but they have left others riddled with
corruption and persistent poverty, with little of lasting value to show for squandered
wealth. And amongst the most important of these decisions are those relating to the tax
treatment of oil, gas and minerals.

This book provides a comprehensive and accessible account of the main issues —
drawing lessons from theory, describing the main features of current practice in each of
these areas, and addressing the practicalities of administration — in taxing these resources.
What share of the proceeds from the extraction of these resources should governments
take? How can investors be given the assurances in relation to tax treatment they require
if they are to be willing to invest billions of dollars in projects that will last decades? To
what extent, and how, should government’s tax take be sensitive to commodity prices?
How can governments evaluate alternative possible tax regimes? Can, and should, auc-
tions play a greater role in these sectors? What is the experience with, and potential of,
innovative forms of corporate taxation in this area? Should government participate
directly in exploration and extraction? These and many other key questions receive thor-
ough attention.

The contributions in this book — by widely-respected experts drawn from the interna-
tional institutions, academe and the private sector — provide a guide to past experiences
and current thinking, as well as some new ideas on profits tax design, that is not only
readable, but detailed enough to inform practical decision-making and to bring research-
ers to the frontiers of the topic. This book will be of interest to economics postgraduates
and researchers working on resource issues, as well as professionals working on taxation
of oil, gas and minerals/mining.

Philip Daniel is Deputy Head, Tax Policy Division, in the Fiscal Affairs Department of
the International Monetary Fund. Michael Keen is Assistant Director in the Fiscal Affairs
Department of the International Monetary Fund, where he was previously head of the Tax
Policy and Tax Coordination divisions. Charles McPherson is Technical Assistance
Adviser in the Fiscal Affairs Department of the International Monetary Fund with par-
ticular responsibilities for fiscal and financial policies in resource rich countries.
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Preface

There are few areas of economic policymaking in which the returns to good
decisions are so high — and the punishment of bad decisions so cruel — as in the
management of natural resource wealth. Rich endowments of oil, gas and miner-
als have set some countries on courses of sustained and robust prosperity; but
they have left many others riddled with corruption and persistent poverty, with
little of lasting value to show for squandered wealth.

Realizing the potential value of natural resources is a challenge for several
areas of economic policy. Macroeconomic policy needs to be sensitive to the
potential impact on the non-resource part of the economy; budgetary arrange-
ments need to accommodate the extreme volatility of commodity prices and
ensure fair sharing of the benefits of resource wealth across the generations; and
governance structures need to assure transparency of, and accountability for, the
financial flows associated with them. Not least — indeed in many ways underlin-
ing all these other concerns — is the concern that this book addresses: fiscal
arrangements need to ensure that governments take a share of the financial bene-
fits (and costs) associated with natural resource exploitation that recognizes their
ownership rights without adversely impacting the exploration and investment
without which they have no value.

The International Monetary Fund has for many years paid close attention to
the special challenges faced by resource-rich countries. Those relating to macr-
oeconomic and budgetary management have long figured in our surveillance
work and lending arrangements, and we continue to champion initiatives towards
greater transparency in the extractive industries. And in our technical dialogues
with resource-rich countries, the design of fiscal regimes has also been a central
topic — an especially lively and active one in the last few years of high, and,
more especially, volatile, commodity prices.

This book is one way in which the Fund seeks to take forward and promote
such dialogue. The chapters were first presented at a conference on the topic
organized by the Fund in September 2008, with generous support from the gov-
ernments of Norway, the United Kingdom and Germany. The wide and lively
participation that this attracted confirmed the growing interest in these issues,
and the importance of both experience-sharing and analytical work in addressing
them.



Preface xv

The purpose of the book is thus to provide policymakers, practitioners, civil
society, academics and others working on the taxation of oil, gas, and minerals
with a comprehensive but accessible account of the core issues in the area —
which range from the conceptual to the very practical. There can be no complete
answers, of course. But in drawing on an impressive array of the most respected
and experienced experts in the area, we hope that this book will prove a useful
guide for those struggling with the difficult but critical tasks of designing and
implementing fiscal regimes in resource-rich economies.

Dominique Strauss-Kahn
Managing Director
International Monetary Fund






1 Introduction

Philip Daniel, Michael Keen, and
Charles McPherson

‘What this book is about

There is big money in oil, gas, and minerals — big not only in absolute terms but
also, and more importantly, relative to the overall size of many resource-
endowed countries. Upfront investment costs are commonly huge, as are the
potential rewards (and losses). How all this gets shared between the governments
that control access to the resources and those who discover and exploit them —
that is, how these resources are taxed — can have a powerful impact on the eco-
nomic and political fate of resource-rich countries.

But it is not only the sheer magnitude of the sums at stake that motivates this
book: that in itself need not pose intellectual or practical challenges qualitatively
different from those studied in the wider public finance literature. The principal
motivation lies rather in distinct challenges for tax design and implementation
that are posed by inherent characteristics of the sector: heavy sunk costs and
long production periods (making the certainty and credibility of tax policies crit-
ical for investors), pervasive uncertainty (technological and economic), the vola-
tility of commodity prices, the prospect of substantial earnings in excess of the
minimum required by investors, and the ultimate exhaustibility of deposits. All
but the last of these are present in other activities too. But in the resource sector
they are center-stage rather than — as in most of the literature on business taxa-
tion — minor players. It is the conjunction of massive practical importance and
distinctive conceptual and practical difficulty that is at the heart of this book.

Specifically, this book aims to provide an exhaustive account — accessible and
useful to all those with more than a passing interest in the topic, whether prac-
tical or more academic — of core issues that arise in designing and implementing
fiscal regimes for oil, gas, and mineral taxation, the focus being on taxation in
the countries where the resources lie, not necessarily those in which they are
ultimately used. The concept of a “fiscal regime” here includes not only literal
taxes — compulsory unrequited payments to government — but also, for instance,
production sharing, royalties, state participation, contract fees, output pricing
constraints, and the like, together with tax administration. (Quite often, as in the
title of the book, we use “taxation” as synonymous with fiscal regimes in this
wider sense). Reflecting the focus of most the work of the IMF in resource tax
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issues, some but by no means all of the chapters give special attention to the par-
ticular circumstances of resource-rich lower-income countries (which face, for
instance, quite different challenges in administering resource taxes).'!

As a guide to reading, this introduction provides a taster of each of the
chapters.

What the chapters are about

The book is divided into five parts, though each chapter is intended to be self-
contained: so they can be dipped into in any order.

Part I sets out key conceptual issues and ideas, providing a framework for
many of the more applied contributions that follow.

Robin Boadway and Michael Keen review key concepts and issues in
resource tax design, setting out a conceptual framework for many of the more
applied contributions in this book. They bring to the central challenges of
resource taxation a perspective drawn from the wider public finance tradition,
pointing out that literatures on resource taxation, on the one hand, and on general
business and commodity taxation, on the other, have evolved largely distinct
from each other, with much for each strand to learn from the other. They
examine various forms of potentially neutral rent tax — including not only the
resource rent tax, familiar to resource practitioners, but also the “allowance for
corporate equity” scheme that developed from analysis of distortions inherent in
the conventional corporate income tax rather than from any special concern with
natural resource issues.

Boadway and Keen also devote substantial attention to the issue of progres-
sivity in resource taxation. They find that progressivity is likely to be unappeal-
ing for many low income countries in the presence of uncertainty. On the other
hand, the strongest case for progressive resource tax arrangements in lower
income countries may well be in dealing with the politics of time consistency,
and determining the optimal degree of progressivity is likely to involve trading
this off against the associated costs of risk-bearing.

Boadway and Keen accept that royalties will often have an important role in a
resource tax regime, but emphasize that sole reliance on them risks creating
costly distortions. Recognition that revenues may be easier for the tax authorities
to monitor than costs suggests that royalties might be combined with rent taxes
to exploit the advantages of both. They might also be combined with auctions in
which the rate of rent taxation (and/or royalty) becomes a bid variable, not just
an initial cash bonus bid. Ultimately, they conclude, it will seldom be optimal to
rely on a single tax instrument, because of the range of challenges that govern-
ments face in designing their resource tax regimes: the preferred time path of
revenues, problems of time consistency and asymmetric information, administra-
tive capacity, and political economy pressures.

The chapter by Paul Collier, which developed from a lunchtime address given
at the conference from which this book grew, aims to provoke debate over points
sometimes taken as conventional wisdom in resource taxation and revenue man-
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agement matters. His core theme is that economic principles for taxing resource
extraction imply that the way in which natural resources are harnessed for
society should differ considerably as between, say, Australia, Canada, and
Norway on the one hand and Angola, Chad, and Timor-Leste on the other.

Collier stresses four distinctive features of the resource challenge in low-
income countries: (i) the discovery process is more important (Africa, for
example, is relatively underexplored); (ii) institutions are less robust, so the
credibility of government commitments is impaired; (iii) both consumption and
capital are scarce, with the rate of return on scarce capital likely to be high; and
(iv) governments are usually at a particularly severe informational disadvantage
vis-a-vis resource companies. He deploys these features to challenge common
prescriptions in favor of integrated budgets,” use of the permanent income
hypothesis as a guideline for absorption, and the application of excess profits
taxes. He argues for a wider separation of exploration from extraction, more fre-
quent use of auctions, royalties geared to observable variables (such as prices),
and adjustment of exploration to the pace of absorption of investment. He con-
cludes by observing that earmarking of revenues, and assembly of infrastructure
packages linked to resource development (common in China’s relations with
Africa, for example) can serve as valuable “commitment technologies” to
support positive development outcomes from resource wealth. Some of these are
indeed quite radical departures from current recommendations, and are likely to
receive closer attention in the coming years.

The second part of the book turns to the particularities of practice and experi-
ence in the three sectors with which it is concerned: oil, minerals, and gas,

One of the central issues in the oil sector, reviewed by Carole Nakhle, is the
choice between tax and royalty (or “concessionary”) regimes and contractual
regimes. She points out the possibility of deploying equivalent fiscal outcomes
under either type, and then explores the evolution and characteristics of each,
subdividing the contractual regimes into those of a production-sharing type
(where produced oil and gas are shared) and those of a service contract type
(where a cash fee is paid, even if geared to project results). Tax and royalty
systems prevail in OECD countries, service contracts dominate where there are
national restrictions on private participation in petroleum production, while pro-
duction sharing has spread to much of the developing world — especially to
Africa and south east Asia, but not to Latin America.

Nakhle finds that the choice between concessionary or contractual regimes
has little impact on outcomes for core fiscal regime issues: the structure of the
fiscal regime itself, the impact of price volatility, ownership and control, fiscal
stability, or the sharing of risks. These issues remain equally difficult under
either legal form — and equally capable of resolution. The choice of legal form
comes down to factors of political economy and national institutions. In all
cases, Nakhle sees potential for oil and gas producing countries to establish
investment frameworks (including fiscal regimes) that respect their national sov-
ereignty, and yet engage the finance and expertise which the international oil
industry can provide.
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Lindsay Hogan and Brenton Goldsworthy blend a survey of fiscal regimes for
minerals with an approach to evaluating the component fiscal instruments. They
find wide variation in fiscal systems among countries and over time. Mining fiscal
regimes have tended to be unstable, and to respond sharply to price developments
or to prevalent political trends (such as that towards state ownership of mines
from the 1950s onwards, and privatizations after 1980). Production sharing and
other contractual forms of fiscal regime have not taken hold in mining — the
reason for this not being entirely clear, and perhaps meriting closer study — so
Hogan and Goldsworthy focus on the key mineral taxation devices that prevail in
most of the world: royalties, corporate income tax, and rent-based taxes.

Using the “certainty equivalent approach,™ they evaluate the three main
instruments, alone and in combination, in terms of their effects on neutrality,
revenue yield, and investors’ assessment of risk under differing assumptions
about attitude to risk. Rent or profit-based taxes tend to rank highly on neutral-
ity, while output-based instruments (royalties) tend to rank highly in terms of
moderating government risk, and administration and compliance criteria.

Graham Kellas addresses the special case of fiscal regimes for natural gas
projects. Although gas has many economic properties in common with oil, and
is frequently produced in association with oil, the problems of bringing gas to
market and of pricing it are significantly different. Commercialization of gas
requires a chain of operations “from drill bit to burner tip” that includes
upstream production, pipeline transportation, processing or liquefaction, trans-
portation again (for example, on LNG (liquefied natural gas) tankers), distri-
bution or regasification (if liquid), and final sale to end user as fuel, electric
power, or an industrial input. At each stage there may be arm’s length prices
or transfer prices, and rents may arise. Fiscal regime design for gas is there-
fore complex, and may have to be adapted to the commercial structure of indi-
vidual projects. Kellas points out that individual project arrangements are
common (outside the United States, where a spot market supported by a
national pipeline system exists, and perhaps north-west Europe, similarly
interconnected).

Kellas explores the commercial structure of different project types, making a
key distinction between “segmented” projects where transfer prices must be
established at each stage of the chain, and “integrated” projects where only the
final price of gas (usually LNG) matters. Since petroleum fiscal regimes usually
apply to upstream production in a segmented structure, and normal corporate
income taxation will apply to other stages, the transfer price from the field deliv-
ery point is critical to the fiscal outcome. Kellas considers other complications
too, including the higher costs of delivering gas and the historical tendency for
markets to undervalue its calorific content (heating value) relative to that of oil.
He argues that government policies on gas pricing, equity participation, and on
fiscal terms must be developed simultaneously if governments are to extract a
significant share of rents from the production of natural gas.

Part III of the book addresses a range of special topics whose importance
spans the sectors of interest.
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Philip Daniel, Brenton Goldsworthy, Wojciech Maliszewski, Diego Mesa
Puyo, and Alistair Watson (Daniel et al.) address the key question, critical for
well-informed resource tax policy: How can one evaluate and compare altern-
ative fiscal regimes for resource projects? In answering this, they present results
from the Fiscal Analysis of Resource Industries (FARI) project undertaken in
the Fiscal Affairs Department of the IMF. They use the example of an oil field
development, but also show how the analysis can be extended to the exploration
decision. After outlining criteria for evaluating resource taxation systems, they
derive indicators that can be used in a practical project modeling framework to
assess the regime against those criteria. Although much of their approach draws
from standard procedures used by practitioners in the evaluation of petroleum
projects and fiscal regimes for resources, following Boadway and Keen they try
to relate these procedures to concepts employed in wider analysis of tax systems
and their incentive effects.

Daniel et al. illustrate the application of the criteria and indicators using a
simulation for “Mozambique.” They do not replicate any particular contract or
field for that country, but use Mozambique’s model exploration and production
concession contract with bid or negotiated parameters (which are not specified
in that model) added by the authors. The circumstances of a country such as
Mozambique recur elsewhere: one major petroleum project is already operat-
ing, there are further discoveries but, as yet, no further development decisions,
and exploration interest is significant but possibly not sufficient to permit an
auction process to work properly. After considering fiscal regime issues and
impacts for their “Mozambique” case, Daniel ef al. locate the possible outcome
in international comparisons. As with all such exercises, they caution that
these have limitations and need to be carefully interpreted, taking account of
things they do not show. An investment decision in any country will be deter-
mined by much more than a mechanical comparison of the effect of a fiscal
regime on investor returns, simulating an identical field across a number of dif-
ferent country regimes.

Bryan Land re-appraises the benefit of resource rent taxes to host govern-
ments in the light recent commodity price swings. His focus is on non-royalty
devices for extracting resource rent, usually meaning a tax on net cash flows
levied only after the project has generated a minimum acceptable return to
capital. As Land notes, a resource rent tax (RRT) of this type has had both pro-
ponents, who regard it as an indispensable part of the resource tax armory, and
detractors, who consider RRT inappropriate and/or unworkable.

After a survey of both design principles and experience in implementation of
RRT, Land concludes that there is a place for such a tax device in making fiscal
regimes more responsive to uncertain outcomes. In practice, RRT has only been
used in combination with other devices (usually royalty and income tax). The
RRT can be less distorting than other levies aimed at rent capture. RRT can,
however, present administrative challenges in countries with poor tax adminis-
tration capacity — though no more so than the regular corporate income tax. Land
concludes that the benefits of RRT depend on the government’s discount rate
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and risk preference: a government will have to be willing to accept back-loading
of fiscal take, and a procyclical pattern of resource tax revenues.

Charles McPherson considers state participation in resource industries,
drawing on case studies from both mining and petroleum jurisdictions, and coun-
tries at varied stages of economic development and institutional strength. He
finds that state participation is not only durable — having been a key feature of
sector development for about 50 years — but also shows signs of revival follow-
ing the commodity price surge that peaked in 2008. He defines state participation
broadly: from 100 percent equity participation, through partial or carried equity
arrangements, to equity participation without financial obligation. He outlines
the evolution of these forms, beginning with the founding of national oil com-
panies in Argentina and Mexico, and identifying the 1970s as the time of great-
est extension of state participation. Noting that the fiscal effect of each form of
state participation can be replicated by a tax, he goes on to identify the noneco-
nomic objectives, as well as the commercial and fiscal objectives, that commonly
underpin state participation, and may, in many cases, be more important than
strictly commercial and fiscal objectives.

McPherson then explores the systemic issues arising from state participation:
governance problems; challenges for macroeconomic management; funding of
developments; commercial efficiency; conflicts of interest; sector responsibilities
and institutional capacity. He finds positive recent policy responses to some of
these challenges, especially as a result of the global movement in support of
greater transparency and accountability in natural resource sectors. In particular,
he points to improved clarity on roles and responsibilities of government agen-
cies and national resource companies.

Against a background of rapidly increasing interest in auctions as a means of
allocating exploration and extraction rights for natural resources, Peter Cramton
surveys the arguments for this approach and the possible means of conducting
auctions. Auctions allocate and price scarce resources in settings of uncertainty.
They are a competitive, formal, and transparent method of assignment. Cramton
argues that a primary advantage of an auction is its tendency to assign lots (of
rights to explore and extract) to those best able to use them. A well-designed
auction can perform well with respect to both efficiency and revenues — although
there are subtleties in auction design which can affect their efficiency.

In stressing that auction design matters, Cramton advocates three initial steps:
(1) establish the objectives of the auction (he assumes this will usually be revenue
maximization, but in any case stresses that there must be a clear and unambigu-
ous way to translate bids into winners and terms); (ii) define the product —
specify what is being sold; for oil, gas, and minerals this means the terms of the
license or contract, including the biddable terms, and the geographic scope of the
lots; and (iii) specify the auction process well in advance of the tender — the bot-
tleneck is usually the administrative process, rather than technical auction design
and implementation. He goes on to examine the role of bidder preferences, and
then alternative forms of auction. The best auction format will depend on the
particular setting, especially the structure of bidder preferences and the degree of
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competition. Cramton reviews a number of developing country experiences with
oil and gas auctions, but cautions that research on the use and impact of natural
resource auctions is not well-advanced (compared with the study of auctions, for
example, of the spectrum for wireless telephony).

Practical issues of implementation are the focus of Part IV. It begins with two
chapters by Jack Calder on the administration of fiscal regimes for the resource
sector — a topic of great concern in many lower income countries, but which has
received very little attention from practitioners.

The first of Calder’s chapters addresses the interaction between tax policy and
tax administration for natural resource sectors. Its organizing theme is a chal-
lenge to the widespread view that poor tax administration capacity rules out a
progressive profit-based regime: first, it is possible simply and quickly to acquire
administrative capacity by contracting out (he cites the case of Angola), at a
small cost in relation to the large resource revenues at stake; second, a range of
policy actions can be taken within a profits-based regime to simplify administra-
tion. He points out that, moreover, supposedly “simpler” levies, such as royal-
ties, are not always as simple as they seem, and are made complex by rate
differentiation, exemptions and conditions, and discretionary provisions.

Calder considers constraints on policy simplification, such as tax stability
agreements, but argues that changes to the administrative framework are often
easily accomplished despite such agreements. “[Companies] have no interest in
the stability of unpredictable and inconsistent tax administration,” where the
changes improve it. He argues for separation of tax administration from resource
management functions (an implicit criticism of production-sharing regimes), and
also for a clear role for administrators in tax policy formulation.

Jack Calder’s second chapter deals with the detailed functions, procedures,
and institutions of resource tax administration. He stresses the importance of
sound “routine” administration, especially of proper accounting for resource
taxes, and argues that shortcomings ought to be straightforward to fix. Among
“nonroutine” tasks, Calder examines valuation of output, tax audit, dispute reso-
lution, and appeals; each of these varies according to the type of regime chosen.
Turning then to institutions, he addresses relations among the different agencies
that may have responsibilities in the resource sector, and the internal organiza-
tion of the tax administration. He emphasizes that the administrative capacity
actually required for resource tax administration can be exaggerated — there are
very large returns to very small investments. Calder then turns to the transpar-
ency agenda in tax administration, including the clarity of roles and responsibil-
ities, public availability of information, and assurances of integrity. Finally, he
considers the politics of tax administration reform, and the possible role of tech-
nical assistance. Overall, Calder’s view of administrative possibilities is optimis-
tic; there are lessons to learn, but good practice can be found in surprising places.
In some respects, indeed, administration should actually be easier in relation to
resources than in other sectors.

Many resource firms operating in the resource sector, especially in develop-
ing countries, are likely to be foreign multinational firms. Peter Mullins takes up
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the international tax issues that consequently arise. While a country’s domestic
resource tax regime is important, its revenue-raising capacity and its attractive-
ness to investors can be enhanced or undermined by tax rules that apply to inter-
national transactions. In particular, Mullins points to the need to ensure that
revenue is not unnecessarily eroded through aggressive tax planning.

Mullins guides us through recent international developments in corporate
income taxation, taking up the theme from Boadway and Keen that thinking on
resource taxation and general business taxation have tended to evolve independ-
ently of each other. Developments in business taxation may affect a country’s
attractiveness to investors, the way an investment in a resource project is best
structured, and also the revenue yield for government. Resource-rich countries
will want to ensure their right to tax rents yet limit the potential for double taxa-
tion of profits derived by multinational firms. Mullins examines transfer pricing
and thin capitalization problems, advance pricing agreements and the potential
pitfalls and uses of double taxation agreements. He sees scope for regional coop-
eration and information exchange.

The last part of the book deals with the issue of stability and credibility in
resource taxation, which the heavy sunk costs and long duration of oil, gas, and
mineral projects make such a concern for investors.

Philip Daniel and Emil Sunley explore contractual assurances of fiscal
stability. They observe two general forms of a fiscal stability assurance to inves-
tors in resource contracts: the “frozen law” formulation, and the “agree-to-
negotiate” formulation. They identify a number of practical difficulties with both
forms: the locked-in benefits may be unsustainably generous; problems may
arise in determining just what the fiscal laws were when the agreement was
signed; when the agreement follows the agree-to-negotiate formulation, on the
other hand, the offsetting change that would be appropriate under one set of
assumptions about relevant economic circumstances may be too generous, or not
generous enough, under a different set of assumptions. Finally, many fiscal
stability clauses are asymmetric, protecting the investor from adverse changes
but passing on changes that are beneficial.

With country examples, Daniel and Sunley outline a possible political
economy of fiscal stability assurances, by analogy with other institutional
devices designed to promote wider fiscal discipline. The assurances may indi-
cate a “commitment” to the particular investor by government to abide by fiscal
terms, but, alternatively, they may be a “signal” to other investors that govern-
ment is serious, or even a “smokescreen” permitting use of devices not covered
by the assurance when adherence to its terms becomes too costly. Daniel and
Sunley note that there are few examples where a fiscal stability clause has been
invoked in arbitration or court proceedings. For an investor, the real benefit of a
fiscal stability clause may be to sow the seed of doubt in the host government
that it might be invoked, and thereby promote appropriate behavior. Fiscal
stability clauses do not necessarily prevent contract renegotiation, where fiscal
regimes in place do not respond flexibly to substantial changes in
circumstances.
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Petter Osmundsen argues that Norway has dealt with the time consistency
problem by building credibility as a reasonable tax collector, with the govern-
ment initially tailoring the tax rates imposed on its oil sector to economic, geo-
logical, and technical conditions, and gradually changing the regime into a
neutral and stable tax system. At a core conceptual level, he applies game theo-
retic models on commitment and time consistency to oil and gas taxation, and
identifies special conditions in this industry which complicate a credible com-
mitment. He finds that Norway’s specific evolution of tax policy was important
in arriving at the present fixed and unchanging system. In particular, it was
important that the Norwegian government sought to secure the development of a
substantial number of new fields, creating a disciplinary effect on the taxation of
existing fields. He does not argue that the Norwegian example is applicable in all
circumstances, and sets out conditions under which it does work. Osmundsen
does nevertheless conclude that petroleum taxation should be shaped in a long-
term perspective, with the emphasis on credibility and predictability.
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Notes

1 The book is long but does not cover everything. Issues of fiscal federalism in resource-
rich economies are discussed in Ahmad and Mottu (2003), Brosio (2006) and McLure
(2003); and challenges of macroeconomic management in resource-rich economies in
several contributions to Davis, Ossowski and Fedelino (2003) and by Venables and van
der Ploeg (2009). Transparency issues, a major and topical concern, appear in several
of the chapters below but have been separately treated by the IMF in its Guide on
Resource Revenue Transparency (2007). The book also deals only with exhaustible
resources (renewable ones, such as forestry and fishery, raising distinct issues of main-
taining the resource stock). Given the focus on extracting countries and upstream taxa-
tion, it does not address issues of final product pricing, from the difficulties raised by
continuing subsidization of fuel consumption in some countries to the importance of
crafting proper carbon pricing as a core instrument for addressing climate changes: a
recent discussion of the former is in Coady et al. (2010) and the latter are addressed
from a fiscal perspective in IMF (2008).
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2 “Integrated budgets” means the channeling of all revenues for expenditure through a
single consolidated budget, with as little earmarking as possible.

3 The certainty equivalent expected value to a risk-averse investor of a risky project
being the project’s expected net present value at a risk-free discount rate, less a risk
premium compensating for the project risk.
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Conceptual overview






2 Theoretical perspectives on
resource tax design

Robin Boadway and Michael Keen

1 Introduction

Natural resources are a large part of the wealth of many countries, and the way
in which their potential contribution to government revenues is managed can
have a powerful impact — for good or ill — on their prosperity and economic
development. The challenges to good tax design, however, are formidable, both
in the technicalities of dealing with the distinctive features of resource activities
and in coping with the interplay between the interests of powerful stakeholders.

The purpose of this chapter is to review the most central of these challenges,
bringing to bear a perspective drawn from the wider public finance tradition. To
a large extent, the literatures on resource taxation in particular and on business
and commodity taxation more generally have evolved largely distinct from one
another, and indeed the same is true in terms of policy formation. This is surpris-
ing and unfortunate. Many of the challenges faced in the resource sector are not
qualitatively unique but arise in any business activity; it is just that they loom
especially large in relation to resources. The resource tax literature has con-
sequently delved into some issues (how uncertainty can shape the impact of tax-
ation on investors’ incentives, for instance) more deeply than has the wider
public finance literature. On other issues (such as the design of rent taxes), it has
perhaps not fully absorbed advances, theoretical and practical, in wider under-
standing of the essential issues and possibilities. Part of the purpose here is to
bring the mainstream and specialist perspectives closer together. In doing so, the
chapter is also intended to provide a conceptual framework for many of the more
applied contributions in later chapters of the book.

The coverage is broad, having in mind oil, gas, and mining activities. Special-
ist treatments are commonly provided for each, reflecting differences in their
practical features and associated traditions of tax design.! Their considerable
analytical similarities as non-renewable resources, however, warrant a unified
conceptual treatment: for brevity, the paper uses the term ‘resource’ to refer to
all three.? Also for brevity, the term ‘tax’ is used in a broad sense to include pay-
ments to governments (such as royalties associated with the right to exploit
deposits owned by the state, or equity participation) that are not taxes in the
formal sense of being unrequited, but are compulsory nevertheless.
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The coverage is also broad in terms of the design issues addressed. One,
however, is given particular emphasis, running through much of the discussion.
This is the question of whether or not resource tax regimes should incorporate
some element of progressivity, in the broad sense (rarely defined more precisely)
of implying an average tax rate that rises with the realized profitability of the
underlying project. This naturally rises to special prominence in public discus-
sions in times of high resource prices, but more fundamentally goes to the heart
of many of the basic questions of credibility, risk-sharing and efficiency that
arise in designing efficient tax regimes for the sector.

The focus of the chapter is limited, nevertheless. For the most part, the design
problem considered is that of the country in which the resource deposits lie; we
do not consider the pricing of final sales (the benchmark instead being one in
which resources trade at world prices); governance issues are largely set aside;
and so too are environmental considerations. This precludes significant policy
problems: resource importing countries could choose to levy windfall taxes on
rents earned on imports, for instance, or (perhaps in pursuit of energy security
objectives) to impose tariffs; fuel subsidies remain a pressing concern in many
countries; governance is a prevalent concern in the sector, whose nature and
extent could depend on the tax regime in place; and environmental concerns are
particularly prominent in the resource sector at both the local level and, for fossil
fuels, through the global public bad of climate change. All these concerns could
have powerful implications for efficient tax design, and are neglected here only
because the issues that remain merit separate treatment.

The chapter first reviews key features of the resource sector that shape the tax
design problem, and the extent (or not) of their uniqueness. Section 3 then exam-
ines some of the key instruments that are or might be deployed, and how their
combined impact may be measured. Some of the central challenges for tax
design emerging from the features highlighted in Section 2 are considered in
Section 4. Section 5 concludes.

There is some algebra — but it is not in the main text, and can be skipped.

2 What’s special about resources?

The resource sector has a number of features that make its taxation not only
especially important for many countries but also particularly challenging —
though in some respects, as will be seen, it is more straightforward to tax than
are many others. Most of these features, it will be argued, are not in themselves
unique to resources. What is distinctive is their sheer scale. This section reviews
these features, postponing until later discussion of the challenges for the tax
design that they pose.

A High sunk costs, long production periods

Discovering, developing, exploiting, and closing a mine or oil field can cost hun-
dreds of millions of dollars, and take decades. In mining, for instance, it is not
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uncommon for 50 years or so to pass between exploration and rehabilitation.
Moreover, the associated expenses are to a large degree incurred early in the life
of the project, often prior to the generation of any cash flow, and are then sunk,
in the sense they have little if any alternative use. An offshore oil platform may
be moved to other fields, for instance, but money spent looking for oil fields
(successfully or not) is gone. While significant sunk costs are incurred in other
lines of business too — in developing power plants, for example, or in undertak-
ing R&D (analogous to exploration spending) on pharmaceuticals — their perva-
siveness and magnitude in resource activities put them at the heart of the
problem of sectoral tax design.

The importance of these features is that they pose a fundamental problem of
time consistency. While a resource project is still in the design stage, the pro-
spective tax base is highly sensitive to the anticipated tax regime: if investors
feel it will be too onerous, they can simply not undertake the project. Once they
have incurred the sunk costs, however, investors have little choice: so long as
they can cover their variable costs, production is more profitable than ceasing
operations, making the tax base relatively insensitive to tax design. The govern-
ment thus has an incentive to offer relatively generous treatment at the planning
stage (the tax base then being relatively elastic), but much less generous treat-
ment once it is in place (the tax base then being relatively inelastic): the
‘obsolescing bargain’ of the resource literature. The importance of this is that it
creates a potential inefficiency: the forward-looking investor will recognize the
changed incentive that the government will face ex post, and so may be reluctant
to invest even if promised generous treatment: they see all too clearly the incen-
tive that the government will have to renege. All this may leave investors reluct-
ant to invest: the ‘hold up’ problem.

The problem does not arise from any duplicity or ill will on the part of either
the government or investors: it simply reflects the general principle of efficient
tax design that tax rates be set in inverse relation to the elasticity of the under-
lying tax base. The fundamental difficulty is simply the inability of the govern-
ment to commit in advance to apply the scheme that it would be optimal to
impose at the outset: a promise alone may not be credible, since investors know
that the incentives even of a wholly benevolent government will change once the
investment is made. While this incentive to renege on promised tax arrange-
ments arises whenever investors incur sunk costs, the temptation will naturally
tend be greater the more profitable an investment proves. Events in Zambia,
Ecuador, and Venezuela during 2008, for example, show that pressures can be
especially strong at times of high resource prices.

B The prospect of substantial rents

Economic rent is the amount by which the payment received in return for some
action — bringing to market a barrel of oil, for instance — exceeds the minimum
required for it to be undertaken. The attraction of such rents for tax design is
clear: they can be taxed at up to (just less than) 100 percent without causing any
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change of behavior, providing the economist’s ideal of a non-distorting tax. And
this appeal on efficiency grounds — which is conceptually distinct from any
notion of fairness based on the government’s legal or moral claim to ownership
of the resource — is reinforced on equity grounds (at least from a national per-
spective) if those rents would otherwise accrue to foreigners. Equally clear, most
recently with the spectacular run-up in commodity prices to the latter part of
2008, is the potential magnitude of these rents in the resource sector. Rent
extraction is thus a primary concern in designing resource tax regimes.

The resource sector is by no means the only one in which rents may be
present. In a competitive world, they can arise only if there is some factor of
production that is in fixed supply (for if there were not, new firms would enter at
lower prices and eliminate the rent). In the resource context, the fixity of
resource endowments — not just over infinite time but over the fewer years and
decades needed to bring new sources online — and the diverse quality of deposits
create evident scope for the existence of such rents.’ In other sectors, rents may
arise from fixed factors in the form of protected intellectual property rights,
superior management, better locations, as well as from barriers to competition.
Again, it is the sheer scale and potential persistence of such rents that mark out
the resource sector.

Care always needs to be taken in operationalizing the notion of rents to
include all the relevant costs of the actions at issue: failing to do so means that a
tax on ‘rents’ will actually distort decisions. This is not an easy task. It requires,
for instance, making appropriate allowance for any risk premium in the cost of
capital faced by resource companies and for any part of the return to sharehold-
ers that may represent incentive payments to managerial skill. In the resource
context, two particular issues loom large.

First, one of the costs of extracting some resource this period is the revenue
foregone by the consequent inability to extract it in the future: this is sometimes
referred to as ‘Hotelling rent.”* Importantly, however, while these period-specific
costs do affect the optimal time profile of resource extraction (as discussed
below), they do not affect the rent optimally accumulated over the full lifetime
of a project: a firm may incur some opportunity cost today by restricting output
so as to be able to extract more tomorrow, but when tomorrow comes it derives
an offsetting benefit. Thus — despite its prominence in the resource literature —
the taxation of rents over a project’s life does not require any measurement of
Hotelling rent, or even any use or understanding of the concept.

Second is the importance of the notion of ‘quasi-rents,” meaning rents whose
existence derives from a previous outlay of sunk costs. Following Garnaut and
Clunies Ross (1983), a resource project’s life might be divided into three phases:
exploration, development, and extraction. (One could add fourth and fifth phases,
those of processing the extracted ore and of cleanup and shutdown of the mine,
though these would not affect the current discussion). The first two phases will
involve substantial investment costs, and in the case of exploration some uncer-
tainty about the size of resource deposit found. At the end of the first phase,
exploration costs are sunk and uncertainty about the size of the deposit is sub-
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stantially resolved. The present value of subsequent expected revenues less
development and extraction costs is the quasi-rent from the known deposit.
Again, after the second phase development costs have been incurred, there will
be a quasi-rent associated with future expected revenues less extraction costs.
An integrated firm will operate so as to maximize its quasi-rents in each phase
less its initial outlay, and in so doing will also maximize its overall rents ex ante.
By the same token, if different firms are involved in the three phases, overall
rent maximization will be achieved if resource property rights are properly
priced in going from one phase to another. Thus, the value of a resource discov-
ered by an exploration firm could in principle be sold to a developing firm at a
price reflecting expected future quasi-rents.

A resource tax system that aims to be efficient should tax full rents, not quasi-
rents. This may be difficult to do if tax is applied only at the extraction stage,
since by then only successful resource discoveries will be pursued. The full cost
of resource exploitation includes the costs of unsuccessful exploration expendi-
tures as well, and unless these are somehow treated as deductible costs for tax
purposes, exploration will be inefficiently low. (The time consistency problem
discussed above is precisely the temptation to tax away such quasi-rents).
Suppose, for example, that exploration costing $10 million has a 10 percent
chance of discovering deposits that can be sold for $160 million (and extracted
costlessly), and 90 percent chance of finding nothing. In the event of success, the
quasi-rents of $160 million cannot be fully taxed away if exploration is to be
profitable. Clearly it would not be enough simply to allow exploration costs as a
deduction in the event of success, and levy tax of $150 million, since the possi-
bility of failure means that expected return to exploration would then be negat-
ive. The most that can be taken in tax in the event that the project succeeds is
$60 million: the investor then stands a 10 percent chance of earning $90 million
after tax and exploration costs that just offsets the 90 percent chance of simply
losing $10 million.’ It is this $60 million that represents rent viewed over the full
lifetime of the project, and which the objective of efficient rent taxation should
lead policy makers to focus on.

All this points to a resource tax system that recognizes all phases of resource
production. The treatment of exploration costs, in particular, is critical — just as
the treatment of R&D expenses more generally can be critical to efficient support
of innovation.

The prospect of large, persistent rents also creates well-known problems of
rent-seeking and corruption: these, however, are not the focus of attention here.®

C Tax revenue can be substantial and a primary benefit to the host
country

Reflecting the substantial rents to be earned, government revenue from resource
activities can be sizable not only absolutely but also as a share of all such
revenue: Table 2.1 documents this for selected resource-rich countries. Access to
a relatively efficient revenue source of this kind potentially strengthens the fiscal
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Table 2.1 Receipts from hydrocarbons and minerals in percent of government revenue
(average 2000-2007, selected countries)*

Hydrocarbons Minerals**

Algeria 72 Botswana (diamonds) 44
Angola 76 Chile (copper) 12
Azerbaijan 59 Guinea (bauxite/alumina) 19
Bahrain 74 Jordan (phosphates) 1
Bolivia 24 Liberia (iron ore, gold) 8
Cameroon 27 Mongolia (copper, gold) 9
Chad 27 Namibia (diamonds) 8
Colombia 10 Peru (Gold, copper, silver) 5
Congo, Republic of 73 Sierra Leone (diamonds, bauxite) 1
Ecuador 25 South Africa (gold, platinum) 2
Equatorial Guinea 77

Gabon 10

Indonesia 26

Iran 65

Iraq 97

Kazakhstan 27

Kuwait 79

Libya 77

Mauritania 11

Mexico 34

Nigeria 78

Norway 26

Oman 83

Papua New Guinea 21

Qatar 68

Russia 22

Sado Tomé and Principe 35

Saudi Arabia 72

Sudan 50

Syrian Arab Republic 39

Timor Leste 70

Trinidad and Tobago 38

Turkmenistan 46

United Arab Emirates 69

Venezuela 48

Vietnam 31

Yemen 72

Source: IMF staff calculations.

Notes

* Revenue (taken from the World Economic Outlook) is ‘General government, total revenue and
grants” when available (which is in most cases), and ‘Central government, total revenue and
grants’ otherwise.

** Principal minerals in brackets.
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position, allowing reduced borrowing, increased spending and/or less reliance on
more distorting taxes. One would expect, for example, that resource-rich coun-
tries would take the benefit in part by making less use of presumably less effi-
cient non-resource tax instruments; Bornhorst et al. (2009) find that this has
indeed been the case for a panel of oil-rich countries.

The importance of resource revenues, especially when concentrated within
countries on relatively few fields, has another implication: more systematically
than in other areas, tax design is de facto a matter of negotiation between gov-
ernment and investor (and/or of frequent changes to the general regime), rather
than of designing some system that is then simply applied uniformly to all.
While there may be merits in terms of transparency, and perhaps fairness and
credibility too, in having tax rules set an arms-length from the circumstances of
particular projects and investors, in practice — and especially for countries with
only a few large sources — this will simply not happen.

Tax revenue may not be the only economic gain from resource projects.
Foreign investment is often seen as conveying substantial external benefits to
host economies — beyond, that is, the domestic share in the financial returns it
yields — in terms, notably, of easing unemployment and developing human
capital. Resource investments, however, are highly capital intensive, so that
associated employment (especially in upstream activities) can be quite modest,
and also relatively low-skilled. Joint ventures are in large part seen as a way to
encourage transfer of higher level skills, though there is little evidence on how
successfully this has been achieved: the continued dominance of firms based in
developed countries suggests perhaps that success has been limited. While
encouraging (which does not necessarily mean subsidizing) industrial linkages
beyond resource enclaves can clearly be useful, spillovers, in this sense, may be
quite limited. And of course they are in some respects adverse, with the risk of
significant environmental damage both from the inescapable footprint of extrac-
tion activities and accidental oil spills and other damage.

Combined with the prevalence of foreign ownership, and the sheer scale of
government receipts, all this means that tax revenue is likely to be not simply a
side-benefit of resource extraction but the core benefit itself. Not entirely unique
to resources — much the same is true, for example, of the offshore banking that
many developing countries have tried to attract — this makes proper tax design in
the host country still more important.

D Uncertainty

Resource projects are subject to considerable uncertainty at all stages, from
exploration through development to extraction and closure. Once again, the same
is true in many sectors, not least those (like chemicals) that are intensive in
R&D. But the inherent uncertainties and longevity of the production period
exacerbate the extent of the challenges.

Geology poses its own uncertainties: How much of the resource will be
present, in what quality, how accessibly, and by means of what perhaps as yet



20 R. Boadway and M. Keen

undeveloped technology? For multinationals operating a portfolio of projects, or
countries endowed with many deposits these idiosyncratic risks may pose little
difficulty, as failure in some places is offset by success elsewhere. For countries
with just a few possible deposits, however, the uncertainty poses real problems.

Price uncertainty poses more systemic difficulties, not being naturally diversi-
fied in the same way. And the uncertainty and volatility of output prices’ is
indeed one of the most marked features of the sector. Figure 2.1 illustrates,
showing the prices of crude oil, copper and uranium over the last 40 years (20
for uranium). The roller-coaster of the last decade or so epitomizes the difficulty.
From around $15 per barrel at the end of 1998, for example, the price of crude
oil rose to $112 by the summer of 2008 before falling to $60 at year end. Copper
prices also rose to a peak at around the same time, before a marked fall, as did
other mineral prices. Developments in the uranium price were spectacular, rising
from under $10 per pound at the start of the decade to more than $120 at end
2007, before tumbling to $64 at the end of 2008.

These large and in many cases rapid price movements translate into consider-
able uncertainty and variability in the aggregate rents obtained over the lifetime
of a project, and the distinct possibility that total rents will turn out to be negat-
ive — with powerful implications for decision-making, and the way in which tax
design can affect it. They also strongly impact public debate on the tax treatment
of resource activities: widespread talk of windfall taxes and contract renegotia-
tion around mid-2008, for instance, had evaporated by year-end.

Crude oil (real prices 2008)
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Figure 2.1 Resource price movements.
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Copper (real prices 2008)
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Figure 2.1 continued

In addition to these uncertainties inherent in the economics of resource extrac-
tion, there are also many policy uncertainties, some reflecting the time consist-
ency problem stressed above, some arising from wider political risks in dealing
with potentially unstable regimes, and others reflecting specific policy uncertain-
ties, not least, for oil and other fossil fuels, in relation to evolving policies
towards climate change.
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Resource activities can entail particular risks for workers and entire com-
munities. With resources often located in remote areas, communities growing up
around them may be one-firm towns, exposing workers and their families to
risks that they find hard to diversify away. Governments are often left to assume
some responsibility for the hardship felt by resource-dependent communities that
fall on tough times.

E International considerations

Reflecting the relative scarcity of the technical and managerial skills needed, the
development and exploitation of natural resources is commonly undertaken pri-
marily by foreign-owned firms, albeit often in conjunction with state-owned com-
panies (especially in the oil sector) or in joint ventures with domestically-owned
companies. Once more this is not unique to the sector, but is so pervasive as to
make it especially important for resource tax design. It has several implications.

The most obvious is that since more than one jurisdiction will typically seek
to tax any resource project, investors and each government concerned must look
to the combined impact of all these taxes, not just those in any single country.
This in turn has a number of consequences.

One is that the effective rate of taxation on any project depends not only on
the tax system in the host country, but also on tax rules in the home country of
the investing firm, the countries in which owners of the investing firm reside,
and, perhaps, any countries through which income is routed. It is conventional to
focus only on the host country tax system in evaluating tax impacts on projects,
but taxation in these other countries can also have a powerful impact on reve-
nues, profitability, and behavior. Of particular importance is the treatment in
home countries asserting the right to tax income that has been earned and taxed
abroad. Standard corporate and withholding tax payments will generally be cred-
itable against home country liability in such countries, for instance, but royalties
will not; and explicit rent taxes may be creditable only if explicit provision for
this is made for this in double tax agreements.

Awareness of the interactions between the various tax systems can in turn
impact proper tax design. The impact of a host country rent tax on incentives to
invest, for instance, depends critically on whether or not such tax payments are
available as a credit against the liability of the foreign-owned firm in its home
country. And if host countries — which have, de facto and de jure, the first right
to tax activities undertaken in their jurisdiction — fail to fully tax the rents on
some resource activity, the home government may seek to do so instead. The
international nature of resource companies’ operations also creates particular
opportunities for tax avoidance, and corresponding challenges for national tax
administrations — often an inherently unequal contest, given the expertise and
funds available to large multinationals relative to domestic tax administrations
even in relatively advanced economies. In some respects, these challenges are
actually easier in the resource sector than in others. In particular, resources them-
selves often have well-established world prices that can be used to monitor trans-
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fer pricing arrangements within multinationals.® This is especially so in relation
to oil. But it is not always the case: spot prices for natural gas are limited, for
instance (as stressed by Kellas in Chapter 6 of this book). Moreover, even when
resource prices are observable there remain other avoidance opportunities,
notably through using financial arrangements to shift taxable income from high
and to low tax jurisdictions. These and other technical aspects of international
tax rules as they affect the resource sector are not, however, pursued further
here: a full treatment is given by Mullins in Chapter 13.°

The prevalence of foreign ownership may also affect host countries’ incen-
tives in tax setting: after-tax profits accruing to foreigners are presumably less
valuable socially than are receipts accruing to domestic citizens. They may thus
be given relatively little weight in tax design.

There is another aspect of the international nature of the resource business
that is more puzzling. Host countries evidently care very much how their tax
systems compare with others, and are often concerned not to offer regimes that
are substantially more onerous. Quite why this is so, however, is by no means
obvious. It is clear enough, for instance, why a country wishing to attract a car
factory or the research headquarters of a large software company would not wish
to find others offering more attractive tax regimes: the factory or research center
might be established elsewhere instead. But a company cannot choose to exploit
a gold deposit located in one country by building a mine in another. Resource
deposits, however, are specific to a particular location, so that standard tax
theory would suggest that any associated rents can be taxed at up to 100 percent
without jeopardizing the existence of the project. The puzzle, to which we return
below, is to explain why tax competition is as strong in relation to resources as
casual inspection suggests it to be.

F Asymmetric information

Policy makers will generally be less well-informed of the geological and com-
mercial circumstances at all stages of particular resource projects than are those
who undertake the exploration, development, and extraction. These asymmetries
of information make rent extraction potentially far more difficult than would
otherwise be the case, since operators, knowing that it may increase their tax
charge, have no direct interest in sharing their superior information with govern-
ment. They are likely to have an interest in understating the likely stock of the
resource, and overstating the difficulty of its extraction. And, even short of out-
right evasion, they may have a range of devices for understating measured profits
in the host country once activity is underway, for example through transfer
pricing and similar profit-shifting of the type discussed above.

Asymmetries of information of this kind are far from unique to the resource
sector, and indeed without them tax design and implementation would be a largely
trivial problem (since liability could be directly tied, without risk of distortion, to
underlying features determining ability to pay). Policy makers can to some degree
mitigate the asymmetry in resource activities by undertaking their own geological
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surveys and using consultancy services of those with industry-specific expertise.
But asymmetries are likely to remain, and to be especially marked in lower income
countries that find themselves with limited domestic capacity to match against
large and long-established multinationals. The same is true in other sectors too, of
course — such as in relation to financial institutions — but the challenges are again
so fundamental to resource activities as to merit special attention.

G Market power

Most analyses of resource taxation assume that host governments and investors
behave competitively, in the sense of taking the world price of the resource con-
cerned as given. But this may not always be so. Host governments may be able
to exercise appreciable control over the flow of some resources into the world
markets, whether collectively (the most familiar example being OPEC) or, in
some cases, individually: the ten largest oil producing countries, for example,
account for around 60 percent of world production, and South Africa holds
nearly 90 percent of the world’s reserves of platinum. Companies may also exer-
cise significant market power: the Potash Corporation of Saskatchewan, for
example, produces over 20 percent of the world’s potash. Such market power
can have several implications.

First, it can change the incentives for tax-setting in both host countries and
resource-importing ones. A country that can deploy a rent tax, for instance,
would not benefit (in revenue terms) by taxing exports if its production does not
affect world prices: because of the distortion that the export tax creates — causing
less to be produced than could profitably be sold at world prices — the revenue
consequently raised would be less than the rent foregone. If it can affect world
prices, however, then some taxation of exports would generally be desirable as a
means of raising that world price.'” By the same token, resource importers have
an incentive to impose a tariff if by doing so they can reduce its world price.
These incentives for strategic tax-setting are made more complex by the exhaust-
ible nature of natural resources, discussed below, but the broad insights remain:
Karp and Newbery (1992), for instance, find that on this account oil importing
countries have an incentive to impose substantial tariffs.

Not least, market power may also provide an additional source of rents for
governments to seek to tax. It can also change the impact of standard tax instru-
ments. A royalty imposed on all sales by a group of imperfectly competitive
extracting firms, for instance, could cause their profits to increase: this is because
it would serve, in effect, as a device for achieving a coordinated output reduction
that they are unable to achieve by any credible agreement amongst themselves
(see, for instance, Stern (1987)).

H Project basis

Less commonly remarked, but quite unusual by wider standards, is the possibil-
ity and practice of taxing resource sector activities on a project rather than a



Perspectives on resource tax design 25

company basis. One does not think, for example, of taxing a soft drink company
separately on its various production plants, or an accounting firm differentially
on the profits earned from its various offices. There are exceptions, of course:
special incentives are sometimes provided for large projects, and restrictions on
company grouping for the corporate income tax are in a broad sense analogous
to ring-fencing arrangements in resource taxation. But the nature of resource
activities — the inability to switch deposits between projects — lends itself to a
project-based approach to tax design and evaluation not found systematically in
other areas. Otto et al. (2006) argue that mine-by-mine royalty-setting has
become less common. Nevertheless, differentiation across projects continues to
be found — between onshore and offshore oil projects, for instance and, inher-
ently, in the use of auctioning — and remains an option in a wide range of
circumstances.

1 Exhaustibility

None of the features above is entirely unique to the resource sector. What is
unique to non-renewable resources with which we are concerned, is, by defini-
tion, the finiteness of potential production. The point should not be taken entirely
literally: new resource deposits are discovered,'" the extent to which deposits are
exploited is itself a choice variable, and for many resources known stocks are so
large that finiteness is not an immediate concern. (Current coal stocks, for
example, are enough for several hundred years, at current usage rates). Never-
theless, the basic distinctive feature remains, and applies both in aggregate and
to particular projects: more extraction now means less potential extraction later.

This has profound implications for the economics of resource extraction. Four
are particularly relevant for tax design (details being spelt out in Box 2.1):

*  The marginal cost to which the marginal benefit from extraction is optimally
equated in each period reflects not only the current production cost but the
opportunity cost in terms of future extraction foregone (this being the (mar-
ginal) Hotelling rent discussed above).

* A resource stock should be depleted in such a way that the shadow price of
the resource (that is, the value of an additional unit of the resource stock)
rises at the discount rate less a term reflecting the extent to which extraction
becomes more costly as the stock declines. The reason for this is simply that
deferring extraction will be worthwhile whenever this leads to a gain in
future welfare, including through any reduction in future extraction costs,
that outweighs the discounting of that future benefit.

* As a (very) special case of the previous point, if extraction is costless
the price of the resource should rise at the rate of discount: the ‘Hotelling
rule.’

* A higher discount rate is expected (though the point is not theoretically
clear-cut) to lead to faster extraction, the intuition being that it increases the
financial return from extracting resources early and investing the proceeds.
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Empirically, there is substantial evidence that the evolution of resource prices
and valuations is not well-described by the simple model that underlies these
results: see for example, Krautkraemer (1999), where possible reasons for this
(such as the importance of new discoveries) are also discussed. Nevertheless,
these relations capture inescapable trade-offs that arise in exploiting established
resource stocks and which, as will be seen below, bear on important aspects of
tax design.

Box 2.1 The economics of resource extraction — some key results

Denote by V(S) the maximized value of some objective function — whether that
of a policy maker, or of a private investor — conditional on a current resource
stock of S, and reflecting the expectation of optimal decision making at all future
dates. With extraction of ¢ giving rise to current benefits of B(q) and costs of
C(g, S) (so that, for instance, C is decreasing in S if extraction becomes more
costly as the stock is exhausted), this maximized value is defined recursively as

V(s,) = man{B(q,) —C(q,,s,>+$E,[V(SM)]} ) (1.1)

the discount rate being  and the expectation (conditional on information at time
t) reflecting potential future uncertainties, for instance in resource prices. (When
B is simply revenue from sales of the resource, V' corresponds to quasi-rent, costs
sunk in discovering the stock and readying for its extraction being taken as
given). With extraction reducing the available stock (and, by assumption, no new
discoveries), so that S,., = S, — ¢,, optimal extraction in period ¢ requires (if posit-
ive) that

B(g)=C,(q.S)+—— EV(S,)] (1.2)
1+7r

(and is zero if B(g) < C(q, s,) for all ¢), with derivatives being denoted by primes
for functions of a single variable and subscripts for functions of several. This
gives the first result highlighted in the text. Tighter implications for the optimal
extraction path follow from differentiating in (1.1) with respect to S, and rearran-
ging to find

EWV(S.1=V(S) _ ., 1+1Cs(@,s5) (13)
Vs, )

which gives the second. The third follows on taking the special case in which the
marginal benefit from extraction is equal to the price of the resource, p, (either
because the resource is all consumed domestically or, perhaps more plausibly,
because the only concern is the net profit earned from the project and the price is
fixed on world markets)'? and extraction is costless.

The implications of the conditions in (1.2) and (1.3) for current extraction are hard
to see, since both involve all future decisions through the marginal valuation term
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E[V’(S,;)]. Combining the two, this can be eliminated to find" that along the
optimum

Ez [(B’(q1+l ) - Cq (q/+l s St+1 )] - {B,(qt ) - Cq (qt s St )} —r+ E; [Cs (q+1 5 S;+1 )]
Bl(qt)_cq(qt’st) B’(qt)_cq(qt!St) ’

(1.4)

so that the net marginal benefit from extraction is expected to rise at the rate of
interest plus a term reflecting the effect of stock depletion on production costs.
To see how an increase in the interest rate is likely to affect extraction rates,
note first that, with the same total stock of the resource to be exhausted, the
extraction paths under a high and a lower interest rate will at some date cross.
With ¢,, say, the same under both paths (and assuming that Cy = 0), it follows
from (1.4), given the concavity of net benefit, that ¢, is lower at the higher
interest rate; which means — the fourth point in the text — that extraction is more
rapid.

3 Tax instruments and their effects

This section reviews the main tax (and tax-like) instruments that are or might be
deployed in the resource sector, and some of the issues that arise in assessing
their likely impact on resource operations and government revenue.

A Key tax instruments for the resource sector

Reflecting the complexities of governments’ objectives and the accumulation of
considerable ingenuity in responding to the fiscal challenges posed by the special
features of mining and petroleum operations, a wide range of tax instruments is
found in the sector, with single projects commonly subject to multiple charges.
An exhaustive listing of such taxes would be tedious; the aim here is simply to
outline some of the principal design choices that each raises.

Royalties

While the term has come to be used increasing imprecisely,'* the essential idea
of a royalty — also (though now less commonly) referred to as a severance tax —
is that of a charge (whether specific or ad valorem) levied directly on the extrac-
tion of the resource itself. Such charges are commonly given a legalistic
justification, as payment to the resource owner, usually the state (which, outside
the United States, almost always has legal title to the resource itself), for the
right to take ownership of its property. For this reason, royalties are commonly
recorded in the fiscal accounts as non-tax revenues. From the perspective of the
investor, of course, it makes little difference whether a payment is called a
royalty or a tax: the economic impact is the same. In terms of policy design too,
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whether one thinks of a royalty as akin to a user fee or as an explicit tax, the
determination of its proper level and time path reduces to the same question in
optimal pricing.

Royalties can significantly affect extraction decisions (and, through the antici-
pation of such effects, and their impact on profitability, decisions on exploration
and development too). Importantly, this effect of royalties depends not only their
current level but on their future levels too: the alternative to extracting now and
paying today’s royalty is to extract later and pay tomorrow’s. What matters is
thus not the level of today’s royalty, but whether it is higher or lower than the
present value of tomorrow’s.'” The extraction path is entirely unaffected, for
instance, if (and only if) the royalty per unit of output rises at the investor’s dis-
count rate: for then the present value of the tax payable when some unit of the
resource is extracted is the same whenever that extraction takes place.'® In effect,
the tax then functions as a non-distorting charge on the quasi-rents earned by
existing projects. Few royalties are specified to grow in this way, however, so
that the extraction path may be affected. For instance, for a royalty charged as a
specific amount (that is, a fixed and unchanging amount per unit of the resource),
the incentive is to defer extraction, since the present value charge is lower the
later extraction occurs.'” On the other hand, a royalty charged as an ad valorem
amount (that is, as a proportion of sales receipts) will tend to accelerate extrac-
tion if the resource price is expected to increase at a pace above the interest rate.

A more commonly expressed concern with royalties is that they may lead to
premature closure of operations: social optimality requires that extraction cease
once price no longer covers marginal extraction costs, but private operators
faced with a royalty will instead end operations when price ceases to cover
extraction cost plus the royalty. How significant such effects have been in prac-
tice is unclear, as Otto ef al. (2006) note: many mining laws contain provisions,
discretionary or otherwise, for royalties to be waived or deferred if they would
make extraction unprofitable.

The impact on closure decisions will also depend on the effective incidence
of the tax. While the analysis above presumes a single price-taking producer, a
royalty levied on all sales of some resource might lead not to a reduction in the
price received by the producer but an increase in that paid by the consumer. In
this case the main challenge to continued production may come rather from the
development of alterative technologies. A prime instance of this is in relation to
fossil fuels. The incidence of a uniform carbon tax might then fall largely on
consumers, with little impact on extraction paths but potentially significant
effects in fostering the development of alternative technologies (Sinn (2008),
Strand (2008)).

A further potentially important efficiency loss from royalties arises because
they apply only at the extraction phase of resource production. At best, they con-
stitute imperfect taxes on the quasi-rents from successful deposits and take no
account of the sunk costs of exploration and site development. Quite apart from
whether they tax quasi-rents efficiently (that is, without distorting the path of
extraction), they will discourage exploration and development since their base is
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not the entire rent. By the same token, they discourage risky projects by taxing
only successful outcomes.

Royalties are not quite ubiquitous in practice — Chile and South Africa, for
example, have long had no conventional mining royalties (though they have
royalties that are partially profit-related), and nor has Denmark for oil and gas
production or the UK (since 2002) for oil — but are very widely applied to
resource activities. Their precise form, however, can vary considerably, and
hence so too might their impact:

e Ad valorem and specific royalties — even if initially equal in monetary value
— can imply different time paths of extraction, as just noted.

*  The precise base can also differ: the royalty might be based on the value of
ore at the minehead, for example, or on the net smelter return (the value
of the processed or refined product net of processing costs), or on the value of
exports after ‘netback’ for transport and other costs. Otto et al. (2006) give
an example in which (non-profit related) royalties at rates varying between
2.75 and 3.45 percent can imply the same total tax take, depending on
exactly how the base is defined.

*  These differences can also have behavioral consequences. For instance, a spe-
cific tax (rare, in practice, outside industrial minerals) on the refined product
can distort decisions as to which grade of the resource to extract (because tax
paid will be higher for richer ores) when, for instance, one on the crude ore
does not (because then tax paid is independent of ore quality).'®

* Royalty structures can display a wide range of non-linearities: they may
increase with the amount extracted and/or the world price of the resource (in
the latter case, for example, tending to encourage extraction when prices are
expected to increase rapidly), and in some cases have been structured to
decrease over time, eventually vanishing.

* Royalties may be levied at the same rate on a range of minerals, or differen-
tiated across them. There is evidently some, perhaps modest, administrative
merit in the simplicity of uniform structures — and perhaps political advant-
age too, in protecting against special pleading. The case for differentiation is
less clear. If the royalty on some resource were intended to exercise power
in world market, the appropriate rate would vary with demand and supply
characteristics, which would be likely to differ across resources. But that is
rarely the purpose. If they are serving to bring forward tax payments, the
rate might appropriately vary with the time profile of output and profits, and
the proper differentiation would likely vary as much across deposits as
across minerals. The most persuasive argument for differentiation — ration-
alizing perhaps the higher royalty rate often applied to diamonds — is that
the royalty is serving as a rent extraction device. But the scope for distor-
tions makes it a poorly targeted one: if effective rent taxation is in place, the
case for differential royalty rates is correspondingly weakened.

e Stretching normal usage of the term, royalties may also be profit-based, in
the sense of being levied on revenue less some elements of cost: the ad
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valorem royalty rate might depend for instance, on the ratio of revenue to
sales. Such taxes may apply either in isolation or as part of hybrid in which
they are combined with simple output-based schemes, with the latter in
effect operating as a minimum tax creditable against the former. Profit-
based royalties are perhaps most usefully regarded simply as profit taxes,
discussed separately below.

What then might be the proper role of royalties — focusing here on the very sim-
plest form, of charges related to output or its value (and abstracting from quality
effects) — in a well-constructed resource tax system?

In some circumstances, royalties may have an essentially corrective role in
encouraging efficient utilization. This will be the case, for example if investors
discount at an inappropriate rate. If they use too high a discount rate, for
example, and so tend to extract too quickly, this can be offset by imposing a
royalty that decreases (in present value) sufficiently rapidly.

More subtly, but perhaps no less plausibly, a role for royalties also emerges
if — as is almost invariably the case — the extractor has unlimited rights to
extract the resource over some finite contract period (and receives no payment
for the resource remaining at the end of the period for which it enjoys extrac-
tion rights)."” Attaching no value to any of the resource left in the ground at the
end of its contract, the firm will tend to extract too rapidly. In the final period,
most clearly, it will simply extract up to the point at which the resource price
just covers marginal extraction cost; but this, recalling the first bullet before
Box 2.1, implies excessively fast extraction since it ignores the opportunity cost
in terms of future extraction foregone. More generally, given the cost advantage
of smoothing production, one would expect extraction to be more than socially
optimal throughout the period of the contract, with the extent of this ineffi-
ciency rising — because the enterprise cares less about future extraction oppor-
tunities foregone — as the end of the contract period approaches.?® Correcting
this, to ensure an efficient extraction path, requires that the investor face a
charge for each unit of extraction equal to the amount by which their marginal
valuation of the remaining stock falls short of the appropriate social marginal
valuation — which is likely to mean a royalty that increases over time as the end
of the contract approaches.?' The strength of this argument for the use of royal-
ties clearly depends, however, on the length of the investor’s horizon. If it has
full title to the entire deposit (or can sell the remaining stock when its contract
expires) then it will itself recognize the opportunity cost of current extraction,
and no corrective charge is needed to ensure that it fully internalizes this in its
own extraction decisions.

In practice, the principal rationale of simple royalties is a pragmatic one,
reflecting three potential advantages to the government over profit-based taxes.
First, royalties may be relatively easy to implement. Oil and gas production, for
instance, is readily measured by equipment at the wellhead. Measuring the
amount or value of other minerals extracted, however, can be less than entirely
straightforward. Nevertheless, royalties may be less susceptible to the implemen-
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tation difficulties that asymmetric information can cause, for example, for rent
taxes — a point pursued further in Section 4 below. Second, royalties yield
revenue from the very start of production. Of course, earlier revenues for the
government entail higher upfront payments by producers. Such a pattern of
revenue flows may be rationalized if governments discount the future more
heavily than do producers, an issue also taken up later. It may have political
advantages too, in ensuring that foreign-owned projects do not produce without
paying at least something to the fisc. Third, royalties may provide a more stable
and predictable tax base. But royalties have important disadvantages, too, not
only in the potential distortion of extraction decisions but also — through being
levied only at extraction stage, with no offset for exploration and development
costs — in potentially bearing discouragingly heavily on quasi-rents.

Rent taxes

The term ‘rent tax’ is often used quite loosely in the resource literature. Many
taxes will bear in part on rents: export taxes can have this effect, for instance,
and this can even be the case, as noted above, of royalties. Resource taxes are
often tailored, moreover, in an ad hoc but explicit way intended to reflect the
likely extent of rents: by, for instance, charging a higher rate of corporate income
tax on onshore than offshore operations. Here, however, we use the term more
precisely, to refer to any tax that is intended to extract only rents.

The case for rent taxes reflect three attributes of exhaustible resources, their
relative fixity in supply, at least once discovered (generating Hotelling rent), the
differing qualities of deposits (generating ‘Ricardian rent,”)* and the notion that
somehow property rights to a nation’s resources are at least partly owned collec-
tively. One way of exercising these property rights in an efficient way is to rely
on the private sector to find, develop, extract, process, and market resources and
then to tax the rents that accrue. So long as the tax base accurately reflects rents
— and assuming perfect certainty for the moment — any tax bearing only on rents,
whether proportional, progressive or degressive — will leave private decisions
unaffected.” Uncertainty, however, significantly complicates matters, as will be
seen.

In thinking about the design of taxes on rents, it is useful to consider in turn
the tax base and the level and structure of tax rates applied to it.

THE CHOICE OF BASE

One way to think about rents is in terms of the conventional notion of economic
profit over some interval, say of one year. Economic profit earned during a year
is the difference between revenues and imputed costs over that period, all on an
accruals basis. In the case of revenues, this is simply accounts receivable. Costs
are more difficult. For current costs (materials, rents, labor,...), accounts payable
are used. For costs associated with assets, the imputed costs are those associated
with holding or using the asset for a year, rather than the costs of acquiring the
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assets initially. These imputed costs include financing costs (such as interest paid
on debt and the required return to equity finance), depreciation or depletion due
to use, and capital losses over the period. An annual tax system levied at a con-
stant marginal rate, whose base is economic profits thus defined, would be
neutral (that is, would leave investors’ decisions unaffected). Intuitively, firms
maximize the present value of their economic profits, so a proportional tax
would simply reduce the objective function proportionately, leaving optimal
choice unchanged.

Standard corporate taxes, however, are not taxes on economic profits, and nor
are they intended to be. To the extent that they allow interest on debt to be
deducted but not the cost of equity financing, they approximate a tax on a firm’s
equity income, both normal returns to equity and any pure profits or rents. More
important, some of the elements that constitute imputed costs are very difficult
to measure. For depreciable assets, the rate of depreciation over the year will not
be easily observed given the absence of market prices for capital in use. This
may not be so much a problem for depletable resources whose use can be readily
measured. Greater problems are posed by intangible assets, which, in the case of
resource firms, include the value of information learned by exploration expendi-
tures and all long-term assets that have no physical substance, such as develop-
ment drilling. This makes an economic profit tax base virtually impossible to
implement.

Happily, there exist viable alternatives whose tax bases are equivalent to
economic profits not period-by-period but rather in present value over the full
lifetime of a project. Prominent amongst these are:

* An R-based cash flow tax (Meade, 1978), commonly referred to in the
resource literature as a Brown Tax (Brown, 1948). This is one charged
simply on the producer’s cash flow, which in the case of goods-producing
firms, consists of all real (as opposed to financial) transactions on a cash
basis. The base is thus all revenue from the sale of output less all cash
outlays for purchases of all inputs, both capital and current. No deduction is
allowed for interest or other financial costs: with all investment expenditure
immediately expensed, doing so would amount to giving a double deduc-
tion. The supplementary charge on petroleum activity in the UK, for
example, is in effect an R-based cash flow tax. Note that under a pure
R-based cash flow or Brown tax, negative cash flows would give rise to
negative tax liabilities that would be fully refunded immediately. Indeed the
resource literature generally takes immediate refunding on tax losses as
inherent in the Brown tax, and for brevity we shall follow this usage.

*  An S-based cash flow tax, also proposed by Meade (1978), is a charge on
net distributions to shareholders (dividends less new equity). This includes
in the base financial as well as real cash transactions, and so is intended to
capture rents from financial services (less of a concern for resource firms).

*  An Allowance for Corporate Equity (ACE) tax base allows firms to deduct
not only interest payments on debt but also a notional return on their equity,
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with the retained earnings element of equity calculated for this purpose
using the same depreciation rate as that used to calculate taxable profits.
There is now quite extensive experience with the ACE (which is reviewed
in Klemm (2007)): Belgium currently operates such a system, as for some
time did Croatia, while Italy has employed, and Brazil still does, variants.

* A Resource Rent Tax (RRT), as proposed by Garnaut and Clunies Ross
(1975, 1983), taxes cash flows once their value, cumulated at an appropri-
ately chosen interest rate (this choice being discussed below), becomes
positive.* Such a scheme is equivalent to a Brown tax with losses not gen-
erating refunds but instead carried forward at this same interest rate (pro-
vided that, in each case, there is sufficient positive cash flow by the end of
the project life to cover losses, or the tax value of any unrelieved losses is
fully refunded at the end of the project life — an important consideration that
is also discussed below).

Nor are these the only possible forms of rent tax. Indeed all are special cases of
a general class of cash flow equivalent tax schemes, for which the present value
of the base is equal to the present value of cash flows. The first part of Box 2.2
describes a class of such present value-equivalent rent taxes, the defining
feature being that in each year cash outlays (costs) are added to an account and
the firm deducts against tax some fraction of that account, say o, — different
schemes corresponding to different choices of time path for oo — along with an
interest deduction consisting of the firm’s discount rate times the size of the
account. Thus cash outlays that are not immediately deducted are carried
forward with interest so that the present value of deductions from a given
expenditure equals that of the expenditure itself. Hence all such taxes ultimately
tax the present value of cash flows, that is, rents. Importantly, the time profile
of o, can be chosen arbitrarily, different choices differing only in the time path
of tax payments they imply.” This means, for example, that the neutrality of an
ACE does not require that depreciation for tax purposes match the true decline
in the value of productive assets: ‘excessive’ depreciation in one period means
a reduction in the account carried forward, and consequent increase in future
taxes, that in present value has an exactly offsetting effect. In this way these
and all other members of this class of rent taxes avoid the difficulty of
measuring depreciation that, as noted above, arises under an accruals-based
income tax.

Another set of equivalencies is instructive. Of the schemes just described, the
Brown tax and RRT both allow full deduction of current outlays. In this respect
they are members of another general class of schemes, differing in the fraction
of cumulated net cash flows that are brought into tax. As shown in the second
part of Box 2.2, provided that interest is paid on untaxed cumulated net cash
flows at the firm’s discount rate, all such schemes are also equivalent in present
value to a tax on rents.
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Box 2.2 Present value-equivalent rent taxes

A wide range of tax structures are equivalent, in present value, to a tax on rents.

Outlays not necessarily immediately deductible

Suppose all cash outlays in year ¢, denoted C,, are added to an account that will
gradually be deductible in the future. Let the size of that account in year ¢ be
denoted 4,, this being the cumulative sum of past outlays that have not yet been
written off. Suppose that in year ¢ a proportion o, of accumulated outlays A4, are
written off. The account thus evolves according to A4, = C, — o,4,, where o, can
vary from year to year. Let the tax base in year 7 be R, — (o, + r)4,, where R, repre-
sents cash revenues and 7 is the firm’s nominal discount rate (assumed constant for
simplicity). The present value of the tax base thus defined will be the same as the
present value of cash flows themselves, since, using the expression for A4,,

T T
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(assuming 4, = 0). In effect, non-deducted cash outlays are carried forward at the
rate of discount so that their present value remains unchanged. The value of o,
each year is completely flexible and can be chosen to generate any time pattern for
the tax base. The only additional information required to apply this cash-flow-
equivalent tax base is the firm’s discount rate 7.

Tax schemes in this class can be thought of as alternative forms of ACE, differing
in the effective rate of depreciation. The Brown tax corresponds to the extreme case
of immediate expensing, so that o, = 1. An economic profits tax base would set o, to
the true economic depreciation rate of the firm’s assets, which is hard to do. In each
case, applying a constant proportional tax to the base would be neutral provided that
any negative tax liabilities are either fully refunded or carried forward indefinitely
with interest (a point discussed further in the text below). A cash flow tax can also be
made progressive while maintaining neutrality (under perfect certainty) if the tax rate
in each year is increasing in cash flows (rents) accumulated up to that year.

Cash flow-based taxes

There is another (intersecting) class of schemes that are also equivalent to rent
taxes in present value, but are based on net cash flows and do not rest on any
notion of depreciation. To describe these, denote by B, the cumulative cash flow,
compounded at the discount rate r, that has yet to be taxed, and G, the proportion of
cumulative cash flows that are added to the tax base in period ¢. Then B, evolves
according to AB,= R, — C,— 6,B, + rB,. The tax base in period ¢ is 6,B,, so that the
present value of the tax base is:

Y 0B (+ry = (R=C,=AB+rB)1+r)" =Y (R —C)(1+7r)"

Note the following equivalences:

* Ifo,=1, the scheme is the Brown tax, with base 6,8,= B,=R,— C.,.
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* Ifo,=0for B,<0 and ¢, = 1 otherwise, the scheme gives the RRT base. Note
that this requires choosing an appropriate discount rate », which the Brown
tax does not require.

The key difference between the Brown and RRT bases is the timing of the tax
bases: the former presumes immediate loss offsetting, the latter does not.

Note that for the RRT to be fully equivalent to a cash-flow tax in present value
terms, negative cumulative cash flows B, remaining at the end of the project’s life
must be extinguished. That is, 6, must then be set to unity. This will be particularly
relevant if there are clean-up costs associated with closing down.

More generally, any time profile of tax liabilities can be generated by appropri-
ate choice of a time path of G,.

The important differences between these present value-flow equivalent rent taxes
is in the time pattern of tax base, and hence of tax payments, that they imply.
What then might be the preference of the government over different time pro-
files? Or might firms themselves be allowed to choose the tax parameters that fix
the evolution of the tax base? Note that while the firm should be indifferent
across all such schemes — since all imply the same present value of the base, cal-
culated at its own discount rate — the government will value them differently in
so far as it has a different discount rate.

In many developing countries, the government may discount the future more
heavily than investors (as discussed in Section 4 below). If there were no restric-
tions on the timing of tax liabilities, it would then prefer them to be paid entirely
upfront, such as by a fixed fee (for example, a signature bid) obtained through
auction. Suppose however that the tax base cannot exceed cumulated cash flows
and nor can tax payments be negative. In this case, it can be shown — the proof is
in Appendix I — that the best among all possible cash flow-based rent taxes is
precisely the RRT. Crucially, however, there are other forms of rent tax —
members of the first class of schemes in Box 2.2 — which involve earlier receipt
of revenue. One such is the ACE, which yields revenue as soon as revenues
exceed depreciation and the required return on capital, which is likely to be well
before the date at which they recover, with interest, the full cost of their initial
investment.

Also important to stress is that all these schemes, other than the Brown tax,
involve using the firm’s discount rate to carry forward either costs not yet
deducted or cash flows not yet taxed. How to treat such generalized losses is
especially important for resource projects, since cash flows are typically negat-
ive in the (many) early years, then increase and (if all goes well) become posit-
ive in later years, before possibly falling off as resources become more difficult
to extract and shutdown costs arise. Given tax authorities’ evident reluctance to
pay refunds to firms making losses, as the Brown tax requires, the alternative — if
neutrality is to be retained — is for the government to pay interest on losses
carried forward. This too is rarely done in practice for the regular corporate
income tax (though Croatia did so, for example), but the proper procedure in a
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world of perfect certainty — as has so far has been assumed — is in principle
straightforward: the firms’ discount rate will be the risk-free rate, and it is this
that should be used in the schemes set out above. Setting any other rate would
destroy the neutrality property of the tax: too low a rate would be expected to
lead to under-investment (tax being charged even when no rents are earned), and
too high a rate to over-investment.*®

Uncertainty, however — so central a feature of resource activity — substantially
complicates matters, raising two issues. One is the appropriate discount rate for
the calibration of schemes of the kind described above; the other is the tax treat-
ment of projects that fail to yield positive rents (which, in a world of perfect cer-
tainty, would never be undertaken). The two are closely related.

The question here is deeper than that of how to treat losses that may occur
in any single period: as just discussed, these can arise even in a world of
perfect certainty. The difficulty, rather, is that in an uncertain world taxing
projects that do earn positive rent over their lifetime without providing some
tax relief for those that do not creates an asymmetry which results in expected
tax rates exceeding the statutory rate. Taxing rents only in good outcomes can
destroy the neutrality of a rent tax. Suppose, for example, that a project stands
equal chances of earning rent of $20 million and a loss of $10 million, so that
expected rent is $5 million: in the absence of tax, the project is thus attractive
to investors. But if rents in the event of success are taxed at, say, 60 percent,
the expectation is of an after-tax loss of $1 million, and it will not be
undertaken.?’

A central insight into these design challenges posed by uncertainty — the
choice of discount rate and treatment of projects earning negative lifetime rents
— is provided by a result of Bond and Devereux (1995, 2003). They show, for a
class of cash flow-equivalent taxes, that if tax is fully refundable in the event that
the firm ceases operations — corresponding in the resource context to projects
that fail to earn a positive lifetime rent — then it is the risk-free-rate that should
be used in order to preserve neutrality. Intuitively, if the firm is perfectly certain
that it will achieve full loss offset in the future then it will value the correspond-
ing tax refunds at the risk-free rate; carrying losses forward at the risk-free rate
thus assures their equivalence in present value to immediate refund. Identifying
a risk-free rate in practice is problematic, of course. But this result is neverthe-
less of considerable practical importance for designing any of the present-value
equivalent rent taxes described above (other than the Brown tax, which involves
no carrying forward), since it implies that the proper interest rate need not be
tailored to the differing circumstances of different firms or projects. Garnaut and
Clunies Ross (1983) argue, for instance, that the ‘supply price of investment’ is
likely to vary across firms and projects, so that applying a single threshold rate
under an RRT must lead to the kind of inefficiency noted above, a disadvantage
not shared by the Brown tax. But this argument has much less force in light of
the Bond-Devereux result that discounting in a cash flow-equivalent tax system
should be at a risk-free rate, since this would in principle be the same for all
firms and projects.
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Sovereign risk, however, provides an important caveat to the Bond-
Devereux argument. If commitment or other problems mean that the investor
is not perfectly sure that cumulated tax credits will be made good, at an
unchanging tax rate, they will wish to take account of that in the discount rate
applied in valuing future tax reliefs. Applying a risk-free rate to carry-forwards
will be insufficient to compensate the firm for waiting: from the perspective of
the firm, the expected tax base will exceed expected rents, and investment will
be discouraged.

In terms of practicability, any of these present value-equivalent rent taxes
would seem much easier to implement than a tax on annual economic profit.”®
They either dispense altogether with the need to specify depreciation rates, for
instance, or make the rate irrelevant; and the cumulation that they typically
involve does not, in principle, require record-keeping over long periods, since all
relevant past information is summarized in an account carried forward from the
previous period. Nevertheless, these rent taxes are not without their difficulty.
Unlike an annual tax on economic profit, for instance, they are neutral only if
they are expected to be levied at a constant rate over time: if not, firms will have
an incentive to alter their real decisions so that the annual base is lower in years
when the tax rate is lower.”” Thus a present value-equivalent rent tax is neutral
only if firms believe the government is committed to a constant tax rate into the
future, which may be hard for the government to do credibly given the volatility
of resource prices. These taxes are also not entirely avoidance-proof (though the
same is also true of standard income taxes). For example, the distinction between
labor income and profits may be opaque for owner-managed firms, and
vertically-integrated resource firms may be able to reduce their liability by using
transfer pricing on intra-firm transactions for upstream use to deflate their
resource revenues.’® The implications of these and other opportunities for firms
to exploit their superior information to understate the base of a rent tax are dis-
cussed in Section 4.

Designing and implementing rent taxes is thus not straightforward. What is
important to recognize, however, is that there are many ways in which one can
set about doing this: the choice is much wider than that between a Brown tax
and an RRT: an ACE, for example, avoids both the refunds associated with the
former and the delay in government receipts associated with the latter. Indeed
there has been increasing practical interest in rent taxation design in relation to
business activities in general, much of it focused on the ACE or similar schemes.
The present is a time of experimentation in the structure of the corporate income
tax, and many of these experiments have been in the direction of targeting the
tax more directly on rents.’!

TAX RATES AND THE PURSUIT OF PROGRESSIVITY

There is relatively little discussion in the literature of the appropriate rate at
which rent taxes should be set, as Lund (2009) stresses. No doubt this is largely
because efficiency concerns give the simple prescription of taxing rents as
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heavily as possible. The issue then becomes that of identifying features that
prevent their being taxed at (close to) 100 percent. One such is the importance of
distinguishing rents from quasi-rents, as discussed above, and avoiding taxing
the latter so heavily as to discourage future exploration and development. This
suggests, interestingly, that quasi-rents at the extraction stage will be taxed more
heavily in countries that face either very high or very low chances of future dis-
covery: in the former case, there is little need to moderate tax charged in order to
provide relief for unsuccessful exploration; in the latter, the prospect of discour-
aging future exploration is of little concern. A second potential consideration is a
perceived need to broadly match the tax treatment available in other countries,
and a third is the possibility that asymmetries of information may prevent perfect
implementation of rent taxes: both of these issues are considered in Section 4.

Putting aside then the simple prescription of taxing all rents at 100 percent, the
issue also arises as to the appropriate rate structure for a tax on rents. The simplest
tax is a constant proportional one, with the same rate applying in all years. All cash
flow-equivalent tax systems will be in this case be neutral: a proportional tax on
cash flows in all periods is equivalent to a proportional tax on the present value of
rents. Such a tax remains nondistorting, moreover, in the presence of uncertainty,
so long as investors are risk-neutral®* (meaning that they look only to their
expected return, not to the full distribution of possible outcomes).*®

The suggestion is sometimes made, however, to subject the cumulative rents
V to some tax 7(V) that is progressive in the sense that the average tax rate
T(V)/V increases with V. There are many ways in which this could be done.*
The best known and most influential proposal for progressive taxation of lifetime
project earnings in the resource context, is that of Garnaut and Clunies Ross
(1975), who envisage a progressive variant of the simple RRT described above.
This adds to the single threshold rate of return a second (and maybe more) higher
rate above which some additional tax applies. The wide range of rent taxes char-
acterized in Box 2.2 — other than the Brown tax, which involves no cumulation —
could be made progressive in essentially the same way. The essential idea was
pioneered (for petroleum) in Papua New Guinea. Land (1995) lists nine coun-
tries as having such schemes; several more have adopted one since.

While there is thus no difficulty of principle in levying a progressive rent tax,
it is not obvious why one might want to do so. There is generally no compelling
equity reason, since — even in so far as they accrue to domestic residents (fair-
ness among foreigners presumably being of no concern) — a claim to high rents
is neither necessary nor sufficient for high income at personal level. A more
subtle rationale, offered by Garnaut and Clunies Ross (1983), is that the use of
multiple threshold rates, accompanied by a lower starting marginal tax rate (and
with subsequently higher marginal rates recouping any consequent revenue loss),
may mitigate the risk of distorting decisions by applying a single but wrongly
chosen threshold rate. The stronger, however, is the case for using a risk-free
rate in the basic RRT, discussed above, the less force this consideration has. An
alternative rationale for some progressivity may be found in political economy
considerations: this is pursued later.
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Against any benefits of progressivity, in any case, must be weighed a clear
disadvantage. This is that — unlike a proportional tax — in the presence of uncer-
tainty a progressive tax is distortionary even if investors are risk-neutral. With
an increasing marginal tax rate, rents in favorable states of nature will bear a
higher tax than those in unfavorable states, so discriminating against risky
investments (as Garnaut and Clunies Ross (1979) themselves stress).>> Given,
too, the additional burden of administration and compliance implied — and
leaving aside potential political economy considerations taken up in Section 4 —
there is room for doubt as to whether there are any real advantages from taxing
cumulative rents progressively.

Sector-specific profit taxes

Resource operations may also be subject to charges that are based on some
notion of profit but without such a set of allowances as to make the tax one on
rents. These are commonly designed, moreover, to be progressive in a sense that
the rate applied to such profits increases with their level.

This is the case for several of the ‘profit-based royalty’ schemes referred to
above. Otto et al. (2006) give the example, for instance, of a scheme in Ghana
by which the royalty rate is piecewise linear, with a marginal rate that increases
with the ratio of the operating margin to sales. This, it is easily seen, is simply
equivalent to a progressive tax on operating profit.

The scheme long applied to gold mining operations in South Africa is also a
member of this class of schemes,* but with a continuously varying marginal tax
rate and applying only on earnings in excess of some (within-period) return. The
impact of such arrangements can sometimes be opaque: the South African
scheme, for instance, is equivalent (for a taxpaying operation) to a proportional
tax on profits combined with a subsidy to extraction.

Production sharing

Under production sharing agreements (PSAs) — commonplace in oil and gas,
though less so in mining (and described in detail by Nakhle in Chapter 4)) — the
share of ‘profit oil’ (the profit that remains after ‘cost oil” has been taken to cover
the contractors’ cost) corresponds to a proportionate tax on profits. (Or rather,
and the difference may matter, to a tax on whatever ‘profit’ is defined to be for
this purpose: if borrowing costs are not to be covered from cost oil, for example,
and investment spending is immediately covered, the charge on profit oil is in
effect an R-based cash flow tax). Indeed the similarity between government
profit oil and explicit taxation is sometimes recognized by providing for the
former to cover the contractors’ liability to corporate tax.

Other features of PSAs also replicate possible tax arrangements. Limits on
the recovery of cost oil, for instance — allowing only up to some percent of cost
to be met from sales proceeds — function in effect as an implicit royalty.
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Equity participation

Government may also take direct ownership in resource activities (beyond its
ownership of the resource itself), especially at the development stage. This can
and does take a variety of forms, in each case — short of a fully paid-up equity
share on commercial terms — being equivalent to some tax arrangement in terms
of the payments to and from government that it implies: a comprehensive
account is in Daniel (1995). For example:

» If the government simply acquires and maintains an equity holding free of
charge,” it in effect levies a dividend tax at a rate equal to its proportional
holding.*®

* Under carried interest arrangements, the state acquires equity from its
allocated share of profits, this payment being inclusive of an interest charge.
Since this arrangement has positive net present value to the government
only to the extent that the rate of return ultimately earned on its equity
exceeds the interest rate charged on its contribution, this is equivalent® to
an RRT on returns in excess of that interest rate.

These and other revenue equivalences for PSAs and equity participation do not
imply, of course, that these equivalences are complete. This is so not only in
terms of the impact of state participation on the efficiency and transparency of
government operations but also in more narrow revenue terms. An ownership
stake may allow the government to exert direct (perhaps implicit) influence on
the extent of tax avoidance activities, for example, and help overcome problems
of asymmetric information that may constrain fully arms-length tax design.
Government equity participation (even on commercial terms) might also
improve efficiency by mitigating political risk: to the extent that the govern-
ment has a stake in ownership, its temptation to confiscate rents ex post recedes
(Garnaut and Clunies Ross, 1983). As discussed by McPherson in Chapter 9,
however, there can be severe downsides to having state companies act as fiscal
agents.

Auctions™

Auctions serve two distinct roles as elements of resource taxation regimes. They
allocate rights to exploit natural resources among potential producers, and they
generate revenues ex ante for the state. Arguably, the former is at least as import-
ant as the latter, given that revenues can be raised by other and complementary
methods. These two elements — efficiency and revenue-raising — are also pre-
occupations of auction theory and design.

Producers to exploit natural resources can be selected in various ways.*!
Simple rationing schemes (such as first-come-first-served) might be used, as in
the case where prospectors can freely stake claims in large geographical areas.
There is no guarantee that the most efficient exploration producers will emerge
in this case. Still, once discoveries are made, those making them can maximize
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rents by selling rights to exploit the deposit to more efficient producers. More
relevant is the case in which substantial property tracts must be assigned to
larger, vertically integrated producers. In this case, simple rationing schemes
might be expected to lead to inefficient outcomes. A more sophisticated mechan-
ism is for the government to allocate rights on the basis of technically supported
applications: so-called ‘beauty contests.” Provided governments are sufficiently
well-informed to choose among applicants, and are free from capture, political
influence and corruption — these are big ‘ifs’ — more efficient producers can be
sorted out from less efficient ones. To the extent that applications for resource
rights contain monetary bids and are made independently by several producers,
they are effectively like either bonus bid auctions or royalty rate auctions
(depending on whether the bid consists of a single sum for the right to extract or
a payment per unit of extraction). Using auctions explicitly has the advantage
that in addition to selecting producers, they also generate revenues. Well-
designed auctions should in the right circumstances both select producers effi-
ciently and generate the most revenue for the government.

Auctions can be conducted in a variety of ways. The ‘revenue equivalence’
theorem of auction theory shows that the leading candidates are in some circum-
stances equivalent — but, as Cramton (2009) makes clear, the conditions required
are stringent. What form of auction maximizes the governments expected
revenue then depends on such considerations as the nature of bidders’ prefer-
ences and the characteristics of the objects being auctioned.

The preferences reflected in auctions will be of the ‘common-value’ type if
the value of a natural resource deposit is independent of others held, though
different producers may have different information about that value depending
on what they have learned from prior technical investigation. More generally,
however, the value of one block may be affected by owning others, given com-
plementariness or substitutability in exploration or exploitation. In these cir-
cumstances, as Cramton (2009) outlines, ascending auctions (that is, those in
which successive bids must be increasing in value) that simultaneously involve
many blocks allow for ‘price discovery’ in the sense of enabling bidders to
learn something about the information others might have, and allows for inter-
linkages between packages of blocks of resources. But ascending auctions can
have disadvantages. Observation of bids might lead to opportunities for
signaling that allow firms to collude.** This problem can be avoided by a sealed
bid procedure, though at the cost of eliminating information transmission
altogether. More generally, there may be too few participants in auctions
because of the costs of entry and the knowledge that the chances of winning
might be low for less efficient bidders. And the winner’s curse (the tendency to
bid cautiously when the true value of the item is uncertain, given the danger
that the winner has over-estimated its value) can lead to understatement of
expected values.

Importantly, many of the potential problems with alternative auction mechan-
isms may well result in too little revenue being generated for the government
rather than in the wrong producers being chosen. So long as the government is
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able to obtain revenue ex post by other taxation measures (credibly committed to
prior to the auction), revenue shortfalls from auctions can be less important than
selecting the most efficient producers who will generate the highest future rents.
This points too to the importance of selecting the bid variables: including an
element of royalty bids — or bids on profit tax rates — can provide some assurance
against unduly low bonus bids. Such structuring may also help overcome what
may have been a significant obstacle to the use of auctions in many developing
countries (they remain particularly rare in relation to minerals): the possibility
that bonus bids will be depressed by the government’s inability to commit not to
levy additional charges in the future.

Beyond the auction mechanism itself, a number of details are important to
auction design. The objects to be auctioned must be defined. Given that resource
properties may cover large areas, these may be divided into blocks of chosen
sizes. A larger block size will internalize more information from exploration, but
might also limit the number of participants in the auction because of scale. The
terms of the property rights must be specified including the time horizon, as well
as obligations with respect to environmental costs and disposal of waste after the
resource is exhausted. There may be contractual obligations imposed on the gov-
ernment as well, such as the provision of infrastructure, the regulatory regime,
and even the future tax regime. Indeed, this might be one potential way of
enhancing commitment and thereby mitigating the time-consistency problem.
However, it would be difficult to make commitment absolute, since one cannot
preclude government legislation overriding tax rate obligations.

Other sector-specific charges

Resource operations may also be subject to a range of charges not applied more
generally. These may include:

*  Bonuses paid to the government at various stages in project development, such
as on signature of contracts or licenses, discovery, or when production reaches
some level — serving in part to bring forward revenue receipts and shift risk to
the contractor. These can be for substantial amounts: Nakhle (in Chapter 4)
cites a signature bonus of $1 billion per block of 4,100 km? in Angola.

*  Export taxes, which can serve a variety of purposes: as a blunt alternative to
income taxation when administrative weaknesses mean that this cannot be
imposed directly; to restrict the world supply, and hence raise the world
price, of resources for which the country has a considerable market share;
and/or to encourage domestic processing activities. These have become less
important over the years, in part reflecting greater use of better-targeted tax
instruments and, perhaps, increased skepticism as to the effectiveness of tax
incentives for domestic processing.

»  Charges closer to user fees or corrective taxes, such as rental payments for
surface rights needed for extraction, or the taxation implicit in requirements
to set aside reserves to cover eventual shut down costs.
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*  The requirement (perhaps implicit) to provide infrastructure.” This is tanta-
mount to earmarking tax revenues, which can create costly inflexibility in
the allocation of public spending. The potential advantage of earmarking, on
the other hand — stressed by Collier (2010, Chapter 3) in discussing recent
experiences in Africa, and formalized by Brett and Keen (2000) — is that it
can limit politicians’ ability to divert revenue to their own purposes (though
they may also prove adept in turning spending to their own interests).

Standard taxes, as applied to the resource sector

Resource companies will typically also be subject to taxes of general applicabil-
ity, though some special issues arise (even leaving aside the international tax
aspects discussed in Chapter 13 by Mullins (2010)).

CORPORATE INCOME TAX

The corporate income tax (CIT) applied to businesses in general is commonly
also applied to resource firms in particular, though often with particular provi-
sions relating to the tax base.

One such — a project-based approach along the lines raised at the outset — is
the potential ring-fencing of operations that are analogous to the restrictions on
grouping for CIT purposes but applied at project rather than company level.
These restrictions in effect expand the tax base by limiting the use that can be
made of losses (an especially important concern in the resource sector given the
heavy upfront investment and long lead times). They may also have some merit
in easing barriers to new entry that might otherwise arise from the ability of
established firms to set off the losses at start-up against earnings from estab-
lished activities. Efficiency, however, argues against ring-fencing: as stressed
above, failure to provide relief for losses — especially in a sector marked by such
large costs and long pre-production periods as are resources — runs the risk of
creating serious distortions. Thus the better response to any entry barriers is to
improve loss-offset arrangements, not limit them. Nevertheless, ring-fencing is
likely to appeal to cash-strapped governments, even though they may also be
vulnerable to transfer pricing and other profit shifting devices.

Another is the possibility of providing depletion allowances reflecting (some-
times in a rough-and-ready way) the reduction in the value of resource stocks
implied by their extraction — analogous to depreciation allowances for produced
assets. That analogy also stresses that, just as deprecation allowances acknow-
ledge spending to acquire assets, so depletion allowances are appropriate within
the logic of an annual income tax only to the extent that payment has been made
for the right to extract, and that payment has not already been deductible from
taxes: otherwise, allowing depletion is in effect a subsidy to extraction, equiva-
lent to a negative royalty.* And in a cash flow framework, expenditure on
acquiring such rights would simply be expensed, like any other investment, with
no subsequent tax recognition needed.
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The impact of other taxes may also depend on their treatment under the CIT.
One set of issues concerns the availability of foreign tax credits, which, as dis-
cussed by Mullins (2010) in Chapter 13, typically calls for sequencing tax
charges so as to maximize, within a given total tax payment, corporate tax liabil-
ity (crediting the CIT against others rather than vice versa). Interactions with the
CIT can also be important when the various taxes accrue to different jurisdic-
tions. Allowing royalties to be deductible against the corporate tax (reflecting the
perception of them as in effect a cost of production), for instance, is structurally
irrelevant in that the same level of aggregate payment could be achieved if they
were not deductible simply by setting the royalty at an appropriately lower rate.*
If, however — as in Canada, for instance — the royalty accrues to provinces but
CIT in large part to the federal government, the incentives in tax-setting can be
quite different: provinces have an incentive to set higher royalty rates than they
otherwise would, since the cost to the taxpayer of any additional revenues this
raises is in part offset by a reduction in federal CIT revenue.

Resource activities may also be differentially treated in terms of the CIT rate
applied, a higher rate being a simple but blunt device for rent extraction, as
stressed by Garnaut and Clunies Ross (1983). Egypt, Mexico, Norway, and the
United Kingdom, for example, apply a differentially high rate of CIT to some
resource activities.*® The principal downside to this — other than the CIT gener-
ally not being precisely targeted as a rent tax — is the risk of profit-shifting
created by any differentiation in statutory CIT rates.”’

IMPORT DUTIES

Where tariffs on imported equipment might be problematic — and the trend to lower
tariff rates over the last 20 years or so has made this less common than formerly —
arrangements are often made to exempt large resource projects. There is indeed
good reason for this. Since there is rarely domestic production of these capital
goods to protect, the main purpose that such tariffs can serve is simple revenue-
raising; but while they succeed in doing so early in a project’s lifetime (even before
royalties are payable), the same can be achieved by other devices, such as bonus
payments, that can be better tailored to the likely overall return to the project.

VAT

Intended as a tax on final domestic consumption, the VAT should in principle
have little impact on resource operations, which are commonly largely for
export. But that export-orientation itself, combined with heavy upfront costs and
long lead times, pose particular problems: with little if any output VAT on
domestic sales, relief for VAT charged on inputs cannot be obtained by crediting
it against that liability but must come from refunds paid by the domestic tax
authorities. And many developing countries have found it hard to pay such
refunds in a timely manner*® — in which case the input VAT ‘sticks’, raising
input costs and serving as an implicit export tax.
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The best response is of course to improve the operation of the refund
system. Short of that, however, one possibility is to zero-rate purchases by
resource operations, at least in their early years (when the problem is most
acute, though it is likely to remain throughout the project lifetime). Applied to
both domestic purchases and imports, this preserves trade neutrality, but zero-
rating ‘indirect exporters’ in this way creates further problems in the need to
ensure that zero-rated supplies are not then inappropriately also made to the
domestic market. In many cases the zero-rating (or, what achieves the same
effect, deferral of tax due on import until the first regular inland payment)*® is
for this reason restricted to imports and — to avoid an unacceptable pro-import
bias — to large capital goods unlikely to be produced domestically. This still
leaves the risk of de facto input taxation, however, on other items, such as the
purchase of services.

B Effective tax rates and the evaluation of resource tax regimes

Understanding the impact of these various tax instruments on government
revenues and on firms’ profitability and decision-making is not straight-
forward: details of tax base matter as much, if not more, than rates; and, as
with royalties, there can be complex intertemporal dimensions to consider.
These difficulties are compounded when several taxes are applied, with the
interactions between them then playing a potentially important role (the impact
of royalty payments, for example, being dampened if they are deductible
against profits-based taxation). To evaluate and compare alternative resource
tax regimes, much effort has gone into developing notions of ‘effective’ tax
rates, intended to provide simple summary indicators of likely tax impacts on
resource activities. Daniel et al. (2010) provide in Chapter 7 an exhaustive
account and illustration of these methods: here we simply review some the
over-arching conceptual issues.

The desire to evaluate and compare tax regimes arises outside the resource
sector, of course, and there is a well-established methodology for effective rate
calculations with non-resource industries in mind. To a large degree, however,
these two lines of work on effective tax rates have developed independently, to
the detriment of each: the resource tax literature has been perhaps less rigorous
in basing effective rate measures on fully formulated views of firms’ optimiza-
tion decisions, and the wider public finance approach has to a large degree
neglected the features that loom large in the resource sector but are also present
more widely, such as long gestation periods before initial investment payoff,
pervasive uncertainty — and the possibility that projects will simply never be
profitable.

There are broadly two types of forward-looking effective tax rate:*

e The average effective tax rate (AETR) is simply the proportion of the
present value of the income generated by some hypothetical project that
is taken in tax® — it is what resource economists tend to call the ‘tax
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take” — and unity minus the AETR is the proportion of the present value of
income that accrues to the company. Importantly, the AETR can be calcu-
lated at various points in a project’s lifetime: the most common is after
discovery has been made, though it is conceptually straightforward (as
described in Chapter 7 by Daniel et al. (2010)) to calculate an effective
tax rate prior to exploration. Some aspects of detail in these calculations
are less than clear-cut. One issue is the choice of discount rate (which may
differ, of course, when the tax take is viewed from perspective of govern-
ment and of company); a point discussed further in Section 4 below. This
is closely related to wider questions related to the treatment of uncertainty.
One approach, dispensing altogether with the attempt to provide a single
summary statistic, is to describe the distribution of the present value of tax
payments — or key aspects of it, such as the probability of failing to meet
some particular rate of return — as it varies with the resource price or other
underlying source of uncertainty.>

*  Marginal effective tax rates (METRs) are intended to capture the extent
to which the tax system distorts firms’ decision making by in effect raising
the marginal cost of various actions. They measure the proportion of the
pre-tax return on an activity which leaves the firm just breaking even that
goes to the government, so capturing the size of the tax distortion to that
decision. Three dimensions of behavior in the resource sector are of par-
ticular interest in this respect: spending on exploration; capital investment
in developing identified deposits (sinking mines, putting oil rigs in place,
and so on); and extraction. In each case, embedding in a simple extension
of the model of firm decisions set out in Box 2.1 a fairly detailed descrip-
tion of the tax system of interest enables one to derive tax wedges that
describe the extent to which the tax system raises the marginal cost (given
the company’s optimal response) of exploring, investing and extracting:
Box 2.3 elaborates.” Amongst these METRs, the non-resource literature
has focused almost exclusively on that on investment, the other dimen-
sions of decision making being less paramount in other industries; in the
resource sector, however, this is arguably one of the less important dimen-
sions, with limited opportunities for substitution between capital and other
factors in developing deposits, and those capital requirements then largely
dictated by the extent of the resource believed to be available. Although
less familiar, the notion of an METR for exploration is straightforward,
capturing the extent to which the marginal cost of the exploration that
companies will undertake falls short (or exceeds) the expected return from
the discovery of new sources (suggesting that a greater (or lesser) level of
spending on exploration would be appropriate): in the absence of taxation,
the two would be equated. The METR on extraction is more subtle, reflect-
ing the intertemporal considerations discussed earlier.
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Box 2.3 Marginal effective tax rates on resource activities

Extending the framework of Box 2.1 to allow for the use of capital K in produc-
tion, generated by investment / that depreciates at a rate J, and for exploration
spending of e to generate (perhaps stochastically) discoveries of D(e), the firm’s
value function becomes

V(StsKt):r?a}X{ptqr -C(q,,K,,S)—e - 1,-T(q,,e,{I})

+ L E(s,+Dee)-q,.(1-O)K, +1t)]}
1+7r

where 7(.) describes tax payable, which depends on the details of the tax system
(the term {/} indicating that depreciation allowances generally depend on the past
history of investment).

The firm’s choice of extraction ¢, investment / and exploration e generates
three necessary conditions; combining these with the impact of the resource and
capital stocks on the valuation function, the corresponding METRs (the formalities
are omitted here) summarize the wedge between the value of the marginal benefit
from each of these decisions before and after tax:

* In the case of investment, the marginal benefit is the pre-tax rate of return on
capital, which in equilibrium equals the net-of-depreciation user cost of
capital. The METR is then the pre-tax rate of return on capital less the
required after-tax rate of return on savings (conventionally expressed as an ad
valorem rate by dividing by the pre-tax return on capital).

*  For extraction, the notion of an METR is more complex (and rarely applied in
practice), since, as is evident from Box 2.1 and the later discussion of royal-
ties, extraction this period is potentially affected by not only current taxes but
all future taxes too. One approach would be to characterize tax impacts in
terms of their effect on the equilibrium path of net current benefits from
extraction. Recalling footnote 15, for example, if only a specific royalty at
rate 6 is in place, the METR would be (1 + r)0, — 6,,,: a positive METR then
means that the royalty is increasing in present value, creating an incentive to
bring extraction forward.

*  The METR on exploration is the pre-tax marginal value of resource discover-
ies less the pre-tax cost, where the former will reflect taxes paid once produc-
tion has begun, and the latter the tax treatment of exploration expenses.

The AETR and the METR on investment are related, as®*

AETR =1+ METR

where 7 is the rate of CIT and { the ratio of the net return on the marginal invest-
ment to the average pre-tax return.
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The AETR and METRs are conceptually quite distinct, and can take quite
different numerical values.”® A rent tax of the type described above, for
instance, has no impact on firms’ decisions, so that each of the three METRs
will be zero. The AETR, however, reflecting the revenue raised, will then be
equal to the rate at which the rent tax is levied. And it is perfectly possible, for
instance, for a tax system to be marked by negative METRs (reflecting the
generosity of allowances) but a positive AETR (reflecting tax raised on infra-
marginal profit).

The reason for an interest in METRs is clear: they indicate how the tax
system is likely to affect key dimensions of project design. For the most part,
however, the resource tax literature has focused more on AETRs than METRs.
The reason for this merits some thought.

In non-resource contexts, the significance of the AETR is commonly seen as
in affecting in which jurisdiction a company will choose to locate some foot-
loose investment — a factory, say, or a distribution center. Countries will thus
naturally be concerned that their AETR not be too far above those offered by
their competitors. In the resource context, however, the underlying source of
rents — the deposit itself — is not mobile across countries, and conventional
theory would suggest that such rents can indeed be taxed at up to 100 percent
without fear of driving investment abroad. Clearly it is important here to distin-
guish between the AETR calculated conditional on discovery (in which case it is
quasi-rents that are being taxed, and as stressed earlier these cannot be taxed too
heavily without discouraging exploration) or prior to exploration (in which case
it is less obvious why 100 percent rent taxation should not be feasible). The basic
point, remains, however, that the immobility of the underlying source of rents —
potential resources in the ground — makes it less obvious than in non-resource
contexts why countries should care how their tax take compares with that offered
in other countries. Indeed one might expect their concern to be with ensuring
that their tax take is higher than that available elsewhere, for reassurance that
they extract at least as much rent as do others. In some cases, and not least in
times of high resource prices, that does indeed seem to be their concern. In
others, however, the concern appears on the contrary to be that the tax take not
be too high relative to others, so that countries appear to be engaging in tax com-
petition of the kind that has become familiar in non-resource contexts. Quite
why such tax competition should occur in relation to what appear to be location-
specific rents, however, is far from clear. This puzzle is taken up in Section 4
below.

A final point. While distinct, the concepts of AETR and the METR on
investment are formally related, with an important implication for the progres-
sivity issue. The formalities are in Box 2.3, but the intuition is simple. Suppose
that the METR 1is negative: this can quite plausibly be (and often is) the case for
debt-financed investments in assets receiving accelerated depreciation, since
then the cost of the investment is effectively deducted more than once. For a
project that earns only a modest return, the AETR will be somewhat less than
the statutory tax rate because of this marginal tax subsidy. For a project that
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earns an extremely high return, on the other hand, the AETR will be close to
the statutory rate: if resource prices were infinitely high, to take an extreme
example, the CIT base would be essentially revenue, which is also then
essentially rent. The implication is that in such circumstances the AETR
increases with the rate of return on the underlying project (so long as the METR
is positive). Even without any progressivity built into the structure of the
statutory rate schedule — the same rate applies to all levels of taxable profit — a
standard CIT is then progressive in the sense that the term is commonly used in
the resource literature.

4 Challenges in designing resource tax regimes

The features of the resource sector set out in Section 2 — many of them applying
also to other activities, but writ very large for resources — pose a range of chal-
lenges for tax design. This section considers how they might be addressed.

A Discount rates and their implications

For such long-lived projects as are commonplace in the resource sector, the dis-
count rates applied by government and investor — and differences between them
— can play a critical role.

For investors, the discount rate applied to expected cash flows can be taken to
be a (tax-adjusted) cost of capital reflecting the risks associated with the project
and, importantly, the extent to which these are diversified across the company’s
entire range of activities (not, unlike national governments, simply those within
any country): companies holding a portfolio of licenses are to some extent self-
insured against the risks they face in terms of the extent, quality, and accessibil-
ity of any single source. In principle, too, companies’ discount rates should
reflect the opportunities for their ultimate shareholders to diversify risk within a
wider portfolio of assets. On the other hand, their discount rates will reflect any
political risk they perceive from the inability of the host government to commit
to existing or announced tax and other policies.

The somewhat different considerations that arise for governments are exam-
ined in Box 2.4. These suggest, broadly speaking, that governments are likely to
have relatively low discount rates when they attach a high weight to the well-
being of future generations, have relatively high income and slow prospective
growth, are not strongly risk-averse and are able to diversify away the risks asso-
ciated with resource extraction. For many developing countries, especially those
heavily dependent on the resource sector — even more so if there are just a few
projects — some or all of these conditions are unlikely to hold, pointing to a rela-
tively high discount rate. All this, moreover, relates to the discount rate that a
fully benevolent government would apply. In practice, policy makers also face
political risk in terms of their own longevity in office. This in itself will likely
cause them to discount future returns more heavily, implying the pursuit of pol-
icies that are inefficient from a wider social perspective.
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Box 2.4 The government’s discount rate

Suppose that for each unit of an asset costing P purchased today (period 1) the
government can obtain an uncertain return of X tomorrow (period 2), and evaluates
this decision in terms of maximizing expected utility

U(Y, - aP)+—— E[U(Y, + aX)] (4.1)
I+p

where a denotes the number of units of the risky asset bought, Y, is (exogenous)
income in period # (so that the argument of each function is consumption at the
corresponding date) and p is the rate which future utility is discounted.

From the first order condition for the choice of a, the value placed on the asset is
then approximately:

P- 19— (4.2)
1+p+ RRA(C)E[G]—cov[U(C,)X]

where cov(w,z) = (E[wz] — E[w]E[z])/E[w]E[z] is a normalized covariance,
G = (E[C,] — C))/C, is the expected growth in consumption, and RRA(C) = -U"(C)
C/U(C) is the coefficient of relative risk aversion (defined to be positive).® The
certainty-equivalent discount rate used to value the asset thus has four components:

*  The rate of pure time preference, p. This is essentially an ethical parameter,
and the appropriate value has long been contentious. The Stern Review (2007)
on climate change, for instance, follows a long tradition in setting this to zero
on the grounds that it is improper to attach less weight to the well-being of
future generations than to our own; others point that this is not how govern-
ments appear to behave, and is also ethically questionable: one alternative, for
instance, is to maximize the well-being of the least well-off generation —
which is likely to be the current one.

*  The degree of curvature of the marginal utility function. This is as described by
the coefficient of relative risk aversion, though (since this term also applies
under perfect certainty) here it is capturing the extent to which the consumption
of future generations is discounted because they enjoy higher consumption: the
stronger the curvature, the more heavily future returns are discounted.

»  The anticipated growth rate: faster growth implies less weight attached to future
consumption, since that is associated (to an extent that depends on the curvature
of marginal utility) with lower marginal utility of future consumption.

*  The covariance between returns to the project and the marginal utility of con-
sumption. This will be more negative — and the discount rate consequently
higher — the more important returns to the project are to the aggregate
economy (since then a low return is associated with low consumption and
hence a high marginal utility). While there may be some opportunities for risk
reduction through such devices as hedging, these operate only over periods
that are quite short relative to project lifetimes. Attitudes to risk enter this
final component too, with higher risk aversion, and hence a more sensitive
marginal utility of income, again pointing to a higher discount rate.
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The levels of the discount rates applied by government and investor can affect,
for example, their rankings of alternative projects. Perhaps even more important
for policy design, however, are differences between them. And here, for the
reasons just given, the best working assumption is likely to be that in many
lower income countries governments are likely to discount more heavily than
many investors.

Differing discount rates matter, it should be stressed, even in the absence of
uncertainty. Most fundamentally, they create scope for intertemporal trade
between government and investor. If investors have a lower discount rate than
the government, for instance, then by bringing forward their payments during
the life of the project they can confer a benefit on the government — unable,
perhaps, to borrow against future receipts — that the latter will be willing to pay
for by lowering future payments so much that the present value of returns to the
investor, evaluated at its own discount rate, will rise. This in turn may affect
optimal instrument choice. In the circumstances just described, for instance, both
parties could gain — commitment problems aside — by levying an up-front fee
(such as a signature bonus) rather than taxing ex post rents. Different discount
rates may also rationalize deploying distorting tax instruments. They imply for
instance’’ that the extraction path which maximizes the present value of rents for
one party will typically not maximize it for the other. If the investor has a lower
discount rate than the government, for instance, then it will tend to extract
resources too slowly from the perspective of a government that attaches value to
those rents (perhaps because it is taxing them). It will then wish to speed up
extraction, which (recalling the discussion in Section 3.A) it can do by setting a
royalty that increases in present value over time.

B Risk sharing

Alternative tax schemes imply different allocations between government and
investor of the underlying risk associated with a project, creating scope for mutu-
ally beneficial trading of that risk between them. Both can gain by exploiting
differences in attitude towards risk, with the party better able to bear more risk
willing to do so in return for a higher expected return that the other is willing to
pay.

To see what uncertainty might imply for optimal tax design, it is useful to
abstract from the intertemporal dimension (for the moment) by supposing that
project returns all accrue at a single future date and — also putting the time con-
sistency issue aside — that the government can credibly commit to any state-
contingent tax policy: that is, can announce, and will rightly be expected to
implement, any schedule that prescribes some tax liability contingent on the
outcome of the project (thought of, for simplicity, as simply the realization of an
uncertain resource price). This tax schedule could take any shape: it might be
progressive, with a higher average tax rate the more successful the project; or it
could be regressive. Suppose too that the tax system itself is non-distorting, in
the sense that it has no impact on the design of or payoffs to the project.
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There is no uniquely optimal tax schedule in this setting, but some potential
candidates will be inefficient in the sense that both parties could gain by instead
adopting a different one. Box 2.5 characterizes the set of schedules that are
Pareto-efficient in the sense of leaving no such room for mutual improvement.

Box 2.5 Progressivity and risk-sharing

Denote by p(s) the return to the project in state s and by 1(s) the corresponding
state contingent average tax rate. Pareto efficiency then requires that the govern-
ment maximize its own expected utility subject to providing some given level of
expected utility to the investors, the Lagrangean for this being

N /UL p(s)e)]+ 2 Y U, [0 =) p(s)I(s) (5.1)

where 7(s) denotes the probability of state s occurring and the utility functions of
government and investor are indicated by subscripts G and /. Taking the necessary
conditions for this to define T as a function of p, the optimal average tax rate can be
shown to vary with profitability as™®

T(p) =(RRA, — RRA,)/ Q (5.2)

where RRA, denotes the relative risk aversion of party j = G, I and Q = -[UZ/U;) +
(U71U7)p*(>0) (all evaluated at the solution).

If, to take one extreme, the government is risk-neutral (so that RRA = 0), effi-
ciency requires that T = 1, so that the after-tax receipts of the investor be the same
whatever the before-tax return, so that government bears all the risk; and the
opposite is true if it is the investor that is risk-neutral. More generally, whether
Pareto-efficient risk-sharing requires a progressive or regressive tax system thus
depends on the relative risk aversion of the two parties. Assuming constant relative
risk aversion, for definiteness, efficiency requires progressive rent taxation if and
only if the government is less risk-averse than the investor.

The conclusion is straightforward: efficiency requires that risk be borne more
heavily by whichever party is less risk-averse.” If firms are risk-neutral, for
instance, then efficient risk-sharing requires that they receive all the uncertain
return in exchange for payment of some fixed fee to the government. Pursuing
that logic, efficient risk-sharing requires a progressive tax schedule if, and only
if, the government has lower (relative) risk aversion than the investor. For the
reasons above, the presumption must be that risk-sharing considerations argue
against progressivity in many lower income countries.

The temporal dimension of uncertainty, reflected in the discussion of discount-
ing above, can also have a critical impact on instrument choice. As discussed
above, risk-averse governments will have higher discount rates, all else equal, and
so will prefer to get tax revenue sooner. This is best done, in principle, by inter-
temporal trade that does not dissipate the potential return to the project by
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tax-induced distortions: by auctioning, for example. If, however, credibility or
other considerations prevent this being done, the (first-order) benefit from retiming
tax revenue through the use of distorting instruments may offset the (second-order)
loss that the induced inefficiency implies. Royalties, in particular, are commonly
rationalized on these grounds: the government collects some revenue, including in
the early days of the project, even if that project ultimately proves unsuccessful.

In this logic, the royalty functions akin to a minimum tax, which is a feature of
the regular tax system in many countries (intended also as protection against
transfer-pricing and other forms of profit-shifting). These minimum taxes are often
specified as some fraction of turnover, and so are precisely analogous to an ad
valorem royalty. This rationale suggests, however, that the royalty should be credit-
able against any profits-based tax (rather than, as is normally the case, deductible).

C Responding to information asymmetries

Policy makers labor under the potential difficulty of being less well-informed on the
geological and commercial circumstances of resource projects than are those to
whom they entrust their implementation. One response is for governments to under-
take the projects themselves, and indeed this remains commonplace in oil activities.
The experience with state-run operations, however, has been less than entirely
happy, as discussed in Chapter 9 by McPherson (2010), in part because asym-
metries of information re-emerge to contaminate relations between national
resource companies and other parts of government and wider society. Another pos-
sibility is the use of auctions (discussed briefly above and at more length in Chapter
10 by Cramton (2010)), a key purpose of which is precisely to elicit information
from firms bidding for resource rights. Well-designed auctions that induce com-
petitive bidding and information sharing can be relatively simple to administer,
transparent and influence-resistant. At the same time, if there are few potential
bidders or if the terms and conditions attached to property rights are complex and
negotiable, the government might be tempted to adopt more discretionary contrac-
tual approaches to assigning property rights. Alternatively, the government might
wish to tailor the tax instruments at its disposal so as to limit the damage that linger-
ing asymmetries information can do to the pursuit of its core policy objectives.

Suppose, for instance, that some projects are of two possible types, with
either low or high costs for any given level of extraction. Firms know what type
their project is. But the government — whose objective, assume, is simply to
maximize its tax revenue — does not, and cannot rely on firms to self-report their
profitability correctly. It can though observe (only) the level of extraction and
the price at which the resource is sold: so it cannot implement a profit-based tax,
but only a royalty (perhaps at a rate that varies with the level of output) and a
fixed fee. Optimal policy, given that the government cannot tell directly whether
the project has low or high costs, involves deploying both.

More precisely, it involves offering a choice between two tax packages: one
with no royalty but a relatively high fee, the other a royalty but a relatively low
fee. The reasoning behind this is spelt out in Box 2.6, but the essential intuition
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is straightforward. At any given royalty rate, extraction will be greater for the
low than for the high cost project: firms are thus more anxious to avoid paying
them when costs are low, and to do so will be willing to pay a larger fixed fee.
While the royalty distorts the extraction level for the high cost project, the ineffi-
ciency this creates is more than offset by the ability to discourage low cost
projects from masquerading as high cost ones, and hence to extract greater rent
from them without jeopardizing the revenue from high cost projects.

One other feature of the optimal tax package should be noted: it leaves the
low cost project earning strictly positive rents. This is because any tax package
that is intended to ensure that high cost producers break even must imply that
low cost producers earn strictly positive profit, since they can always pretend to
be high cost and (actually being more efficient than high cost producers) earn
strictly positive rents by doing so. In the presence of asymmetric information,
firms may enjoy informational rents that cannot efficiently be taxed away.

Box 2.6 Optimal tax design with asymmetric information — more
intuition

Suppose that the government starts by deploying only a single fixed fee F. To max-
imize revenue, it will set this as high as is possible without making the high cost
project unprofitable. Note that extraction will then be greater if the project is low
cost than if it is high: ¢' > ¢°, say.

Now suppose the government offers firms a choice: they can either produce
output ¢' and continue to pay only the fixed fee, or they can produce the lesser
amount ¢* and pay a small royalty d6 > 0 together with a fee slightly reduced by
dF < 0, where these have been calibrated to have no effect on the after-tax profit of
a high cost project initially producing ¢* that is, ¢°d0 + dF = 0. The change in the
tax paid by this high cost project is then ¢’d0 + 0dg* + dF = 0, and so, since there
is initially no royalty, is also zero. A firm with a low cost project now has a choice:
it can remain at ¢' as before, or it can choose the royalty regime. Denoting the
optimal level of output in that latter case by ¢', it would then pay tax of 'd6 + F
+ dF. Comparing this with its initial tax payment of F, the implied change in tax
payments is d0(4"' — ¢*); which, since the low cost project will produce more than
the high at any royalty rate, is strictly positive. Adding to this the reduction in pre-
tax profits implied by the distortion of its output level if this option is chosen, the
low cost project strictly prefers the option of producing ¢' and paying no royalty.
But the government can exploit that strict preference by requiring that a slightly
higher fee be paid if ¢' is produced. By offering these different {0, F} packages,
the government can thus increase its revenue.

The process cannot continue indefinitely, since when the initial royalty is
strictly positive a perturbation of this kind that leaves after-tax profits of the high
tax project unchanged will reduce tax revenue (as a consequence of the reduction
in output). Nor can it be optimal to impose a royalty on the low cost project: if a
positive royalty were set, slightly lowering it would increase pre-tax profit, and this
could be extracted by setting a somewhat higher differential fee, without making it
attractive for the low cost project to masquerade as high cost.
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The tax design problem becomes still more complicated if production extends
over several periods. Under the scheme just described, for instance, firms effect-
ively reveal whether the project is high or low cost by the tax package they
choose. If tax rules could be reset thereafter — and (as is plausible) costs were cor-
related, so that a project that had low costs in one period will also have low costs
in the next — then low cost projects would have an incentive not to reveal them-
selves as such in order to avoid heavier taxation in the future. Osmundsen (1998)
shows that in this case optimal policy, assuming (perhaps heroically, given the
time consistency problem) that the government is fully able to commit, again
requires offering a menu of royalties and fixed charges but with the former now
depending not only on current output but also on output in previous periods.*

The solutions to the optimal tax design problem in these (relatively simple)
cases are evidently complex: even in the one-shot problem, for instance, the
royalty is nonlinear in output. They do stress, however, the potential value of
deploying royalties as part of the response to problems of asymmetric informa-
tion: while distorting extraction decisions they can provide an indirect way of
ensuring that more profitable projects pay more tax. This remains so even when
the government cannot implement a nonlinear royalty, but must apply the same
rate at all output levels (and so must also offer only a single license fee). It can
be shown that it will indeed then be optimal to set a positive royalty rate: this
means setting a lower fee than would otherwise be the case in order for the high
cost project to go ahead, but the consequent revenue loss is more than offset by
the revenue gained from applying the royalty to the high level of output that will
remain optimal for the low cost project.

The potential usefulness of royalties is amplified the greater are the difficulties
of accurately measuring costs, as, not least, when firms are adept at shifting taxable
income to lower-tax jurisdictions. Indeed, recognition that revenues may be easier
for the tax authorities to monitor than costs suggests that royalties might be com-
bined with rent taxes to exploit the advantages of both. To the extent that firms can
overstate their costs for profit tax purposes, they will have an incentive to undertake
excessive expenditures. This can be countered by a royalty that applies only on rev-
enues. Box 2.7 presents a stylized example to illustrate the point, showing how a
royalty can correct the inefficiency associated with overstatement of costs for tax
purposes and lead to efficient rent extraction. In that simple example, a royalty can
be used to tax away revenue in the same proportion as the firm understates costs,
leaving an undistorted measure of rents as the base for the rent tax proper.

But the merits of royalties as a response to informational problems should not
be overstated. They are not without their own implementation difficulties (as dis-
cussed in Chapter 11 by Calder (2010a), and in Otto ef al. (2006)). Conversely,
the difficulty of observing business costs is a pervasive problem that does not
preclude governments operating business income taxes more generally. And
explicit rent taxes may in some respects be even simpler to implement (as dis-
cussed in Chapter 12 by Calder (2010b) and Chapter 8 by Land): they do not
require the accurate measurement of depreciation, for instance. Thus countries
with relatively strong administrations, such as Norway and the UK, have felt
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able to dispense with royalties in their oil tax regimes. Even where administra-
tion is weak, royalties are best seen as an adjunct to, not a substitute for, effect-
ive profit tax regimes.

Box 2.7 Royalties and rent taxes to alleviate asymmetric information

Suppose a resource firm incurs a cost of K in the first period to generate a quantity
of resource ¢(K) with certainty in the second period, where ¢" > 0 > ¢”. The
resource sells for a price p and costs C(g(K)) to extract. The government imposes
an ad valorem royalty at the rate 6 on revenues and a tax on reported rents at the
rate T. Revenues can be perfectly observed by the government, whereas firms can
over-report costs with limited chances of being caught. Suppose that the firm
reports costs that are simply some multiple A(t) > 1 of its true costs, with A, A" >
0 (the higher the tax rate, the greater the incentive to overstate costs); the same
overstatement applies to both initial costs and extraction costs.
The firm chooses K to maximize the present value of its after-tax rents:

re K (1 (0 + 18~ DPIE) ~ (1= TMD)C(g(K)) a1
1+r

the first-order condition for which can be written
1-0-1)p-(1-TC)g =1-TAN)(1+7)- (7.2)

From this, investment K(0, T) can be shown to be decreasing in the royalty rate 0
and (at zero royalty and for A > 1) increasing in the rent tax rate: the royalty evi-
dently discourages production, whereas the over-statement of costs means that the
rent tax effectively acts as marginal subsidy to investment.

Indeed in this simple example the inefficiency can be eliminated entirely by
setting the two instruments so that 6 = (A — 1)1. After-tax rents in (7.1) then
become

n= (1—1%)(—1+”1q+_rc] (7.3)

so that the system becomes equivalent to a tax on rents at the rate TA. By combin-
ing royalties and a rent tax set at appropriate levels, the government can then
effectively choose the proportion of rents to extract from the firm.

D Dealing with time consistency

A government’s inability to commit to its future tax treatment of resource
projects can hurt both itself and investors. In principle, it ultimately restricts
attention to tax policies that are ‘time consistent,” in the sense that the govern-
ment will find them optimal to implement ex post given that investors’ behavior
is predicated on it indeed behaving in such ways (so that investors are not sur-
prised, and the government always acts in its own best interests). The problem
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this creates is that such policies are generally inferior, for all concerned, to those
that could be achieved if the government could commit. Suppose, for example,
that the government is unlimited in its revenue needs and so, ex post, will want
to extract all the return from any successful project. The only time consistent
equilibrium then has no private investment: investors rightly expect that their
quasi-rents would be expropriated if the project succeeds, and so do not invest.
Both sides would be better off if the government could credibly promise to tax
away only part of the returns from the project.

Less extreme views of the government’s preferences lead to less extreme out-
comes. If the government values not only tax revenue but also (and strongly
enough) after-tax profits accruing to the investor, then — an example of this will
be discussed further below — it will typically not expropriate all quasi-rents once
investment had been sunk. Some investment may thus continue to be made, but
at a reduced level. The basic difficulty thus remains: investment will be too low
relative to the fully efficient outcome that would be obtained if the government
could commit.

There may be circumstances — as with the very high oil and mineral prices of
mid 2008, perhaps — in which outcomes are so extraordinary, relative to what
might have been conceived when tax arrangements were entered into, that some
renegotiation is seen even by investors as generally reasonable. And countries
with a strong reputation for good governance may be able to change tax rules
frequently without very marked damage to investors’ confidence: the UK, for
instance, has altered the taxation of North Sea oil activities very frequently,
without disturbing investors too dramatically. Nevertheless, the potential bene-
fits of achieving credibility in resource taxation are substantial. A key question is
thus how governments might do so, or at least, what kind of tax design time con-
sistency may require of them. There are a number of possibilities.

One is to provide an up-front cash subsidy to investments, or equivalently
make negative tax liabilities arising from initial investment cash expenditures
fully refundable®' (as Norway now does for exploration spending, for instance).
This may be appropriate where countries have strong fiscal positions and low
discount rates relative to potential investors (as perhaps in Norway) or, at the
opposite extreme, for countries with such poor reputation and modest prospects
that investment is otherwise completely blocked. But the disadvantages are
evident: most countries are looking to obtain revenue in the early days of a
project, not to give it away.

A second possibility, when interactions with investors are repeated over time —
perhaps reflecting knowledge of rich deposit possibilities and a consequent expec-
tation of a continued flow of developments (as in the Norwegian case, as stressed
by Osmundsen (2010) in Chapter 15) — is for the government to seek to acquire a
reputation for keeping its word. This can be supported by investors adopting a pun-
ishment strategy: refusing to invest at all for several years, for example, once com-
mitments have been violated. In such circumstances, if the government has a
sufficiently low discount rate it may prefer to honor its word rather than take the
short-term benefit of setting a higher tax than promised. But circumstances may not
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always be favorable to such an outcome. The necessary coordination and commit-
ment amongst investors may be lacking, and governments can turn over quickly.
For post-conflict countries, not least, establishing a good reputation, and providing
assurance to investors that conflict will not re-erupt, is likely to take some time.
And some countries have only limited likely reserves — in some cases just one
major development, in others reserves that are expected to be exhausted relatively
soon — so that the risk of deterring future investments may have little force.

Governments can also seek to provide some form of legal assurance on future
tax policy: a government cannot bind its successors, but it can try to restrict their
room for maneuver. Guarantees might be provided in the constitution, though in
some countries constitutional amendments are fairly commonplace, and as
Osmundsen (2010) notes in Chapter 15, the time required to change constitutions
may be modest relative to project lifetimes. International investment agreements,
with the force of treaty, commonly provide for at least reasonable compensation
in the event of expropriation.®® Violating these may be especially costly, given the
wider signal that would send, but the protection is only against the most extreme
outcomes. More targeted, and quite common, is the inclusion of fiscal stability
clauses in sectoral laws or specific agreements. A range of issues that arise in
designing their precise terms — whether for instance a premium should be charged
in return for such stability assurances — are discussed by Daniel and Sunley
(2010) in Chapter 14. They also stress, however, that politics can nevertheless
exert significant pressures for the effective abrogation of such agreements; if not
explicitly, then through significant encouragement of private companies to rene-
gotiate the terms of their agreements ‘voluntarily.’

It may also be that some features of tax design can be exploited to ease the
difficulties created by the inability to commit. Is it the case, in particular, that
schemes with some degree of progressivity — the average tax being higher at
higher rates of ex post return — are helpful in this context, in the sense that both
investors and government can fare better than they would if progressivity were
precluded?

It may be that time consistent tax schemes are indeed progressive. Appendix
II gives an example of this, in which a government attaches some constant mar-
ginal value to tax revenue and a positive but decreasing marginal value to real-
ized after-tax profits. In this case, it will indeed impose a progressive tax on
quasi-rents: it leaves them entirely untaxed if low enough (profits then having
more value than tax revenue) but at an increasing rate above that (leaving inves-
tors with the level of after-tax profits that has the same marginal value as tax
revenue). This result is certainly special — time consistency would require a
regressive schedule, for instance, if the value attached to profits were constant
and that to tax revenue decreasing — but suggestive nonetheless.

Intuition suggests, moreover, that progressive rate schedules may have par-
ticular appeal in terms of political economy, being more robust against political
pressures in the event of high return outcomes than are proportional schemes.
This indeed has become part of folk wisdom — at least for some folk — in this
area.”® Box 2.8 sets out a simple political economy model in which this indeed
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turns out to be the case, so long as domestic electors are sufficiently risk-averse.
This latter feature contrasts interestingly with the earlier arguments on dealing
with uncertainty itself. The conclusion there was that if, as is in many cases plau-
sible, host governments are relatively risk-averse, progressive taxation is unap-
pealing. The political economy of time consistency, however, suggests the exact
opposite: it is where risk aversion is high that progressivity is desirable. The
model is highly stylized, but makes the point that the strongest case for progres-
sive resource tax arrangements in lower income countries may well be in dealing
with the politics of time consistency, and that determining the optimal degree of
progressivity is likely to involve trading this off against the associated costs of
risk-bearing.

One other point is worth noting. This is that the weakness of tax administra-
tion in many countries may in itself mitigate the time consistency problem: if
host authorities are simply not capable of levying heavy taxes on ex post rents —
perhaps because they have very little ability to monitor profit-shifting arrange-
ments — then investors have little to fear. In some contexts, it may for this reason
even be optimal for governments to deliberately underdevelop their administra-
tive capacity: in effect, a weak administration can itself serve as a commitment
device (Boadway and Keen (1998)). The point should not be over-stated, given
the extreme weakness of tax administrations in many lower income countries
(and, in any event, threats of non-renewal of licenses and the like can be effect-
ive even without a strong tax administration). Nevertheless, the reality is that
weakness of tax administration serves to some degree as a commitment device.

Box 2.8 Politics and progressivity in resource taxation

Suppose an incumbent government knows it will face re-election after the state-
contingent return to some project, p(s), has become known and — free to set what-
ever tax rate it then chooses — it has announced that it will tax these at rate t(s) and
distributed the proceeds equally across all voters, yielding each welfare of U[1(s)
p(s)] (the number of electors being normalized at unity). Its opponent will be a
‘populist’ party that will instead tax away and share out all returns, so yielding
each voter U[p(s)]. Voters do not necessarily vote for the party offering the higher
payout, however, since they also have ideological preferences between the two,
described by a parameter ¢ distributed across the voter population, independent of
the state realized and having (without loss of generality) mean zero. Thus voter j
will vote for the populist party in state s if and only if

U(p)2U(p)+¢, - 8.1)

The incumbent party wishes to remain in office, reflecting some non-monetary
‘ego-rents’ from which it derives value. Suppose too, however, that if it diverges
from its pre-announced tax policy it will suffer some form of punishment, perhaps
in the form of reduced future investment.

The incumbent can achieve both these objectives — be re-elected and keep its
promises — if it announces a state-contingent tax schedule such that, for every s,
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the median voter supports its re-election. This requires the schedule to be such that,
for all s,

U(p() =U((p(s)P() + Ppedian (8.2)

which is consistent with setting a tax rate of less than 100 percent so long as the
median voter has an ideological preference for the incumbent. More precisely, it is
shown in Appendix III to require that T’(p(s)) be strictly positive at all s — meaning
a progressive schedule — if and only if RRA(t(p(s))p(s)) > 1, so that the voters’
relative risk aversion at all outcomes is greater than unity.

E International tax competition and coordination

As noted earlier, it is easy to explain why a country seeking to attract a new car
factory might want to offer an AETR that is not too far above those available else-
where, or, similarly, why it may not wish its statutory rate of CIT to be far above
those elsewhere, given the opportunities for profit-shifting this can create. With
countries shaping their tax policies in this way, the international corporate tax com-
petition that now appears underway — reflected by a substantial fall in both statutory
rates and AETRs — comes as no surprise. But it is far from obvious why a country
considering a new resource development should have the same concern with the
AETR: the car factory could be located elsewhere, but the resource deposit cannot.
Resolving this puzzle — why countries might be concerned at having a higher
resource AETR than elsewhere — is more than an intellectual curiosity: it may
affect, for example, the case for international coordination in resource taxation.

This question has received little attention. Part of the answer, no doubt, is that
similar transfer pricing issues arise as in other sectors, not only with the standard
CIT but also in relation to such sector-specific taxes as royalties. Difficulties can
also arise with smuggling if, for example, export tax rates differ across countries
or — a case in which the resource itself is effectively mobile — when border-
crossing deposits can be exploited from more than one jurisdiction. But the
concern seems to be deeper than that.

One possibility is that production is limited by the scarcity of some input
other than the resource itself, which countries must therefore compete to attract.
Osmundsen (2005) — perhaps the only paper to address this issue — suggests that
this might be managerial or technical capacity. Or the constraint might be in the
finance available to resource firms. In so far as the shadow value of such con-
straints is not properly accounted for as a cost in AETR calculations, govern-
ments would need to offer packages that leave an after-tax return adequate to
attract these factors. A difficulty with this line of explanation, however, is that —
at least if entry is not blocked — one would expect high rewards to expand the
supply of these scarce factors, at least in the medium term, just as one would
expect a shortage of oil rigs to lead to an increase in their price.

Other explanations might focus on imperfections of competition, not only in
terms of entry barriers limiting the supply of scarce inputs but also in restricting
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output supply so as to raise the world price of the resource at issue. A company
that is large in the world market for some resource, for instance, might choose
not to develop now all available deposits, even if that would be profitable at the
current price, because it recognizes that doing so would cause the price to fall: it
might choose to open only one of two possible gold mines, for instance, with the
two host governments then having an incentive to offer the more attractive tax
terms. But the practical importance of such considerations — and again, new
entry should ultimately constrain such behavior — is unclear.

A third possibility is related to the time consistency issue: in seeking to
acquire a reputation conducive to potential investors, countries may seek to
benchmark their own systems relative to those available elsewhere. It may be,
for instance, that credibility is enhanced by offering to new projects terms com-
parable to those that have proved acceptable to governments and investors alike
elsewhere.

If countries do indeed compete in the resource tax regimes they offer, it could
be that by doing so they ultimately derive no benefit but, to the contrary, simply
cause each other mutual damage. If, for instance, they compete to attract some
factor, such as managerial capacity, that is scarce in the aggregate but mobile
between them, it could be that tax rates end up inefficiently low: acting collec-
tively, countries could raise revenue relatively efficiently from a relatively inelastic
base, but by to failing to coordinate their policies they dissipate this opportunity,
and so must resort to less efficient tax instruments or forego worthwhile spending.
A case can then be made for international or regional coordination to limit such tax
competition, and there has been some interest in this in the resource context:
WAEMU (West African Economic and Monetary Union), for example, has
adopted a mining code® that in specifying some tax benefits — including a three
year tax holiday from the start of production — may serve to limit members’ ability
to compete by offering still stronger tax incentives. There has been discussion too
of adopting common limits on tax benefits (including an avoidance of tax holidays)
in the South Africa Development Community.®® There is a large literature focused
on the desirability or otherwise of such agreements intended to limit downward tax
competition: on whether such coordination remains desirable, for instance, when
policy makers may spend some part of tax revenues unwisely or corruptly, on
whether coordination by a subset of countries can worsen their position by
exposing them to more aggressive competition from third countries, and on the
implications of alternative forms of coordination. Many of these generic considera-
tions® are as relevant to the resource sector as to any other.

But there are differences. One is that since the reasons for any tax competi-
tion are less fully understood, so too the case for coordination is less clear: if
downward pressure on tax rates reflects imperfections in market competition, for
example, coordination is likely to be inferior to reducing those imperfections.
Another potential concern is the time consistency issue raised above. Indeed in
this respect the stronger case could perhaps be made for coordination intended to
impose common maximum rates — achieving commitment by international agree-
ment — not minima.
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The usual arguments for international coordination of business tax policies
have as yet had relatively little impact on practical policy. It is important to
recognize, however, that they do not evidently apply with equal force, or in the
same way, in relation to resources.

5 Concluding remarks

It is conventional to stress that no single resource tax regime will suit all coun-
tries and circumstances. That is undoubtedly so. Low income countries may rea-
sonably be supposed to discount the future more heavily than others, for
instance, and so to be more impatient to receive revenues relatively early in
projects’ lifetimes. They may also be less willing to bear risk than the large mul-
tinationals with which they deal, and be more constrained in terms of adminis-
trative capacity. These considerations may point to heavier reliance on royalties
than elsewhere. Geology also matters: a country with a single large deposit may
face greater time consistency problems than those with strong prospects of con-
tinued discovery. While country characteristics must thus shape practical policy
advice, theory does provide some fairly specific guidance.

One lesson is that it will typically not be optimal to rely on a single tax
instrument, whether auction, royalty, rent tax, or other. This is less because of
multiple objectives — we have seen for instance that it may be optimal to use
both royalties and fixed fees when the aim is simply to maximize revenues —
than because of the range of challenges that governments face in crafting their
resource tax regimes: shaping the preferred time path of revenues, dealing with
problems of time consistency and asymmetric information, fitting the regime
to their administrative capacity, and responding to political economy pres-
sures. The discussion above points to a range of considerations that should
inform the design of resource tax regimes to address these challenges.
Amongst these:

*  There is no easy solution to the fundamental time consistency problem, but
building in some marked degree of sensitivity of tax payments to underlying
profitability may help ease political economy pressures to renege on initial
agreements. This might ideally take the form of an explicit rent tax, so as to
minimize consequent distortions, though there may be a case for sensitivity
to short-term prices rather than long-run rents since political pressures may
arise at times of high resource prices even if rents remain moderate.

*  Auctions — widely used in oil and gas operations, though not (yet) for minerals
— have considerable potential appeal as a response (arguably the best response)
to problems of asymmetric information, and (when the government’s discount
rate is relatively high) as a way of ensuring that substantial revenue is received
early in the project lifetime. Their effectiveness may be less, however, where
time consistency is perceived as a significant problem: participants will then
bid less than they otherwise would in the expectation of an additional sub-
sequent burden if the project proves highly successful. One way to mitigate
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this may be by combining the auction with a non-distorting rent tax: while the
latter will reduce the amounts bid, to the extent that it eases the time consist-
ency problem it will also reduce the discount for sovereign risk.

e Much emphasis is often placed on the potential for royalties to distort pro-
ducers’ decisions on exploration and development, the pace of resource
extraction and the closure of operations. There are circumstances, however,
in which some such distortion of private decisions actually enhances social
efficiency. One is that in which operators do not have proper incentives to
leave resources in the ground at the end of their contract period: in this case,
a royalty that increases as the terminal date of the contract approaches can
in principle serve a useful corrective role (though it seems they are rarely
used in this way in practice). Perhaps more fundamentally, royalties may
also have a distinct role to play in responding to informational asymmetries:
they can be used to counteract the tendency towards the overstatement of
costs under a rent tax, and — though the point appears as yet to have had
little impact on practice — can be combined with other instruments, such as a
fixed fee, to enable liability to be differentiated across project and firm type
in a way that raises more revenue than could either instrument on its own.
What does seem clear is that while royalties will often have a proper role in
resource regime, sole reliance on them risks creating costly distortions.

e While the resource literature has focused on the particular resource rent tax
(RRT) of Garnaut and Clunies Ross (1975, 1979, 1983), there are many other
forms of tax (indeed, infinitely many) that — in the absence of informational
asymmetries, and with proper carry forward arrangements (including in rela-
tion to exploration expenses, especially on unsuccessful projects) — are non-
distorting. A potential weakness of the RRT within this class of taxes, and one
that seems to be keenly felt in practice, is that revenue accrues to the govern-
ment only relatively (perhaps very) late in the project’s life, once cumulated
rents are positive. There are other rent taxes, equivalent to the RRT in present
value, that yield revenue earlier (by not giving immediate relief for all cash
outlays). One such, for instance, is the Allowance for Corporate Equity
(ACE), under which all financing costs (including a notional return on equity)
are deducted, along with depreciation (calculated at an essentially arbitrary
rate). The ACE and other such schemes have attracted increased attention in
recent years as potentially desirable reforms of the general corporate income
tax. They may have particular appeal for resource activities too.

Appendix I Optimality of the RRT among cash flow-based
rent taxes

Continuing the notation of Box 2.2, taking B, as given, consider the effects of a
small change in G, combined with such a change in G,, as to leave B,,
unchanged. Noting that B evolves as

B.,=R -C+(-0,+r)B, (AL.1)
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this implies that

dB,,, =-B,doc, (A1.2)
dB,,, =0=-B,,,d0,,+(1-0,, +r)dB,, - (AL1.3)
The present value of government revenue evaluated at the discount rate w
(which may differ from r) is proportional (the tax rate is taken as given) to

20.B(1 + y)*. The revenue effect of the perturbation is thus (after post-
multiplying by (1 +y)™*") proportional to:

Btdct (l + W) + Bt+1d6t+l + Gt+ldBt+l (Al 4)
=Bdo,(1+y)+(1-0,, +r)dB,,, +0,,,dB,,, (ALS)
=(y-r)Bdo, (A1.6)

where (Al.5) substitutes for B,,,dc,,, from (Al.3), and (A1.6) for dB,,, from
(A1.2). From (A1.6), if y > r then it is optimal to raise (lower) 6, whenever B, is
positive (negative). Supposing that 6, must lie between zero and one, the result
follows.

Appendix II Time consistency with less than full ex post
taxation — an example

Suppose that an investment of K yields a return of sp(K) in state s, which occurs
with probability f{s), with s non-negative in all states (since projects can be shut
down if they fail to cover variable costs), and p(K) strictly increasing and strictly
concave in K. The efficient level of investment (assuming risk-neutrality) is then
that which maximizes W(K) = J,sp(K)f(s) — K, the necessary condition for this
being

W/(K)= p'(K)j: sf(s)ds—1=0 (A2.1)

which simply says that investment is chosen such that its expected marginal
product equals its marginal cost (unity). Suppose now that the government
announces the tax rate T(s) once the investment decision has been made and the
state of nature revealed, and does so to maximize the sum of tax revenue and
some strictly concave function v of after-tax profit:

sp(K) +v[(1-1)sp(K)— K] - (A22)

Suppose that the government cannot make negative tax payments, and define 7y
to be the level of profit at which it is just indifferent, at the margin, between tax
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revenue and private profit: that is, v'(y) = 1. It is then straightforward to see that
it will set a tax rate of zero if pre-tax profits sp(K) — K are less than 7, and for
higher levels of profit will set T so that after-tax profits are exactly y. This latter
implies that

(s, K) =1—[;Lf)) (A2.3)

which is increasing in sp. The tax schedule is thus progressive: the tax rate is
zero below some level of pre-tax profit, above which it is charged at an increas-
ing average and marginal rate.

Anticipating such ex post taxation, the firm chooses K to maximize its net
profit

[ ) - K1 p Gy + - Fo )Y (A24)

where n(K), implicitly defined by
NK)p(K)-K =7, (A2.5)

is the level of the shock at which tax becomes payable, and F(s) is the cumula-
tive distribution function of 5. The firm’s necessary condition is thus

[ s -nspas=0 (A26)

(the terms through the integrand in the first term of (A2.4) and the second term
canceling by (A2.5)). Note that since p is strictly increasing, this implies that

N(K)p'(K)-1>0 (A2.7)

so long as F(1n) > 0. At the level of investment defined by (A2.6), (A2.1) implies
that

W(K)= j() {sp"(K) =13 f (s)ds

2 ((K)p'(K) -1} {1-F(M(K))}

which, from (A2.7), is strictly positive if there is some possibility that the gov-
ernment would impose a tax if the efficient level of investment is undertaken (so
that F(m) < 1). There will then be under-investment in the sense that W'(K) > 0.
This example is special. If, for instance, the government attaches constant
weight to after-tax profits but decreasing weight to tax revenue, then the time
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consistent tax scheme is regressive: it fully taxes quasi-rents below some critical
level, above which it applies a decreasing tax rate. Investment, however, would
again be inefficiently low.

Appendix III Conditions for a progressive rent tax in
political equilibrium

Differentiating (8.2) with respect to p gives:
U'(p)=U'(p){t+ pt’} (A3.1)

so that T'(p) = F(7)/pU’(tp), where F(t) = U'(p) — tU'(tp). Since F(1) = 0, to
establish that T'(p) > 0 it thus suffices to show that F(t) < 0. Differentiating gives

4

’ ’ ” , T U” _ ’
F(t)=-U'(tp)-tpU’(tp) = -U (1+ ];J } =-U'(1-R) (A3.2)
and the result follows.

Acknowledgments

We are grateful to Bob Conrad, Philip Daniel, Michael Devereux, Martin Grote,
Charles McPherson, Petter Osmundsen, Kevin Roberts, Emil Sunley, and Jean-
Frangois Wen for helpful comments and suggestions, and to Diego Mesa Puyo
for excellent research assistance. Views expressed here should not be attributed
to the International Monetary Fund, its Executive Board, or its management.

Notes

1 The chapters by Hogan and Goldsworthy (2010; Chapter 5), Nakhle (2010; Chapter
4), and Kellas (2010; Chapter 6) focus respectively on minerals, oil and gas. See also
Sunley et al. (2003) on oil and gas, and Baunsgaard (2001) and Otto et al. (2006) on
mining.

2 Renewable resources, such as timber and fisheries, raise quite different resource man-
agement (and hence also fiscal) issues.

3 Diagrammatic treatments of the nature of resource rents are in Garnaut and Clunies
Ross (1983) and Otto et al. (2006).

4 Following the classic treatment of these issues in Hotelling (1931).

5 Similarly, the largest tax that could be imposed ex ante (before the outcome of explo-
ration is known), without expected profits becoming negative, is $6 million, just off-
setting expected pre-tax earnings of (0.1) x (160 — 10) — (0.9) x 10 million.

6 See, for instance, McPherson and MacSearraigh (2007).

7 There is input price uncertainty too, which to some degree parallels that of output
prices: key inputs in minerals production, for instance, include chemicals whose price
in turn reflects minerals prices, and supplies of specialist equipment, such as oil rigs,
may be relatively fixed in the short term.

8 In Chapters 11 and 12, Calder (2010a, b) discusses these and other challenges in
administering taxes on the resource sector.
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See also Clark (1995).

The same logic applies within federations when one state exports some resource to
others: taxation of those exports may not be constitutionally permissible, but produc-
tion taxation can serve a similar purpose — as, for instance, with the severance tax on
West Virginia coal sold for power generation in other states.

Krautkraemer (1999) notes, for instance, that petroleum reserves increased by more
than 10 years of current consumption between 1972 and 1990 even though annual
consumption increased very substantially.

Whether extraction will be faster or slower than in this competitive case when the pro-
ducer has monopoly power — so that marginal benefit in Box 2.1 becomes downward-
sloping marginal revenue — is theoretically indeterminate: see Stiglitz (1976).

This follows on taking the expectation at time ¢ of the necessary condition (1.2) for
extraction at time ¢ + 1, combining it with that condition for time ¢ and using too the
time ¢ expectation of the expected change in marginal valuations between ¢ + 1 and
¢+ 2 implied by (1.3).

The definition of ‘royalty’ in Otto et al. (2006), for example, is extremely broad,
including anything that is called a royalty.

To see this, note that for a competitive producer (for whom the marginal benefit of
extraction is simply the resource price), payment of royalties 6, and 0,,, (adding to
costs by these amounts) changes the necessary condition (1.4) to

AE[p-C,]
p_Cq

(it being assumed for simplicity that C; = 0).

This observation is due to Burness (1976). The argument here ignores the potential
impact of royalties on the shutdown decision, discussed in the next paragraph.

This effect arises it should be noted, even if the specific royalty is indexed to the
general price level.

Conrad and Hool (1991).

Approval of production plans is often required — potentially an implicit royalty — but
rarely exercised, it seems (in the activities at issue in this paper), in the direction of
preserving future stocks.

This assumes that it is not optimal, from the owner’s perspective, to entirely exhaust
the resource within the contract period. If it is, then (supposing private and social dis-
count rates to coincide) there is no inefficiency from the truncation of the contractor’s
horizon.

Suppose, for instance (assuming perfect certainty, for simplicity) that the profit-
maximizing operator plans not to fully extract the resource during the contract period.
Then it will act as if the resource were not exhaustible — the shadow value 7 in Box
2.1 will be zero at all times — and so will simply extract so as to set the net marginal
benefit B — C, to zero in each period. From the wider social perspective, however,
exhaustibility does matter, and (1.4) shows that net marginal benefit should increase
at the rate of interest (also assuming, for simplicity, that costs are unaffected by the
remaining stock). There is thus a corrective role for using royalties to slow extraction
by driving pre-tax marginal costs increasingly below marginal benefit; and this, by the
argument above, requires a royalty that increases (in present value) over time. (If, on
the other hand, the operator chooses to fully extract the resource strictly within the
contract period, there is — absent such considerations as a divergence between private
and social discount rates — no inefficiency).

As demonstrated in, for instance, Otto et al. (2006).

Denote rents over the full lifetime of the project, which may depend on some choice «
made by the investor, by V(a). Then for any tax function T for which average and

=r+(et+l —(1+r)6,)
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marginal rates are everywhere less than unity, the value of a that maximizes after-tax
rents V(a) — T[V(a)] is the same as that which maximizes pre-tax rents.

The literature often uses the term resource rent tax quite loosely, to refer to schemes
that in some broad sense are targeted on rent extraction. It is used here more precisely,
to refer to the specific Garnaut—Clunies Ross scheme.

There are other ways in which the time profile of government receipts from rents may
be varied. If there is a reasonably competitive system for auctioning rights to resource
exploration and development, for instance, changes in the tax rate (capitalized in the
price bidders will be willing to pay) effectively change the balance between ex post
and ex ante rent collection by the government.

A simple example illustrates. Consider a project with an initial investment outlay of a
that generates a constant stream of cash flows for the life of the project. Let the present
value of those cash flows to the firm be some concave function v(a), so that project
rents are v(a) — a. If the tax is based on rent calculated using a discount rate different
from the firm’s, then (taking the simple case in which future cash flows are the same in
each period) the present value of tax liabilities can be written 7T(uv(a) — @), where U is
greater (or less) than one as the discount rate is lower (or higher) than the firm’s dis-
count rate. (The potential non-linearity of 7" allows for the possibility of progressivity,
discussed further below). Maximizing after-tax rents v(a) — a — T(uv(a) — @) then leads
to less (more) investment than in the absence of tax as W is higher (lower) than unity;
that is, as the discount rate used in calibrating the tax system is lower (higher) than the
firm’s.

Ball and Bowers (1983) pursue the nature of this distortion further for an RRT bearing
only on positive rents, noting that it is equivalent to a call option taken by the govern-
ment on the wealth created by a resource project, with exercise price equal to the
cumulative investment in it. The analogy implies, for instance, that just as the value of
an option increases with the riskiness of the underlying asset so the government’s
expected tax claim — and hence the discouragement to investment — is greater, all else
equal, for riskier projects.

Calder (2010), in Chapters 11 and 12, and Land (2010), in Chapter 8, discuss imple-
mentation issues more fully.

See Sandmo (1979).

More generally, this raises the issue of what should be the limits of resource activities
for the purposes of taxing rents. To eliminate such transfer pricing possibilities, these
need to extend at least to the processing stage given that different qualities of resource
will fetch different values up to that stage.

Tilton (2004, p.146) argues that ‘rarely do those advocating the taxation of mining
rents extend their proposal to other rents.” To the contrary, much of the focus of recent
corporate tax reform has been focused precisely on achieving more effective rent tax-
ation: see, for example, Auerbach et al. (2008).

Maximizing the expected value of after-tax profit (1 — #)E[V(a)] requires maximizing
the expected value of pre-tax profit £[V(a)], and so leads to the same decisions as in
the absence of tax.

Risk-neutrality is assumed throughout the discussion of uncertainty in the text
(perhaps reflecting effective diversification by investors). This is a significant assump-
tion. For a risk-averse investor, for example, a proportional tax, with full loss offset,
makes riskier assets strictly more attractive since it unambiguously reduces the dis-
persion of possible outcomes. The qualifications that risk aversion implies for the dis-
cussion below are qualitatively straightforward.

Angola, for instance, levies an annual tax that increases with the realized internal rate
of return.

To see this, suppose that in the absence of tax one project generates perfectly certain
rents of ¥ while a second has a stochastic return V' with expected value of V. By
Jensen’s inequality, if 7 is convex, E[V — T(V)] < E[V] — T(E[V]); for convex T.

b}
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progressive taxation thus changes indifference between the two projects into a strict
preference for the safer one.

This scheme (which dates back to 1918 and is also used by Botswana, Uganda and
Zambia (in varying forms), and, until recently, in Namibia) charges tax on profits at a
rate 7 that depends on the ratio of taxable income from mining to mining revenues (in
percent), m, according to

T(m)= max{O,’c(l—pj}
m

where T and p are parameters: the latter is the rate of return above which tax is
payable (earnings below this are in the tax-free ‘tunnel’) and the former is the tax rate
towards which tax payable increases as m rises. The claim in the next sentence
follows on noting that, writing m = 7/R, where 1 denotes taxable profit and R revenue,
this becomes

T(m)n = max{0,Tn—pR} .

The common term ‘free equity’ can be something of a misnomer, as Conrad et al.
(1990) note: the government, after all, contributes the resource itself.

If it were to subscribe at cost to new equity issues, the equivalence would be with an
S-based cash flow tax.

Here, as in other of these equivalencies, it is assumed that there are no other taxes in
place; with a corporate income tax also imposed, for example, the implicit base will
differ from that of an RRT.

The treatment of auctions here is brief: see Cramton (2010), Chapter 10.

It is assumed here that property rights are defined and enforced. If not, a form of
tragedy of the commons occurs, with, at a minimum, a tendency to overspend on
exploration and, at worst, conflict over the exploitation of discovered resource depos-
its: see Collier and Venables (2008).

Klemperer (2004).

Daniel (1995) explores the analogy between spending requirements of this type and
explicit tax measures.

Ad valorem or specific, depending on whether the allowance is related to the value or
the volume of extraction: see Conrad and Hool (1981). The Technical Committee on
Business Taxation in Canada (Department of Finance, 1998) documented that exces-
sive deductions for resource depletion resulted in marginal effective tax rates substan-
tially lower in resource industries than in other industries.

With an ad valorem royalty at rate 6 deductible against a CIT levied at rate 7, the
effective marginal tax rate on an additional dollar of sales is T + 0 — t0; which is exactly
as it would be if there no deductibility but the royalty rate were instead (1 —7)0.
Norway applies a special rate of 50 percent in addition to the standard 28 percent,
while (since 2007) the UK has levied CIT on the continental shelf at 30 percent rather
than the standard 28 percent. Both countries provide some uplift for capital expendi-
tures — that is, allow deduction of more than 100 percent — against this higher corpor-
ate tax rate.

Interestingly, there is some evidence that resource-rich countries tend to levy higher
general rates of CIT than do others: Keen and Mansour (2008) suggest this to be the
case, for instance, in sub-Saharan Africa. This is as one would expect if resource rents
were relatively immobile and there were a commitment to uniform CIT treatment
across sectors.
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Ebrill ef al. (2001) and Harrison and Krelove (2005) discuss the refund problem and
possible solutions.

So that tax becomes due not at import but at precisely the same time as an offsetting
credit can be claimed.

‘Forward looking’ effective tax rates are those based on projections of future profits
and interest rates. ‘Backward looking’ effective rates are based on realized profits
and tax payments for firms and industries. (On the latter, see Feldstein et al.
(1983)).

This differs somewhat from the widely-cited formulation of the AETR in Devereux
and Griffith (2003), who — as they discuss in detail — prefer to calibrate the AETR by
using the pre-tax return, rather than rents, in the denominator (to avoid the complica-
tions that arise in handling marginal projects, for which rent is zero).

An early application is in Conrad ez al. (1990).

The original formulation is in Boadway et al. (1987). A recent application — focusing
in particular on the time to build between discovery and extraction — is in Mintz
(2009).

A proof'is in the Appendix of Thakur et al. (2003).

It should be stressed too that the calculated AETRs and METRs rest on a host of
assumptions — on how investments are financed, for instance, and (for the AETR) the
assumed rate of return — and so should not be interpreted as having definitive
precision.

Rewriting the first order condition as P = E[U'(C,)X]/(1 + p)U'(C)), equation (4.2)
follows on using the approximations E[U'(C,)] = U'(C))(1 — RRA(C,)G) and (1 + p)/
(1 +cov)(1 —RRAG) =1+ p—cov+ RRAG.

Recalling (1.4) in Box 2.1.

The necessary conditions for the choice of the t(s) imply that for all states s” and s

Uglp(s)t(s] _ UilA=us") p(s)]
Uslp()us)]  UlA=t(s)p(s)]

the prime indicating differentiation. Taking this to define t(s”) as a function of p(s”),
the result follows.

A full treatment of this issue is in Leland (1984), though focusing there on the mar-
ginal rate of tax (the higher this is, the more risk is borne by government) and on
progressivity in the sense of an increasing marginal tax rate rather than, as here, an
increasing average rate.

Osmundsen (2010) discusses these results further in Chapter 15.

Doyle and van Wijnbergen (1994) show how tax holidays and subsidies can result
from a sequential bargaining framework between a host government and multinational
in the absence of commitment. Vigneault (1996) finds that time-consistent tax rates
can increase over time.

Chapter 11 of the North American Free Trade Agreement being an example, where
expropriation is defined to include taking ‘a measure tantamount to nationalization or
expropriation of an investment.’

Nellor and Robinson (1984) provide an early account of the time consistency issue in
resource taxation that pays explicit attention to political economy aspects. Assuming
that investors perceive some arbitrary link between ex post profitability and the likeli-
hood of their being expropriated, they conclude that there will be some relationship
between realized cash flows and the average tax paid, but derive no sharp conclusions
on its nature.

Réglement 18/2003/CM/UEMOA.

United Nations Economic Commission for Africa (2004).

Reviewed for example by Wilson (1999) and Keen (2008).

>
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3 Principles of resource taxation for
low-income countries

Paul Collier

1 Introduction

The taxation of extractable natural resources poses complex design problems —
and indeed the chapters of this book address many of these in detail. These com-
plexities arise because natural resources are not akin to most other economic
activity: their distinctive features make government central. In low-income coun-
tries the problems that are generic to the taxation of natural resources in all con-
texts are compounded by important additional features which make the solutions
appropriate for a high-income country inapplicable.

The chapters in this volume largely focus on this distinctive low-income
context. To date, most of the work on tax design has been for high-income coun-
tries, and I will try to set out why the distinctive features of low-income coun-
tries change the policies that are appropriate. The new website www.
naturalresourcecharter.org complements both this chapter and this book in
setting out for resource-rich low-income societies the entire decision chain
involved in harnessing natural assets for transformative development. However,
as a preliminary it may be helpful to set out the four generic features of natural
resource extraction that make it distinctive from normal economic activity.
These are that the ownership of natural assets is rightly vested in citizens; that
extraction is a process of asset depletion rather than merely production; that
investment in extraction requires high sunk costs and long periods of payback;
and that the prices of depleting assets are volatile. Since the rents from extrac-
tion belong, in their entirety, to citizens, the government as their agent needs a
tax regime which captures these rents, over and above the standard taxation of
profits. If the tax system does not discriminate between rents and returns to other
factors of production then it is sure to be misdesigned. In practice, this implies
that the taxation of resource extraction is likely to look quite different from that
of most other economic activities. Because resource extraction is depleting an
asset it is not sustainable, and so the savings rate out of these revenues should be
higher than that out of ordinary taxation. Finally, because prices are volatile,
rents and profits will also be volatile.

In Section 2A lays out the distinctive features of low-income resource-rich
countries. Section 3A suggests how these features make the policies that are
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conventional in high-income resource-rich countries inappropriate. Section 4A
sketches what more appropriate policies might look like, although it should be
evident that to do this thoroughly is an undertaking well beyond the scale of this
brief chapter.

2 Four distinctive features of low-income countries

A Discovery is key

The first distinctive feature of low-income countries is that the discovery process
is likely to be far more important than in the high-income resource-rich coun-
tries. A snapshot of discovered natural assets for the year 2000 assembled by the
World Bank brings this out. In the OECD the average square kilometre possesses
known sub-soil assets to the value of $125,000, whereas the figure for Africa is
only $25,000. Since both land masses are enormous such a large difference is
unlikely to reflect differences in luck: the original endowments of sub-soil assets
were probably not very different. Further, since the OECD has been depleting its
natural assets for far longer than Africa, a reasonable expectation is that Africa
has more sub-soil assets remaining than the OECD. Of course, even in the
OECD by no means all natural assets have yet been discovered: discovery is
costly so there is little incentive to prove reserves that will not be exploited for
decades, and as the technology of discovery improves more becomes economic.
The implication is that a large majority of Africa’s natural assets remain undis-
covered. The predominant reason for this is presumably that the incentive regime
is less conducive to discovery. This is supported by the substantially lower
density of drilling in the major sedentary basins of Africa compared to those in
the OECD. Since Africa has radically less invested capital, physical and human,
than most other regions, its successful management of its extensive undiscovered
natural assets is both absolutely and relatively far more important: the design of
an appropriate tax regime for resource extraction is a first-order issue.

B Commitment problems

The second distinctive feature of low-income countries is that their institutions
are less robust. They lack the sanctity of time, and any particular institution is
likely to be less well-defended because other institutions are weak or missing,
and because there are fewer supports from the neighbourhood. If institutions are
not robust then the credibility of government commitments is impaired: even if
everything is currently satisfactory it is less likely to stay that way. There is only
a limited amount that a government can do to reduce doubts about the future and
so it is necessary to recognize the consequences of the limited credibility of
commitments. There are two respects in which this is particularly pertinent in
respect of natural resources.

The first is that the extraction process typically requires massive initial invest-
ment which need not then be renewed. In this respect the time profile of invest-
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ment in the extractive industries is highly distinctive. For example, in
manufacturing it is likely that investment gradually builds up over the decades,
so that a wise government knows that should it attempt to expropriate accumu-
lated investment through heavy taxation it will kill the valuable process of future
investment. In contrast, investment in resource extraction faces a time-
consistency problem: the initial investment is so large relative to all future
investment that once made it is rational for the government to confiscate it.
Fearing such an eventuality the extraction company decides not to make the
investment in the first place and the government, despite being worse off than if
it could credibly commit not to impose such taxation, is unable to do so.'

The second respect in which the lack of a commitment technology matters is
that the government may find it difficult or even impossible to commit not to
spend all the revenues from asset depletion on consumption. Yet the inability to
make such a commitment may imply that it is wiser to leave the assets unex-
ploited until the commitment problem has been overcome.

C Capital and consumption scarcity

The third respect in which low-income countries are distinctive is that both con-
sumption and capital are scarce. As the economy gradually converges with richer
ones the marginal value of consumption will fall, but the society is unable to
borrow for consumption now as much as would be appropriate because it is
rationed in capital markets. Similarly, the rate of return on capital is likely to be
high because capital is so scarce.

D Asymmetric information

The final distinctive respect of low-income countries is that their governments
are likely to be a severe informational disadvantage vis-a-vis resource extraction
companies. Governments are not able to recruit civil servants with the requisite
specialist knowledge, due both to a shortage of nationals and the inability of
government pay-scales to match private rewards. Specialist information can be
purchased on the global market and is typically well worthwhile, but because it
is expensive and hires non-nationals, many governments do not buy enough of
1t.

3 Principles appropriate only for high-income countries

I now set out three conventional principles and explain why they are only appro-
priate in the context of high income countries.

A Integrated budgets

The principle of an integrated budget is Fiscal Economics 101. The advantage of
pooling all revenues without any prior earmarking is evident: it enables the
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marginal benefit of public spending to be equated across all components of
spending, and it enables flexible responses to unanticipated circumstances which
change the relative values of the components. These are powerful arguments, not
to be dismissed lightly.

However, they presuppose a context in which the government is able to func-
tion extremely well. In particular, the preservation of flexibility, which is the
great achievement of an integrated budget, comes at no cost. Yet in other con-
texts the case for commitment technologies is now fully accepted in both aca-
demic and policy circles. In particular, the independence of central banks has,
over the past three decades, become a standard commitment technology against
inflation. In resource-rich low-income countries the key need for a commitment
technology is not monetary but fiscal, and the key fiscal issue to be addressed is
the replacement of depleting natural assets with other assets, real and financial.
Where it is possible, the equivalent of a constitutionally independent central
bank might be a fiscal constitution. Essentially, what such a constitutional provi-
sion would need to do would be to ring-fence a substantial part of the revenues
from natural resources from expenditure on consumption. However, as discussed
below, it will normally be appropriate to spend savings on domestic investment,
and so the Future Generations Fund model in which revenues do not even reach
the budget is not appropriate. Rather, the revenues need to be earmarked for
investment. As discussed below, this still leaves an important role for periodic
accumulation of foreign financial assets, but the role is essentially to buy time,
putting a brake upon the rate of increase in domestic investment until the capac-
ity to invest is enhanced.

Why might such a fiscal commitment technology be necessary? The clear
answer is that there are strong day-to-day political pressures for subverting
resource revenues from investment into public consumption. The interest of the
future is at best only fitfully represented in the political market place. A far-
sighted Finance Minister, acting in the long-term national interest, would indeed
want to create commitment technologies for defending the future against the
potent special interests of the consumption lobbies. In the OECD societies polit-
ical institutions and the sophistication of electorates may have evolved to the
stage at which such commitment technologies are unnecessary. In the resource-
rich, low-income societies this is clearly not the case.

Such institutions for earmarking some revenues to savings and ultimately to
investment are only in their infancy and have suffered from substantial design
flaws. The College in Chad attempted to ring-fence resource revenues but ear-
marked them not for investment but for particular social uses. These social prior-
ities were rapidly weakened by the government. The Nigerian Fiscal
Responsibility Bill attempted to earmark a proportion of oil revenues for savings,
but initially ran foul of constitutional requirements to share revenues with the
state governments. In general, earmarking a substantial proportion of resource
revenues for asset accumulation curtails a degree of flexibility, which is undesir-
able. The need for a commitment technology, however, overrides concerns about
the loss of flexibility. Nevertheless, as earmarking becomes more specific as to
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which assets should be accumulated, it increasingly contravenes the valid princi-
ples of an integrated budget.

B Permanent income and future generation funds

If the government and firms of a country can borrow on world capital markets at
an interest rate very close to that at which they can lend, then the country will
already be developed. In particular, it will have borrowed sufficient to drive down
the rate of return on domestic investment to the world interest rate. As Ploeg and
Venables (2008) argue, this is the condition necessary for the permanent income
hypothesis to be the appropriate guide for policy. With this condition fulfilled, on
the discovery of a natural resource consumption would leap to a permanently sus-
tainable level and as natural assets were depleted they would be offset by the
accumulation of foreign financial assets. Note that even in this scenario the dis-
covery would be followed by an initial phase of borrowing: consumption should
leap on the discovery while revenues will take time to come through.

Manifestly, this is not the context for a low-income country. Such countries are
not able to access world capital markets sufficiently to finance the massive invest-
ment needed to drive down the return on domestic capital to world levels: they are
capital-scarce. This has two important corollaries. First, because current generations
are much poorer than future generations, some of the revenues should be con-
sumed: the permanent income approach of consuming only the sustainable income
from the natural assets no longer has a sound analytic foundation. In low-income
countries the appropriate use of natural assets is fo accelerate the evolution towards
the eventual level of sustainable income, whereas under the Permanent Income
Hypothesis (appropriate for a developed economy) it is fo raise that eventual level.
Second, because domestic rates of return are above world rates, such savings as are
appropriate should gradually be directed into domestic investment rather than
foreign financial assets. This needs at once to be qualified. As the pace of invest-
ment is increased the returns on investment fall below the returns on installed
capital because of congestion and inefficiencies in the investment process. Hence,
the pace of investment needs to be set by the capacity to absorb it efficiently.
However, the accumulation of foreign financial assets is not the solution to this
problem; it merely buys the time in which to address it. In these economies devel-
opment is fundamentally about raising the capacity to invest productively. The
process can be thought of as ‘investing in investing.” It is an agenda for the real
economy: improving bureaucratic procedures to design and implement public
investment; enhancing the efficiency of the capital goods producing and distrib-
uting sectors; and increasing incentives for private investment. A policy of financial
asset accumulation should not detract from this by weakening the sense of urgency.
Nevertheless, it is often necessary to buy time. A classic instance of the con-
sequences of attempting to ramp up investment ahead of the capacity to implement
it efficiently was the Nigerian ‘cement armada’ of 1975. In this instance the unco-
ordinated and excessive purchase of cement encountered the bottleneck of limited
port capacity and dissipated expenditures on investment in avoidably high costs.”
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C Excess profits taxes

Natural resource extraction generates both normal profits and rents: the latter
need to be captured by the government. Since both normal profits and rents are
aggregated into reported profits, the first-best is to decompose reported profits
into its two components, applying the normal corporate profits tax to normal
profits and imposing a very high ‘excess profits’ tax on the rents. The alternative
of a royalty payment on resource revenues, however, structured, is second-best
because it cannot target the rents as precisely as the excess profits tax. For
example, as full depletion approaches and extraction costs mount the company
will choose not to extract those resources which incur a royalty in excess of the
diminishing rents and so some rents will be left unexploited; other resources may
be left unexploited.

The problem with any form of taxation is that information is costly and held
asymmetrically: the company knows the true division between rents and profits
but has no incentive to reveal it. On the contrary, where the government has little
information the company has considerable scope for concealing profits alto-
gether by reclassifying them into costs. While these problems are generic to all
forms of taxation, they are far more acute with the taxation of resource rents.’?
Whereas tax rates on profits that result from capital and risk are typically around
25 percent, in principle the tax rate on excess profits should approach 100
percent. The incentives to cheat are thus radically greater, and the scope for
cheating is increased by the co-existence of two conceptually distinct forms of
profit. As a result, whereas within the OECD the first-best is unambiguously the
right policy, in the context of small, low-income countries it is at least debatable.
The choice in tax design therefore reduces to one between an excess profits tax
that will be gamed by companies unless resources are spent to counter it, and a
royalty which, though inefficient, may be harder to game because revenues are
more observable than profits. In this situation it may no longer be possible to
navigate by the simple principles which rank the excess profits tax as analyti-
cally superior to a royalty, and a good system may combine elements of both.*

4 Rethought principles

If the principles that are appropriate for a resource-rich country in the OECD are
not appropriate for the typical resource-rich low-income country then policies
should look different. Norway and Timor-Leste both have oil, but their policy
responses should be different. How different should they be?

A The discovery process

Recall that the discovery process is far more important in low-income countries
than in the OECD: there is much more to be discovered. However, at the discov-
ery stage the lack of a credible commitment technology imposes compounded
risks onto investment in prospecting. The company is uncertain both as to
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whether anything will be found, and what the eventual tax regime will be. A pre-
commitment to a tax regime which is based on inadequate geological informa-
tion will lack credibility. As a result, if the incentive for discovery is that the
company will acquire extraction rights to whatever it discovers, the expected
value of these rights will be heavily discounted by these uncertainties. Further,
the rate of discount used by the typical resource extraction company is very
high.

To the extent possible the government should not sell extraction rights until
geological uncertainties have been reduced. The objective is not for the govern-
ment itself to take on all the risk of prospecting, but to narrow likely outcomes
to a sufficiently narrow range that contingent tax arrangements are regarded as
credible. The government can collate and commission seismic data. Since the
rate of return on private prospecting is typically high, these costs would be an
appropriate use for aid: the donor is able to bear the risk, and the aid will on
average have a high return.’ This implies that the government should, to the
extent possible, separate the prospecting process from the extraction process.

B Auctions for price discovery

Once the government has good geological information it can then auction the
rights to extraction. The auction would essentially reveal the appropriate rate of
taxation or royalty. The design of auctions is complex,’ but they are the best way
of tackling the acute asymmetry of information, and also, if properly supervised,
of tackling the scope for corruption inherent in negotiated deals. Auctions are
particularly appropriate where citizens are suspicious of government because, if
verified by independent international scrutiny, they can enable a government to
signal to its citizens that their suspicions are unwarranted.

There is likely to be a need for pre-screening of bidders. Typically the ideal
number of bidders is around four: many more than this and no company invests
enough in information to judge true value so that bids are liable to be opportun-
istic; much less than four and there is a risk of collusion. Since the exclusion of
bidders is replete with opportunities for corruption this stage should also be
subject to international verification.

C Geared royalties

If information is sufficiently asymmetric then a royalty may be the best option.
In this case can we say anything about its design? It would need to be condi-
tioned upon those observables which cannot readily be gamed, such as the price
of the commodity and some basic features of geology. Since what can be
observed depends upon the expenditure of the government upon monitoring, as
monitoring is enhanced profits themselves become observable. Where, however,
profits are not realistically observable, the royalty will generate less grounds for
dispute the more it is anchored to those observables with clear consequences for
profits. For example, in respect of the world price of the commodity, one feature
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that is at once apparent is that rents will be increasing more than proportionately
in the price: there is some unobservable but positive price at which rents are
zero. Hence, a (second-best) efficient royalty should be highly geared to the
price of the commodity. The conventional practice of setting the royalty at a flat
rate of 3 percent fails to satisfy this design rule.

D Pace exploration by absorption of investment

Above, I have discussed the need to pace investment by the rate at which it can be
absorbed. What should be done with resource revenues that are substantially in
excess of this level? The answer may well be that they are best not generated:
resources can simply be left undiscovered. The advantage of leaving some
resources undiscovered is that the economic pace of extraction of those resources
that have been discovered, which is gradual, provides an automatic commitment
mechanism. In contrast, resources accumulated in foreign financial assets can be
no more robust than the constitutional provisions which protect them from rapid
liquidation, and in low-income countries constitutional provisions have often
proved to be fragile. However, building up financial assets has offsetting advan-
tages: in particular it diversifies the asset portfolio away from dependence upon the
commodity that is being extracted. Hence, the appropriate strategy is determined
by a balance of risks. The risks that commodity prices will appreciate by less than
the world interest rate can at least be estimated from the past history of prices; the
risk that a future opportunistic regime will liquidate accumulated financial assets
cannot be readily estimated but may reasonably be judged so substantial that it
dwarfs the additional risk implied by the lack of portfolio diversification.

In this case, the rate of resource exploration should be matched to the ability
of the economy to absorb domestic investment. Evidently, the latter is amenable
to policy, and so augmenting the capacity to invest is a high priority.

E Borrowing, but only for appropriate uses and with appropriate
signals

The conventional concession to the special conditions of low-income countries
is to advise their governments not to borrow in anticipation of resource revenue.
Indeed, the most conservative variant of this advice is to use all the resource rev-
enues to accumulate foreign financial assets, and to increase consumption only
by the rising income stream from these accumulating assets, this being the ‘bird-
in-hand’ rule.

In practice, governments try to avoid the need for borrowing by advancing
revenues through signature bonuses. For reasons discussed above, the true inter-
est rate on signature bonuses is likely to be high (though lower than non-
securitized borrowing which may well be prohibitive) and so they are a poor
form of borrowing compared to loans from public agencies. Some borrowing
can be appropriate and it would be useful if the international financial institu-
tions developed financial instruments to support this need: for example, an Inter-
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national Bank for Reconstruction and Development window. However, the
problems for the government are partly of prudence and partly of signalling to
its own citizens.

Commodity prices are so volatile that the safe assignment of revenues to con-
sumption is very low. For example, in the first quarter of 2008 when the current
oil price was $115, based on its past volatility the 95 percent confidence interval
for the forecast of the price in the first quarter of 2009 was in the very wide
range $65-$200. Hence, the ‘safe’ revenue estimate would have been only
around half the current price. Yet even this proved to be far from safe, the actual
price being only around $43. The prudent approach to this extraordinary volatil-
ity is that borrowing for consumption should be kept to very low levels.
However, borrowing to finance investment is far less risky. The government is
not taking on a liability backed only by the highly uncertain future value of its
natural assets: the borrowing is also backed by its new investment. The rationale
for borrowing for investment is that the country can thereby get started on
‘investing in investing’ several years earlier than if it were to wait for the natural
resource revenues to come on-stream.

Two types of governments would wish to borrow in anticipation of future
resource revenues, the very good and the very bad. The very good government
astutely recognizes that consumption now is much more valuable than consump-
tion in the future because of current poverty. The very bad government simply
wishes to plunder the future so as to enrich its members. Since citizens can be
presumed to be well aware of the dangers of borrowing for plunder, the problem
facing the very good government is to signal to its own citizens that it is indeed
not of the plundering type. In the standard theory of signalling, the solution to
this problem is for the good government to adopt a strategy that would not be
imitated by the bad government: what might this be in the present instance? The
most promising approach is for the spending from borrowing to be earmarked to
uses which cannot directly benefit members of the government, but which clearly
directly benefit ordinary citizens. An example of such expenditures is a bursary
paid directly to school children. By linking the borrowing to such a use the good
government reveals its type.

F An application: China in Africa

How might these rethought principles affect the assessment of what is surely the
single most important new resource-related phenomenon: the deals being struck
between China and various African governments for infrastructure in return for
extraction rights?

On the conventional principles these deals are unambiguously undesirable.
They are non-transparent, and instead of revenues flowing into the budget they
are earmarked for a particular form of spending. On conventional principles the
deals would be far better unbundled into an extraction contract, with revenues
going into the budget, and then construction contracts financed by all or part of
the public spending supported by the revenues.
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How might the issue look differently given the issues raised above? First, the
Chinese approach offers a new commitment technology: resources extracted are,
with certainty, offset by the accumulation of a domestic asset. A wise Finance
Minister may reasonably decide that this is much safer than letting the revenues
flow transparently into the budget and then hoping to emerge triumphant from
the subsequent political contest for spending. Second, the Chinese approach
bypasses both the civil service and domestic construction companies and so
relaxes the constraint upon domestic absorption of investment. Of course, this
bypass may in some contexts be undesirable: it might be better to generate local
employment in the construction sector even if this slows down the pace of
investment.

These two advantages are real and substantial: in effect, the Chinese have
innovated rather than merely undermined existing practices. The appropriate
response is therefore to learn from the innovation and to improve upon it. It
would, in fact, not be difficult to improve upon the current Chinese model. Its
limitation is not that the extraction and construction contracts are bundled, but
that China is currently a monopolist in this form of packaged contract. The
appropriate response is therefore for other consortia of resource extraction com-
panies, construction companies and donors to compete with China. Competition
could then be fitted into the framework proposed above, namely auctions.
Where a government determined that a packaged approach would be advanta-
geous the auction would be conducted in terms of the amount of infrastructure
provided for a predetermined set of extraction rights. Prior to the auction the
government would set out a prioritized listing of desired infrastructure. The
auction would reveal the best value: the bid that undertook to go furthest down
the ranked list. Transparency would come about not through unbundling the
contract, or insisting on its components being individually priced, but through
the process by which the packaged contract was awarded. As with other auc-
tions, bids would need to be screened for credibility. Additionally, there would
need to be a specified and credible process for monitoring the quality and time-
liness of infrastructure provided, including penalties for non-performance. Such
matters are not trivial and may sometimes make the entire process so unsatis-
factory that the unbundled approach is clearly superior. The ability to manage
the process might be enhanced if an agency such as the World Bank provided
loans available to winning consortia in return for standardized procedures and
verification.

5 Conclusion

In this brief overview my purpose has been to highlight the implications of the
profound differences between those resource-rich countries that are at OECD
levels of income, and those that are impoverished. The economic principles for
taxing resource extraction imply that the way in which natural assets are har-
nessed for society should differ considerably in Australia, Canada and Norway
on the one hand, and in Angola, Chad and Timor-Leste on the other.
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This point is important because to date virtually all the serious analysis has
been conducted with reference to the OECD economies. Currently, those
Finance Ministers from low-income countries who are most concerned to
manage opportunities well look to the OECD models for guidance: for example,
this is manifested in the application of what is often wrongly imagined to be the
‘Norwegian model’ to contexts which are wildly different from that of Norway.
In recent years some 50 governments of resource-rich countries have approached
the government of Norway for advice. Yet, as the government of Norway is
careful to explain, there is no ‘Norwegian model.” For example, the high-profile
Sovereign Wealth Fund was not begun until some 30 years after natural resource
revenues had started: until then they were deployed domestically.

It is one thing to criticize the inappropriate application of an OECD model, it
is quite another to replace it with principles that are appropriate. In this paper I
have merely sketched the outlines of what needs to be a substantial undertaking.

Notes

1 Several chapters in this book focus on this time consistency issue: Boadway and Keen
(2010) review what theory has to say about possible responses, Daniel and Sunley
(2010) focus on experience with one of these — fiscal stability agreements — and, an
interesting illustration of the importance of strong institutions in this context, Osmund-
sen (2010) discusses how Norway has managed to achieve substantial credibility in its
petroleum tax regime.

2 The appropriate use of resource revenues in low-income countries is discussed more
fully in Collier et al., 2010.

3 Experience with the design and implementation of rent and other resource taxes in low
income countries are discussed elsewhere in this volume by Calder (2010) Land (2010).

4 See Boadway and Keen (2010) for a formalization.

5 This possibility was raised by a few commentators in response to earlier mineral price
booms, see Garnaut and Clunies Ross (1983: 61).

6 Cramton (2010) provides a detailed treatment of auction design for the resource sector.
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4 Petroleum fiscal regimes

Evolution and challenges

Carole Nakhle

1 Introduction

The central objective in designing petroleum' fiscal regimes is easily stated. It is
to acquire for the state in whose legal territory the resources in question lie, a
fair share of the wealth accruing from the extraction of that resource, whilst
encouraging investors to ensure optimal economic recovery of the hydrocarbon
resources. How to achieve this balance is a subject of enduring controversy.

Petroleum fiscal regimes, for the purpose of this chapter, encompass taxation,
contractual framework, state participation® and bonus payments. Fiscal regimes
are the principal system for sharing hydrocarbon wealth between host govern-
ments and investors. Both governments and oil companies want to secure ‘fair’
shares of the oil proceeds. The big problem resides with the vagueness surround-
ing the subjective concept of ‘fairness.” Since there is no objective yardstick for
sharing economic wealth between the various interests involved in petroleum
activity, controversy and tensions will always prevail between investors and the
host government.

These issues arise in almost all taxation policy activities. But in the case of oil
and gas, they assume a special character and complexity. The petroleum investor
has to invest in the country where the resource is found — unlike other sectors
where a factory can be closed in one country and opened in another. And while
it is true that the oil industry has a strongly international character, local influ-
ences, both external and internal to the industry itself can still be decisive in
shaping the tax regime and in turn determining the overall attractiveness of the
region. Of central relevance are the uncertainties associated with petroleum
geology, the specific characteristics of individual oil fields and the investment
returns. The costs of petroleum projects tend by their nature to be incurred up
front. The time lags are considerable, often of many years and even decades,
from the initial discovery of oil or gas reserves to the time of first production.
Moreover, the imposition of petroleum taxes and the involvement of the private
sector in oil activity tend to be accompanied by intense political debate, where
myths and political dogmas can overshadow economic principles.

The design of fiscal regimes is a critical factor in shaping perceptions of an
oil and gas basin’s competitiveness. Exploration and development activities
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present delicate legal, technical, financial and political problems and any solu-
tion requires a balancing act between the respective interests of the producing
countries and the oil companies. A trade-off is bound to exist, since both govern-
ment and oil companies want to maximize own rewards. This can be achieved
through the design of a competitive fiscal regime, which takes into consideration
different stakeholders’ interests and is attractive for investors in comparison with
opportunities in other countries. The outcome is then mutually beneficial, with
both the government and investors sharing the rewards and enjoying a more sus-
tainable long-term relationship. If fiscal terms are too generous, government
returns are weakened and this could plant the seeds for an adverse reaction
towards investors. If the terms are too tough, the incentives to the oil companies
to invest in exploration, development and production can be severely damaged
with the result that investment flows to countries offering a more attractive fiscal
regime.

Against this background, this chapter compares the main petroleum fiscal
regimes that apply in oil and gas producing countries round the world. It also
analyses the central issues surrounding petroleum taxation, from an economic
perspective. In reality, it is difficult to generalize in the field of petroleum taxa-
tion because the political, social and economic drivers are country specific and
constantly changing.

The remainder of this chapter proceeds as follows. Section 2 focuses on the
different options that oil producing countries can choose from in terms of devel-
oping their oil and gas activity and the type of relationship, if any, they would
want to develop with the private sector. That choice influences the fiscal arrange-
ments that will be adopted. The section also analyses the economic and political
dynamics of the different relationships between host governments and investors,
which in turn have implications for the fiscal terms. Section 3 studies the contro-
versial areas surrounding petroleum taxation. Supporting evidence is taken from
different oil and gas producing countries, with a special focus on key develop-
ments over the last four decades. Section 4 provides concluding remarks.

2 Spectrum of policies and frameworks

In the case of minerals in the ground, and petroleum in particular, governments
and state authorities in most countries are the legal owners of these resources
and are therefore fully entitled to collect a revenue stream from what they own.
This ownership status can be translated into policy in a variety of ways. The oil
producing nations can opt for complete state ownership (or monopoly) at one
extreme (such is the case in Saudi Arabia, Kuwait and Mexico) or permit total
private enterprise operations at the other (as in the USA and the UK). Between
the two extremes of pure state and pure private ownership a combination of the
two is often found. Most oil producing countries fall within that spectrum, the
norm being a pattern of involvement by the International Oil Companies (IOCs),
in cooperation with the host country’s National Oil Company (NOC) and within
a clear framework of national control.
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The policy that governments choose to develop their hydrocarbon resources
has significant implications on the fiscal regime — its type, structure and terms.

A Strategic choices

The three main options that an oil producing country can select from are: ‘go-it-
alone strategy,” entire private ownership or IOC-NOC cooperation. Under the
‘go-it-alone’ strategy, the fiscal regime is almost irrelevant, since there are no
private companies involved. Under entire private ownership, the norm is to apply
concessionary regimes, as is the case in OECD countries, while under the hybrid
strategy a wider selection of regimes is available, varying between concession-
ary, production sharing agreements and service contracts.

If the country chooses to develop its resources on its own, the government
formulates and finances an adequate investment program itself and executes it
through an NOC. Saudi Arabia is one of the very few countries to have adopted
this ‘go-it-alone strategy’ — after many years of reliance on outside oil com-
panies (the original Aramco).’ Such a strategy requires the establishment of an
NOC that is fully capable of taking the operations role in upstream asset devel-
opment. Saudi Aramco has access to abundant resources domestically and is
mainly focused on the self-sufficient development of those national resources.
Similar NOCs exploit their resource base both as a means of supporting the
national economy and as a tool to sustain their country’s oil supplies.

However, other NOCs have not been as successful.* Normally, NOCs have to
meet costly non-commercial national obligations that can hinder their ability to
raise external capital and to compete at international levels. NOCs, for instance,
can be coerced by governments to favour excessive employment and/or be
forced to sell their petroleum products to domestic consumers at subsidized
prices. These constraints hinder the national firms’ ability to produce at a techni-
cally efficient level that maximizes the overall value that could be obtained from
their oil resources. Consequently, there is under-investment in reserves, stagna-
tion in capacity growth and an inability to maintain or grow the country’s oil
production capacity. Mexico’s State oil company, Pemex (nationalized in 1938),
has long been regarded as a critical source of income to the government; virtu-
ally all Pemex income is transferred to the state. In the light of the rapid decline
in production, the company is facing serious financial pressure with a mounting
debt, reaching $42.5 billion (as of 2008) and hindering its investment capabil-
ities. To save Pemex from a deep financial and operational crisis, the Mexican
Government has considered — despite strong public opposition — narrowly
opening its oil and gas sectors to international players under the restrictive terms
of risk service contracts (see Section 2B).

The second option is the other extreme, where the host nation encourages the
IOCs to take the lead. In this model, the government creates the appropriate reg-
ulatory and fiscal frameworks for IOCs to make the necessary investments in
their upstream sectors. This enables the state to avoid allocating much capital
itself. The skills required at political and policy level in making this approach
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attractive and balanced should not be underestimated, but the core investment
and operations are undertaken by international firms, both major IOCs and asso-
ciated service providers, with an appropriate return-sharing framework. Conces-
sionary regimes are normally found under this kind of arrangement.

Entire private ownership is pretty much exclusively confined to the OECD.
Indeed most OECD countries follow this model, made easier by the fact that the
IOCs are domiciled within OECD nations, hence appearing as ‘national champi-
ons,” creating the benefits of substantial employment and repatriation of signific-
ant dividend flows. The UK Continental Shelf (UKCS) has had a successful oil
and gas industry for more than 40 years. The industry is fully privatized — the
British National Oil Company (BNOC) existed up until 1982 when it was suc-
cessfully privatized as part of the government’s aim of reducing the role of the
state across the entire spectrum of the British economy. The UK Government
came to the view that the industry would be more efficient without any state
interference and that it could share in the rewards through the tax regime.

The US Gulf of Mexico (GoM) is also entirely owned and operated by I0Cs
(as is the entire petroleum industry in North America). Leading edge technology
is continually being developed and deployed to extend commercial operations
into ever deeper water and further into the waters of the Northern Arctic exposed
to the seasonal pack ice. The Federal Government continues to earn substantial
sums from lease sales (exceeding $178 billion from the Outer Continental Shelf).
Sustained growth in production and development activity continues. Between
1992 and 2008, oil companies have drilled more than 2,100 wells at depths
greater than 1,000 feet in the US gulf. In stark contrast, and over a similar
period, Pemex has only drilled a handful of wells in the deepwater GoM.

The third alternative is to adopt a hybrid solution using NOC-IOC partner-
ships. This, in effect, is a combination of the other two options, where an active
NOC joins forces with material and significant foreign capital and technical
expertise to meet the investment needs of the country. Most oil and gas produc-
ing countries, outside the OECD, have adopted this approach (as in Egypt and
Indonesia, for example) and some inside the OECD (such as Norway). This
approach permits a variety of interfaces between the national and the interna-
tional partners and allows for experiment and innovation. A wide range of petro-
leum fiscal arrangements is found under this model.

The I0C-host government/NOC interaction does not have to be reduced to a
zero-sum game, where what one side wins the other loses. These two entities
have different objectives, functions, capabilities, assets and tolerances for risk.
In principle, each side possesses what the other side seeks: governments hold the
below ground resources sought by IOCs, and IOCs control most of the technical,
managerial, and project execution resources that governments need.

Under this third option, the government exercises control over the critical
strategic investment decisions such as the exploration for and development of
new oil and gas deposits. However, it does not need to interfere in the day-to-
day running of the oil and gas fields or in the procurement strategy. This is
because the state’s tasks and skills differ from those required in day-to-day busi-
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ness operations. IOC investment creates space for state resources to be diverted
to other priorities as well as providing access to early revenues. This hybrid solu-
tion can strike the right balance between national political objectives and the
need to secure capital and expertise from the private sector. The state seeks to
improve performance and delivery by concentrating on genuinely public services
whilst leaving oil and gas operations as far as possible to the IOCs or private
sector, within an appropriate and enabling regulatory framework.

State monopoly may weaken incentives to put in place an effective or effi-
cient fiscal regime, which is less important for a state-owned organization as the
money goes from one government pocket to another.

An exclusively private industry requires a well thought out regime balancing
state and industry interests, but risks falling short on meeting non-fiscal aspira-
tions. Some states believe that their equity participation provides a return in excess
of what can be extracted by the tax system alone. The hybrid route may prove the
most popular option as it provides opportunities to meet political imperatives of
state control while benefiting from private sector technology and expertise.

Although oil producing countries can choose between those three options,
they can reposition themselves over time as conditions, both external and
internal to the oil and gas industry, evolve. Over time, NOCs may be partially or
fully privatized. The same NOCs once confined to a purely domestic agenda
may be given the freedom to invest overseas and trade assets in pursuit of busi-
ness development and portfolio management ambitions. The list of private sector
players may well increase over time as a deliberate policy ambition to increase
activity levels. The type, structure and terms of the fiscal regimes can evolve and
change accordingly.

B Fiscal arrangements

In the spread of varying relationships between governments and the oil industry,
two basic and broad systems of granting rights to investors have developed over
the years — the concessionary system and the contractual scheme. The conces-
sionary system’ originated with the very beginning of the petroleum industry
(mid-1800s), and still predominates in OECD countries. The contractual system
emerged a century later (mid-1950s), and has been typically favoured by devel-
oping countries. The UK, Brazil, Canada, US and Norway, for example, operate
a concessionary regime, companies being entitled to the ownership of the oil
extracted. By contrast, countries like Azerbaijan, Algeria, Nigeria and Angola®
apply a contractual regime where the government retains the ownership of the
petroleum produced — although private oil companies are entitled to ownership
of part of the oil produced under one type of contractual regime, namely produc-
tion sharing contracts (PSCs) or agreements (PSAs).

Some argue that in concessionary regimes, oil companies are in a much
stronger position compared with the contractual systems, where the government
exercises deeper control over the exploitation and production of the natural
resource. But the reality which has emerged behind these different approaches
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suggests that they can be made equivalent not only in terms of control but also in
terms of fiscal impact. Most probably, the hostile sentiment towards concession-
ary regimes dates back to the first half of the twentieth century, where govern-
ments in oil producing countries were perceived as being exploited by the oil
majors. But it has to be recalled that it is not the principles of the regime per se
that devalued government sovereignty at those early days of oil activity; it was a
combination of different political, economic, social and legal conditions, which
have changed dramatically since then.

Concessionary systems: evolution and basic characteristics

A concession is an agreement’ between a government and a company that grants
that company the exclusive right to explore for, develop, produce, transport and
market petroleum resources at its own risk and expense within a fixed area for a
specific amount of time (Blinn et al., 1986). So long as they remain in the ground
(or under the seabed) all such resources continue in most jurisdictions to be the
property of the state (or Crown). The concession to the oil company is for
the right or title to produce oil at the wellhead, along with the requirement to
pay the appropriate royalties and taxes. The company is entitled to ownership of the
oil so produced and is free to dispose of it, often subject to some form of obliga-
tion to supply to the local market. However, from early oil industry days, a much
broader type of concession has also existed and is still used in the US, which
assigns rights of ownership not just to the wellhead producer but to the discov-
erer of the oil reserves and the owners of the land under which they lie. Indeed,
the US has long recognized private ownership of minerals below the ground, as
long as they are not on Federal lands.

A striking example of this earlier pattern was the concession granted to W.K.
D’Arcy by the Persian monarchy in 1901. This stretched over very large areas,
covering the entire national territory, and with very long duration, up to 60 and
75 years. Similar ‘long-lease’ concessions were granted in earlier years (some-
times up to 99 years in Kuwait), providing exclusive ownership to certain IOCs
of the reserves found in the area covered by the concession. In the UAE, a single
onshore concession, granted in the 1930s, covers the whole of Abu Dhabi.

The financial benefits accruing to the host government under such arrange-
ments were limited, consisting primarily of royalties based on the volume of pro-
duction, at a flat rate rather than a percentage of the value of the oil produced.
The concessionaire retained control over virtually all aspects of the operations,
including the rate of exploration, the decision to bring new fields into exploita-
tion, and the determination of production levels, among others. Furthermore, this
type of early concession agreement did not provide for any possibility of renego-
tiation of the terms and conditions of the agreement, should a change of circum-
stances warrant it, and nor did it enable the government to participate in the
ownership of the petroleum produced, thus leaving it with a passive role.

Such one-sided agreements were granted by comparatively inexperienced
governments with sometimes little authority, often under foreign political domi-
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nance and not possessing a legal framework liable to govern such things as
petroleum operations. Most importantly, competition was limited as the industry
was dominated by a small number of global players. Those arrangements were
bound to be called in question as the balance of power changed in favour of
ruling authorities and governments.

After the Second World War, a second generation of concession agreements
was developed, providing for a more active role for the host government and a
corresponding decrease in the rights of IOCs. The concession areas began to be
delineated as blocks, and the awarding of concessions restricted to a limited
number of blocks. Modern concession agreements also entail provisions for the
surrender of most of the original area (where a commitment to develop the area
has not been made within a prescribed timescale), while the total duration of the
concession tends to be far more tightly regulated. They can also include bonuses
payable on signature of the agreement, on discovery of a petroleum field or on
reaching certain levels of production. Those constraints have financial implica-
tions for the size and timing of fiscal revenues.

Nowadays, the usual way of taxing oil companies operating within conces-
sionary regimes is via a combination of income tax, a special petroleum tax and
royalty. That is why concessionary regimes are commonly known as ‘Royalty/
Tax Systems.’

Gross royalty

Royalty can be a per-unit tax, which is a uniform fixed charge levied on a speci-
fied level of volume of production or an ad-valorem tax, which is a fixed charge
levied on the value of the output (gross revenues). Royalty rates for oil are gener-
ally set in a range from 5 per cent to 25 per cent but most are nearer 10 per cent to
15 per cent of production. Natural gas is often assigned a lower rate than oil.

Royalty holds its attractions to host governments. Royalty is relatively simple
to administer, predictable and provides an early revenue stream as soon as pro-
duction starts. The optics of early revenues for the government minimizes the
political risk of further intervention.

But as the royalty is not profit related, it may deter marginal projects that are
profitable on a pre-tax basis from proceeding. The regressive nature of royalty —
the lower is project profitability, the higher are royalty payments relative to
profits — can cause operating income to become negative even when gross reve-
nues exceed extraction costs, and consequently can lead to a premature abandon-
ment of the field. Royalty directly reduces the quantities of reported production
and booked reserves for companies (which analysts and media commentators
take interest in as one of the performance indicators for IOCs in stock markets,
although booked reserves are not directly linked to profitability), unlike other tax
elements. For instance, a royalty of 15 per cent results in only 85 per cent of the
reserves being booked under a Tax and Royalty regime (see section 3C).

In mature high cost basins such as the UK and Norway, royalty has been
progressively eliminated. Some nations are more attached to a strong royalty
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tradition, particularly the US, where royalty rates in the US GoM have increased
from 12.5 per cent to 16.66 per cent. Other countries have introduced a profit
element in royalties by having them depend on the level of production (like
China) or in some cases oil price. This is known as a sliding scale royalty, where
the royalty rate is low when production or oil price is low and vice versa, thereby
decreasing the possibility of negative cash flows when production or oil prices
are low.

Royalty is normally allowable as a deduction against other taxes, such as
field-based taxes (like the PRT in the UK) and income taxes.

Corporate income tax

Income tax systems usually consist of a basic, single rate structure, plus provi-
sions for deduction of all costs items from the tax base, sometimes with supple-
mentary levies and tax incentives. The overall level of corporate income tax rates
varies considerably from country to country. In many countries the level is typ-
ically between 25 per cent and 35 per cent.

Most countries provide an incentive for exploration and development by
allowing exploration costs to be recovered immediately and allowing accelerated
recovery of development costs (tax depreciation), for example, over five years or
less. Accelerated depreciation brings forward payback for the investor and
reduces the latter’s cumulative cash exposure. In addition to cost deductions, in
many cases interest expenses and losses carried forward and/or back are com-
monly allowed in the computation of the tax liability. All forms of income tax
allow relief for capital expenditure (at a varying pace), but extra reliefs are
sometimes given to provide incentives to develop high cost ‘marginal’ projects.
The UK has gone further than most and introduced 100 per cent depreciation in
the year of expenditure. This ensures that no project will pay tax until payback
has been secured — a uniquely attractive feature for investors.

The income tax regime for oil and gas companies is generally the same
regime that applies to all corporate activities for all industries in the country in
question. Though the rate may be higher and the range of qualifying cost deduc-
tions may differ (so that some ring-fencing is needed), the tax is levied at a
corporate rather than oil field level, as such it is generally known as corporation
tax or tax on corporate net income. Since income tax is a profit-based tax, it
introduces fewer distortions compared to an over-reliance on revenue-based
taxes.

Special petroleum tax

Many concessionary regimes also include a special petroleum tax, similar to a
resource rent tax,® in order to capture a larger share of economic rent from oil
production. The special tax is usually imposed along with the general corporate
income tax but it is levied on a project or field basis rather than on aggregate
company income. The tax is normally based on cash flow but is imposed only
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when cumulative cash flow is positive. Negative cash flows are carried forward
and deducted from positive cash flows in later periods. The negative net cash
flows may be uplifted by a minimum rate of return requirement and added to the
next year’s net cash flow. The uplift is often characterized as a proxy for financ-
ing costs. The accumulation process is continued until a positive net cash flow is
generated. No special tax is payable until the firm has recovered its costs inclu-
sive of a threshold rate of return which is compounded from year to year. Tax
kicks in only when positive cash flows emerge, the project investment is recov-
ered and a threshold return on the investment is made. If costs rise or oil prices
fall, taxable profits change in sympathy, as does the special petroleum tax
burden. Incremental investment opportunities may be attractive in fields with
existing production and current taxable income. In this case, the investment will
typically secure immediate or accelerated tax relief in comparison to a greenfield
or standalone opportunity where there is a greater time lag between the invest-
ment and the tax relief. Also, if the investment is unproductive the tax relief is
still available which cushions the impact on the investor.

Additional payments and measures’

Other payments can also be made to the government in oil producing countries
where concessionary regimes apply. These include bonuses, which are lump sum
payments made to the government (and are also common under contractual
systems). They can be signature or lease bonus, payable upon signing the agree-
ment with the government or award of a lease, discovery bonus, payable when a
commercial discovery is made, or production bonus,'’ payable at an agreed
amount (or bid)"" upon the achievement of a stated level of daily production.
Signature bonuses capture some of the anticipated resource value regardless of
the success of exploration and production activities. Since the investment is
made up-front, once paid, they have no further impact on the future economic
decisions of the investor. The sums can be very large; they comprise a material
proportion of overall government take, particularly if the acreage is unproduc-
tive. The discovery bonus is also a one-off fee. It is required after commercial
discovery is declared and after the NOC has approved the I0OCs development
plan. Production bonuses, however, can be recurring. They are due when pro-
duction reaches a certain level. They are normally on a sliding scale of produc-
tion, therefore if daily production reaches a certain level the government takes a
fixed sum, which increases if daily production reaches higher levels. Depending
on the tax regime, bonuses may be deductible for income tax purposes.

Some countries ring-fence their oil and gas activities (usually under corporate
income tax) whilst others ring-fence individual projects (usually under special
petroleum tax). Ring-fencing imposes a limitation on deductions for tax pur-
poses across different activities or projects undertaken by the same taxpayer. In
other words, all costs associated with a given licence or field must be deducted
from revenues generated within that field — not from other licences or fields.
These rules matter for two main reasons. First, the absence of ring-fencing can
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postpone government tax receipts because a company that undertakes a series of
projects is able to deduct exploration and development costs from each new
project against the income of projects that are already generating taxable income.
Second, as an oil and gas area matures, the absence of ring-fencing may discrim-
inate against new entrants that have no income against which to deduct explora-
tion or development expenditures. However, existing players are encouraged to
sustain their investment given the availability of the tax shelter.

Contractual regimes: basic characteristics

During the second half of the twentieth century, and with the political develop-
ments round the world, the concessionary regime came to be regarded as incom-
patible with government sovereignty. Contractual regimes emerged as the result
of efforts to modify the nature of the relationships between IOCs and host gov-
ernments, and above all to find an alternative to the concessionary regime, allow-
ing the host government, in theory, to exercise more control over both petroleum
operations and the ownership of production.

Two types of contractual regimes apply: production sharing contracts (PSCs)
and risk service contracts. The concept of the PSC was used firstly as early as
the 1950s. But in their currently used form, PSCs in particular became popular
in Indonesia in the 1960s. Risk service contracts first came into use in the late
1960s (Blinn et al., 1986).

Under the typical contractual systems, the oil company is appointed by the
government as a contractor for operations on a certain area. The title to the
hydrocarbons remains with the state, and all production belongs to the govern-
ment unless it is explicitly shared, while the IOC executes petroleum operations
in accordance with the terms of the contract and operates at its own risk and
expense under the control of the government. The IOC also provides all the
financing and technology required for the operation.

The two parties agree that the contractor will meet the exploration and devel-
opment costs in return for a share of production or a cash fee for this service, if
production is successful.

» If the company receives a share of production (after the deduction of Gov-
ernment share), the system is known as a PSC — also known as a production
sharing agreement (PSA) — which is a binding commercial contract between
an investor — the [OC — and a state (or national oil company). A PSC defines
the conditions for the exploration and development of natural resources
from a specific area over a designated period of time. Under a PSC, as the
company is rewarded in physical barrels, it therefore takes title to that share
of petroleum extracted at the delivery point (export point from the contract
area).

» If the IOC is paid a fee (often subject to taxes) for conducting production
operations, the system is known as a service contract, also called a risk
service contract. The latter is so called because the host government (or its
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national oil company) hires the services of an international oil company and,
in the case of commercial production from the contractual area, the oil
company is paid in cash for its services without taking title to any petroleum
extracted. A distinction is sometimes made between service contracts and
risk service contracts. The former is simply based on defined compensation
for a specific task, while the latter may involve additional risk being taken
by the contractor for which a variable fee may be applicable.

While some service contracts are disguised PSCs, especially with regard to own-
ership of the resource, the main differences between the two contract forms are
the remuneration of the contractor and the control over operations.

Production sharing contract

Over time PSCs have changed substantially, and they now take many different
forms. One cannot refer, for instance, to a typical Asian or a typical Eastern
European contract. Terms vary between one country and the other. But in its
most basic form a PSC has four main properties. The IOC pays a royalty on
gross production to the government, if applicable. After the royalty is deducted,
the IOC is entitled to a predetermined share of production for cost recovery. The
remainder of the production, so called profit oil, is then shared between govern-
ment and IOC at a prespecified share. The contractor then has to pay income tax
on its share of profit and cost oil combined, after deductions permitted under tax
law. A few systems (Angola, Russia) have used profit oil alone as the base for
income tax.

In contractual regimes (as with concessionary systems), the oil company
bears all the costs and risks of exploration and development. It has no right to be
paid in the event that discovery and development do not occur. However, if there
is a discovery the company is allowed to recover the costs it has incurred, and
this is known as cost recovery or cost oil. The investor typically may take oil for
cost recovery up to a fixed proportion of total production from the project,
known as the cost oil limit, as compensation for the cost of exploration and
development. The oil that remains after the oil company has taken its cost oil is
usually termed profit oil.

Cost recovery'? is similar in concept to deductible expenses for tax purposes
(including depreciation of capital assets) under the concessionary systems. It
includes mainly unrecovered costs carried over from previous years, operating
expenditures, capital expenditures, abandonment costs and some investment
incentives. Financing cost or interest expense is generally not a recoverable cost,
though unrecovered costs can often be rolled forward with an uplift in lieu of
interest. Normally, a predetermined percentage of production is allocated on a
yearly basis for cost recovery. However, in general there is a limit for cost recov-
ery that typically ranges from 30 to 60 per cent of gross revenue, in other words,
for any given period the maximum level of costs recovered is 60 per cent of
revenue, although contracts with unlimited cost recovery are also in existence
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(see Indonesia, Bahrain and Algeria for instance). A fixed ceiling on cost oil
ensures a minimum quantity of profit oil from which the state can secure up-
front revenues as soon as production commences.

Many PSCs specify annual cost oil allowances either on a sliding scale or
state that this variable is biddable or negotiable up to a certain maximum value.
Full cost recovery occasionally comes with a time limit attached to it. The share
of production set aside for cost oil may decline after, for instance, five years, in
which case it works similarly to accelerated depreciation. Unrecovered costs in
any year are sometimes but not generally carried forward with interest to sub-
sequent years. Investment incentives (credits, uplift or allowances) may also be
provided to allow the contractor to recover an additional percentage of capital
costs through cost recovery. The more generous the cost recovery limit is, the
longer it takes for the government to realize its take. There is usually a ring fence
for cost recovery around the contract area or development area — costs associated
with a particular block or licence must be recovered from revenues generated
within that block or licence.

Royalties can also feature in PSC regimes but the same economic impact can
be secured by having cost oil limits below 100 per cent, together with a
minimum state profit oil share, which also ensure an early flow of revenues to
the state.

The principle of cost recovery applies to both a PSC and in risk-service agree-
ments. However, the basis of the contractor’s remuneration after it has recovered
its cost differs in type.

In a PSC, profit oil is divided between the host government and the company
according to a pre-determined percentage negotiated in the contract. The split
can be constant, or on a scale linked to cumulative or daily production rates, or
there can be a progressive split linked to achieved project profitability, that is to
rate of return (ROR) or R-factors. Under ROR systems, the effective government
take increases as the project ROR increases. The government is guaranteed early
revenues through the operation of the cost oil ceiling which ensures there is
always a minimum quantity of profit oil to be shared between the investor and
the state in each year. The elements determining the R-factor, or payback ratio,
vary from one country to the other, but normally both revenue and cost (and in
some cases interest) are included in the equation. The R-factor can be broadly
defined as the ratio of cumulative net earnings (some countries use gross reve-
nues) to cumulative total expenditures. The R-factor is calculated in each
accounting period and once a threshold is reached, a new sharing rate will apply
in the next accounting period. The objective of the ROR and R-factor is to link
the sharing between the government and the contractor to profitability."”* Over
time these parameters will increase the government share of profit oil. However,
in exceptional circumstances, if the ROR fell then this could lead to a fall in
government’s share of profit oil, but this would require a period of negative cash
flows. It is theoretically possible for a substantial enhanced oil recovery (EOR)
project to benefit from these circumstances if its associated investment is suffi-
ciently large to generate negative cash flows for long enough for the ROR to fall
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and engender a reduction in the government share of profit oil. However, a
period of negative cash flows later in the life of the field would normally result
in the field ceasing production.

The contractor’s share of profit oil is usually, but not always, taxable." In
many PSCs the government pays the contractor’s income tax from its share of
profit oil; these are called ‘pay on behalf” PSCs. The precise legal provisions
that give effect to these ‘pay on behalf” regimes are important in the context of
assessing the foreign tax credit position of IOCs which may give rise to addi-
tional tax liability in their home country if poorly constructed.

In some countries, the government has the option to purchase a certain portion
of the contractor’s share of production at a price lower than the market price: a
provision known as the domestic market obligation (DMO). There can also be
additional government take in form of bonus payments, whether signature bonus
or production bonus. Most tax regimes allow for bonuses to be tax deductible,
since they are a cost of doing business; the larger the tax relief for the bonuses
offered in the contract, the greater the magnitude of the upfront bonus is likely to
be. However they are typically not allowable for cost recovery under PSC rules,
which ensures that the state receives more profit oil.

Box 4.1 Net cash flow under contractual systems

Determining the net cash flow under contractual systems is not as straightforward
as under concessionary systems. There are several stages that must be determined:

First, net revenue is determined. This is the gross revenue less royalty, if
applicable.

Second, cost oil is determined. This includes broadly the operating expendi-
tures, depreciation of capital expenditures and any investment credit and uplift (and
sometimes financing cost) investment credit applies only to facilities such as plat-
forms, pipelines and processing equipment, while uplift applies to all capital costs.
Uplift is essentially an alternative or a proxy for interest.

Third, the costs available for recovery are then compared to the cost oil limit, in
order to determine the level of costs allowed for deduction at a particular period.
For instance, if the cost recovery limit is 80 per cent, in a given period the
maximum cost recovery that can be taken is 80 per cent of revenue. If costs exceed
that limit, the difference between the actual value of costs and the allowed value is
carried forward to a future period.

The following stage differs between a PSC and a service contract:

In a PSC, the difference between net revenue and cost oil determines the profit
oil that will be shared between the contractor and the government, depending on
the split rate. As such, the contractor’s share can be expressed as in the following:

Contractor profit oil = Net revenue — Cost recovery — Government share

Finally, the contractor’s profit oil can be subject to income tax. In this case, the
contractor’s profit oil plus cost oil minus allowable deductions can be considered
as the taxable income under a concessionary system. In general, investment credits
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and uplifts are cost recoverable but not deductible for calculation of income tax
(their cost recovery may form part of taxable income). The opposite is true for
bonuses, which are not cost recoverable but are tax deductible.

Consequently, the contractor entitlement can be calculated as follows:

Contractor entitlement = Cost recovery
plus Investment credits

plus Contractor share of profit oil

less DMO

less Government tax

less Royalty (if applicable)

Government total share can be expressed as the sum of:

*  Royalty (if applicable)
*  Share of profit oil

. Bonus
. DMO
. Tax

In a service contract, the contractor entitlement includes its cost recovery (normally
plus interest) and an agreed rate of return, as the remuneration fee. This sum, cov-
ering cost recovery, interest and the rate of return, is paid over a certain number of
months in equal instalments. Once the contractor receives all its payment, that
period is known as the ‘handover date,” at which the foreign contractor hands over
facilities to the government (or the national company) and as such it is no longer
involved in the project. Consequently, up to the handover date, the contractor enti-
tlement can be expressed as in the following:

Contractor entitlement = Cost recovery
plus Investment credits

plus Remuneration fee

less DMO

less Government tax

less Royalty (if applicable)

The government share in this case is any remaining profitability of the oil field,
once the contractor received the remuneration for its service.

Risk service contracts

In the case of service contracts, the contractor carries out development work on
behalf of the host country for a fee, although in exceptional circumstances the
remuneration can itself be in the form of oil. The government allows the contrac-
tor to recover the costs associated with development of the hydrocarbon
resources. The government pays the contractor a fee which is agreed up-front,
and remuneration under a service contract is also usually determined using
project performance indicators linked to actual production rates and based on
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pre-agreed capital budgets. All production belongs to the government. Since the
contractor does not, strictly speaking, receive a share of production, terms such
as production sharing and profit oil are not appropriate, even though the arithme-
tic will often carve out a share of revenue in the same fashion that a PSC shares
production. The fixed fee remuneration — service fee — of the contractor can be
subject to tax. It is analogous to taxable income in a concessionary system and
profit oil in a PSC. The service contracts are also known as risk service contracts
or risk contracts: the term risk is added because the oil company puts up all the
capital and risks being exposed to cost overruns which, typically, it is unable to
recover.

Over time, service contracts have taken many forms; technical assistance
contracts and buyback are two variations.

TECHNICAL ASSISTANCE CONTRACTS (TAC) OR TECHNICAL SERVICE
AGREEMENTS (TSA)

These contracts are often referred to as ‘rehabilitation,” ‘redevelopment’ or
‘enhanced oil recovery’ projects. They are associated with existing fields of pro-
duction and sometimes, but to EOR less often, abandoned fields. The contractor
takes over operations including equipment and personnel if applicable. The
assistance that includes capital provided by the contractor is principally based on
special technical know-how. These arrangements are suitable for small com-
panies as they provide low-risk situations with opportunities for a company to
exploit technical expertise, and they are usually applied to marginal fields.

This kind of arrangement is more characteristic of countries where the State
has substantial capital but seeks only expertise. It can be quite similar to those
found in the oil service industry, where the contractor is paid a fee for perform-
ing a service, such as drilling, development or medium-risk exploration services.
Hence they are suitable for service-providers. Furthermore, despite the reduced
risks, cost and timing estimates as well as fiscal terms are critical. Many coun-
tries try to tighten the fiscal terms on EOR projects because of the reduced risk.
However, these projects require careful screening as EOR can be very limited
and costly in marginal, depleted fields. If fiscal terms are out of balance, no
amount of technical expertise can salvage a project.

BUYBACK

Under a buyback agreement (where the government or NOC ‘buys back’ the
project after a period by fulfilling the remuneration obligation to the contractor),
the arrangements with foreign companies ‘shall in no way entitle the companies
to any claims on the crude oil.”"* The scope of work to be carried out by the oil
company is set in a development plan, which normally forms the basis of the
technical bids for the project. The period of time from the effective date of the
contract until final commissioning is referred to as the ‘development phase,’
which ends when all development operations have been completed by the con-
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tractor in accordance with the buyback contract, and all wells and facilities
described in the development plan have been installed, commissioned, started
up, tested and handed over to the national oil company. During development
operations the contractor acts as the field operator under the control and direc-
tion of a joint management committee comprising a number of representatives
from the contractor and the national oil company. During this period, the con-
tractor funds all capital and non-capital expenditures and all operating costs
incurred in the performance of development operations. After the successful
completion of the development operations, operatorship of the field is transferred
back to the national oil company for production operations, at the handover date.
After that, the state is entitled to all the future net incomes. A government take'
of 95-97 per cent is considered typical under such a risk service arrangement.

A buyback may offer the IOC an exploration contract which will not neces-
sarily be converted into a development contract even if commercial discovery is
declared. The agreements have a relatively short duration of between five and
seven years. Capital cost ceilings can only be exceeded for new additional work
approved by NOC. The extra expenditure is then added to the initial capital costs
and repaid under the amortization period of the contract. The IOC receives its
project expenditure plus a taxable fee. The latter is some percentage of total
capital costs excluding finance charges and operating costs.

Generally, service contracts are not favoured by IOCs. They tend to attract rela-
tively little in the way of investment capital as they simply offer, in the eyes of
the investor, too little in the way of return for the deployment of resources
required. Some countries are trying to address this perception by introducing
performance incentives, such as a fee per barrel produced. This offers the con-
tractor the opportunity to share in reservoir performance.

For many IOCs these sort of contract formulations are ‘loss leaders’ in the
hope that the initial contract will facilitate a constructive relationship with the
host country that will lead to a follow on long-term contract based on a PSC.
However, very little evidence supporting this belief can be reported. In Kuwait,
IOCs have over a period of years participated in a number of tightly defined
small-scale technical assistance programmes with the expectation that this would
lead to a substantive long-term role. The anticipated IOC participation has not
been forthcoming, however, and the Kuwait petroleum sector is suffering from
lack of investment and access to leading edge technology.

3 Key issues and controversies

It is often asked what model a country should adopt in developing the best regu-
latory and fiscal framework for the expansion of its oil production. Is there a
stand out model from the dozen different regimes in operation around the world?
The answer is that each country should follow its own model. It should build a
robust framework uniquely suited to its own conditions, needs and aspirations.
No two countries’ conditions are the same. Attempts to export and replicate the
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fiscal regimes of one state in another can fail. But policy makers should certainly
look closely at the experience of other countries and learn from both their suc-
cesses and their failures.

The perfect fiscal regime has yet to be designed. The complexities and uncer-
tainties of the real world are probably greater than any theoretical economic pre-
scriptions. But there are some guiding axioms that can be followed. These are
summarized below.

A The importance of fiscal design and structure

Judgements are sometimes made based on the type of fiscal regime in place and
the tax rates imposed. But these are rather too simplistic considerations if fiscal
comparisons do not assess country-specific geological, location or political risk
factors."”

While concessionary regimes are often perceived to offer more attractive
terms to private investors than contractual regimes — namely PSCs or risk-
sharing contracts — a closer evaluation of various regimes round the world shows
that concessionary regimes and PSCs can be designed in a way to generate
similar economic outcomes. What matters is the ambition of the host govern-
ment and the way the fiscal regime is structured to deliver these objectives. Very
onerous fiscal terms can be found under concessionary regimes, such as Norway
where government take reaches 78 per cent. Back in the 1980s, the UK govern-
ment take reached nearly 90 per cent for a brief period. The difference between
concessionary and PSCs is a political and legal rather than economic issue, as
discussed further in Section 3C.

A more one-dimensional judgement is based on the apparent tax rates
imposed. For instance a regime that imposes a corporate tax rate of 30 per cent
is seen as generous compared to a regime that has 60 per cent corporate tax rate.
But in practice three important points should be noted.

First, what matters is what governments want to achieve. A country may have
low tax take for a number of reasons, namely, to attract more investment, to
compensate for perceptions of high fiscal risk, high costs, small volumes, high
geological risk, and basin maturity, or simply because of the belief in a low tax
environment for business in general. The US GoM is an instructive example of
how a stable and relatively low tax environment can encourage and sustain a
significant level of activity, in particular, the development of technology to cope
with extremes of water depths and ocean conditions. The fiscal regime was
adjusted to the perceived prospectivity of the continental shelf. It can be argued
that the level of investment flows and production from the US GoM deep water
would not have transpired in a materially higher tax environment.

Although Russia’s PSCs signed between 1994 and 1995 are used sometimes
to illustrate the defects of PSCs, it is important to consider the aims of the
Russian government and country conditions at that period. The main objective
was to stimulate foreign investment in geographically isolated and technologi-
cally complex hydrocarbon projects as well as to boost oil and gas production,
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all in a low oil price environment. In fact, the 1990s witnessed the lowest levels
of oil price in recent decades, reaching $10/bbl back in 1998. As the investment
climate improved — namely more political stability and more favourable eco-
nomic conditions (especially higher oil prices) — the Russian government leaned
more towards securing higher share of revenues. This led the state to intervene
and recast the PSC terms to ensure a better balance of reward between investors
and the tax-levying authority. Most significantly, the state became a direct equity
participant in the project.

Second, the conditions of the oil and gas region must be kept in perspective.
A high level of government take may not be justified in cases of high-risk explo-
ration and high-cost development, or for those areas with remaining modest
petroleum potential, suffering the challenges of basin maturity as is the case in
the UKCS. The cost of producing oil can overwhelm any price incentive. Large
price incentives are needed to increase production while the costs of production
are rising. In contrast, a country like Iraq, with world class resource base, can
afford to impose high tax rates. High government takes are generally sustainable
if the basin offers high volumetric potential and high returns; these are critical
for large 10Cs, which need to replace their production with new discoveries or
field growth.

But it is important to maintain the delicate balance between ensuring an ade-
quate share of revenues for tax-levying authority whilst simultaneously provid-
ing sufficient incentives to encourage investment. In examining the attractiveness
of an oil or gas region, a prospective investor will take into account many
factors, including: basin prospectivity and cost structure, volumetric potential
(size of discoveries), access to infrastructure and opportunities, the fiscal terms
and political risks. The balance of those factors will enable the investor to assess
the basin competitiveness.

The Angolan petroleum fiscal regime is often regarded as a model that suc-
ceeded in establishing a balance between investors’ and the state’s interests.
Some argue that Angolan PSCs have onerous components, including relatively
low and fixed cost oil, as well as high income tax plus high signature bonuses to
secure the initial concession. It should be remembered though that the signature
bonus is a cost freely volunteered by the investor to win a competitive bid for
the lease in question. Moreover, these elements are somewhat balanced by the
absence of explicit royalties and an IRR-based sliding scale for profit oil (the
higher the achieved rate of return, the higher the government share of profit oil).
Very high prospectivity also underpins the fiscal structure; recent exploration
success in Angola has been amongst the best of any offshore basin, with a
number of large discoveries. Given this balance, Angola has clearly designed a
fiscal regime that both encouraged a sustained high level of investment from
IOCs and generated substantial revenues to the state. In 2007, Angola received
in excess of $18 billion in revenues from the petroleum sector (including Sonan-
gol), according to official figures from the Angolan ministry of finance. The
authorities have also taken advantage of the competitive instincts of the IOCs by
awarding licenses on the basis of the largest signature bonus.
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Box 4.2 Angola petroleum fiscal terms

Angola is a long established petroleum province with exploration and production
activities that can be traced back over 100 years. However, sustainable activity in
the petroleum sector did not really get into gear until the 1980s, several years after
independence and the end of the civil war. Initial efforts were focused on the
onshore production and shallow water provinces and by 1990 production had
reached nearly 500 thousand bbl/d (mbpd). However, the real success story for
Angola is the deep water which was licensed in the early 1990s and has resulted in
a series of world class discoveries. Many of these are now in or soon to enter pro-
duction. As a result Angolan production is on steeply rising trend passing 1.7
million bbl/d in 2007 and expected to reach 2.5 million bbl/d by the early years of
the next decade.

Sonangol has built a solid reputation in the oil industry both in Angola and
abroad. This is a direct result of strong relationships with the wide range of oil
companies which operate, or which have interests and investments, in Angola. As
a signal of Sonangol’s capability the company secured its first operated license in
2003. Most of Sonangol’s exploration costs are carried by the IOCs and reim-
bursed with interest from its share of production.

The Angolan government encouraged inward investment from the I0Cs by
offering a stable and competitive fiscal regime based on production sharing
contracts.

The fiscal terms for each PSC differ and are tailored to expected opportunities
from each license area. Nevertheless there are many common features and similar-
ities between contracts are greater than differences. Typical features are:

* No royalty

*  Cost oil 50 per cent

»  Uplift — 40 per cent of capex

» Depreciation 4 years straight line

* Profit oil splits are formulaically linked to an earned project rate of return.
Typical IRR-based profit splits are given in Table 4.1. This became the basis
of all licences awarded since 1991. Prior to this date the profit splits on PSCs
were linked to cumulative production.

* Income tax 50 per cent

Table 4.1 Angola’s profit oil splits

Rate of return (%) State share (%) Contractor share (%)
Nominal

Less than 15 25 75

15-25 35 65

25-30 55 45

30-40 75 25

Over 40 85 15
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The benefit of this fiscal structure is that the government take automatically rises as
the project profitability increases, either as a result of higher prices, higher reserves
or lower costs. This aligns the requirements of investors, for downside protection
and the needs of the state to capture the project upside. It is notable that countries
such as Angola with such responsive or progressive fiscal terms have not needed to
intervene to increase government take with higher prices. This happens
automatically.

In a mature basin such as the UK large discoveries are highly unlikely and the
basin’s attraction has shifted from volume to value. The reduced average size of
finds in the UKCS coupled with the relatively high costs of exploration and
development have meant that there is an insufficient resource base to attract
larger oil company investment in exploration, particularly when other interna-
tional opportunities are in keen competition for funds.

Finally, the precise design and interaction of various taxes and other elements
play an important role. Some regimes may have similar apparent structures and
tax rates, but their impacts on oil projects’ and companies’ profitability and gov-
ernment take can be quite different. Several factors, such as tax reliefs and the
process of calculating the tax base — or simply the way the fiscal model has been
designed — can lead to significant differences among fiscal packages, while dif-
ferent structures and regimes can produce the same results in terms of revenue
and tax take. Judgement about the effectiveness or strengths of a fiscal regime
cannot be made simply by looking at the tax rate. The main indicator used to
compare a fiscal regime in overall terms is the project government take defined
as the net present value of total government revenues as a proportion of pre-tax
revenues. Government revenues in this context include all taxes, royalties, profit
oil and bonuses paid to the government.'®

The UK, Australia and Norway have all adopted concessionary regimes. On
the surface, a certain harmonization seems to exist between the three regimes. In
each case, a royalty was imposed when the country first opened up for produc-
tion but later the royalty element was progressively abolished and replaced by a
profit-related regime. In all three regimes the income tax rate is now below 30
per cent. In the UK, however, a supplementary charge of 20 per cent was
imposed in April 2002, calculated on the same base as the income tax except that
no relief for interest expense is permitted. The income tax is the general tax that
applies to all companies operating in the three countries respectively. Also, a
special resource tax applies in the three countries — although in the UK it applies
only on fields that received development consent before 1993. The rate in each
country ranges between 40 and 50 per cent. The tax is based on deemed profita-
bility after allowance for a threshold rate of return representing normal profits.
Additionally, the three countries provide tax incentives and extra expenditure
reliefs, which results in the taxes typically being paid only when net cash flow
begins to turn positive.

Nevertheless, the economic outcomes in terms of government take differ
because of the way the regimes are structured and designed, namely in the treat-
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ment of expenditures, abandonment costs and the interaction of various taxes.
For instance, in the UK, no project pays any tax until payback is reached; this is
a favourable arrangement for investors. In Australia, abandonment costs are not
deductible expenses (but all costs plus annual uplift are recoverable before the
special petroleum tax is payable). In terms of the special resource tax, in
Norway, the special petroleum tax (SPT) is not deductible from the income tax
base. In fact, the Norwegian SPT acts as an income tax with uplift; in Australia,
the petroleum resource rent tax (PRRT) is rather a resource rent tax. As a result,
the effective tax rates in the UK range from 50 per cent for new fields to 75 per
cent for older ones. In contrast Norway has a static 78 per cent tax take across all
classes of investment.

In assessing a fiscal regime, looking only at the level of tax rates can be very
misleading. One cannot make judgements about the effectiveness or strengths of
a fiscal regime, simply by looking at the tax rate. Several factors, such as fiscal
reliefs and the process of calculating the tax base, can lead to significant differ-
ences among fiscal packages, while different structures and regimes can produce
the same results in terms of revenue and tax ‘take.” Furthermore, evaluating the
impact of fiscal regimes on government take and the allocation of risk is a
complex exercise: in Chapter 7, Daniel et al. consider the technical issues raised
by such evaluations, and how they can be addressed.

B Oil price link and the lagged effect

The oil price moves in unpredictable cycle, and so do costs though these are cor-
related with price movements. Historically, periods of increasing oil prices result
in tightening of fiscal terms (especially where the fiscal regime is not explicitly
linked to oil price). The reaction to falling oil prices, however, tends to be slower
and more erratic. On the upswing, governments are eager to capture a windfall;
on the downswing, they are short of money and find cutting taxes unaffordable.

As oil prices recovered from their low levels in the 1990s and increased in the
first eight years of the twenty-first century, several countries introduced tougher
fiscal measures. In the UK, the Government imposed a 10 per cent supplemen-
tary charge in 2002, then doubled it in 2005 (see Figure 4.1). In the US (Alaska),
allowances were removed from certain fields in 2005 and new progressive taxes
introduced, resulting in three large tax increases within three years. Venezuela
increased royalty for new fields under its 2002 hydrocarbon law and removed
royalty incentives for heavy oil in 2004, then increased royalty rates in 2006.
The Venezuela government went even further and introduced a compulsory
transfer of equity from IOCs to PDVSA ensuring a minimum 50 per cent share
for the national oil company. This was contested by some of the IOCs who
remain in dispute with the government for appropriate compensation. Similarly,
Bolivia increased royalty from 18 per cent to 50 per cent in 2005 while Ecuador
introduced a 60 per cent windfall tax in 2006.

Following the oil price crash in 1986, many governments responded by redu-
cing or even abolishing royalty rates and other ‘regressive’ fiscal terms in an
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Figure 4.1 Evolution of the UKCS petroleum fiscal regime and oil price.

attempt to make the level of fiscal take more sensitive to project profitability
than to revenues. But it can take many years for a country to reverse fiscal pol-
icies in order to attract new investment. After the oil price slump of 1998-1999,
it took producing governments three to five years to implement new incentives
for foreign oil investment. In Algeria, it took five years from the oil price col-

lapse for a consensus to emerge on the need for reforms to the petroleum law,

but by the time the changes came into effect in 2005, the oil price had rebounded
to such an extent that the government reverted to more aggressive terms within a
year.

Box 4.3 Evolution of the UK petroleum fiscal regime

The structure of the current fiscal regime was legislated through the Oil Taxation
Act of 1975. Three main instruments applied:

Royalty at 12.5 per cent.

Petroleum revenue tax at 45 per cent. The tax base broadly equates to revenue
receipts less the expenditure incurred in developing and operating the field.
PRT offered three types of reliefs.

« Uplift 35 per cent of capital expenditures

* Oil allowance granting 250,000 tonnes for each 6 months to be exempt from
PRT up to a cumulative maximum of 5 Mt

* Safeguard introduced to limit the PRT liability in any chargeable period to
80 per cent of the amount by which gross profits exceed 15 per cent of
cumulative expenditure

CT at 52 per cent. Exploration costs fully deductible. Development costs were
subject to various tax depreciation allowances. CT is the standard company
tax on profits that applies to all companies operating in the UK. However, in
the case of petroleum activity, there is a ring fence that prohibits the use of
losses from other activities outside the ring fence to reduce the profits origi-
nating from within the UKCS ring fence. Losses and capital allowances inside
the ring fence may be set against income arising outside the ring fence.

1994 1997 2000 2003 2006
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The changes in oil prices resulted in changes in fiscal terms:

. In 1978, the UK Government increased the PRT rate to 60 per cent, reduced
the uplift allowance to 35 per cent and reduced the oil allowance from 1 Mt to
500,000 tonnes per year, with a maximum allowance of 5 Mt.

* In 1980, the PRT rate was raised to 70 per cent, thereby increasing the com-
bined marginal rate to some 87 per cent. A new tax, supplementary petroleum
duty (SPD), was introduced on a field by field basis by reference to 20 per
cent of gross revenues less an oil allowance of 1 Mt per annum. SPD was
payable on monthly basis.

*  In 1983, SPD was replaced by advance petroleum revenue tax (APRT). Like
SPD, APRT was imposed on gross revenues less an allowance of 1 Mt per
year. The rate applied was 20 per cent and payments were to be made on
monthly basis. However, unlike SPD, APRT was not a new tax but rather an
instrument for accelerating the payment of PRT. It consisted of an advance
payment of PRT that would be offset against the actual PRT payments due
later in the life of a field. Additionally, the PRT rate was increased to 75 per
cent, while royalty was abolished on fields receiving development consent
after April 1982. The oil allowance against PRT was restored to 1 Mt per year
for a maximum of ten years. In addition, a cross-field allowance was intro-
duced with respect to PRT, permitting up to 10 per cent of the development
costs of a new field to be offset against the PRT liabilities of another field.

* By the end of 1986, APRT was abolished and CT that applied on oil activity
reduced to 35 per cent, though the desire to reduce the CT rate was driven by
the broader requirements of UK industry as a whole, not just North Sea
considerations.

*  In 1993, PRT was reduced to 50 per cent on existing fields receiving develop-
ment approval before April 1993 and abolished on all fields receiving devel-
opment consent after that date.

e In 2002, a 10 per cent supplementary charge was applied on the same basis as
normal CT, but there is no deduction for financing costs against the supple-
mentary charge. Additionally, a 100 per cent capital investment allowance
was introduced against both general corporation tax and the supplementary
charge, instead of the 25 per cent allowance per annum declining balance pre-
viously available. Furthermore, royalty was abolished on older fields that had
received development consent before 1983, in an attempt to encourage fuller
exploitation of reserves from those fields.

* In 2005, in the light of rising oil prices, the UK Government doubled the sup-
plementary charge to 20 per cent.

The UK offshore oil and gas industry is the highest taxed industry in the UK. As of
2006, fields developed since March 1993 are taxed at 50 per cent, liable for both
CT at 30 per cent plus the supplementary charge at 20 per cent. The marginal tax
rate rises to 75 per cent on fields developed prior to 1993, which are also liable for
PRT at 50 per cent.
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In general, during periods of low oil prices there is limited scope for higher taxa-
tion — indeed there is a necessity for a reversal of opportunistic tax increases to
ensure that a competitive fiscal regime remains in place.

Cutting taxes is more difficult during recessions as governments’ budgets are
squeezed to assist troubled industrial sectors such as the banking sector and car
industry and especially at a time where the oil industry is still seen as a signific-
ant tax payer. In the UK, over the period 2008/2009, the oil industry was the
largest source of corporate tax revenue to the government. The loss of banking
sector tax receipts was a major drawback; the sector contributed some 25 per
cent of corporate tax revenues in recent years, but in 2008/2009 they claimed tax
refunds on bad debts written off. This left the government even more reliant on
the oil and gas sector.

In summary, price volatility strengthens the case for flexible and responsive
fiscal regimes.

C Ownership and control”®

The ownership of oil resources in the ground or under the seabed is more or less
a closed and settled issue, where the government has asserted sovereign rights
over the resources.”’ However, differences of view endure about the desirable
degree of state ‘ownership’ in oil at the wellhead, and in the various stages of oil
production and on the role private enterprise should play. Moreover, opinion
about the amount of private involvement can vary over time, as pragmatic polit-
ical imperatives to ‘own’ the entire oil industry process in a producing country
clash with the realization that private sector skills are needed for exploration and
production. Libya, Venezuela and Bolivia are examples to illustrating the strong
sentiments surrounding this issue. In those countries, ownership of the entire
production chain is often seen as reflecting government’s sovereignty and
power.

The perception still persists in some quarters that if a government allows
private oil companies to operate in its oil and gas sector, it cedes control and
loses sovereignty. Hence it is believed that the government renounces its sover-
eignty under both concessionary regimes and PSCs as IOCs are entitled to own-
ership of all or a proportion of the oil produced respectively. The government,
however, is thought to maximize its control under a risk service agreement. A
closer examination of regimes round the world proves that matters are less clear-
cut. In fact, full public ownership could well mean loss of political control, poor
accountability and the progressive transfer of direction and influence to une-
lected boards with their own powerful constituencies.

The question of ownership is mainly of legal and political significance. In
economic terms, the key issue is how the underlying value from the barrel is
shared between the state and investor. If the level of taxation on a barrel is, say
80 per cent, then the state receives the bulk of the value and it does not matter
who technically owns or sells the barrel provided regulations are in place to
ensure the barrels are sold at market value.
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For private oil companies, potential ownership of the barrel at the delivery
point is referred to as the ability to book reserves. The term ‘book’ means that
the company in question has rights to take delivery of and sell the production in
question to third parties and as a consequence is able to report these barrels as
part of its aggregate reported production. Once reserves are booked they fall
onto the balance sheet of an oil company as an increase in the asset base or
replacement of produced assets. This is attractive for investors and can con-
sequently increase shareholders’ value, something most upstream oil and gas
management see as significant at a strategic level when making investment
decisions, hence their preference to book as many barrels as possible.

Concessionary regimes enable most of the production to be reported. The
‘booking’ of reserves under PSCs is actually the ‘booking’ of the oil to which
the company will be entitled under cost-recovery and profit-oil sharing terms.
Under risk service contracts it is rare for any production to be reported as
company production. This partly explains why IOCs typically have a very clear
preference for tax and royalty regimes or PSCs.

However, reported production is perhaps over simplistic as no two barrels are
alike in terms of their underlying value; extraction costs vary widely as do the
levels of taxation. Besides, ownership of the physical barrels should not be
equated with control of the barrel. The latter can be devolved and policed
through regulation, as is the case through the OECD, whilst value is controlled
through the all important fiscal system.

Government control does not depend on the type of regime that is adopted.
The North Sea, both the UK and the Norwegian continental shelves, is an
example in which even when the ownership of the oil and gas production is
granted to the private oil companies, the government maintains full control. In
the North Sea, the industry operates under rigorous control. Not even a single
well can be drilled in the British and Norwegian waters without government
consent and approval of the development plans, including the production profile
and other critical operational decisions. Investors require explicit government
consent for a wide range of critical decisions and are required to comply with a
lengthy list of regulatory requirements in respect of day-to-day oil field manage-
ment and environmental protection.

Norway has one of the toughest fiscal regimes among countries that adopt con-
cessionary regimes. The country also has a powerful state oil company (Statoil-
Hydro, 70 per cent government owned), a petroleum fund worth more than $331
billion (2008), and a healthy private industry. In none of these examples, where
concessionary regimes are applied, had the government lost control. In contrast,
governments were in a strong position to successfully exploit the competitive
instinct of the oil companies, and benefit from the deployment of IOCs resources
to build successful oil and gas industries within a relatively short span of time.

It is rare for governments to intervene and reduce production unless due to an
OPEC quota restriction (this is happening now in Angola). Governments usually
want to maximize production and can push investors to invest in projects which
offer poor returns. There are even threats to punish companies that under-invest,
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or to force a sale to a third party. Regardless the type of fiscal regime, the gov-
ernment can maintain control through the wider legal and regulatory framework.

D Fiscal stability*

Stability is an intangible yet crucial attribute of a fiscal regime; it is highly desir-
able but difficult to achieve, particularly given the very considerable volatility of
oil prices. Perceptions of fiscal stability directly affect the confidence of inves-
tors in a host government’s commitment to encouraging investment in the basin.
Fiscal stability is important in the case of petroleum extraction activity, where
long-term projects are the norm. New oil field developments take two to seven
years to bring into production — often much longer if they are marginal or exten-
sive appraisal is required — and may well be producing for 10-25 years.

Fiscal policies which focus on taxing rent at the peak of the each cycle whilst
ignoring the pain of the troughs are unlikely to attract and sustain the interest of
investors. Oil prices are volatile and it is futile to adjust fiscal policy to every
micro movement in oil price. If a government introduces fiscal changes based on
high oil prices, then it could be argued that they should consider the corollary —
namely that they should reduce tax rates if oil prices fall. However, a wiser
policy would be to accept that short-term fluctuations in oil prices should not be
the basis for the application of fiscal changes.

Additionally, oil and gas projects have inherent levels of risk present at every
stage, from exploration to abandonment. Unstable fiscal regimes negatively affect
the confidence of investors in government policy: if a tax system changes fre-
quently and unpredictably, it may seriously affect future development projects
since it increases political risk and reduces the value placed by investors on future
income streams. If the variation of taxes over project life can be minimized — that
is, if the tax regime is stable — there is one less variable to worry the investor. One
risk factor is either reduced or eliminated (see Section 3E on risk sharing below).

Stabilization clauses can give the legal comfort that fiscal stability is pro-
tected. In reality, most IOCs are often reluctant to invoke these mechanisms for
fear of damaging their relationship and reputation with the host government.

If fiscal stability cannot be guaranteed, then investors have to live with the
fiscal risk. This might be acceptable provided that the fiscal risk is compensated
for by a lower level of government take. This is a characteristic witnessed in the
UK where the regime is one of the most unstable in the world but the fiscal risk
has over the long term been compensated for by competitive tax levels. In con-
trast, Norway offers a relatively stable regime, yet the reward is high marginal
tax rate.”? So investors face real choices — an unstable but low tax rate or a stable
but high tax rate? Arguably oil companies should be happy to take fiscal risk in
the same way that they accept oil price risk, geological risk, development risk
and political risk. Shareholders and institutional investors can more effectively
diversify the risk than oil companies. Attempts to lay the fiscal risk off in par-
ticular projects in exchange for very high tax levels may ultimately destroy
shareholder value.
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In reality, fiscal regimes cannot be expected to be set in stone. Circumstances
are constantly changing in any basin. A certain degree of flexibility has to be
allowed in any tax system if it is to respond to differing conditions, such as
maturity, and to evolve as a result of major changes in the external environment.
One of the clear problems of the oil industry is the lack of consistency in the
messages it promotes when it comes to fiscal stability. The cynic would suggest
that oil companies only want fiscal stability when they fear an increase in tax,
while fiscal instability is welcomed if the prospect is for reductions in tax. Inves-
tors should recognize the inconsistency in this message and perhaps it will be
better emphasize the competitiveness of a given fiscal regime instead. Such a
position implicitly acknowledges the need for fiscal change provided the fiscal
regime remains competitive. Clearly, an oil company would never advocate an
increase in tax but perhaps would accept it if the economic circumstances and
perceptions of excess ‘rent” and returns demand it.

PSCs were originally devised to protect weak states from the IOCs. Today,
however, PSCs are generally considered as protecting IOCs from the political
risks associated with upstream investment in unstable and developing countries.
By establishing the terms and conditions of exploration and development for the
life of the project, PSCs are designed to protect foreign companies from risks
such as arbitrary tax legislation, expropriation and unpredictable regulation. The
most common response in contracts and agreements to sovereign risk is interna-
tional arbitration. However, PSCs are not necessarily stable since one or even
both signatories may want to renegotiate at some point in time. The inherent
instability of contracts may result in some projects not being developed although
they are economically attractive in general. The uncertainties over risk and
reward-sharing prevent one or both parties from going ahead with the venture.

Emphasis on stability is equally important to governments. A tax system that
has some level of predictability and reliability enables governments to know
how much revenue will be collected and when. Stable government revenue
clearly assists with reliable expenditure forecasting and budgeting.

E Risk sharing

Risk is present at all stages of an oil and gas project’s life cycle. It can be geo-
logical (uncertainties with respect to structure and reservoir characteristics),
exploratory (chance of failure), technical (reserves and cost estimation), eco-
nomic (oil and gas prices), commercial (contractual, including third-party rela-
tionships) or political (regulatory and fiscal). Risk is not only limited to the
exploration phase; ‘only when the deposit is exhausted do you know precisely
what the reserves were’ (Andrews-Speed, 1998, p. 14).

There is no doubt that companies have the means to diversify certain levels of
risks through, for instance, a large, worldwide portfolio, but every project has to
offer the prospect of acceptable risked returns that cover the cost of capital.
Given the wide range of countries that IOCs operate in and the equally diverse
range of fiscal regimes that they find acceptable, investors have learnt to be
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pragmatic in terms of the fiscal burden they find acceptable. They naturally seek
to secure the best terms they can, but this is a function of the competitive land-
scape and the opportunity cost of investing in better projects elsewhere. Strategic
preferences differ from company to company and it certainly serves the interests
of host governments to invite as many players as possible into a basin. A project
that offers unacceptable returns to one company may well be acceptable to
another. A regulatory framework that induces some investors to divest of assets
with little activity also ensures that other companies who wish to invest have
access to the opportunities and are not frustrated by unwilling investors.

The appetite of the investor depends not only on the level of tax, but also on
the extent to which the government shares the project’s risks. A popular con-
struct is that in most fiscal regimes, be they a PSC or tax and royalty, with high
levels of government take, the state is sharing in the project risk, by virtue of the
fact that the investor gets a large tax deduction for his investment. In Norway,
the marginal tax rate is 78 per cent. Therefore, if the investor invests US $100,
then he gets a tax deduction of US $78, reducing his net exposure to US $22.

However, if the argument is taken to its logical conclusion then regimes with
government take approaching 100 per cent should be the most attractive in elim-
inating risk as in these circumstances the state takes by implication nearly all the
risk. In reality, the state permits relief for capital costs incurred but these are
only of value if there is taxable income to relieve them against. Besides, in many
cases it takes a number of years to secure the relief due to extended depreciation
rules. For first-time investors, there will be no possibility of tax relief until the
project commences production and generates taxable income. In these circum-
stances, all the exploration risk is borne by the investor: if there is no commer-
cial discovery then the government will have taken no risk as the investor will
have no income to shelter the expenditure. In contrast, if there is existing pro-
duction from other projects then it will be possible to secure tax relief from
failed exploration and development expenditure, assuming no ring-fencing.
Countries like Norway have gone one step further and specifically reimburse tax
relief (at a rate of 78 per cent) to all investors who are not in a tax paying
position.

Under a PSC, the contract is signed (and signature bonuses paid) before the
IOC has had the opportunity to explore the oilfield on offer. Only when oil is
discovered and successfully developed can the IOC recover its exploration
expenditures. Meanwhile, financial circumstances might change; borrowing can
become more costly and prices can fall. That is why the IOC has a strong incen-
tive to accelerate the exploration and development phases to secure an early
return on up-front capital. The same is also true under a tax and royalty regime.
The state, on the other hand, has no direct financial risk during the exploration
phase but it has to monitor that the IOC complies with the work obligations
specified in the contract (number of wells to be drilled, depth, technology, etc)
and clearly wants any discoveries to be developed as quickly as possible (to
boost government coffers). Since the IOC bears the entire exploration risk, it will
need to ensure that the contract terms allow for sufficient rewards in the devel-
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opment phase of the project to remunerate these costs and risks. If the contract
never enters into its production stage, the IOC will not be able to recover its
exploration costs. If commerciality is declared and production begins, the IOC
will want to recover its costs as early as possible.

During the development and production stage, apart from the reservoir risk,
IOCs face additional uncertainties: the risk of cost increases, and price decreases.
Higher costs can be recovered through the cost recovery mechanism and, in cir-
cumstances where uplift arrangements are in place, the impact of higher costs on
project value and returns can be minimal to the investor but not to the host gov-
ernment. Governments like higher investment but dislike higher costs. Price risk
refers to sudden significant changes in oil price. A low-price environment may
result in the non-exploration of some oilfields, and the non-commerciality of
existing operations. The level of price risk to the stakeholders (with the excep-
tion of risk service contracts where the government decides to take all the price
risk) depends on the extent to which the contract is flexible to accommodate
price changes. One of the consequences of the era of high prices and runaway
costs® is a move towards revenue-based taxation which leaves the risk of cost
increase with investors but links production tax and/or royalty rates to oil prices.

Risk service and buyback contracts work in a fundamentally different way.
The investor normally has no price risk or volume exposure but is expected to
take development cost exposure. This is asymmetric. Normally, higher oil prices
result in higher development costs, hence under risk service contract the investor
is exposed to cost inflation risk but gets no compensatory outcomes from the
price upside or reservoir performance. This is an additional reason why most
IOCs try to avoid risk service agreements. Such contracts seem to function best
in respect of managing investment in existing and mature fields, where the inves-
tor is taking less risk (no exploration risk, little development risk, extensive sub-
surface database), rather than in new fields.

4 Conclusion

There is no fixed or universal solution to the ever-changing and evolving set of
challenges which oil industry taxation presents. No two fiscal regimes are the
same, indeed similar projects can be subject to different levels of government
take within the same country if the fiscal regime has parameters determined by
age of field. Also, fashions change and evolve about the preferred relationship
which governments may wish to have with their oil and gas extraction sectors.
No single best oil tax regime exists. A country’s tax regime is the product of
balancing the need for an internationally competitive system with government
policies that reflect the nation’s specific priorities. As a result, oil-producing
nations have implemented oil tax regimes that include a wide range of varying
features to suit their individual conditions, political and social environments and
oil price expectations. They can choose between concessionary regimes and con-
tractual arrangements — the latter including PSCs and service contracts. Within
the selected fiscal and contractual framework, governments have a wide range of
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options to pick from in designing the fiscal regime that best matches their own
objectives and country conditions.

But, despite the diversity, there are some guiding economic principles that
can be used when evaluating or designing a fiscal regime. And although each
country has to design the fiscal regime that suits its own conditions and beliefs,
it is important to learn from other countries’ experience.

While one might expect to find tougher terms on contractual arrangements
this is not necessarily the case. Concessionary arrangements can be just as tough,
and while two concessionary regimes may have similar structures the tax rates
applied within them can lead to major differences in outcome. The tax rate gives
a poor guide to the underlying fiscal regimes, its strengths and effectiveness;
fiscal reliefs and the way the tax base is calculated, lead to major differences
between fiscal packages. Great care must be exercised in designing and main-
taining a country’s oil taxation regime. This is a dynamic process and the fiscal
regime will need to evolve with the development and maturity of the basin and
reflect competitive pressure in alternative hydrocarbon regions.

The importance of combining the vigor of competition and enterprise with the
discipline of government approval and control is now recognized round the
world. Involving 10Cs allows not only the flow of investment and early reve-
nues, it also frees up government resources to tackle other needs in the country.
It can also be conducive to the transfer of technology and expertise. In countries
where I0Cs have no or only a limited role to play, the financial and other bene-
fits accruing to the government are diluted by the need to find funds for invest-
ment. Payments of signature bonuses, for instance, are not applicable, as
companies are unlikely to bid up-front large sums for what they believe are unat-
tractive terms. As such, if it is early revenues governments are seeking to sustain
their economies without overstretching their own budget, then service contracts
may not be the best answer.

Oil and gas projects are by nature long-term, with much of the investment
and costs being incurred up-front. A long-term partnership with a contractor
may result in better overall field performance and much more value for the
state than in the short-term approach. This is a major drawback of service con-
tracts, as they normally last for nine years or less. Under a service contract, the
IOCs interests are likely to be short-term. IOCs are bound to lack incentives to
use new or proprietary technology or deploy their best people as the fixed fee
and the short duration of the contract offer little upside or reward for superior
performance. They tend to maximize output extraction in the first few years of
the operation in order to recoup their investments within a scheduled time,
without attention to an optimum recovery schedule over the reservoir’s life-
span. Under buybacks, the contractor has even smaller incentive to reduce the
long-term costs and improve efficiency, since the field is likely to be under the
control of the government at the handover date. Iranian buybacks illustrate that
problem. Iran has been suffering from declining production, low rate of recov-
ery from existing fields and little wildcat exploration. However, in a situation
where the contractors’ involvement in a given project was, say, 15 or 20 years,



Petroleum fiscal regimes 119

they might be willing to use new and more expensive technology for longer-
term gains.

There are no uniform solutions to the challenges of petroleum taxation. In
reality, it does not have to be one regime or another. Countries offering different
types of opportunities can opt for hybrid solutions. In the case of Iraq, for instance,
a service contract could be applied to the large fields already in production, a pro-
duction sharing contract to those in the development/exploration phase. Also, as
experience in many OECD countries shows, a government does not need to own
all the barrels in order to control. The latter can be well secured by a strong regula-
tory and fiscal framework. Transparency is equally important: the more transparent
the means by which the government obtains revenues, the better informed the
investors and the less the scope for manipulation and administrative discretion.

An oil producing country can work out its own destiny in sensible and prac-
tical ways which respect its own national sovereignty and yet call on the best
qualities and expertise which the international oil industry can provide. The two
are not mutually exclusive.

Notes

1 This chapter focuses more on oil than gas, but the fiscal principles studied apply
equally to both hydrocarbons. For more detail on natural gas, see Kellas, Chapter 6.

2 Chapter 9 by McPherson provides more detail on state participation.

3 The original Aramco, the Arabian American Oil Company, became Saudi Aramco
(Saudi Arabian Oil Company) in 1988, after the Saudi Government gradually acquired
its participation interest in the company.

4 See McPherson, Chapter 9.

Sometimes know as a ‘licensing system.’

6 Both Nigeria and Angola have older producing areas held under licences (conces-
sions) that are not subject to PSAs.

7 It may simply be a standard licence, with no special agreement, but the licence will set

out the rights and obligations of the parties that are not already enshrined in statute law.

For more detail, see Chapter 8 by Land.

9 Most or all found under contractual regimes as well; for instance, in Angola the bonus
reached $1 billion per block of 4,100 km?.

10 Production bonuses are not royalties. The former are fixed whereas the latter depend
on field performance and oil price. Production bonus triggers vary — they can be
linked to production rate or cumulative production.

11 Cramton provides a detailed treatment of auctions in Chapter 10.

12 Strictly, costs allowable for recovery out of cost oil.

13 ROR and R-factor have similar economic impacts but with a distinction that the
R-factor does not take time value of money into account.

14 Payment of income tax is usually necessary to achieve foreign tax credit in the inves-
tor’s home jurisdiction.

15 Barrows, 2000, p.105.

16 The net present value of the tax divided by the pre-tax net present value of the project.
Also called ‘average effective tax rate.’

17 Chapter 7 by Daniel et al gives more detail on evaluating resource tax regimes.

18 This is the same concept as the average effective tax rate (AETR) used in wider tax
analysis. See Chapter 2 by Boadway and Keen or Chapter 7 by Daniel et al.

19 See Chapter 9 on state participation.
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20 Situations in which fields span national jurisdictions, or boundaries are disputed, can
cause difficulty.

21 This is discussed in more detail in Chapter 14 by Daniel and Sunley.

22 Chapter 15, by Osmundsen, discusses how Norway has acquired a reputation for fiscal
stability.

23 Costs follow oil price with a lag. Higher oil prices mean more cash to invest, more
investment stretches supply chain resources which then increase their profit margin to
exploit skills and equipment shortages. The opposite happens when oil prices fall. The
problem became accentuated between 2004 and 2008 as it coincided with global eco-
nomic boom putting pressure on all commodities and skills availability.
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5 International mineral taxation

Experience and issues

Lindsay Hogan and Brenton Goldsworthy

1 Introduction

Minerals (other than petroleum) are an important source of export earnings and
taxation revenue in a wide range of countries. For example, world exports of
selected major mineral commodities were valued at US$448 billion in 2006
comprising coal (11 percent), ores and concentrates (24 percent) and metals (65
percent) (see Table 5.1). Nearly half of world exports of these commodities were
sourced from developing economies: 60 percent for ores and concentrates, 46
percent for metals and 45 percent for coal. Mineral taxation revenue accounts for
a significant share of total fiscal revenue in several countries: most notably, over
the period 20002005, this share was 62.5 percent in Botswana, 17.9 percent in
Papua New Guinea, 17.8 percent in Guinea, 9.4 percent in Chile, 8.2 percent in
Mongolia and 5.9 percent in Namibia (IMF 2007).

In Chapter 2, Boadway and Keen (2009) present an extensive discussion of
resource taxation issues, and the evaluation of resource tax regimes is discussed
by Daniel ef al. in Chapter 7 with particular reference to the oil industry. There
are two main objectives in this chapter: first, to examine the international evolu-
tion of fiscal regimes in minerals and, second, to discuss key economic issues in
mineral taxation using an approach complementary to that in Chapter 7. In par-
ticular, this chapter uses a simple economic framework — the certainty equivalent
approach — to illuminate the implications of four key fiscal instruments for
private risk assessments.

The structure of the chapter is as follows. In Section 2, the international evo-
lution of fiscal regimes in minerals is discussed. In Section 3, criteria for assess-
ing fiscal instruments are presented and, based on the approach taken in
Baunsgaard (2001), an overview of the advantages and disadvantages of the
most common mineral taxation options is provided. In Section 4, economic
issues in the design of selected mineral taxation options are discussed further
and a simplified graphical representation of these options is provided. In Section
5, simulations of some hypothetical resource projects are presented, based on the
certainty equivalent approach to the assessment of risky projects, to illustrate
some important implications of key mineral taxation options. Concluding com-
ments are provided in Section 6.
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Table 5.1 World exports for selected mineral commodities, 2006

Developed economies Developing economies World

Exports  Share of  Exports  Share of

world world
US$h % US$h % US$h
Coal 27.3 55.4 22.0 44.6 493
Ores and concentrates
Iron ore and concentrates 14.8 45.1 18.0 54.9 32.8
Copper ores and concentrates 6.3 19.7 25.6 80.3 31.8
Nickel ores and concentrates 4.0 52.6 3.6 47.4 7.5
Aluminium ores and concentrates' 7.6 60.6 49 394 12.6
Ores and concentrates of base 10.6 46.2 12.3 53.8 22.9
metals, nes
Total of above 43.2 40.1 64.4 59.9 107.6
Metals
Silver, platinum? 19.8 55.7 15.7 443 355
Copper 46.7 42.1 64.1 57.9 110.8
Nickel 13.8 62.9 8.1 37.1 21.9
Aluminium 65.2 65.2 349 34.8 100.1
Lead 2.0 53.9 1.7 46.1 3.8
Zinc 8.6 54.7 7.1 453 15.7
Tin 0.7 19.1 2.7 80.9 34
Total of above 156.7 53.8 134.5 46.2 291.2
Total of above 227.2 50.7 220.9 493 448.1

Source: United Nations Commodity Trade Statistics, Yearbook 2006 (available at: http//comtrade.
un.org/pb/).

Note
1 Including alumina.
2 Includes other metals of the platinum group.

2 Evolution of fiscal regimes for minerals

Fiscal regimes for minerals (and other resources) tend to differ from those found
in other sectors due to the presence of resource rents and unusual risks. Resource
rents represent surplus revenues from a deposit after the payment of all explora-
tion, development and extraction costs, including an investor’s risk-adjusted
required return on investment.! Since rent is pure surplus, it can be taxed whilst
upholding the core taxation principle of neutrality. Furthermore, governments
aim to capture the resource rent, not least because minerals are typically owned
by the state.

The unusual and substantial risks inherent in the mining sector need to be
emphasized. These risks include, for example: a long exploration period with
uncertain geological outcomes; a large significant outlay of development capital
that is not transportable (i.e. becomes “sunk) once invested; uncertain future
revenues due to very volatile and unpredictable mineral prices; a long period of
production to reach break-event point, which exposes the investor to political
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and policy instability; and potentially significant environmental impacts requir-
ing large costs to be incurred when the mine closes, and often during production
to support affected local communities. These considerations motivate measures,
such as accelerated depreciation and extended loss-carry forward limits, to
hasten payback of initial outlays.

While rents and risks are also present in other sectors, their scale and charac-
teristics (such as the rent being derived from minerals owned by the state) have
led to special tax treatment of the sector, using a wide variety of fiscal instru-
ments.> These instruments include royalties, resource rent taxes, windfall taxes,
corporate income taxes and state ownership. Each has its advantages and dis-
advantages with respect to the impact on investor behavior, the degree of pro-
gressivity (i.e. extent to which the “government take” increases as a project’s
profitability increases), the sharing of risk between the government and investor,
and the administrative and compliance costs. The characteristics of fiscal instru-
ments are discussed in Section 3.

Mineral fiscal regimes vary widely between countries and minerals for a
number of reasons. For example, the level of taxation is likely to vary with
country risk.’ This is because investors base their decisions on risk-adjusted rates
of return, and the lower the country risk the higher the level of taxation consist-
ent with a given project exceeding the minimum required return. The royalty rate
and other instruments most directly targeted at rent are also likely to vary with
the perceptions of the size of rent available.* This explains why high value min-
erals like diamonds and gold tend to attract a higher royalty rate.

The optimal mix of fiscal instruments will also vary depending on the country’s
preferences and capabilities. Some governments may prefer production-based
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instruments as they are easier to administer and provide earlier and more stable
revenue. However, as this shifts more of the risk onto companies, governments
will most likely need to accept a lower overall expected level of taxation.” Other
countries might therefore prefer a more progressive regime that involves the gov-
ernment assuming more risk but also expecting to receive a higher take from
profits. A summary of current arrangements for selected countries is provided in
Appendix I.

In addition to variation between countries, a number of global trends can be
identified over the past half century. These have tended to be punctuated by
external events that shifted the balance of power between mineral producing
countries and investors. This shift in power, which is evident in the evolution of
mineral prices (Figure 5.1), can usefully be analyzed with reference to a number
of distinct periods.® The experiences of Papua New Guinea, Chile and Zambia
provide useful illustrations of these trends (Box 5.1).

Box 5.1 Selected country experiences

Chile — state participation, private competition, royalty rates

By the late 1960s, Chile’s four principal copper mines were owned by US com-
panies. Frustrated by low revenues, successive governments introduced measures
to increase government participation in the mines via Codelco (a state owned
enterprise). The mines were eventually nationalized after the socialist Salvador
Allende won the 1971 election. After Pinochet’s coup in 1973, the nationalized
mines remained under Codelco’s control but market-oriented reforms paved the
way for new foreign investment. Chilean copper production grew rapidly but the
taxes paid by private companies were comparatively low (Pizarro, 2004). In part,
this reflected generous fiscal terms designed to attract new investment, including a
zero royalty rate. Dissatisfaction over the private companies’ contribution to
revenue grew in line with rising copper prices. After a failed attempt to introduce a
profit-based royalty in 2004, a sliding scale royalty (0—5 percent) based on sales
became effective in 2006.

Papua New Guinea — renegotiation, additional profits tax

Bougainville Copper Limited (BCL) commenced commercial production at the
Panguna mine in 1972. The mine was highly profitable and in 1974 the govern-
ment sought to renegotiate terms. A revised agreement, which became eftective in
December of that year, eliminated various tax incentives, and introduced an addi-
tional profits tax under which the mine was subject to a marginal rate of 70 percent
after it had earned a 15 percent rate of return on funds invested. An additional
profits tax became an integral part of the fiscal regime for all mines, seen as a
means of capturing a large share of any future rents, whilst still attracting invest-
ment by ensuring an adequate return to the investor. From the late 1980s succes-
sive governments made a number of changes, and in 2002, when real mineral
prices were near record lows, the terms were revised once more with a view to
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making the sector more attractive to investors. Key changes included: abolishing
the additional profits tax (which no company other than BCL is understood to have
paid); relaxing ring-fencing rules; more attractive accelerated depreciation arrange-
ments; and elimination of loss-carry forward time limits.

Zambia — state participation, privatization, renegotiation, windfall tax

After independence in 1964, President Kaunda nationalized the copper industry,
and the Zambia Consolidated Copper Mines (ZCCM) conglomerate was created.
The industry flourished, with rising copper prices and the mineral rights now
accruing to the state (formerly benefiting the British South African Mining
Company). However, a combination of falling prices and deteriorating mining
infrastructure led to declining copper production and large deficits for ZCCM and
the government. A market-reform orientated government led by President Chiluba
privatized various operating divisions of ZCCM in 1997-2000.

The Mines and Minerals Act of 1995, which facilitated the privatization
process, permitted the government to enter into “Development Agreements” under
which fiscal terms could be negotiated on a mine-by-mine basis. Typical fiscal
terms were generous (e.g. a royalty rate of 0.6 percent and a company income tax
rate of 25 percent) and “locked” in by fiscal stability agreements. While success-
fully rejuvenating the copper industry, the government take was low and was con-
sidered unacceptable when copper prices rose unexpectedly. In 2008, the
government controversially scrapped development agreements and introduced a
new fiscal regime, which included a higher royalty rate (3 percent), a variable
income tax and a windfall tax applied to the value of production with a sliding
scale of rates triggered by the copper price. The windfall tax was repealed in 2009.

A Before World War I1

The typical arrangement prior to World War Il was for the government to grant
concessions to corporations or investors to explore for and extract mineral
resources. In return, the government received payments through mechanisms
such as initial bonuses, royalties and land rental fees. Income taxes were less
common in developing countries. Royalties, which provided the bulk of reve-
nues, were levied on production at relatively low rates. For countries occupied
by colonial powers, an implication of low taxes was that much of the rent flowed
out of the country to corporations and investors in the colonial power.

B After World War II — independence

The shift to independence after World War II in much of the mineral-rich world
led to an increased focus on a country’s sovereignty over its natural resources. A
central element of this was a desire for the home government to attain a larger
share of resource rents. Against a background of reconstruction and a related
rapid increase in demand for raw materials, the environment was ripe for an
overhaul of existing mining arrangements in favor of mineral producing coun-
tries. The key developments were the following:
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*  State ownership. Many governments sought to increase state ownership and
control over mineral assets through nationalization, equity participation or
joint ventures. Nationalization began in Bolivia with tin mining in 1952 and
later occurred in Chile (copper), Peru (iron ore, copper), Venezuela (iron
ore), Zambia (copper), Democratic Republic of the Congo (formerly Zaire;
copper), Ghana (gold), and Jamaica, Guyana and Suriname (bauxite). In
addition to attaining a larger share of rents, a major driving force behind
increased state ownership was the belief that greater control over mineral
assets would lead to greater beneficial spillovers to the rest of the economy.”

*  Ad valorem royalties. Royalties based on production value, and not simply
volume, became increasingly common. The royalty was most often applied at
a constant rate for a specified mineral. More recently, several jurisdictions
have adopted sliding scales based on price, production, sales and even per-
ceived cost of operation.® In developed countries with advanced tax adminis-
trations, there has been a recent shift toward profit-based royalties (most
provinces in Canada, the Northern Territory in Australia, and Nevada in the
United States). The shift from volume-based to value- and profit-based royal-
ties represents an attempt to more accurately target rent.

*  Income tax. In many countries, there was a shift from royalty to income tax as
the major source of revenue. Investment incentives were — and still are — often
incorporated into the income tax regime, most commonly through accelerated
depreciation allowances, loss-carry forward provisions and, for exploration
and mining companies, the full expensing of exploration costs.

*  Introduction of other payments. Most developing countries introduced with-
holding taxes on dividends, interest and foreign-provided services. Withhold-
ing taxes are now commonly used, both to provide revenue and to counteract
tax avoidance and evasion through, for example, use of related party debt and
payment of contractors at non-market prices. Customs and excise duties, sales
taxes and, more recently, value added taxes were also introduced, although
many countries now provide exemptions to encourage investment and to ease
the administrative burden from having mining companies in large VAT refund
situations due to the zero rating on their exports.

C 1970s price shocks

In 1973-1974, oil prices quadrupled following a decision of the Organization of
Petroleum Exporting Countries (OPEC) to restrict oil production. Many mineral
prices also increased sharply around this time, albeit by a much smaller amount
and partly influenced by independent factors.” These developments further
encouraged mineral producing countries in their efforts to capture a higher share
of the rent through taxation and nationalization. Papua New Guinea, followed by
others, introduced special instruments designed to increase the government
“take” in boom times. The specific form varied from country to country but most
typical was a cash flow-based tax that increased the marginal rate of income tax
for projects that earned more than a specified rate of return.'® There was also a
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growing focus on using the fiscal regime to encourage local processing, such as
by imposing export duties on raw materials.

D Declining real mineral prices: 1980s and 1990s

In the 1980s and 1990s, mineral prices declined in real terms. State-owned enter-
prises, which often struggled to deliver the expected higher revenues in the boom
years due to inefficient operations, became an even greater drain on government
finances. Combined with a poor economic performance overall, a high debt burden,
and the break-up of the Soviet Union which discredited central planning, mineral
producers reconsidered the role of the state. Some began a process of privatizing
their mining industry and confined government’s role to one of regulation and
investment promotion. Others commercialized state enterprises, lowered the level of
state participation and placed greater emphasis on attracting private sector involve-
ment. Countries that made substantive changes in this direction included Bolivia,
Chile, the Democratic Republic of Congo, Ghana, Indonesia, Peru and Zambia.
Depressed prices discouraged mineral exploration and mine development. In an
effort to promote activity in the sector and foreign direct investment more broadly,
countries became increasingly concerned with how their level of mining and non-
mining taxation compared with that of competitors. International competition
prompted revised fiscal terms in a number of countries that, in general, involved
lower rates. Mining corporate tax rates fell from an average of 50 percent to 3040
percent (Kumar, 1995; non-mining rates fell similarly), royalty rates were lowered
and reduced to zero in Chile," and Indonesia, Papua New Guinea and Namibia
(variable income tax) removed additional profits taxes. Table 5.2 illustrates the

Table 5.2 Mining corporate income tax rates

1983 1991 2008
Australia 46 39 30
Canada' 38 29 22
Chile 50 35 35
Indonesia 45% 35 30
Mexico 42 35 28
Papua New Guinea 36.5% 35% 30
South Africa? 46-557 50-69° 28
USA! 46 34 35
Zambia® 45 45 30%F

Source: Mining Taxation: A Global Survey, Coopers & Lybrand, Washington, DC, 1991 and 1983.

Notes

* denotes additional profits/windfall tax also applies.

T denotes a variable income tax formula.

1 Federal only.

2 High rate is maximum payable for gold under variable income tax formula. Low rate is non-gold,
non-diamond flat rate. Diamond mining was subject to 52% in 1983 and 56% in 1991.

3 In 2008, a flat rate of 30% applies if the windfall tax based on price is payable, otherwise variable
income tax applies with a minimum rate of 30%.
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decline in corporate income taxes in select countries. At around the same time,
pressures emerged to introduce or strengthen environmental, safety and commun-
ity obligations, thereby increasing some non-fiscal costs.

E 2002-2008 price boom

In 2002 the trend decline in real mineral prices suddenly changed course with
prices tripling over a five-year period, largely on account of rapid demand
growth in China and other emerging market economies.'? This prompted govern-
ments to reassess whether they were receiving a reasonable share of increased
rents. Liberia introduced a resource rent tax, and Mongolia and Zambia intro-
duced windfall taxes triggered by prices. Kazakhstan, Botswana and South
Africa (gold) were percipient in having progressive arrangements in place prior
to the boom. Among developed countries, the application of windfall taxes has
been debated in the United States, United Kingdom and Australia, most com-
monly focused on the petroleum industry. As many mining companies are domi-
ciled in these countries, the application of windfall taxes would capture rents
otherwise taxable in the host countries.

During this period there has also been an increased emphasis on transparency,
in recognition that weak governance has contributed to the persistence of poverty
in resource-rich countries. The Extractive Industries Transparency Initiative
(EITI), launched in 2002, attempts to strengthen governance through the verifi-
cation and publication of company payments and government revenues from
extractive industries. The EITI is gaining adherents among developing countries
and mining companies operating within them."?

IMF (2007) provides a guide on resource revenue transparency containing a
number of recommendations based on best practice. One encouraging develop-
ment is that there is a movement away from negotiating fiscal terms on a mine-
by-mine basis towards establishing terms applicable to all mining projects in
general legislation." In addition to being more transparent, this reduces adminis-
trative costs and probably the investor’s perception of risk that the government
will renege on the terms. Furthermore, the investor would invariably have more
information than the government on the profitability of the project, placing them
in a stronger negotiating position.

3 Criteria for assessing fiscal instruments

Baunsgaard (2001) evaluated several fiscal instruments in mineral taxation includ-
ing: direct tax instruments (corporate income tax, progressive profit tax and the
resource rent tax), indirect tax instruments (royalties, import duties and the value
added tax) and non-tax instruments (fixed fees and bonus payments, production
sharing and state equity). Using the ratings approach in Baunsgaard (2001), Table
5.3 provides an overview of the advantages and disadvantages of the most common
fiscal instruments in the mining sector based on seven criteria: neutrality, stability,
project risk, flexibility, fiscal loss, revenue delay and administration. These criteria
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and the rationale for the assessments in the table are discussed below. It should be
emphasized that the comparative assessment is broadly indicative and will vary
according to the actual settings for the fiscal parameters including, for example, the
tax and royalty rates. The fiscal instruments are defined in Box 5.2.

Although it is useful to look at the characteristics of each instrument in isola-
tion, a regime will typically comprise multiple instruments in which case it is
necessary to assess the tax system in its entirety.'” For example, the international
trend toward lower corporate income tax rates in recent decades may have
implications for the design of other fiscal instruments to ensure that a reasonable
share of the resource rent is collected by the government.

Box 5.2 Fiscal instruments

Rent-based taxes'®

*  Brown tax — named after Brown (1948), this is levied as a constant percentage
of the annual net cash flow (the difference between total revenue and total
costs) of a resource project with cash payments made to private investors in
years of negative net cash flow. The Brown tax is a useful benchmark against
which to assess other policy options, but is not considered to be a feasible
policy option for implementation since it involves cash rebates to private
investors."’?

*  Resource rent tax — rather than providing a cash rebate, negative net cash
flows are accumulated at a threshold rate and offset against future profit.
When this balance turns positive it becomes taxable at the rate of the resource
rent tax. The resource rent tax was first proposed by Garnaut and Clunies
Ross (1975) for natural resource projects in developing countries to enable
more of the net economic benefits of these projects to accrue to the domestic
economy.

*  Excess profits tax — the government collects a percentage of a project’s net
cash flow when the investment payback ratio (the “R-factor”) exceeds one.
The R-factor is the ratio of cumulative receipts over cumulative costs (includ-
ing the upfront investment). This method differs from the resource rent tax in
that it does not take explicit account of the time value of money or the
required return of the investor. No excess profits tax in the R-factor form has
been applied to the mining sector.

Profit-based taxes and royalties

*  Corporate income tax — typically an important part of the fiscal regime for all
countries; a higher tax rate may be applied to mineral companies within the
standard corporate income tax regime, and it may be designed to vary with
taxable income (e.g. Botswana).

*  Profit-based royalty — the government collects a percentage of a project’s
profit; typically based on some measure of accounting profit. This differs from
the standard income tax in that it is levied on a given project rather than the
corporation.
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Output-based royalties

*  Ad valorem royalty — the government collects a percentage of a project’s
value of production.

*  Graduated price-based windfall tax — the government collects a percentage of
a project’s value of production with the tax rate on a sliding scale based on
price (that is, a higher tax rate is triggered by a higher commodity price).

o Specific royalty — the government collects a charge per physical unit of
production.

State equity

*  Paid equity — the government becomes a joint venture partner in the project.
Paid equity on commercial terms is analogous to a Brown tax where the tax
rate is equal to the share of equity participation.

*  Carried interest — the government acquires its equity share in the project from
the production proceeds including an interest charge. Carried interest is analo-
gous to a resource rent tax where the tax rate is equal to the equity share and
the threshold rate of return is equal to the interest rate on the carry.

A Economic efficiency

Neutrality

A fiscal instrument is neutral if an action or project that is assessed to be finan-
cially viable in the absence of the fiscal instrument (that is, profitable or economic
before tax) remains viable after the fiscal instrument is applied. Typically, the neu-
trality criterion is used to evaluate the extent to which fiscal instruments may have
a negative impact on mineral exploration, development, production and closure
decisions. In particular, some projects that are viable before tax may become
unprofitable after a fiscal instrument is applied, resulting in efficiency losses.

Compared with output-based royalties, rent- and profit-based taxes and state
equity instruments rank more highly under this criterion since the government
take under these arrangements tends to vary with project profitability. Notably,
there are differing degrees of efficiency within this group and the resource rent
tax ranks more highly than profit-based taxes.

Investor risk

Investor risk is incorporated in the economic efficiency criterion since fiscal
instruments may have a significant impact on private risk assessments and influ-
ence industry outcomes.

SOVEREIGN RISK (STABILITY)

Sovereign risk refers to the investor’s assessment of the political or policy risks
associated with a resource project. Changes in the fiscal settings over the life of
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a project may have a significant impact on the future profitability of the project.
In particular, the risk of future adverse policy change may influence the initial
decision to invest in the project: the higher the perceived risk, the higher the
investor’s risk premium (all else constant), and the lower the assessed viability
of the project. Osmundsen provides in Chapter 15 a useful discussion of the
issue of sovereign risk, or time consistency issues more broadly, in petroleum
resource taxation with particular reference to developments in Norway.

Rent and profit-based taxes and state equity instruments rank more highly
under this criterion since the government take tends to vary with project profita-
bility so that the government may be less likely to adjust fiscal settings in
response to major changes in market conditions. A major concern under output-
based royalties is the risk of higher royalty rates during mining booms (including
the risk of delay in reducing rates following the end of the boom). However,
while royalties have a lower ranking, they too can contribute to fiscal regime
stability by ensuring a politically popular payment whenever production occurs.

PROJECT RISK

Project risk refers to the investor’s assessment of the market risks associated
with a resource project. The choice of fiscal instrument may have significant
implications for the investor’s assessment of project risk and hence project via-
bility. A fiscal instrument for which tax revenue is not responsive to changes in
future market conditions results in greater variability in future possible outcomes
for project profitability compared with an alternative fiscal instrument where the
tax revenue varies with project profitability.

Rent and profit-based taxes and state equity instruments rank more highly under
this criterion since the government take tends to vary with project profitability and
both the investor and government share in the risks of adverse market outcomes.

B Rent collection and government risk

Rent collection — flexibility

Flexibility refers to the responsiveness of fiscal instruments to changes in future
market conditions — that is, the capacity of fiscal instruments to collect a reason-
able share of the resource rent over time under a range of future market out-
comes (including both better and worse than expected outcomes).

Rent and profit-based taxes and state equity instruments rank more highly under
this criterion since the government take tends to vary with project profitability.

Government risk

A major concern expressed by a wide range of governments is the risk associ-
ated with the magnitude and timing of mineral taxation revenue, specifically the
risk of fiscal loss and revenue delay.
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FISCAL LOSS

Fiscal loss refers to the situation where the government obtains a lower than
expected return to the resource, particularly under adverse market outcomes. The
paid equity instrument also exposes the government to the risk of project failure
with losses including part or all of the equity. A fiscal instrument where tax
revenue is not responsive to changes in future market conditions results in
greater stability in tax revenue flows, reducing the risk of fiscal loss (but also not
managing well the risk of fiscal gain).

Output-based instruments rank more highly under this criterion since the gov-
ernment receives royalty payments in all years in which production from the
resource project is positive, including any in which losses may occur.

REVENUE DELAY

Revenue delay refers to the situation where the government does not start to collect
tax revenue until some time after the project’s production commencement date.
Under a resource rent tax, for example, revenue collection is delayed until inves-
tors have received a specified threshold rate of return on their capital outlays.

Output-based instruments rank more highly under this criterion since royalty
revenue is collected throughout the production phase of the project.

Dependence on minerals taxation revenue and stability of the revenue stream
are significant issues, particularly in several developing economies. In Chapter
2, Boadway and Keen provide a useful discussion of the issue of government
preferences for the timing of resource tax revenue.

C Administration and compliance costs

Administration and compliance costs refer, respectively, to the costs incurred by
government in designing, implementing and monitoring compliance with a fiscal
instrument and to the costs incurred by investors in complying with the fiscal
instrument. In general, both types of cost associated with a fiscal instrument tend
to be higher if the information requirements of the policy are higher. Ideally,
information on project profitability is required for all fiscal instruments to deter-
mine appropriate fiscal settings. Output-based instruments tend to require less
information that is more readily verified than is the case with rent- or profit-
based instruments (which also require an assessment of expenditures). However,
output-based instruments are also more likely to be adjusted over time as market
conditions change, increasing administrative and compliance costs. Baunsgaard
(2001) also includes international tax arrangements, particularly the availability
of tax credits, as a criterion for evaluating fiscal instruments.

Output-based instruments tend to rank more highly under this criterion since
the information requirements tend to be lower than for profit-based instruments.
Rent-based taxes rank the lowest due to the additional calculations required but,
as Land (2009) notes in Chapter 8, they are in some respects simpler than profit-
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based taxes in that capital investments are expensed in full so there is no need to
worry about depreciation.

The Chapters by Calder (11 and 12), Land (8) and Mullins (13) provide useful
discussions of resource tax administration issues, the last two focusing on issues
related to resource rent taxation and international considerations, respectively.
Netback pricing issues are discussed in Chapter 6 by Kellas. Otto ez al. (2006)
and IMF (2007) examine issues associated with administrative feasibility and
resource revenue management in developing economies. Increasing transparency
and ensuring that minerals taxation arrangements are part of the legal framework
are important in increasing the efficiency of administrative processes and the
effectiveness of policy assessments and outcomes. Increasing capacity through
training and recruitment of quality audit staff is also critical.

4 More detailed assessment of selected mineral taxation
options

A Resource rent — economic rationale for rent-based taxes

The economic rent in an economic activity is the excess profit or supernormal
profit, and is equal to revenue less costs where costs include normal profit or a
“normal” rate of return to capital. This normal rate of return, which is the
minimum rate of return required to hold capital in the activity, has two com-
ponents: a risk-free rate of return, and a risk premium that compensates risk
averse (RA) private investors for the risks incurred in the activity (information
on attitudes toward risk and the profitability assessments of risky projects is pre-
sented in Box 5.3).

The economic rationale for mineral taxation in addition to that applied to all
industries is based on the scale of resource rent in the minerals industry. The
concept of resource rent in the minerals industry applies over the longer term
and takes into account the costs of the following distinct economic activities:

e Exploration — the cost of finding new mineral ore deposits.

e New resource developments — the cost of new resource developments based
on mineral ore deposits that are known.

*  Production — the cost of extracting resources from established mine sites
(including abandonment costs such as mine site rehabilitation costs).

Resource rent in the mining sector may persist in the long run due to the quality
or scarcity value of different ore deposits (these concepts are discussed by
Boadway and Keen in more detail in Chapter 2). Resource rent is typically
assumed to be equal to the economic rent in the minerals industry, although it is
important to note that economic rent may be larger than the resource rent due to
other factors such as managerial skills.

A graphical representation of the mineral industry’s economic rent is pro-
vided in Figure 5.2 where, for simplicity, price is assumed to be determined on
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Figure 5.2 1llustrative economic rent in the minerals industry (supernormal profit or
excess profit).

world markets at p,,. The long run industry supply curve, Sg,, is an annual repre-
sentation of the long run marginal cost of exploration, development and produc-
tion including a normal return to capital.'® The equilibrium position for the
industry occurs at point A, with production given by g*. It would not be profita-
ble for the industry to incur any additional costs by increasing production beyond
this level and there would be unexploited profit opportunities if activity stopped
at a lower level.

Total industry revenue is given by the area Op, Aq* (equal to the world price
multiplied by output, or p,q*), total industry costs are given by the area under
the supply curve, 0CAq*, and the economic rent is given by the area Cp, A (total
revenue less total costs).

To identify the industry’s risk premium, Figure 5.2 explicitly includes the
industry supply curve, Syy, that would exist if private investors were risk neutral
(RN). The equilibrium position for the risk neutral industry occurs at point B
with output given by qry. The industry’s risk premium (expressed as a value, not
a rate of return to capital; see Box 5.3) is the difference between the two supply
curves up to the industry output, g*, and is given by the area ACDE. In the pres-
ence of risk and risk averse private investors, industry output is lower than
would otherwise be the case since a number of marginal projects are assessed to
be too risky to be undertaken given future possible outcomes relating to the geo-
logical, economic and policy environments.
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B Rent-based taxes

Brown tax

Under the Brown tax, the government essentially acts as a silent partner in all
resource projects. In years where net cash flow is negative — typically in the
exploration and development stages of a resource project — the government pays
the investor the Brown tax rate multiplied by the losses. In years where net cash
flow is positive — typically in the production stage — the government receives the
same fixed proportion of the profits.

If private investors are assumed to be risk neutral, the Brown tax is a neutral
mineral taxation policy: in profitability assessments undertaken by private
investors, the Brown tax reduces the expected profit of a project or modifies
the expected loss, but it does not result in any switching between economic
and uneconomic projects. A graphical representation of the Brown tax assum-
ing risk neutral private investors is presented in Figure 5.3. Under the Brown
tax, industry output is unchanged from the before-tax outcome of ¢, and the
government collects a constant share of the economic rent (equal to the tax
rate).

The Brown tax shares the risks of resource projects between risk averse
private investors and the government (this is similar to the paid equity fiscal
instrument which is an alternative to the Brown tax). With risk averse private
investors, the risk premium is therefore reduced and it is possible that a project
may switch from being uneconomic before tax to economic after tax. Industry
output may therefore increase under a Brown tax (this implies that, in Figure 5.2,
output would be larger than ¢* but still less than gg; see Hogan (2007) for
further discussion of this issue).
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Figure 5.3 Illustrative industry impact of a Brown tax, risk neutral investors.
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Resource rent tax

The resource rent tax is typically regarded as a practical alternative to the Brown
tax since the government avoids the need to provide private investors with a cash
rebate during years of negative net cash flow. The resource rent tax is only paid
when a private investor achieves the threshold rate of return on the investment in
the resource project. To achieve full loss offset in a resource rent tax while
avoiding cash rebates, the main options are:

o Transfers between projects within a company — to allow companies to trans-
fer the losses from failed projects to successful projects within the same
group.

»  Transfers between companies — for companies without successful projects
against which to offset losses, to allow the sale of losses on failed projects
to other companies with resource rent tax obligations.

*  Carry losses forward — to allow companies to carry losses forward at a spec-
ified interest rate as an offset against future resource rent tax obligations
from successful projects.

The transferability of losses between projects or between companies typically
applies only to mineral operations within the same jurisdiction or country.

For risk neutral private investors, the threshold rate at which all losses are
accumulated should clearly be set at the risk free interest rate (typically assumed
to be the long-term government bond rate in developed economies).

For risk averse private investors, there are significant issues relating to the
inclusion of a risk premium allowance in the threshold rate and the setting of the
tax rate. If the threshold rate for a given project is set at the private investor’s
minimum rate of return (comprising the risk free interest rate plus an appropriate
risk premium), the remaining net cash flow represents the economic rent of the
project. If the economic rent and resource rent are equivalent, it is reasonable for
the government to target the entire economic rent as a return to the mineral
resource. If the economic rent exceeds the resource rent — that is, part of the rent
represents a return to factors other than the mineral resource (such as a return to
managerial skills or a technology leader) — it may be reasonable for the govern-
ment to target less than the entire economic rent as a return to the mineral
resource. There are also likely to be significant estimation errors in measuring
rents.

The tax rate needs to be sufficiently below 100 percent to ensure that it does
not seriously weaken efficiency incentives in the private sector (or encourage
rent dissipating activities): this includes, for example, the risk of early mine
closure, transfer pricing, “inflating” costs and lobbying government for tax
breaks. A threshold rate that is below the minimum rate of return would com-
pensate the government, at least to some extent, for a tax rate that is below 100
percent provided the project remains profitable for the private investor (that is,
the certainty equivalent value of the project remains non-negative; see Box 5.3).
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However, reducing the threshold rate may increase the possibility of some negat-
ive distortions to private investment decisions.

Lack of full loss offset in the resource rent tax is another consideration. For
example, a resource rent tax that is levied only on successful resource projects
fails to fully account for all revenues and costs in the minerals industry. A lower
tax rate would compensate private investors for the lack of full loss offset. The
original approach suggested by Garnaut and Clunies Ross (1975) was for the
resource rent tax to apply to individual resource projects where, importantly,
exploration activity in a failed lease area would be treated as a distinct resource
project. They argued that a higher risk premium and/or lower tax rate than would
otherwise apply would compensate industry for the lack of full loss offset.

Fane and Smith (1986) argued that the threshold rate should be set equal to
the risk free interest rate (the long-term government bond rate) since, with full
loss offset, the accumulated expenditures represent a perfectly certain reduction
in future resource rent tax liabilities. They argued that an investor has the option
of reducing current holdings of long-term government bonds to finance expendi-
ture, foregoing the annual interest rate that would otherwise have accrued, to be
compensated when the reduction in tax liabilities is triggered. Alternatively, if
the company does not hold long-term government bonds, the expenditure may
be financed through the release of corporate debentures with interest rates typic-
ally only marginally higher than the long-term government bond rate: this is
analogous to a carried interest state equity approach (see Box 5.2). Fane and
Smith (1986) further argued that the difficulties in making any actual tax pro-
posal approximate the theoretical concept of a pure rent tax (or neutral tax)
provide a justification for choosing a fairly low rate of rent tax. In practice, few
systems incorporate full loss offset in which case some risk premium in the fiscal
settings would be justified.

Developments in Australia’s petroleum resource rent tax provide an indica-
tion of various issues associated with the implementation of a resource rent tax.
The threshold rate of return in Australia’s petroleum resource rent tax comprises
a risk free rate of return and a risk premium. The original petroleum resource
rent tax was introduced in Australia in the mid-1980s. An important modifica-
tion to the petroleum resource rent tax was introduced in 1990 to allow compan-
ywide deductibility of exploration costs in recognition that typically a private
investor may undertake exploration in a number of lease areas before a signific-
ant discovery is made that leads to petroleum field development and production.
The threshold rate, which was relatively high to compensate private investors for
the lack of full loss offset, was reduced. In 2005, exploration expenditure by
established companies in specified frontier areas was provided with a 150
percent tax deduction in recognition of the relatively high risks associated with
this activity (see Hogan (2003) for further information). A tax rate of 40 percent
has applied in the petroleum resource rent tax since its inception.

Chapter 15 by Osmundsen discusses Norway’s petroleum taxation system.
This represents an alternative approach to the resource rent tax whereby the
Brown tax is approximated using the corporate tax system.
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C Output-based royalties

Ad valorem royalty (levied at a constant rate)

The ad valorem royalty is most often applied at a constant rate with the govern-
ment collecting a constant percentage of the value of production from each
resource project. From a government perspective, the main advantages of this ad
valorem royalty are revenue stability — the risk of fiscal loss and revenue delay
are reduced compared with rent-based taxes — and lower administration and
compliance costs.

However, the ad valorem royalty reduces the expected revenue and hence
expected profitability of a resource project. Some resource projects may there-
fore switch from being economic to uneconomic under the ad valorem royalty.
These efficiency losses are illustrated in Figure 5.4 with industry output reduced
from gy to q,4- The ad valorem royalty is regressive since the share of the rent
collected through the royalty is higher for lower profit resource projects: that is,
compared with a rent-based tax, the ad valorem royalty tends to “overtax” low
profit projects and “undertax” high profit projects.

For risk averse private investors, there are two important mechanisms whereby
the ad valorem royalty influences the risk assessment. First, the royalty is paid in
all years in which production is positive even if net cash flow is low or negative:
that is, the ad valorem royalty is responsive to unexpected changes in price but
not net cash flow. Second, sovereign risk tends to be a significant issue under this
policy instrument since governments sometimes raise the ad valorem royalty rate
during periods of high prices. The ad valorem royalty results in an increase in the
private investor’s risk premium, resulting in greater efficiency losses than would
otherwise occur (see Hogan (2007) for further discussion of this issue).
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Figure 5.4 llustrative industry impact of an ad valorem royalty, risk neutral investors.



International mineral taxation 141

Since mining is a dynamic process, the industry’s supply curve may be inter-
preted as an annual snapshot of the industry’s cost structure including a return to
capital (alternatively, the supply curve may represent an industry position over a
number of years). The industry’s long run marginal cost curve may change over
time in response to various factors. Importantly, technology adoption is an import-
ant process that places downward pressure on industry costs, while declining ore
grade quality over time places upward pressure on industry costs (differences in
ore grade quality result in the upward slope in the long run marginal cost curve;
however, the mix of ore grades will change over time, particularly as high quality
ore deposits are depleted). In a recent study, Topp et al. (2008) found these have
been significant influences on productivity in Australia’s mining sector. The basic
ad valorem royalty is not responsive to changes in the industry’s cost structure.

Other output-based royalties and taxes

OTHER AD VALOREM ROYALTIES AND TAXES

Variants of the basic ad valorem royalty have been adopted in both developed
and developing economies to address, at least to some extent, the limitations of
the basic instrument. These ad valorem royalties generally aim to reduce effi-
ciency losses, increase the flexibility of the system and/or increase the share of
rent collected through the royalty by introducing a sliding scale in the royalty
rate. Ad valorem royalties and taxes incorporating a variable rate include:

»  Exemption for relatively small or low income mines — adopted in several
countries, a zero royalty rate applies to small or low income mines, includ-
ing artisanal mines in some developing economies, to reduce the efficiency
losses under the royalty.

»  Sliding scale based on sales or production — sales or production is sometimes
used in the sliding scale, with a higher royalty rate applying to larger resource
projects. This attempts to proxy a rent-based tax on the argument that larger
resource projects tend to be more profitable due to the presence of economies
of scale. This system may also include an exemption for small mines.

e Sliding scale based on cost — of limited use in practice, this aims to reduce
efficiency losses by applying a lower royalty rate to higher cost resource
projects.

»  Sliding scale based on price — a graduated price-based windfall tax where a
higher tax rate applies to a higher price bracket. Adopted in some countries,
particularly during the recent price boom, to increase the flexibility of the
system: the focus for several governments was on increasing tax revenue
during a period of relatively high commodity prices.

Efficiency losses may be reduced somewhat through these modified ad valorem
royalties, although sovereign risk is likely to remain a significant issue. The
government would be more likely to adjust the fiscal settings over time in
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response to future market changes under these royalties than under a rent-based
tax. Under a graduated price-based windfall tax system, a particular focus for
private investors would be to assess the risks to net cash flow during periods of
relatively high commodity prices: for example, industry costs increased signifi-
cantly during the recent commodity price boom. A further issue for such a
system 1is the private investor’s assessment of the government response to the
risk of fiscal loss during periods of relatively low commodity prices.
Administration and compliance costs are likely to be higher under these
arrangements than under the basic ad valorem royalty. An important issue relates
to the additional complexity that is established in the policy framework through
variable royalty rates. A sliding scale provides an economic incentive for mining
companies to adopt strategies to avoid moving into a higher royalty bracket.

SPECIFIC ROYALTY

The specific or unit-based royalty is still utilized in most countries for low value,
high volume minerals (for example, industrial minerals) and, in some cases, for
a range of other minerals. The specific royalty is typically levied as a constant
charge per physical unit of production for a specified mineral. For a given price,
the specific royalty rate may be calibrated to collect the same amount per unit of
output as under an ad valorem royalty. In this case, the impact on industry pro-
duction is identical, for risk neutral investors, as that indicated in Figure 5.4 (the
royalty revenue collected under a specific royalty, levied at ¢, is ¢,q,, where
t,= t,qp, and noting g, = q,,,). In practice, however, mineral prices change over
time and the revenue collected under an ad valorem royalty will differ from that
collected under a specific royalty (unless the latter is adjusted regularly).

The main advantage of the specific royalty is its relative administrative simplic-
ity: this is the primary justification for its continued application to low value, high
volume minerals that have low variation in grade quality across mines. The main
disadvantage of the specific royalty is its lack of responsiveness to changes in price
or net cash flow. The private investor’s risk premium would be higher under the
specific royalty compared with the ad valorem royalty, increasing the likelihood
that an economic project would become uneconomic under the specific royalty.

D Mixed system: resource rent tax and ad valorem royalty

Introducing a sliding scale in the ad valorem royalty may address some of the
disadvantages of the basic ad valorem royalty, but an alternative approach is to
combine the basic ad valorem royalty with a resource rent tax (with royalty pay-
ments fully deductible under the resource rent tax). This mixed system is illus-
trated in Figure 5.5 under the assumption of risk neutral private investors:
industry production is reduced from gy, to g,,, (Where, assuming a lower royalty
rate, ¢,,, exceeds ¢, in Figure 5.4).

The aim in this mixed system would be to manage the government risks of
fiscal loss and revenue delay through the ad valorem royalty — reducing effi-
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Figure 5.5 Illustrative industry impact of a mixed system, risk neutral investors.

ciency losses by applying a lower rate than in a stand alone system — while
increasing the flexibility of the system through the resource rent tax: in particu-
lar, to provide a relatively efficient mechanism for rent collection from higher
profit resource projects. Under this mixed system, the private investor’s risk
premium would be higher than under a stand alone resource rent tax but lower
than under a stand alone ad valorem royalty.

Countries that have introduced rent-based taxes (e.g. Kazakhstan, Liberia) or
profit-based royalties (e.g. many of the large mineral producing provinces in
Canada) tend to adopt a mixed system by combining them with an ad valorem
royalty.

5 Simulations of key mineral taxation options

The objective in this section is to provide simulations of hypothetical projects to
illuminate the comparison between four key fiscal instruments. The certainty
equivalent approach provides a simple economic framework that clarifies the
roles of risk and attitudes toward risk in the private investor’s profitability
assessments. This approach is complementary to the evaluation of fiscal regimes
for oil resource developments in Chapter 7 by Daniel et al.

In the certainty equivalent approach — discussed briefly in Box 5.3 — ex ante
measures of project profitability, or economic rent, that are assumed to be used
as decision rules by private investors are: the net present value (NPV), if the
investment is risk free; the expected net present value (ENPV), if the investment
is risky and the investor is risk neutral; and the certainty equivalent value (CEV)
if the investment is risky and the investor, being risk averse, demands a risk
premium (RP) as compensation for incurring risks (where CEV = ENPV — RP).
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Box 5.3 Certainty equivalent approach for assessing project
profitability

Mining is an inherently risky activity. The private investor’s assessment of the profit-
ability of a prospective resource project following successful exploration activity
depends on risks in the geological, economic and policy setting over the life of the
resource project and the attitude of the investor to incurring risks. In the assessment
of risky projects using the certainty equivalent approach, it is assumed the investor is
able to identify a range of possible outcomes reflecting significant sources of risk and
assign (objective or subjective) probabilities to each of these outcomes.

It is useful to consider the profitability assessments for resource projects in three
categories that vary according to the presence of risk and attitudes toward risk.

Risk free investment

A private investor ranks risk-free projects according to the net present value (NPV)
since it is a measure of the return to the investment when future conditions are
known with certainty. It is important to note that the net present value is the sum of
the annual net cash flows over the duration of the project discounted at the risk-
free interest rate (assumed to be the long-term government bond rate or LTBR). A
project with a net present value that is greater than or equal to zero is assessed to
be profitable since it indicates that the investment will achieve a return that is
greater than or equal to the risk-free interest rate.

Risky investment

Risk neutral investors

A risk neutral investor is indifferent to the risk that an outcome may be either worse
or better than expected, and so summarizes the profitability of a resource project by
calculating the expected net present value (ENPV). The expected net present value is
the probability weighted sum of the net present value of each possible outcome
(where the net present value is calculated based on the risk-free interest rate, as in the
previous case). A project with an expected net present value that is greater than or
equal to zero is assessed to be profitable since it indicates that the investment is
expected to achieve a return that is greater than or equal to the risk-free interest rate.

Risk averse investors

A risk averse investor is relatively more concerned about the risk of unexpected
losses than the risk of unexpected gains. In the presence of risk, a risk averse investor
summarizes the profitability of a resource project by calculating the certainty equiva-
lent value (CEV). The certainty equivalent value is equal to the project’s expected
net present value (calculated using the risk-free interest rate, as above) less a risk
premium (RP) that provides adequate compensation for the risks associated with the
project (that is, CEV = ENPV — RP). A project with a certainty equivalent value that
is greater than or equal to zero is assessed to be profitable. The certainty equivalent
value of a project may be interpreted as the net present value of a risk-free project
that is ranked equally with the risky project. The valuation of the risk premium may
have an important influence on the assessment of project profitability.
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A Project assumptions

The hypothetical projects we consider vary widely in size, with the value of pro-
duction assumed to range from $5 million for project 1 to $250 million for
project 5. The cost structure reflects the presence of economies of scale, whereby
average operating costs are lower for larger projects: in the sensitivity analysis,
capital costs are assumed to be 25 percent higher than in the base case. Produc-
tion and operating costs are assumed to be constant during the production phase
of each project. The mine life is assumed to be 20 years for project 5 and ten
years for the other projects.

For simplicity, the resource price is the only source of risk. This price risk —
usually considered to be a major source of risk in resource development projects
— is introduced into the project simulations in a relatively simple way. There are
assumed to be seven possible price outcomes over the development and produc-
tion stages of the resource projects. For example, the probability that a price of
$1,000 a tonne will occur is assumed to be 30 percent, while the price outcomes
of $650 a tonne or $1,350 a tonne are each assumed to occur with a probability
of 1 percent.

In the profitability assessments, risk averse private investors need to estimate
the risk premium for each hypothetical resource project. The coefficient of rela-
tive risk aversion, R, is assumed to be 2 and the risk premium is given by the
variance of the distribution of the net present values divided by the expected net
present value (see Newbery and Stiglitz (1981, page 73 and related examples)
for further information).

B Results

Before tax or royalty

The main simulation results are summarized in Table 5.4. Before tax, all five
projects are profitable for both risk neutral and risk averse investors. For risk
neutral investors, the expected net present value ranges from $8.9 million for the
relatively small project 1 to $995 million for the relatively large project 5. For
risk averse investors, the risk premium ranges from $2.3 million for project 1 to
$52 million for project 5. As a consequence, the certainty equivalent value
ranges from $6.5 million for project 1 to $943 million.

With higher capital costs, each of the five hypothetical resource projects
remains profitable before tax, although project profitability is reduced (see the
results for the sensitivity analysis at the bottom of Table 5.4). Under the higher
capital cost assumption, the certainty equivalent value ranges from $3.3 million
for project 1 to $817 million for project 5.

Rent-based taxes

The Brown tax, included as a benchmark fiscal instrument, is levied at a rate of
40 percent. For consistency, the resource rent tax is also levied at a rate of 40
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percent. Two options are considered for the threshold rate in the resource rent
tax: 5 percent (equal to the risk free interest rate) and 10 percent (equal to the
risk free interest rate plus a risk premium of 5 percent). The tax rate and risk
premium of 5 percent in threshold rate are consistent with the settings in the
Australian Government’s petroleum resource rent tax.

Under these rent-based taxes, the government tax take varies with project
profitability. For example, under a resource rent tax with a threshold rate of 10
percent, the expected present value of tax revenue ranges from $2.0 million for
project 1 to $364 million for project 5.

The private investor’s risk premium is reduced compared with the before tax
outcome reflecting the reduced dispersion of possible returns under these rent-
based taxes. For example, under a resource rent tax with a threshold rate of 10
percent, the risk premium ranges from $1.2 million for project 1 to $28 million
for project 5.

Reflecting the efficiency advantages of these fiscal instruments, all projects
are assessed to be profitable under each of these rent-based taxes. For example,
under a resource rent tax with a threshold rate of 10 percent, the certainty equiv-
alent value ranges from $5.7 million for project 1 to $603 million for project 5.
With higher capital costs, each of the five projects remains profitable under the
rent-based taxes, although the certainty equivalent value is lower in each case:
this contrasts with the results for output-based royalties where projects 1 and 2
become uneconomic or marginal (discussed further below).

Output-based royalties

The ad valorem royalty is levied at a rate of 10 or 5 percent (an ad valorem
royalty rate of 10 percent applies to petroleum projects in most state and territory
governments in Australia). The specific royalty is levied at a rate of $100 a tonne
and $50 a tonne (this equates the royalty revenue under the ad valorem and spe-
cific royalties for the expected price of $1,000 a tonne).

Under output-based royalties levied at a constant rate, the government tax
take varies with the value and/or volume of production and there is some tend-
ency, depending on the royalty rate, for ad valorem and specific royalties to
overtax low profit projects and undertax high profit projects. For example, under
the 5 percent ad valorem royalty, the expected present value of tax revenue
ranges from $1.8 million for project 1 to $92 million for project 5. Under a 10
percent ad valorem royalty, the government tax take increases to $3.7 million for
project 1 and $184 million for project 5. It should be noted these are relatively
simple numerical examples that do not take into account factors such as sover-
eign risk.

The risk premium under these output-based royalties is higher than under the
rent-based taxes and, except for project 5 under the ad valorem royalties, is
higher than the before tax outcome. For example, under the 5 percent ad valorem
royalty, the risk premium ranges from $2.6 million for project 1 to $52 million
for project 5. The ad valorem royalties have a negligible impact on the risk
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assessment of the highly profitable projects reflecting the relatively low govern-
ment tax take.

All projects are assessed to be profitable under each of these output-based
royalties for the base case assumptions. For example, under the 5 percent ad
valorem royalty, the certainty equivalent value ranges from $4.4 million for
project 1 to $851 million for project 5.

In contrast to the results for the rent-based taxes, with higher capital costs,
projects 1 and 2 become unprofitable under the 10 percent ad valorem royalty
and $100 a tonne specific royalty: that is, these projects switch from being eco-
nomic before tax to uneconomic after the royalty. Production will then not occur
and royalty revenue is zero under these options. Under the 5 percent ad valorem
royalty and $50 a tonne specific royalty, the certainty equivalent value of
projects 1 and 2 is reduced significantly, but remains positive in each case.

The project assumptions and results are discussed in further detail in Hogan
(2007).

6 Conclusion

A complex system of mineral taxation arrangements currently apply in the world
economy. Mineral taxation arrangements vary between countries, between juris-
dictions within countries, between minerals and between projects. Progress has
been achieved in several areas, enabling governments to obtain a return to the
community from mineral extraction while reducing adverse impacts on the
industry. For coal, metallic minerals and gemstones, output-based royalties and
taxes mainly apply (in addition to the standard corporate income tax arrange-
ments). However, profit-based royalties have been adopted in some developed
economies, including most jurisdictions in Canada and a single jurisdiction in
Australia (the Northern Territory) and the United States (Nevada). Rent or profit-
based taxes have also recently been adopted in some developing economies
including, for example, Kazakhstan and Liberia. Specific royalties mainly apply
to high volume, low value non-metallic minerals, particularly construction
materials.

This paper has discussed key economic issues in mineral taxation with some
focus on the implications of fiscal instruments for the risk assessments of private
investors. Rent or profit-based taxes and state equity instruments tend to rank
highly on neutrality, investor risk and flexibility criteria, while output-based
instruments tend to rank highly on government risk (fiscal loss and revenue
delay) and administration and compliance criteria. An alternative approach is to
combine an ad valorem royalty with a rent or profit-based fiscal instrument (with
the former fully deductible against the latter): the ad valorem royalty would
ensure a minimum return to the government, while the rent or profit-based tax
can be a relatively efficient mechanism for rent collection from higher profit
resource projects.
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Notes

1

2
3

10
11
12

13

14

15

16
17

Resource rent can be categorized into different types depending on how it is created.
See Otto et al. (2004) for an explanation of the types relevant to the resource sector.
See Chapter 2 by Boadway and Keen.

Country risk is sometimes referred to as political risk, but may also encompass
broader factors relating to the risk of operating in a specific country including, for
example, political and legal stability.

Because royalties tend to be viewed as a payment for rights to minerals they typic-
ally accrue to the owner of the minerals. In the United States, unlike other jurisdic-
tions, mineral rights belong to the owner of the surface rights of the land — private
royalty systems may operate on private lands, although federal lands are also
important in mineral production. In Australia and Canada, for example, the rights to
onshore resources belong to the state and territory governments (although the Aus-
tralian Government has jurisdiction over uranium resources in the Northern
Territory).

When the government and investor have different time preferences and risk attitudes,
there may be some scope for mutual benefit from changing the time and risk alloca-
tion between them.

Much of this discussion is based on material in Kumar (1995).

See McPherson’s detailed discussion of the evolution of state participation in Chapter
9.

For example, in New South Wales in Australia, the ad valorem rate for coal varies for
deep underground (5 percent and assessed to be the highest cost category), other
underground (6 percent) and open cut (7 percent).

Gold, tin and zinc price rises were particularly sharp. The gold price was influenced
by the end of the gold standard in the US in 1971, and the tin price by increased
demand arising from the Vietnam War.

See Land’s thorough discussion of such instruments in Chapter 8.

Greenland, Mexico, and Sweden also do not apply a royalty (Otto et al., 2006).

Prices fell sharply in the second-half of 2008 due to the global financial crisis,
although the prices of most minerals remain well above their lows. It remains to be
seen what impact, if any, this latest development will have on mineral taxation.

29 developing countries are in the process of becoming EITI compliant. See http://
eitransparency.org/ for further details.

Otto et al. (2006) report that the practice of setting a royalty on a mine-by-mine basis
is becoming less frequent, although mine-specific arrangements still exist in several
jurisdictions (for example, Olympic Dam and the Argyle diamond mine in Australia).
See Chapter 7 by Daniel et al. for a comprehensive evaluation for oil.

See Boadway and Keen’s discussion of other rent-based taxes in Chapter 2.

Cash payments to investors under the Brown tax can be approximated in other rent or
profit-based systems. For example, Norway’s fiscal regime for petroleum can approxi-
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mate a Brown Tax when companies have significant portfolios of projects, deducting
expenditures from one against income from others — see Chapter 15 by Osmundsen
for further information. The issue of full loss offset under a resource rent tax is dis-
cussed in section IV.

18 Fixed costs are for simplicity assumed in the figures that follow to be zero.
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6 Natural gas

Experience and issues

Graham Kellas

1 Introduction

Sales of natural gas are growing significantly around the world. Who benefits
from this production is, in large part, determined by the fiscal terms applicable in
the various links of the gas value chain. Fiscal policies can influence the price
received by producers and processors of gas as well as the extent and timing of
the recovery of investment costs. Fiscal policies can also drive different opera-
tional and ownership structure of gas projects.

This chapter discusses the various issues that need to be considered by
policymakers when designing an appropriate fiscal regime for the development
of their natural gas resources.

While many aspects of the natural gas business are very similar to oil, there
are some significant differences (which are discussed in Section 3D on petro-
leum economics) that result in a very different investor perspective on gas
projects, compared to their oil equivalent. Moreover, in many countries the
development of natural gas has occurred only recently whereas oil has been pro-
duced for many years. In particular, the export of gas, primarily via liquefied
natuaral gas (LNG) schemes, has only really emerged in the last 15 years. These
developments have generated a number of particular issues which fiscal policy-
makers need to address and these are also considered in this paper.

To put the fiscal policymakers’ task into perspective the chapter starts with a
description of the growing size of the natural gas business and how its ‘value
chain’ is created. This introduces both the ‘size of the prize’ and some of the
major issues involved in determining how this prize gets distributed between the
different participants in the business, including government.

2 Background

A Natural gas: resources and demand

The supply of natural gas worldwide has increased by 25 per cent between 2000
and 2008 (from 80 trillion cubic feet per annum (Tcfpa) to 102 Tcfpa) and is
expected to increase to over 140 Tcfpa by 2020, as illustrated in Figure 6.1. In
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Figure 6.1 Global natural gas supply 2000-2020 (source: Wood Mackenzie (3Q 2008)).
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Figure 6.2 Global LNG supply 20002020 (source: Wood Mackenzie (3Q 2008)).

Note
1 Tefpa=21.3 mmtpa.

the same period the amount of gas volumes traded as LNG has doubled (from 5
Tcfpa to 10 Tefpa and is expected to double again by 2020 (~20 Tcfpa) as shown
in Figure 6.2, taking LNG’s contribution to overall supply from 6 per cent in
2000 to 14 per cent in 2020.

Figure 6.3 illustrates the extent of the divergence between the regions which
own the remaining gas resources and those which currently consume the most
gas. Seventy per cent of remaining proven reserves is in the former Soviet Union
and Middle East, which currently account for only 30 per cent of consumption.
By contrast, Europe and North America make up nearly half of global current
consumption but have only 8 per cent of remaining reserves. This picture may
change if the perceived scale — and commerciality — of the recent shale gas dis-
coveries in the US becomes proven.

The opportunity for new LNG projects to meet the growing dependence on
imported gas in the main demand centres has stimulated the industry’s appetite
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Figure 6.3 Global natural gas reserves and consumption (% world total) (source: Wood
Mackenzie (3Q 2008)).

Note
US reserves source: BP Statistical Review of World Energy 2008.

for gas in resource-rich countries and companies are increasingly keen to acquire
gas reserves. A major stumbling block for them is the fact that gas reserves
remain largely under state control in many of these countries. The inability of
domestic consumers to pay anything like the gas prices received in the developed
countries has traditionally meant that local gas projects have largely been
developed by governments, which have taken ownership of the gas reserves. The
emergence of export markets for gas mean that governments are now keen for
increased export revenues, but remain equally keen that abundant local gas sup-
plies replace oil and other primary fuels in power generation and industrial
projects and contribute to the expansion of these activities. To promote invest-
ment in domestic projects, therefore, some governments have begun to tie inves-
tor’s rights to export gas with obligations to develop local gas projects.

The ability of governments and industry to meet growing domestic and export
demand for natural gas is influenced by many factors such as exploration
success, LNG marketing advantages, corporate positions and geopolitics — all of
which are uncertain and subject to change. Where the parties can influence out-
comes is in the design of an appropriate taxation policy to ensure risks are bal-
anced by rewards along the value chain. The design of a suitable fiscal policy for
natural gas presents government with a number of simultaneous policy issues,
notably gas pricing and equity participation, and these are discussed in this
chapter.

B Natural gas: value chain

Getting natural gas from the drill bit to burner tip involves a chain of operations,
as illustrated in Figure 6.4. Depending on the ultimate consumer of the gas pro-
duced, natural gas extracted from a reservoir will:
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Market Price

Upstream Regime

Figure 6.4 Natural gas value chain.

Note
Number of links in each chain depends on the project (e.g. gas may be sold directly to consumer
after processing).

»  be sent by pipeline to a processing plant or direct to the end user;

*  be processed, which will likely include extraction of associated liquids and
may also include liquefaction of the gas itself within an LNG or gas to
liquids (GTL) project;

*  be sent on to the market, either as dry gas to the end user or for secondary
processing (e.g. power generation) or as liquids;

*  be converted into the end product (e.g. electricity) or back into dry gas, if in
liquid form (i.e. regasified); and

» finally, be sold to the end user.

The final market for the gas may be domestic, which is likely to have prices reg-
ulated by the government, or abroad. Fiscal policies and terms need to address
all of these possibilities as the gas industry in any country may encompass the
whole spectrum of gas utilisation projects and ownership combinations.

The owners of each link in the chain incur significant costs and expect to
recover these costs, plus a share of the economic rent generated. Economic rent
is defined as the product sale price less the costs of production, transportation
and distribution, including a minimum return on capital employed, over the full
cycle (i.e. lifetime) of a project. Each link also has to balance the inherent risks
involved with the potential rewards. While the ultimate price may fluctuate,
affecting all links of the chain, upstream producers encounter the most risks,
including geological (exploration), reservoir and technology risks and will
usually seek a proportionally higher share of the rewards as a result.

Depending on their attitude to market risks, the owners of any of the links in
the chain may try and either protect or expose their operation to prevailing
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market prices. Risk-averse owners may charge a fixed fee (e.g. feedgas price,
pipeline or plant processing tariff) while risk takers will seek as much of the
final price as possible. Normally, the more risk-averse owners will accept a
lower share of the overall economic rent generated in exchange for ‘downside’
protection.

Where the owners of each link are different, pricing agreements between links
should be transparent and ‘arm’s length’, although the complex, global relation-
ships between buyers and sellers has raised the question of whether any transac-
tion is truly ‘arm’s length’; this issue is discussed elsewhere in this volume.
Where the owners of different links are the same and there is clearly no arm’s
length sale, then transfer and reference prices need to be established for fiscal
purposes. These should reflect the different risks being assumed by the different
links and prevailing market conditions. The alternative is to create a unique fiscal
regime for the entire ‘integrated’ project.

In countries where gas industry infrastructure is not well developed and/or the
gas project is particularly large, gas producers will often seek to have an eco-
nomic interest in the full chain and participate in the ownership of the pipelines,
processing facilities and transportation. They may even seek to buy the gas
themselves for re-sale in another country. The main driver for this is normally
control of the entire project, but it can also be driven by a desire to ensure that
the company participates in any link of the chain which is generating the most
economic rent. Most integrated projects are LNG export schemes but integrated
domestic projects also exist, notably independent power projects (IPP), where
gas producers own and operate the power generation plant and sell electricity
into the local market.

If the ownership of links in the chain is different, it is regarded as ‘segmented’.
The upstream links tend to include production and transport of the gas to the
processing plant. Variations include producers which sell the gas at the wellhead
and gas fields which include gas processing in the production facilities. Midstream
links tend to include the initial and secondary processing and transportation to the
end user. Gas producers will sell their production either to a pipeline owner or
processing plant, which then sells on to the next link, until reaching the end user.
(See Figure 6.5 for examples of segmented and integrated LNG projects.)

In a segmented chain, negotiated agreements will usually dictate the market
price and level of economic rent achieved in each link. North America, the UK
and a small number of emerging markets in other consuming countries have estab-
lished ‘spot’ markets where significant volumes are openly bought and sold and
prices fluctuate on a daily basis. Elsewhere, natural gas is commonly sold under
long-term contracts, with producers and midstream suppliers committing to supply
certain volumes to buyers over a 20—year period for a price which will often be
indexed to movements in competing energy products, such as fuel oil or coal.

Most sales contracts will include clauses designed to protect both the buyer
(from upstream risks) and the seller (from market risks). Producers will commit
to supplying a base volume in any period, often with a ‘swing’ factor, enabling
the buyer to take significantly more in periods of high demand. In return, the
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buyers will commit to ‘take or pay’, which forces the buyer to pay for the base
volumes even in periods of low demand. The pricing formula will also normally
include provisions for fluctuations in the final market prices, substitute fuels
(such as fuel oil and coal), currency exchange rates and other inflation measures.
In many LNG contracts, price ‘floors’ and ‘ceilings’ are also agreed. Prevailing
market conditions and resulting bargaining power, will heavily influence the
final terms agreed in any gas sales agreement.

The government may own one or more links of the chain and dictate the level
of economic rent to be captured by those links. For example, Algeria and Oman
insist that most of the gas produced in the country, associated' with oil, is taken
by the government which reimburses only the producers’ costs. By contrast, the
Indonesian government owns several LNG plants, which it operates on a tolling
basis, recovering its own costs but enabling the remainder of the LNG price
received to be passed to producers.

3 Natural gas taxation

A Upstream vs midstream taxation

The fiscal regimes for upstream and midstream operations are very different in
most producing countries. Upstream production tends to be subject to more
complex fiscal terms and can include bonuses, royalty, production sharing and
windfall profits taxes, as well as corporate/petroleum income tax. Midstream
operations, on the other hand, tend to be treated as general industrial projects and
are subject only to standard corporate income tax. Major projects, such as green-
field LNG plants, may even receive fiscal incentives such as temporary tax
holidays.

The Malaysian LNG (MLNG) project highlights the differences between mid-
stream and upstream taxation policies and the implications for other government
policies, such as gas pricing and equity participation. Figure 6.6 illustrates the
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significant difference in the government take' from Malaysian upstream and
midstream operations, where the total fiscal take is 83 per cent of upstream
profits but only 28 per cent of midstream profits.

Petronas, the Malaysian national oil company (NOC), has a 50:50 joint
venture with Shell in the upstream MLNG PSC. Petronas is also the purchaser of
the gas at the plant gate, where it then sells the gas on to the LNG plant owners
(at the same price as it pays for the gas). The price at the plant gate is usually
referred to as the ‘gas transfer price’. Petronas owns 90 per cent of the plant,
which sells LNG to markets in North Asia.

The relationship between fiscal and gas pricing policies is critical. Figure 6.7
illustrates the difference between the total government take and investor profits
from the project, under three different transfer pricing policies:

»  Transfer price is established at the maximum price the midstream can pay
(i.e. the plant’s breakeven price).

»  Transfer price is established at the minimum price the upstream can receive
(i.e. the producer’s breakeven price).

»  Transfer price is established at the midpoint between upstream and mid-
stream breakeven prices.

Figure 6.7 shows the distribution of the project’s total profit, i.e. LNG price less
the upstream and midstream costs.

The ‘midstream breakeven’ policy (which is comparable to the Indonesian
policy of only reimbursing the LNG plant’s costs) ensures that the upstream
transfer/netback price is as high as possible. Figure 6.7 shows that, under these
assumptions, this policy generates the highest level of overall government take
because of the higher fiscal take from upstream operations.

The ‘upstream breakeven’ policy, which results in all of the economic rent
residing in the midstream operation, is far less common. It is comparable to the
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Figure 6.7 Total government take under different transfer pricing policies (source:
Wood Mackenzie).
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situation where upstream producers are deemed to have no rights to gas associ-
ated with oil production and deliver the gas to the government or midstream plant,
with only costs reimbursed (e.g. Oman LNG) or recovered from oil revenues (e.g.
Angola LNG). As a result of the lower tax rates applicable to the midstream oper-
ation, this generates the lowest overall government take of the different options.

The third alternative is that the difference between the two breakeven prices
is shared between the upstream and midstream operations, either as a result of
negotiation between the two parties or by government regulation. This results in
a government take from the total project somewhere between the two extremes.

An example of this system is Australia’s residual price mechanism (RPM),
which is established for integrated LNG projects. (See Figure 6.8.) Australia
levies a Petroleum Resource Rent Tax (PRRT) on upstream profits, but not on
midstream operations. If there is no arm’s-length agreement between the two
operations, or a comparable local benchmark or price formula agreed in advance
with government, then a proxy gas transfer price (GTP) needs to be established
for purposes of calculating the PRRT payable by the upstream operation. Under
the RPM, two prices are established:

e Cost-plus price.
*  Netback price.

The RPM involves taking the average of the gap (or economic rent) between the
cost-plus and netback prices for that operation. The cost-plus price represents the
lowest price the upstream phase of a gas to liquids operation would sell its sales
gas for; that is, the lowest price at which that operation would fully recover its
costs of producing the sales gas. A gas transfer price below the cost-plus price
means that it would be uneconomic to produce sales gas.

The netback price represents the highest price the midstream phase of a gas to
liquids operation would pay for sales gas; that is, the highest price the operation

LNG price
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Figure 6.8 Australia’s residual price methodology to establish transfer prices in LNG
projects (source: Australian Government (Department of Resources, Energy
and Tourism)).
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could pay for sales gas and fully recover its costs of using the sales gas to
produce LNG from the proceeds the operation obtains from selling LNG in the
market place. A gas transfer price above the netback price means that it would
be uneconomic to produce LNG.

In the cost-plus and netback calculations, capital costs incurred in the project
pre-first gas are augmented using a capital allowance. Capital costs are uplifted
by the long-term bond-rate plus a ‘risk premium’ of 7 per cent.

A feature of the RPM is that the transfer price tends to rise throughout the life
of the project — a function of greater ongoing capital expenditure in the upstream
phase of the project. This has the effect of gradually shifting more of the revenue
to the upstream (higher tax) phase, and steadily increases the overall tax burden
on the project.

As a general rule, therefore, the government will prefer to see the upstream
transfer price as high as possible, when the upstream fiscal take is higher than
from midstream operations. However, the government’s equity interest in the
chain’s links can alter this perception. In the Malaysian LNG project example,
the overall country take — i.e. the government take plus the NOC’s equity inter-
est — can be calculated and compared with the other companies’ profit under the
different pricing policies.

Figure 6.9 shows that the very high equity interest in the lower-taxed mid-
stream operation results in a higher overall ‘country take’ when the lowest
upstream transfer price is used than when the upstream transfer price is highest.
As long as the government regards fiscal revenue and the NOC profits as similar
sources of revenue, its attitude to transfer pricing can, therefore, be completely
changed as a result of the difference in the NOC equity interest in the different
links of the chain. Issues arise, however, when the NOC’s profits begin to be
diverted away from government coffers — for example, in the expansion of inter-
national investments or in dividend payments following part-privatisation.
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Figure 6.9 Total country take under different transfer pricing policies (source: Wood
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Thus, three policies relating to segmented natural gas projects need to be
developed simultaneously:

i Transfer pricing.
ii  NOC equity in different links in the chain.
iii  Upstream and midstream fiscal terms.

One route to resolving these simultaneous issues is to integrate the upstream and
midstream operations into a single project with a specific fiscal regime. The
NOC can take an equity interest in the entire project and there would be no need
for an upstream transfer price as all fiscal considerations will be based on the
final price received and all costs will be considered together.

B Integrated projects

Only projects which have a fiscal ‘ring fence’ around the entire project are truly
integrated. If different tax systems apply to upstream and midstream, then, even
with common ownership, the project is really ‘segmented’. The existence of
well-established upstream and midstream fiscal systems is one of the main stum-
bling blocks to integrating gas projects, as a new fiscal regime to apply only to
the integrated project will need to overcome significant administrative and legal
obstacles.

Another issue is that the gas supply needs to be dedicated wholly from fields
or licence areas which are owned by the midstream participants. As soon as there
is a divergence between the interests of the gas suppliers and the midstream
operations, then transfer prices — and fiscal ring fences — need to be established,
as discussed above. And one of the main attractions of integrated projects for
government is the removal of concern about fair transfer prices being
established.

Despite the difficulties inherent in establishing integrated projects, there are
some notable examples:

*  RasGas LNG (Qatar). The development of North Field gas is subject to a
consolidated royalty/tax regime, based on the entire project revenues and
costs.

e Yemen LNG. All gas comes from the Block 18 PSC area and the PSC terms
apply to gas production, valued at the Free on Board: (i.e. buyer pays for
transportation (FoB)) LNG price with upstream and midstream costs
included in cost recovery.

e Snohvit LNG (Norway). Uniquely for Norway, all onshore (midstream) and
offshore (upstream) operations in the Snehvit project are treated as part of
an offshore project and liable to offshore taxation, which allows all offshore
operations to be consolidated for tax purposes. Onshore operations are only
liable to a 28 per cent corporate tax while offshore operations are subject to
an additional 50 per cent ‘special tax’. Investors preferred the entire Snehvit
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LNG project to be treated as offshore rather than split between upstream and
midstream because they could receive immediate tax relief at an effective
78 per cent rate from oil revenue, even though all future profits would be
liable to tax at the 78 per cent rate. An additional fiscal incentive granted to
the project was accelerated depreciation of capital costs (three years com-
pared to standard six years schedule). These factors highlight the importance
to investors of being able to recover capital costs as rapidly as possible, as
this significantly improves the rate of return.

*  North West Shelf LNG (Australia). Midstream costs are included in the
upstream ring fence for royalty, excise and tax purposes. This is the only
project offshore Australia which is liable to royalty and excise duty and not
to the PRRT system described above.

*  Okpai IPP (Nigeria). Power generation plant capital costs are consolidated
with Eni JV’s oil operations and attracts tax relief at the 85 per cent oil tax
rate, with upstream gas profits (which are minimal) taxed at the standard
corporate tax rate of 30 per cent.

Integrating the upstream and midstream operations within the same ring fence
removes the need for government to regulate and/or monitor the gas transfer
price to ensure fiscal fairness, but it still needs to ensure that the final
product price is also reasonable. This issue is discussed further in Section 4
‘Natural gas pricing and taxation’.

C Comparison of natural gas and oil taxation

The high levels of rent associated with oil production has resulted in many fiscal
regimes for oil generating a very high level of government take from oil revenues.
Some governments have used the existence of highly profitable oil projects to
incentivise development of less attractive gas projects, particularly associated
gas.? Gas which cannot be produced commercially must either be re-injected or
flared. If the quantities of gas are large, re-injection can only be a temporary solu-
tion and gas flaring is universally discouraged (even if it still continues in some
old facilities). Investors and government keen to progress development of oil then
need to seek alternative solutions for the simultaneous development of the gas.
Some examples of the resolution of this apparent stalemate can be found in:

»  Nigeria: oil producers are currently allowed to include costs associated with
the development of gas facilities in the capital cost pool for oil tax purposes
and, therefore, receive tax relief at the Petroleum Profits Tax (PPT) rate of
85 per cent. Any operating profit from the gas sales (i.e. revenue less operat-
ing costs) is only liable to standard corporate income tax at 30 per cent. This
enables producers to accept much lower gas prices than would be possible if
the gas capital costs were not consolidated with oil.

*  Angola: the NOC receives associated gas from certain deep water oil devel-
opments free of charge at the beach. In return the oil producers are allowed
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to include the costs of the gas pipeline in their cost recovery pool, which
attracts an uplift allowance and is included in the IRR-based oil production-
sharing calculation, thus reducing the government’s share of the oil profits.

*  Algeria: in some projects, the investor is entitled to a share of the proceeds
from sales of condensate and other associated liquids to recover costs and
make a return, but all of the separated gas production is taken by the
national oil company, Sonatrach.

Governments also often compensate for the less attractive economics of gas
projects (see Section 3D ‘Petroleum economics’) by offering more attractive
fiscal terms to gas producers, compared to oil. These can take several forms, but
the most common are:

* lower royalty rates (e.g. Nigeria, Tunisia, Vietnam);

e higher cost-recovery ceilings and/or profit shares (e.g. Egypt, Indonesia,
Malaysia);

*  lower tax rates (e.g. Nigeria, Tunisia, Papua New Guinea); and

* exemption from certain oil taxes (e.g. Trinidad and Tobago (Supplementary
Petroleum Tax)).

Just as gas can be a by-product of oil production, liquids may also be present in
gas production streams (i.e. condensate or natural gas liquids (NGLs)). If the
fiscal terms for oil and gas are differentiated, the treatment of condensate and
other liquids produced in association with gas is an important issue for policy
makers. On one hand, as condensate tends to command prices comparable to oil,
it is logical for these revenues to be treated as oil revenue and subject to the
same fiscal terms as oil. This is the practice followed in most countries.

On the other hand, treating the liquids revenue as gas revenue and subjecting
these revenues to lower tax rates can significantly increase the economic viabil-
ity of a gas project and enable the ‘breakeven’ gas price required to be much
lower than if there were no associated liquids. If a very high level of tax is
levied on the liquids revenue, however, this economic advantage is eroded for
investors. This issue is most complex when the gas production is associated
with oil production. With facilities already established for the export of oil, it
makes sense to separate any liquids associated with gas production in the
upstream facilities and export these using the oil infrastructure. It is then more
difficult for investors to argue for preferential fiscal treatment for the conden-
sate revenues.

The application of differentiated fiscal terms when oil and gas are produced
together requires costs to be allocated to the different revenue streams. Many
costs, particularly operating and maintenance costs, will be common to both
operations and impossible to identify as pertaining to one or the other. In these
situations, some form of cost allocation is required, which can be problematic
and open to possible manipulation by investors to minimise the fiscal take. The
most common approach is to allocate shared costs each year according to the
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proportion of total revenue generated by the project which is attributable to the
different production streams.

In the few areas where domestic gas prices are not regulated and gas is sold in
spot markets — primarily North America and the UK — fewer (if any) fiscal
incentives are offered and the same fiscal regime applies to oil and gas produc-
tion equally. This can create problems for investors if a significant divergence
between oil and gas prices emerges in the spot markets. In a rising oil price
environment, upstream costs tend to increase and most of these costs (e.g. drill-
ing rig rates and fabrication rates for pipelines and production facilities) are the
same for both gas and oil operations. But if gas prices do not rise as fast as oil,
gas project economics will suffer in comparison.

There are a number of countries where fiscal terms have been agreed with
investors for exploration and production of oil but contain no commercial terms
for gas, such as many PSCs in West Africa. Investors who discover commercial
quantities of gas may find that the government regards them as having no rights
to the gas at all, and their involvement in the gas development will need to be
gained, potentially in competition with other potential investors. In other situ-
ations, the oil investor may have the right to develop appropriate commercial
terms with the government, but often the contract is silent as to the principles
this should be based on.

Finally, an approach which can overcome many of the issues surrounding oil
versus gas taxation is to develop fiscal terms which are linked to project profita-
bility, such as profit sharing or tax rates linked to rate of return or ‘R- factor’
measures. These ‘progressive’ terms can apply to any individual project and will
generate a high government take only from the most profitable projects. The
arguments for and against the use of such fiscal regimes are made in more detail
elsewhere in this volume.

D Petroleum economics: gas is not oil!

Upstream gas project economics are typically much less robust than oil for a
number of reasons. First, consumers rarely pay the same for natural gas as the
‘oil equivalent’ price — primarily because oil production can be transported to
energy markets more easily and is therefore in greater demand. Although some
recent LNG purchases in Asia have been almost on a parity with oil prices and
European and North American spot prices have occasionally resulted in parity
pricing, normally gas prices are lower than the oil equivalent. Regulated prices
in the domestic markets of developing countries will also tend to result in lower
prices than for oil. Gas producers supplying export markets normally receive
lower prices than oil, because of the additional liquefaction, transport and re-
gasification costs. This is illustrated in Figure 6.10.

Given an FoB oil price of US$100/bbl (3Q 2008), the energy equivalent gas
price is US$16.7/mmbtu (million British Thermal Units) (based on a
bbl:mmbtu ratio of 1:6). However, FoB LNG prices will almost always be
lower than this. Although some recent LNG sales agreements include parity
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Numbers are hypothetical for illustrative purposes but based on some real LNG and domestic gas
sales when oil was trading at US$100/bbl.

with oil prices for delivered LNG, there is still a discount for transportation to
the market and re-gasification. Most existing sales contracts do not offer parity
with oil, however, and for the purposes of this illustration, an indicative FoB
LNG of US$12/mmbtu has been assumed — a 28 per cent discount on the oil
equivalent price.

Before the producer receives its price, the midstream operation needs to
recover its costs and make a return. Based on a US$12/mmbtu LNG price and
assuming half of the price is passed upstream, the upstream gas price is US$6/
mmbtu. This represents a 64 per cent discount to the oil equivalent price for the
producer. Domestic sales prices in many developing countries are currently (3Q
2008) much lower than this. An indicative domestic price of US$3.5/mmbtu
represents only 21 per cent of the oil equivalent price.

Gas is also more difficult to transport and generally incurs higher costs.
However, even if gas production were sold at parity with oil and the costs were
the same on an equivalent basis, gas project economics would still likely be less
attractive than oil. This is because gas in most parts of the world is sold under
long-term contracts, which imposes long, flat production profiles that reduce the
present value of the production.

Figure 6.11 illustrates the difference in typical production profiles between oil
and gas projects with the same reserves (100 million boe). Whereas the gas is
produced over 20 years, the oil field would normally be depleted much faster,
with a higher proportion of reserves produced in the early years. This has a signi-
ficant impact on the present value of the production. In the example, discounting
future production at 10 per cent p.a. provides a ‘present value’ of 73 per cent for
the oil field but only 47 per cent for gas. In other words, even if prices and costs
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Figure 6.11 Oil field vs gas field production profiles (source: Wood Mackenzie).

are identical on an energy equivalent basis, gas production can be a third less
valuable than oil production — unless the gas can be sold on spot markets and
depleted as quickly as oil.

4 Natural gas pricing and taxation

A Final market and export prices

A major challenge for governments in the taxation of export projects is ensuring
that the price which is used for calculating the government take is a fair and rea-
sonable one. The lack of other gas sales prices to benchmark against and the
level of tariffs charged by the owners of the links in the chain between the export
point and the price paid for the gas in the final market, makes this difficult.

In an LNG project, for example, the FoB price is commonly used for calculat-
ing tax in the midstream or integrated projects. This is supposed to be the price
paid by the end user, net of deductions for the transportation, regasification and
marketing of the gas. Both the final market price and the level of deductions sig-
nificantly impacts the FoB value, so government has a strong motive to ensure
that all of these are fair. This creates difficult challenges.

The first issue is establishing that the final market price compares with
similar sales by other producers into similar markets. Most gas export sales are
under long-term (20-30 years) contracts, and the terms of sales agreements
reflect numerous factors. The gas price in any period is normally derived from a
base price agreed at the time of signing the contract and reflective of markets at
the time, then linked by formulae which refer to the prevailing prices of com-
peting fuels, inflation and other indices. Price floors and ceilings are often
included.

Shifts in bargaining power and market conditions over time mean that the
price being paid for gas under one agreement may be significantly different from
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that under another. These prices are also only rarely reported, so it is difficult to
ascertain if the price in any particular contract is significantly higher or lower
than is being paid for gas from other sources. In these situations, governments
can refer to the few published gas prices that exist, with the most well known
being the Henry Hub spot price in the US. In Europe, the most established spot
price index is the National Balancing Point (NBP) in the UK.

Where the final destination is expected to be a market which does have
reported gas prices, the sales agreement will often take the reported price as the
basis for the FoB price, less deductions and any additional indexation factors.
Thus, sales to the US could reference Henry Hub, with the FoB price increasing
or decreasing as that price changes. The more directly the sales price is associ-
ated with a widely reported spot price, the more transparent the agreement can
be seen to be and the more likely it is that the FoB price is fair.

The government of the producing country should also be concerned with the
level of deductions being made from the final price to cover the costs of getting
the gas to the market. An FOB price derived from the final market in the US, for
example, might be expressed as follows:

FoB Price = Henry Hub Price % (100 — (A + B + C))% — (X + Y + Z), where

e A =volumes lost in liquefaction process.

e B =volumes lost in regasification process.

e C=volumes lost in pipeline to Henry Hub/market.

* X = shipping tariff from export point to receiving terminal.

e Y = tariff for regasification.

e Z=pipeline tariff from regasification plant to Henry Hub/market.

An array of factors influence the levels of tariffs which are charged by the
owners of the shipping, regasification and pipeline links in the chain. These
include the availability of alternative suppliers of the services and facilities, dis-
tances involved, operating and capital costs of the facilities and the rates of
return included in the owners’ tariff calculations (which may be regulated but
normally are not).

The same companies may own more than one of these links and have an inter-
est in moving economic rent to the lowest-taxed link. Thus, government needs to
carefully monitor and benchmark each of the tariffs being deducted from the
final sales price. Although this can be very difficult — and investors clearly have
advantages of asymmetry of information — there is an increasing amount of data
and methodologies in the public domain which can help establish benchmarks.
For example, third-party tanker freight rates are publicly quoted and several
pipeline companies publish existing tariff rates on their websites.

Guidelines for ‘reasonable’ rates of return to be included in gas processing
and pipeline tariffs are established under the US Federal Energy Regulatory
Commission (FERC: www.ferc.gov) and Canada’s National Energy Board
(NEB: www.neb.gc.ca) rulings. It remains true, however, that ensuring fees
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charged for handling and processing gas (outside of the producing government’s
jurisdiction) are fair and reasonable is a significant problem for many govern-
ments. One possible solution to this is to place the ‘burden of proof” onto the
producing company in a self-assessment of the FoB price received. Under this
policy, the company would need to demonstrate to the government that the fees
it was paying (and volume losses it incurs) are within a reasonable range for the
relevant cargoes.

A final issue related to netback pricing which has emerged in recent years is
that the agreed FoB price may not actually reflect the final realised price. Some
companies have developed integrated LNG businesses and can make use of their
presence in different markets to optimise the economic benefit from any LNG
trade. For example, an LNG buyer could agree to pick up LNG cargoes from a
producing country, with an agreed price formula linked to the prevailing Henry
Hub gas price, with the intention that the cargoes will be sold into the US
market. However, if the buyer has an opportunity to sell the cargo into a differ-
ent market (e.g. Asia), then it can do so and benefit from the price upside. The
producing government (and producing company) will receive none of the upside
unless the LNG sales agreement specifically addresses the issue. As a result, pro-
ducers are beginning to seek specific sharing mechanisms for additional price
upside in new LNG agreements.

B ‘In-country’ costs

The issue of fair and reasonable fees charged is also pertinent to links in the
value chain within the country. Fees will be charged by infrastructure owners
(IOs) to third parties (e.g. producers of small gas satellite fields (SPs)) for use of
gas gathering, processing and transportation facilities. Some transport facilities —
primarily major gas pipelines in North America — are owned by companies
which have no economic interest in the producing fields, but it is common for
the development of natural gas infrastructure to be included as part of a first
phase of upstream gas field development. Tariff agreements for the use of these
facilities are normally the result of commercial negotiations between the 10 and
SP and rates will be negotiated somewhere between the IO’s incremental cost of
providing the service (which may be near to zero) and the SP’s opportunity cost
of developing an alternative option to deliver its output to market (which would
often render the development uneconomic).

In the early years of an emerging basin, the major infrastructure will normally
be owned by the producers of the initial field developments and their production
will use most, if not all, of the available capacity. In these circumstances the 10s
can essentially offer ‘take it or leave it’ terms to SPs. As basins mature and the
number of pipelines and other alternative routes to market increase, the SP
should develop a stronger bargaining position. As production from older fields
decline and capacity becomes available in processing facilities and pipelines the
10 will normally be keen to share the ongoing operating costs with SPs and tariff
terms will become more favourable.
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Tariff agreements are expected to arise from negotiations but, to different
degrees, governments retain the right to intervene if an SP complains about the
rates being offered by the 10. Canada and the US have regulatory bodies which
oversee tariff settlements and provide guidelines for industry to follow. In the
UK the industry and government have jointly developed guidelines for infra-
structure access. In Norway and several developing economies with well
developed national oil companies, all gas pipelines are operated by the state and
pipeline tariffs are established by government.

Processing and transportation tariff arrangements are normally based on an SP
securing a certain amount of capacity, often with an additional element based on
actual throughput. This may be modified by ‘use or pay’ terms, which oblige the
SP to pay a fee on the basis of a certain amount of throughput, regardless of how
much production is actually sent to the facilities. Additionally, the SP may seek
‘firm’, i.e. guaranteed, or ‘interruptible’ access to the facilities, with lower tariff
rates for the latter arrangement. Both parties will assess the risks of capacity and
production volumes being available when negotiating the terms. Other agreements
will provide for an ‘all in’ single rate, but in most cases the actual rate agreed will
normally be calculated with some reference to the IO’s operating and capital costs.

The ‘operating fee’ is normally established to share the ongoing operating
costs of the infrastructure, according to each party’s share of total throughput.
The ‘capital charge’ is supposed to enable the 1O to recover costs and make a
return on equity/capital employed, and agreement on what is a reasonable return
is one of the most likely sources of breakdown in negotiations between the
parties. Some governments have issued guidelines on what is regarded as a ‘rea-
sonable’ return on equity. IOs are not obliged to use these in negotiations, but if
a case goes in front of the regulatory body, a significant departure from the
return rate (without good cause) could be deemed unsupportable.

Fiscal terms can influence tariffs sought by 10s and the tariffs can impact fiscal
revenues. Third party tariff income is normally either taxable or reduces tax
allowances, which means that I0s seeking a net income must build the effective
tax rate into their calculations. Where 10s are subject to different royalty or tax
rates, this can create a competitive advantage for the 10 with the lower tax rate as
it can charge a lower fee to generate the same net after-tax income.

Similarly, because of the deductibility of tariffs, governments need to ensure
that the tariffs charged are not being manipulated to achieve tax minimisation.
The opportunity for this will be most apparent when the IO and SP have differ-
ent tax rates and if a company has an economic interest in both the 10 and SP.

C Subsidised prices or fiscal revenues?

In most developing countries, domestic energy prices are regulated and the
resulting low prices available make these projects relatively unattractive to pro-
ducers. In many countries, the inability of local consumers to pay anything like
the international market prices for gas has traditionally meant that developing
gas for domestic use has been considered uneconomic by investors, who are
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mostly interested in exporting gas to the more lucrative markets in North
America, Europe, Japan and Korea.

The increase in energy prices between 2002 and mid 2008 has slowly been
reflected in increasing domestic prices in developing countries, and interest in
local projects is growing among producers, not least because of the surge in
costs associated with exporting gas, whether by long-distance pipeline or LNG.
With a strong political desire in most countries to expand local gas utilisation,
the more the economic differential between domestic and export sales is reduced,
the more attractive local projects will become. However, the transition from the
current price structure in most developing countries to one comparable to that
prevailing in the main consumer countries will take time.

In the meantime, to encourage development of gas supplies for domestic utili-
sation, governments are beginning to require gas producers pursuing export
projects to include a component of domestic gas utilisation. For example, a new
LNG project may require producers to also provide feedstock to a local power
plant, as part of the overall development. Without the domestic commitment, the
export project will not be approved. Thus, producers are obliged to supply the
local market, although they will tend to keep their involvement in supplying gas
to buyers as far upstream as possible.

Where prices are below the costs of production, the only way investors can be
persuaded to develop the gas is if the government provides a subsidy — either
explicitly or implicitly through some form of consolidation with oil production.
Nigeria, for example, got around a similar economic impasse by allowing oil
producers to consolidate the capital costs of gas utilisation projects to be recov-
ered from oil revenues, thus attracting 85 per cent tax relief, while allowing any
operating profits to be taxed under standard corporate tax rules, at a 30 per cent
rate. Under certain circumstances, the tax generated from the production would
be less than the tax relief allowed up front — an implicit subsidy for the oil pro-
ducers. Investors claim that without this fiscal incentive, local gas prices —
including the feedgas price the Nigerian LNG (‘NLNG’) project pays — are not
high enough to enable economic development of the reserves. There has been
much debate over the fiscal rules for gas projects in Nigeria in the past few
years, but a new fiscal regime has yet to emerge (3Q 2008).

Where there is a significant divergence between domestic and export prices for
gas, governments can either incentivise domestic projects through lower taxation
or explicit subsidies to producers. Alternatively, they can reduce the economic
attractiveness of export projects by levying an export duty on production. This can
reduce the netback price to equate to the price available in the domestic market.
There are a number of countries which impose such duties on oil exports, but only
a small number apply export duties to gas, notably Argentina and Russia.

5 Conclusions

The government’s pricing, NOC equity position and fiscal policies for natural
gas projects must be developed simultaneously. If the existing upstream and



Natural gas 183

downstream fiscal regimes are different — which is normal — the transfer price
between the upstream and midstream operations becomes crucial. Under arm’s-
length agreements between upstream and midstream operations, market forces
should dictate an appropriate price. If ownership of the two operations is the
same, however, a proxy transfer price needs to be established. Alternatively, a
separate tax regime could be developed for an integrated gas project, with the
combined upstream and midstream operations treated as the taxable entity.

Just as it does for oil, governments need to closely monitor and benchmark
final market prices, interim transfer prices and charges in each link of the value
chain to ensure that taxable income is fairly calculated. In particular, government
and producers should aim to share in realised market prices which are greater
than expected, and this needs to be addressed in gas sales agreements. Unlike
oil, however, the availability of market data on such sales is limited and often
held confidential under long-term gas sales agreements, suggesting that the
‘burden of proof” should rest with the taxpayer.

A high liquids content in a natural gas project significantly enhances its prof-
itability and can enable producers to charge a lower price for gas. This can make
the difference between a gas project being economically viable or not. When the
liquids are liable to a high tax rate (e.g. oil tax rates), this economic benefit can
be neutralised for investors. It is, therefore, important to consider how conden-
sate is treated under differentiated fiscal terms, as this can influence the pace of
development of the gas industry.

Gas projects may require more attractive fiscal terms than oil projects as a result
of lower profitability, caused by lower energy equivalent prices; higher transporta-
tion costs; and longer, flatter production profiles. Fiscal terms which are progres-
sive and linked to project profitability could apply to both oil and gas and the level
of government take will automatically be lower from less profitable projects.
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Notes

1 Government take = Sum of all royalties, taxes, profit share, etc., expressed as a per-
centage of the pre-take cash flow or NPV. Country take = Government take + NOC
equity cash flow.

2 ‘Associated’ gas normally refers to gas which is produced in conjunction with oil but
where oil production is the primary focus of the project. ‘Non-associated’ gas normally
refers to fields/reservoirs which contain mostly gas reserves, although associated
liquids such as condensate may be present as well.
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1 Introduction

The unprecedented rises in the internationally traded prices of crude oil and
natural gas (petroleum) between 2002 and 2008, and the sudden fall after July of
2008, have concentrated attention once again on how petroleum revenues are
shared between owners of the resource in the ground (usually governments) and
the companies that extract the petroleum. A large portion of world production is
undertaken by companies owned by the governments that also own the resource
— in a group of countries representing over 30 percent of world output (includ-
ing, for example, Iraq, Kuwait, Mexico, and Saudi Arabia) production is exclu-
sively undertaken by national oil companies (NOCs) or even by the government
itself. Among member states of the OECD, on the other hand, production by
NOCs is now much less common. Across most of the world, the pattern falls
somewhere in between — often with the NOC participating alongside private
investors in extraction under petroleum rights granted by the government. In
these cases, the NOC participation terms are part of the overall fiscal scheme
(from the viewpoint of a private investor), and the NOC’s net revenues form part
of consolidated public sector revenues.

In the mining sector, exclusively state-owned production is less prevalent,
though still important (in China and in Chile, for example, as well as many
former Soviet Union countries). This chapter is concerned with circumstances in
which petroleum or minerals are developed with at least part of the capital pro-
vided by private investors, so that those investors participate in both the risks
and rewards.

The strong rise in prices for petroleum and mineral commodities occurred
against great uncertainty (see Figure 7.1 for petroleum). Forecasters and forward
markets have had a poor record of anticipating market developments. Fiscal
regimes designed in earlier times, especially those with little built-in responsive-
ness to price, came under strain, leading to renegotiation of agreements or unilat-
eral imposition of new terms by governments.' The price boom also caused a
surge in demand for inputs to petroleum and mining production — whether
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Figure 7.1 Uncertainty in prices and price forecasts (sources: US Department of Energy,
Annual Energy Outlook (1982, 1985, 1991, 1995, 2000 and 2004); and IMF
World Economic Outlook).

Notes

Charts are revised versions of Figure 2.3 in Ossowski et al. (2008).

*  The solid lines are spot oil prices. The dashed lines are EIA price forecasts (top chart) and future
prices (bottom chart).

**  West Texas Intermediate (WTI) crude oil.

specialized skills, plant and equipment, or supplies — which sharply drove up the
costs of exploration, development, and production. For petroleum, it also caused
a revival of exploration interest in areas thought previously to bear a relatively
lower probability of success, and in recovery from high cost and technically
challenging locations or sources — deep water and oil sands, for example. Earlier
generations of petroleum fiscal regimes designed either from forecasts of field
profitability, or with reliance on field size and rates of production as a proxy for
potential economic return, have not worked well in the face of such change in
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market conditions. Mining regimes limited to a low royalty and corporate
income tax also came under strain.

This chapter outlines evaluation criteria and a modeling approach that can be
used to analyze fiscal regimes for the petroleum and mining sectors from the
perspective of a host government. We illustrate with the case of the impact of
fiscal regimes at the point of the decision to develop a petroleum discovery. This
is the core of evaluation of fiscal regimes, upon which evaluation at other
decision margins (exploration, re-investment, abandonment) can be built. The
basic approach to exploration evaluation (estimation of expected monetary
value, or EMV) requires assignment of probabilities to an unsuccessful outcome
and a variety of possible discoveries. The economics of the discovery cases will
be like the development project cases studied here. The approach will be similar
for mining projects — illustration is left for a subsequent paper.’

For many host governments, a key objective is attraction of exploration
investment. Hence their interest in international comparisons. International com-
parison of fiscal regimes, however, has to interact with other factors — above all,
the “prospectivity” (combined geological attractiveness and location) of an area.
This paper makes no attempt at comparisons of prospectivity (at which oil com-
panies themselves and consultants to the industry are expert, while staff of the
IMF are not), except to the extent that differences in fiscal regimes may imply
differences in prospectivity. Significant differences from country to country in
the results of their fiscal regimes (for governments and investors) using identical
project examples need to be explained by something — prospectivity as a combi-
nation of geological risk, physical location, and political risk being the most
likely. If they emerge, and are not explained, then an initial case for revision of a
fiscal regime can be made.?

We outline, first, criteria that can be used to evaluate minerals taxation
systems and, second, indicators that can be used in a practical project modeling
framework to assess the regime against the criteria. Although much of the
approach draws from standard procedures used by practitioners in the evaluation
of petroleum projects and fiscal regimes for resources,” this chapter tries to relate
these to concepts employed in wider analysis of tax systems and their incentive
effects.

The task is different from, but a variant of, the process of project evaluation
for investment decision-making by companies.’ In particular, a government will
typically have objectives for the efficiency of revenue-raising, preferences con-
cerning the risk profile of outcomes, and about timing or delay in revenues, as
well as objectives that it may hold in common with investors for a regime that
maximizes investment and output over time. In this chapter, the core building
block for decision-making is analyzed — the profile of a petroleum project during
development and production — from which a probability distribution of differing
outcomes can be constructed to guide exploration decisions. The decision
process itself works in the opposite direction (from exploration to development
and production), with the higher risks usually at the earlier points, but each stage
requires an assessment of the end and intermediate points.®
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The application of the criteria and indicators is illustrated using a simulation
for “Mozambique.” The chapter does not replicate any particular contract or field
for that country, but uses the model exploration and production concession con-
tract with possible bid or negotiated parameters added by the authors. The cir-
cumstances of a country such as Mozambique recur elsewhere: one major
petroleum project is already operating, there are further discoveries but, as yet,
no further development decisions, and exploration interest is significant but pos-
sibly not sufficient to permit an auction process to work properly. After consid-
ering fiscal regime issues for this “Mozambique,” the chapter locates the possible
outcome in international comparisons. As with all such exercises, these have
limitations and need to be carefully interpreted, taking account of things they do
not show. An investment decision in any country will be determined by much
more than a mechanical comparison of the effect of a fiscal regime on investor
returns, simulating an identical field across a number of regimes.”

2 Evaluating resource taxation systems

A Criteria used in evaluating resource taxation systems

Resource taxation systems can be quantitatively evaluated for their neutrality,
revenue-raising potential, risk to government (stability and timing of government
revenue), effects on investor perceptions of risk, and their adaptability and
progressivity.®

Neutrality

Neutrality in public finance usage means that a tax instrument (or regime) causes
the least possible unintended disturbance to private economic decisions that
would be made in the absence of tax. A neutral tax is one that does not change
marginal decisions about investment, production, or trade that would have been
made in the absence of tax. There will be instances where the imposition of tax
can enhance economic efficiency, by correcting for externalities that arise when
private and social interests diverge — that is, when there is market failure. For
example, governments may use tax policy to reduce environmental pollution
when the market, left to itself, would have polluted in excess of a socially
optimal amount.

Neutrality in taxation of mining and petroleum activities means that a tax
does not, of itself, alter the order in which projects including exploration are
undertaken; nor does it alter the speed of extraction, decisions about reinvest-
ment, or the decision to abandon a petroleum field, or close a mine.

Revenue-raising potential

The presence of natural resource rents makes resource industries major potential
contributors to government revenues. Governments seek to tax as much of avail-
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able resource rent as is compatible with the desired rate of investment in explo-
ration and development, and of production. In most jurisdictions,” the
government is the owner of the rights to mineral deposits in the ground. Thus, in
addition to ensuring the resource sector makes its due contribution to public rev-
enues in the same manner as other industries (through general taxation), fiscal
arrangements are usually designed to secure a reward for ownership to the gov-
ernment. Government will usually receive a payment for this resource, separate
from the regular income tax. This additional payment should be no greater than
the value of resource rent — a return to the government as the resource owner
which will not alter the behavior of the firm."” In this discussion, we abstract
from the debate about whether resource rent should be broken down into com-
ponents that include pure rent in the Ricardian sense, and the “user cost” or
Hotelling rent — in the sense of the opportunity cost of exploiting a mineral
deposit today rather than at some point in the future (for discussion see Boadway
and Keen, Chapter 2). The evaluation techniques described here are capable of
encompassing both views: effective tax rates can be computed including the
effect of a resource payment, or with resource payments treated as part of project
costs.

Neutrality itself will be relevant to revenue-raising capacity across a coun-
try’s mineral endowment as a whole. Efficient allocation of mineral investment
implies higher real generation of rent over time, and thus greater taxable
capacity.

The effect of the tax system upon the investor’s perception of risk will also
affect its revenue-raising capacity. If the fiscal terms tend to promote contract
stability, or reduce the dispersion of expected outcomes, or avoid enhancing the
prospect of negative returns then the size of taxable rent may be increased.
Defining rent as the surplus over all necessary costs of extraction, including the
minimum returns to capital needed to induce investment in the first place, the
reduction of risk will reduce the premium for risk attached to the required
minimum returns.

Revenue-raising capacity will also vary with the maximum marginal rate of
tax!! that can be levied on an additional dollar of income or cash flow, and still
remain consistent with incentives to continued productive efficiency. It will not
usually be feasible to aim to tax 100 percent of rent because there are problems
of accurate estimation, possible presence of quasi-rents, and the need for suffi-
cient incentive to continued efficient operation.

Finally, the adaptability of the tax system to the realized profit of a project
will also determine its capacity to raise revenue. This is also the progressivity
criterion, discussed below.

Risk to government

With given risk preferences on the part of government and investors, it should,
in principle, be possible to apportion risks and expected returns in an efficient
manner for an individual project. Gains may be made where the parties are
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prepared to trade mean expected value for risk.'? The preferences of the govern-
ment will vary with its underlying fiscal position, access to capital markets, the
extent of its portfolio of present and prospective resource projects, and the size
of a project relative to the overall economy.

Stability and timing of resource revenue is an important consideration for the
design of the tax system where there is high government exposure to this volatile
source of revenue. In principle, welfare will be maximized where a government
can maintain a sustainable fiscal position and, using access to capital markets,
mitigate the domestic effects of mineral revenue volatility. Even where this is not
always possible, those governments with a diverse portfolio of mineral assets are
likely to be better able to withstand volume and price fluctuations than a govern-
ment dependent, for example, on just one or two large projects. Moreover, a
medium-term macroeconomic framework, buttressed by a savings strategy for
resource revenues, could be preferable as a stabilizer to a sub-optimal tax system.

For those with large resource tax revenues, weak fiscal positions and limited
access to capital markets, or with a very restricted portfolio of projects, a stable
revenue stream throughout the life of the project may be desirable — even if it
results in some diminution of total revenues over time. The more a government
prefers such stability, the more it will favor a fiscal regime weighted towards
fiscal instruments such as royalties that are related to total volume or value of
minerals produced, and less towards taxes based on profits or cash flow.

A risk-averse party will attach greater weight to outcomes falling below the
mean of the probability distribution of expected outcomes,"? whereas a risk-
neutral party will attach the same weight to all outcomes whatever their location
along the probability distribution. The usual (though not always correct) assump-
tion is that companies are risk averse, while governments are risk neutral. For a
risk-neutral government, the variance of expected outcomes will be a reasonable
measure of risk. A risk-averse government may seek to reduce that variance, fore-
going the prospect of exceptional revenues to reduce the risk of very poor out-
comes. If it is argued that the opportunity cost to government of exploiting the
particular resource is low, then companies and governments would face signifi-
cantly different profiles of potential outcomes — government would face the
chance of a sub-optimal gain, while companies face risk of absolute financial loss.

The risk of deferral of government revenue is subject to the same
considerations."

Effects on investor perceptions of risk

Reduction of risks perceived by investors may reduce the required rate of return
and raise the amount of rent available for collection. Risks faced by resource
investors include: substantial initial investment exposure before revenues are
generated and the possibility of a long payback period to recover this invest-
ment; uncertain commodity prices; and the political risk of unilateral alteration
of fiscal terms by governments, or even — at the extreme — outright
expropriation.'
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Subjective expectations will play an important part in the determination of
mineral rent — taken to mean the value of the product of a resource minus all the
necessary costs of production, including the minimum return to capital that is
require ex ante to induce the investment. Under uncertainty, expected return will
be an assessment of the probability distribution of returns after tax. The supply
price of capital to a project will be a convenient summary measure of the proba-
bility distribution, loosely termed the “rate of return,” required by the least
demanding investor. Because this is a subjective assessment, government can
influence it by measures to increase the security of investment, accelerate the
recovery of investment (payback), and reduce the likelihood of those negative
outcomes that add greater weight to the investor’s perception of risk.

Assuming resource companies to be risk averse, they will attach greater
weight to outcomes falling below the mean of a probability distribution of
expected outcomes. In analyzing resource taxation problems, however, it can be
argued that, in practice, investors associate risk with failure to attain a target rate
of return.'® If so, the greater the value of outcomes below the target the greater
the risk, and then risk can be measured as the expected value of outcomes with
negative present value, discounting at the supply price of investment.

The assumption of risk aversion on the part of investors is very likely to hold
where a significant part of the contribution to total investment funds is made by
“bankers.” This will occur where the finance for a project is not wholly a balance
sheet liability of sponsoring companies, but where project lending is provided by
financial institutions relying not on the guarantee of the sponsors (at least after
completion) but on the cash flows and assets of the specific project.'” Although
“bankers” providing such finance may charge an interest rate margin above the
cost of credit guaranteed by the sponsor companies, they still do not (usually)
participate in the potential for equity-type returns when a project is especially
successful. For a project financed in this way, therefore, the providers of capital
as a collective have a strong preference ex ante for the avoidance of negative
outcomes. In loan calculations, this will be expressed as a requirement for the
project to meet certain financial ratios, especially a debt cover ratio (ratio of free
cash flow after taxes to obligations for principal and interest payments on debt).

The contribution of any tax regime to expectations of stability in contract
terms will be difficult to measure. The closest proxy is likely to be some measure
of the responsiveness of the fiscal regimes to changed circumstances in output
prices, costs, or volumes of production.

Adaptability and progressivity

The adaptability of the tax system to realized profit will have a strong bearing on
revenue-raising capacity, especially when the tax system is of general applica-
tion across projects. Taking the realized profit, or “profitability,” as the com-
bined outcome of costs, output prices, and output volumes, the adaptability of
the system will also influence investor perceptions of risk. A system that
responds flexibly to changes in circumstances may be perceived as more stable.
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Depending upon the parameters set, it may also be less likely to increase risk,
since it will take relatively less in conditions of low, or no, realized profit.

Adaptability can be measured by indicators of progressivity (discussed
below), where progressivity means that a tax regime will yield a rising present
value of government revenue as the pre-tax rate of return on a project increases.
Conversely, a regressive regime will bear heavily on projects of low profitabil-
ity, and the government share will decrease as intrinsic profitability rises.

Interaction among criteria

There are unavoidable trade-offs between neutrality, revenue-raising capacity,
the risk and timing of the receipt of revenue, and the adaptability or progressiv-
ity of a fiscal system. A fiscal regime that is less reliant on income taxation and
more on royalties will generate a relatively more stable and timely revenue
stream, while imposition of import duties will yield a revenue stream during the
investment phase. However, import duties will increase the cost of investment,
and royalties may raise the marginal cost of extraction — discouraging develop-
ment, at the margin, of otherwise economic projects or remaining resources.
Similarly, an increase in the tax rate applicable to existing projects may raise
revenue potential, but it will deter future investment (and, in the long run, reduce
revenue). Administrative considerations are also important (see Chapter 11 by
Calder). For example, a royalty based on a transparent price formula may be
easier to administer and monitor than a resource rent tax.'®

These trade-offs and administrative considerations call for political judgment
— a unique best policy cannot be proposed.

B Indicators for measuring the evaluation criteria

Indicators for evaluating the economics of the project

The evaluation of a mineral taxation system from the investor’s standpoint
requires the assessment of before- and after-tax economics of the project. This
section examines a number of alternative methods for doing this that incorporate
uncertainty and an investor’s assessment of risk.

NPV and variations of the discounted cash flow method

SINGLE DISCOUNTED CASH FLOW

The discounted cash flow (DCF) method is the traditional approach used by
investors to calculate a project’s net present value (NPV). In this approach, the
expected values of future cash flows are discounted using a risk adjusted dis-
count rate (RADR), or “hurdle” rate. If the cash flows are known with certainty,
the discount rate only needs to account for the opportunity cost of capital to the
firm — a “risk free” cost of capital. However, if the cash flows are uncertain (the
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usual case), the discount rate will equal the sum of the cost of capital and the
premium that is required to compensate the investor for risk. In resource
projects, those risks can be project-specific and country-specific. A typical
approach begins with the principle that the hurdle rate should equal the firm’s
cost of capital (see Appendix II for an approach to estimation of the cost of
capital). This will reflect the firm’s financial leverage, after-tax borrowing costs,
and expected return on equity. Calculations are typically performed, first, on an
all equity basis, so that financial leverage can be then be separately evaluated as
a means to optimize returns to the firm’s equity. For individual project appraisal,
the hurdle rate might consist of the cost of capital, plus a premium for technical
and market risks in the project (including price risks), and a premium for sover-
eign risk related to the country in which the project is located. Hurdle rates for
initial project screening are often uniform, and set by corporate policy.

The risk-adjusted DCF method has been criticized for not properly accounting
for cash flow uncertainty. In addition to the practical difficulty in choosing a risk-
adjusted rate, the DCF method has been criticized for applying a single discount
rate to both revenue and expenditure cash flows. Many argue that revenues and
expenditures should instead be discounted separately, using rates that reflect the
riskiness of each cash flow component.'® Further, the use of a single discount rate
assumes that the risk structure is stationary, which may not be the case, especially
for long-life mining projects where risk tends to decline as the project develops.?

Comparison of internal rates of return (IRR) is a variant of the DCF method.
The IRR is the discount rate that equates the NPV of a project to zero. A
common investment rule is to accept an investment project if the opportunity
cost of capital (equivalent to the hurdle rate) is less than the IRR — in which case
the NPV would be positive. There are, however, a number of additional pitfalls
in using the IRR (Brealey and Myers, 2005). These include the possibility of
there not being a unique IRR, inability to account for an opportunity cost of
capital (and, hence, discount rate) that varies over time and difficulty in ranking
projects where the initial outlay is different.?!

SENSITIVITY ANALYSIS

Sensitivity analysis is often used to provide the investor with an assessment of
the range and distribution of likely outcomes in the DCF method. The base case,
and reference point for further analysis, is the NPV generated by estimating the
expected value of each variable used in the DCF calculation. Investors will also
be interested in the best and worst cases. These can be generated by using values
of those variables with uncertain future values that lie at the extremes of a prob-
ability distribution. Additional scenarios can also be run to isolate the impact of
each source of uncertainty. For example, the effect of different commodity prices
can be analyzed by holding input costs and other uncertain variables constant. A
key limitation of this approach is that it gives little insight into the relative likeli-
hood of different outcomes, and provides no guideline for hurdle rate adjust-
ments after incorporating uncertainty (provided that the hurdle rate is properly
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risk-adjusted under the base case, using the same rate in an alternative scenario
may lead to double counting of risk).

CERTAINTY-EQUIVALENT CASH FLOWS

An alternative approach to accounting for risk is to discount certainty-equivalent
cash flows using the risk-free interest rate. The certainty-equivalent cash flow is
the amount that would make the investor indifferent between having that amount
for certain or maintaining the rights to the uncertain cash flows from the project.
In other words, the certainty equivalent approach adjusts for risks in the esti-
mates of the cash flows, not through adjusting the discount rate. Financial market
information can often be used to construct certainty-equivalent cash flows for
resource projects. This method is easy to apply, however, only when price varia-
bility is the single source of uncertainty, and even then, difficult assumptions
need to be made about forward prices beyond the maturity for which they are
available (Grinblatt and Titman, 2002).

MONTE CARLO SIMULATIONS

This approach involves defining a probability distribution for each project vari-
able that is uncertain, and sampling from these distributions the cash flow for
each period. After large numbers of samples, an estimate of the probability dis-
tribution of project NPV can be made. A number of useful summary statistics
can then be calculated, including the expected NPV, standard deviation of NPV,
and the probability of the NPV being less than a chosen threshold. Simplifying
assumptions have typically been needed to make the model computationally
tractable,” and most commonly involve assuming that some variables are deter-
ministic and those that are stochastic are normally and independently distrib-
uted.” To the extent that these assumptions are not valid, the estimated NPV
distribution will deviate from the true (unknown) distribution. In principle, if all
uncertainty is properly taken into account in the Monte Carlo simulation, the
hurdle rate can be set at the cost of capital, with all risks reflected in the distribu-
tion of the NPV. The distribution of outcomes from the simulations can be used
as an input to decision making directly, or summary statistics can be constructed,
reflecting investors’ attitude toward risk. Since accounting for all the project
uncertainty is difficult, some risks may still need to be reflected in the hurdle rate
rather than directly in the simulated cash flow.

Incorporating managerial flexibility

A major criticism of DCF methods outlined so far is that they ignore managerial
flexibility. Specifically, they implicitly assume that managers are passive once the
binary decision on whether to invest has been made, regardless of how future events
unfold (Smith and McCardle, 1998). In reality, however, managers respond to
developments in output prices and other uncertain variables by expanding or aban-



Evaluating fiscal regimes 197

doning production, or by varying the firm’s output mix or its production methods
(Slade, 2001). In some cases, managers may also have the option to wait before
committing to invest. Options such as these are valuable and so the DCF method
will understate the NPV of those projects that afford managerial flexibility.**

The decision tree approach (Box 7.1) improves upon the previous methods by
reflecting investors’ decisions over time in an uncertain environment. Decision
trees outline the available options embedded in projects. They also take into
account uncertainty in important variables by attaching probabilities to discrete
outcomes. The decision tree has nodes which represent points of uncertainty (e.g.
unknown commodity price) or decision (e.g. continue or suspend production),
and branches which represent a range of possible alternatives at each node (e.g.
commodity price is high or low). The project is valued at the end of each branch
by discounting the cash flows arising along that branch. Similarly, the probabil-
ity of an individual outcome can be determined by multiplying the probabilities
at nodes along the branch. Thus, the method provides a range of possible project
outcomes, and informs the investor of the relative merits of various decisions.
The main advantage of decision trees is that they explicitly account for different
managerial responses. They require, however, that probabilities be determined at
each node. Moreover, the decision tree method has even more difficulty in incor-
porating correlation between variables (Galli et al. 1999), and can quickly
become very complex and intractably large unless limiting simplifying assump-
tions are made (Smith and McCardle, 1998).

The real option method incorporates the value of managerial flexibility by
recognizing that the methodology to value financial options can also be applied
to value real assets. A basic call option gives the buyer the right, but not the obli-
gation, to buy a security at a specified price in the future. Similarly, an investor
can purchase the rights to undertake an investment project: the underlying asset
is the present value of expected net cash flows from the project; the exercise
price of the option is the required investment outlay; and the term of the option
is the period for which the firm has the rights to the project. A similar framework
can be applied to analyze other real options such as the flexibility to change
levels of production in response to price movements. The real option method,
however, is difficult to apply in practice, and requires a number of simplifying
assumptions. These assumptions typically include that the commodity price is
the only source of risk. In addition, the results are sensitive to the stochastic
process that the commodity price is assumed to follow.

In view of some of the complications of the decision tree and real options
methods, they are not further pursued in this paper, although the modeling
approach explored in this paper can be extended to incorporate the decision tree
method.” In particular, a specific case of the decision tree is the assessment of
expected monetary value (EMV) in the assessment of exploration economics.
The quantitative appraisal in this paper is confined to decision-making at the
development margin, but the project modeling apparatus can be straightfor-
wardly adapted for the analysis of the effect of fiscal regimes on exploration
decisions, using EMV analysis (see Box 7.1, and Appendix III).
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Box 7.1 Using the modeling framework to evaluate choice of
exploration location

Investors will seek to identify countries which provide the highest return on explo-
ration investment measured on a risked, after tax basis — simply expressed as
expected NPV per dollar of expenditure. This can be comparatively evaluated by
calculating Expected Monetary Value (EMV) for a range of potential countries or
jurisdictions. The evaluation of a development project, set out in this paper, is a
key building block for calculating EMV.

The EMV equals the sum of: the probability of unsuccessful exploration multi-
plied by expected after tax NPV loss from failed exploration costs, and the probability
of each type of successful discovery multiplied by the expected after tax positive NPV
from successful projects. The relative probability of each outcome would require a
geological and technical assessment. (See Appendix III for a more formal treatment.)

The after-tax NPV loss from failed exploration would comprise:

» Expected costs for carrying out an appropriate exploration program up to
the point where either a discovery, or a decision to pull out, would be made.

» Reduction of this exploration cost by any tax benefit, to the extent that the
investor is able to claim a tax deduction against other operations in that
country, if any exist.

The expected NPV of a successful discovery, and EMV, could be calculated
using a decision tree taking into account: the type and size of projects arising from
a discovery, given that country’s geological setting, and history of other develop-
ments; the relative probability of each potential project; expected after tax NPV for
each potential project, preferably taking into account specific local circumstances
and cost structures.

While computationally much more intensive, the same range of analytical tools
presented elsewhere in this chapter can be applied to the portfolio of potential
projects, rather than a single project. In addition, the expected EMV per dollar of
exploration investment would provide a useful comparative statistic (arguably the
single most relevant to an investor).

EMV decision tree example:

NPV —25

NV 200
NPV 261 NPV 500
NPV —25

P(success) = 0.25
EMV NPV 400
P(failure) = 0.75
NPV 46

No NPV 800

discovery
NPV —25
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Indicators summarizing features of the fiscal regime

We begin with consideration of indicators commonly used in general analysis of
taxation, and then consider how these can be applied in the specific context of
petroleum and mining.

AVERAGE EFFECTIVE TAX RATE

With mobile capital, neutrality of the tax system can be interpreted with respect to
the decision on where to invest, and the decision on how much to invest.® For a
given investment, without other locational differences, the discrete choice between
two or more mutually exclusive locations depends on the average effective tax rate
(AETR) — how much tax a firm will pay on an average investment. It can be proxied
by the ratio of tax collections to a measure of the tax base, using either national
accounts and other aggregate data (Mendoza et al. 1994) or financial statement
information (Collins and Shackelford, 1995). However, these measures have been
criticized because they are backward looking in that they reflect taxes levied on
income generated by past investment decisions. In response to such criticisms,
Devereux and Griffith (2003) developed a framework for a forward-looking AETR.
A forward-looking AETR is familiar in resource industries, calculated as the ratio
of the NPV of tax payments to the NPV of the pre-tax net cash flow from a project
that generates a return greater than that from a marginal investment.

MARGINAL EFFECTIVE TAX RATE

The location decision, however, depends upon evaluation of the optimal invest-
ment in each possible country, which will vary with the marginal effective tax
rate (METR). The METR is the ratio of the difference between the pre- and post-
tax rate of return, for a marginal investment, to the pre-tax return (see Appendix
I for a more formal treatment).

The size of this “tax wedge” depends on a number of factors, in addition to
the rate of tax on profit. The real after-tax rate of return on investment is affected
by the tax treatment of the financing of the firm, and tax depreciation provisions.
Inflation assumptions affect the calculation in that inflation erodes the value of
future tax depreciation allowances, or losses carried forward, but increases the
value of future interest deductions arising from debt financing. Indirect taxes,
particularly import duties, may also be important, as will specific investment tax
incentives, such as tax holidays, and the tax treatment of inventories. For invest-
ments that are domestically financed, the METR may also be affected by the per-
sonal income tax regime through its impact on the after-tax rate of return to
saving. For example, the tax system may make a distinction between interest,
dividends and capital gains, introducing distortions into an individual’s choice of
savings vehicle, or it may influence inter-temporal consumption preferences.

Application to resource projects

Some re-interpretation is required to apply these measures to the evaluation of
resource taxation systems.
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For all practical purposes, the interaction with personal income tax systems
can be ignored. In the circumstances of petroleum investment in developing
countries, the bulk of the inflow is from overseas and only the return at the
corporate level needs to be considered.”’

The investment decision concerns a resource whose dimensions are initially
estimated and whose location is fixed,® and for which the techniques and scale
of production are also largely fixed (with little or no substitutability among
factors of production). The METR therefore may not serve as a prime determi-
nant of the initial scale of investment at the individual project level. If we con-
ceive of petroleum investment in a country over time, over the whole of its
possible petroleum deposits, then the METR would be an indicator of the devia-
tion between the optimum level of investment to extract available resources, and
the investment that will be forthcoming with a given fiscal regime. During the
extraction phase, it may also indicate which incremental investments are viable,
and thus influence the proportion of the resource ultimately recovered.

The METR can be viewed as an indicator of the neutrality or otherwise of the
fiscal regime. Where there is a large tax-induced wedge between before and
after-tax rates of return, then the range of otherwise feasible projects that can be
developed will be narrowed. The ordering of projects may also be changed if the
fiscal regime produces varying METR results for projects with differing cost and
production profiles.”

A less formal expression of this concept (which we illustrate below) is esti-
mation of the output price (strictly, a price path) at which a particular project
will generate a post-tax rate of return that will just induce investment — a
“breakeven” price. An alternative is the minimum size of resource required for
viability, with given techniques and prices.

Given the fixed location of deposits, the METR applied to a petroleum project
can be compared across countries. Ideally, it should be calculated separately for
cach fiscal regime with a field example appropriate to that regime, or at least to
the country’s circumstances. Most international comparisons (including ours)
examine the effects of different fiscal regimes on a suite of typical field exam-
ples, so that fiscal differences alone are captured.

The literature on estimating METRs is extensive, with differences in the
scope of tax treatment incorporated and assumptions made.** Most studies only
include direct taxes in the METR calculations because indirect taxes, in particu-
lar withholding taxes on payments for inputs and import duties, often come with
a complex structure of multiple rates and exemptions, making their impact on a
particular project difficult to determine.’’

The AETR — better known as “government take” in the petroleum sector — is
a familiar measure used in international comparison of fiscal regimes. It com-
pares the share of petroleum rent taken by government across countries: the
“government take” at a rate (or range of rates) of discount designed to simulate
the risk adjusted return required ex ante by investors.

A major limitation of most AETR and METR estimates is that they ignore
risk. In most cases, calculations are based on the assumption that all non-tax
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factors are the same in each jurisdiction being analyzed, including a common
discount rate in NPV calculations. Such an approach ignores differences in risks
across jurisdictions — both sovereign (political and regulatory stability, and relia-
bility of infrastructure) and geological (uncertain reserve quantity and grade) —
which may lead to erroneous country-attractiveness rankings. The previous
section explored this issue with respect to the method of discounting.*

Stability and timing of government revenue

The stability and timing of government revenue can be assessed by analyzing the
profile of estimated tax payments. Different tax regimes will create different tax
profiles (a) through the effect on the timing of investment and production by alter-
ing incentives (non-neutrality), and (b) because different tax instruments will give
rise to different profiles for a given pattern of depletion of mineral deposits.
Stability can be assessed by calculating the variance in NPV of government cash
flow, while timing can be assessed by constructing various summary measures,
such as the proportion of the cash flow received in the first # years of the project.

C Summary of indicators

This section summarizes indicators discussed above and used in numerical exam-
ples below. Monte Carlo simulations are conducted to account for the effect of oil
price uncertainty. The distribution of outcomes is measured both by summary stat-
istics and by graphical representation of the cumulative probability distribution of
outputs. Since the investor’s expected return depends on the investor’s attitude to
risk, when applicable we consider both risk neutral and risk-averse cases: (a) where
equal weight is assigned to positive and negative outcomes, and (b) where
the investor is solely concerned to minimize negative outcomes (those below the
assumed target rate of return). The risk-averse investor is interested not only in the
probability of below target returns, but also in the relative expected value of pos-
sible negative outcomes. In particular, we are interested in the tax-induced
expected negative present value: the pre-tax negative present values are subtracted
from the post-tax negative present values generated under each regime.

Measures of impact of the fiscal regime upon investors

The present value of net cash flows (NPV) at a variety of discount rates, reflecting
non-price risks as discussed above. Where this is calculated as the mean of a prob-
ability distribution, it will portray the likely ranking of regimes or projects by
investors who weigh the probability of gains and losses equally (risk neutral), on
the assumption that all other influences on the investment decision are equivalent.

The expected rate of return (IRR) on total funds outlaid in a discounted cash
flow calculation, where “total funds” means equity, debt, and retained earnings
expended on project investment. In accounting terms, this return on total funds
comprises operating profit less capital expenditure, change in working capital,
and taxes. Interest is not deducted, except in tax calculations, so interest must be
covered by positive cash flow (and is thus part of the expected return).
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Average and marginal effective tax rates as discussed earlier.

Breakeven price required to achieve a target rate of return.

Payback period (in years) for recovery in real terms of initial investment outlay.

Dispersion of expected IRR is the coefficient of variation of the IRR in a prob-
ability distribution of multiple outcomes.

Expected risk index is measured as the expected value of tax-induced below
target outcomes in a probability distribution of multiple outcomes, in relation to
a benchmark regime.

Additional measures of the impact of the fiscal regime upon government

Time profile of government revenue represents graphically the magnitude and
timing of revenues, which can be easily compared from one case to another.

The tax (state) share of total benefits. The AETR is equivalent to the familiar
notion of “government take,” or state (plus national resource company) share of
the present value of net cash flows to total funds outlaid at a given discount rate
(for example, NPV15), otherwise termed “net benefits.” When showing this as
the state share of resource rent the plotting of the line in cases of increasing
profitability usually shows a declining state share as pretax net present value
rises, until very high rates of pretax return are simulated. This occurs because,
where the investor bears the whole of initial capital outlay, the investor share of
NPV at first rises rapidly with project profitability, until higher profitability trig-
gers progressive elements in the fiscal regime sufficient to cause a relative
increase in the government share. The effect of royalty, or minimum production
shares, or income tax with long depreciation periods, is significant as a propor-
tion of net cash flow when pretax returns are low but falls as pretax returns rise.
Virtually all fiscal schemes therefore appear regressive when graphed in this
way, and the progressive properties of the instruments within the fiscal regime
are obscured.

It is therefore useful, in addition, to plot the state share of “total benefits” — rev-
enues minus operating costs and replacement capital expenditure after start-up,
expressed at a selected discount rate. The denominator in the share calculation
therefore does not have initial investment costs deducted. These total benefits rep-
resent the cash generated by the project that is available to reward the providers of
capital (to service both debt and equity, representing the initial capital outlays) and
to meet all fiscal impositions, including state production shares and returns to con-
cessional state participation. By this measure, the relative progressivity of the fiscal
regime, and of each element within it can be more clearly shown. The shape of the
curve also provides another indicator of the extent to which the fiscal regime is
likely to impede recovery of initial capital outlays.

The state share of “rent” is a graph of the AETR calculated for a range of
present value outcomes, at a discount rate assumed to represent the investor’s
minimum required rate of return.

Variance of government revenue measured as the coefficient of variation of the
present value of government revenues from a probability distribution of outcomes.
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This measures the dispersion of possible outcomes, and is a measure of risk to
government (government may prefer a narrower range of potential outcomes).

Expected yield index is measured as the mean NPV of government receipts,
from a probability distribution of multiple outcomes, set in relation to the figure
for a benchmark regime.

Government share of total benefits in the first n years of project operation
measures, when compared across cases, change in the timing of government
revenue. In this analysis the period is ten years, but could easily be any other
desired period.

Finally, it is possible numerically to illustrate some trade-offs in fiscal regime
design by comparing the effect of changes as between the government’s expected
vield index and the investor’s expected risk index. It is also possible to estimate
an implied “prospectivity gap,” on certain assumptions, as perceived by a risk-
neutral or a risk-averse investor, meaning the advantage or disadvantage to the
investor demonstrated by one fiscal regime when compared with another, using
the same simulated project and price scenarios. As discussed earlier, prospectiv-
ity here means a combination of geological risk, physical location, and political
risk. If this advantage or disadvantage is significant, then the first hypothesis to
investigate is whether the fiscal regime differs as a direct consequence of differ-
ing perceptions of prospectivity. If it does not, then there is a case for revision of
the fiscal regime (or for discovery of new parameters by offering prospects at
auction). Table 7.1 contains a summary of criteria and indicators.

3 Evaluation of economics of fiscal terms and alternative regime

This section evaluates the economic terms for potential petroleum operations in
“Mozambique” using three simulated oil fields (see Chapter 4 by Nakhle, for
detailed treatment of alternative types of petroleum fiscal terms). Stylized fiscal
terms (“current terms”), working within the 2007 model EPCC of “Mozam-
bique,” are evaluated in terms of neutrality, revenue-raising potential, risk to the
government, adaptability, and progressivity, as discussed earlier in this paper.
The “current terms” are then compared against a hypothetical alternative fiscal
package to illustrate potential benefits from regime refinements. Finally, the
“current” and alternative terms are set in an international context, with an estim-
ate of the “prospectivity gap” implied by the fiscal regimes.

A General assumptions

Geology and operating costs

The simulated oil field examples are: (i) a medium-large onshore field, (ii) a
medium offshore shallow water (< 200 m) field, (iii) and a large deep water field
(1500m). All exploration and appraisal,” development, and operating costs
reflect actual cost levels in the upstream industry.>* Table 7.2 lists projects and
their costs.
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Table 7.1 Evaluation criteria and indicators

Evaluation criterion

Key indicators

Type of sample or output

Neutrality

Revenue Raising Capacity

Adaptability/Progressivity
Risk to Government

Investor Perceptions of Risk

Relating Revenue Yield to

Average effective tax rate
(government take in
profitable case)

Marginal effective tax rate
(wedge between pre and
post tax IRR, as % of
pretax)

Breakeven price

Time profile of revenue

Share of rent to government

Tax share of total benefits
Variance of NPV of
revenues (coefficient of
variation)

Proportion of revenues in
first n years

Dispersion of expected IRR
(Coefficient of variation of
IRR)

Probability of below-target
returns

Value of negative returns

Cumulative probability
distribution of outcomes
Compare expected yield

Single case, international
comparisons

Single case at investor’s
discount rate

Price just yielding
investor’s discount rate
Single case, graph

Range of cases, graph
Range of cases, graph
Probability distribution of
cases

Single case (or mean of
distribution)

Probability distribution of
cases

Probability distribution of
cases

Probability distribution of
cases

Probability distribution of
cases, graph

Probability distribution of

Investor Risk index with expected risk cases
index

“Prospectivity Gap” Present value to equalize Probability distribution of
mean PV to investor cases
Present value to equalize Probability distribution of
PV of negative returns cases

Oil prices

The simulation of potential revenue generated by the projects uses World Eco-
nomic Outlook (WEO) price projections at end-February 2009. These extend
until 2014, where prices significantly compared to 2008 levels (Figure 7.2), and

a constant price in real terms is assumed thereafter.

In Monte Carlo simulations we account for uncertainty surrounding future oil
prices by assuming that oil prices follow a stochastic stationary first-order
autoregressive (AR(1)) process. Details of the estimation of the parameters of
this process are described in Box 7.2. The hurdle rate in NPV calculations below

is still adjusted upwards to take account of other, non-price risks.
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Onshore Oil Project

Oil production million bbl 100
Oil production years 17
Finding and development costs $ per bbl 5.5
Operating costs $ per bbl 44
Decommissioning costs $ millions 20
Shallow Water Oil Project

Oil production million bbl 151
Oil production years 18
Finding and development costs $ per bbl 13.6
Operating costs $ per bbl 6.8
Decommissioning costs $ millions 80
Deep Water Oil Project

Oil production million bbl 1,000
Oil production years 21
Finding and development costs $ per bbl 11.8
Operating costs $ per bbl 4.8
Decommissioning costs $ millions 1,000

Hurdle rate

Cost of capital estimates for integrated petroleum companies and petroleum pro-
ducers in the US in 2008 seemed to lie in a range of 8§ to 9 percent in nominal
terms.*> An appropriate “project” margin over this may be 3 to 4 percentage
points, bringing this discount rate conveniently close to 12.5 percent nominal or
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Figure 7.2 WEO oil price projection (as of February 2009).
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Box 7.2 Oil price simulation

This box explains the autoregressive model (i.e. the price today helps predict the
price tomorrow) used to generate the stochastic oil price simulations used in the
chapter.

Data used

The original data used are the annual simple average of three oil spot prices: Dated
Brent, West Texas Intermediate, and the Dubai Fateh published in the WEO
between 1960 and 2008. These prices were adjusted annually for US inflation,
using 2008 as the base year, and then normalized by taking natural logarithms.

Autoregressive (AR) model

It is assumed that real oil prices follow an autoregressive process given by

y=ot+By, te (1)

where y, is the oil price in real terms defined above, o and 3 are parameters relating
the current price to its past value, and e, is a stochastic error term distributed nor-
mally with zero mean and variance o If |f| < 1, a/(1 — B) is the mean of y,, to
which y, will tend to revert in the long run. Parameters of the model are estimated
by OLS, yielding the following estimated equation:

v, =0.25+0.94 y,_, + e, where e,~ N(0, 0.26) 2)

Stochastic simulations

In stochastic simulations, future oil prices are generated recursively using equation
(2), starting again from the latest available price level (an average price of US$95/
bbl was used for 2008), and with error terms randomly generated (using a normal
distribution with parameters reported in (2)). Additionally, lower (US$20/bbl) and
upper (US$200/bbl) bounds on oil prices are imposed to avoid extreme values.
This exercise is repeated multiple times to construct a range of possible outcomes
for future oil prices.

10 percent in real terms. What then is the appropriate discount rate for an activity
outside the investor’s home country, incorporating country risk? On dollar
denominated bond spreads, the additional margin is probably somewhere in the
range of negligible to 10 percent, implying that a “worst case” discount rate (from
a government viewpoint) would be 20 percent in real terms, with a “best case” at
10 percent real. In line with earlier discussion, this paper uses a hurdle rate above
the minimum to account for non-price risks. The effects of varying this rate
upwards, and the discount rate for government downwards, are also illustrated.
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A Economics of “current terms” and alternative package

Current terms

The “current terms” applied in “Mozambique” are summarized in Table 7.3.

Revenue-raising capacity

TIME PROFILE OF REVENUE

The revenue pattern over the cycle of the projects mainly reflects the production
profile. The onshore and shallow water fields have similar profiles, both reach
peak production rates early in the life of the project with a subsequent steady
decline in production. The deep water project also has high initial production,
but reaches its peak production level later in time. While all three petroleum
projects have substantial revenue potential, the magnitude will depend on price
dynamics. The main source of government revenue, under the current fiscal
regime, would be the share of profit oil, followed by corporate income tax (CIT)
and royalty. Table 7.4 summarizes the main economic results for the three oil
projects under the “current terms.” All results, including revenue and rates of
return are measured in real terms unless otherwise noted. The AETR is measured

Table 7.3 Simulated “current terms™*

Royalty 10%
Cost Recovery Limit 65%
R-factor based profit petroleum sharing*

R-factor <1 10%
1< R-factor <2 20%
2< R-factor <3 30%
3< R-factor <4 40%
R-factor > 4 50%
CIT rate 32%
Dividend and interest withholding tax (WT) 20%**
State equity participation 10%***
Notes

+  The fiscal terms are assumptions by the authors, set in the framework of the Model Contract
EPCC of 2005 and 2007 published by the Mozambique National Petroleum Institute for its 2007
Licensing Round (www.inp-mz.com).

*  The R-factor is the “payback ratio”. An R-factor = 1 indicates that costs and revenues of the
contractor are equal (i.e. undiscounted real net cash flow = 0).

**  For modeling purposes it is assumed that: (i) 50% of development costs are financed through
debt, repayable ten years after production starts with an interest rate of LIBOR + 1%; and (ii)
all investor cash flows after repayment of income tax and debt are remitted as dividends, on
which withholding tax is charged. In practice, however, the investor can reinvest profits, or
arrange activities in a way that reduces dividend withholding taxes.

**% State equity participation is assumed to be carried during exploration (repayable), but no
premium is charged for the option to participate in a commercial discovery. This is concessional
participation (in comparison with the terms that a private party would face), and the net pro-
ceeds to the state are treated as part of the fiscal take.
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Table 7.4 Summary results for the “current terms”

o

“Mozambique” “current” fiscal regime

Onshore  Shallow water  Deep water

Project pre-tax real IRR 92% 56% 31%
Post-tax real IRR to contractor 70% 45% 22%
Project pre-tax NPV at 10% ($mm) 1,869 2,852 12,145
Contractor NPV at 10% ($mm) 561 919 3,193
Payback period at 10% (years from start of 2.1 3.0 6.0
production)

Government revenue NPV at 10% ($mm) 1,331 2,055 9,582
Government take (AETR) at 10% 71% 72% 79%
Project pre-tax NPV at 15% ($mm) 1,259 2,083 6,586
Contractor NPV at 15% ($mm) 384 675 1,427
Payback period at 15% (years from start of 2.2 3.2 7.0
production)

Government revenue NPV at 15% ($mm) 908 1,596 6,062
Government take (AETR) at 15% 72% 77% 92%
Project pre-tax NPV at 20% ($mm) 875 1,525 3,323
Contractor NPV at 20% ($mm) 269 489 349
Payback period at 20% (years from start of 2.3 34 9.6
production)

Government revenue NPV at 20% ($mm) 645 1,264 3,976
Government take (AETR) at 20% 74% 83% 120%

as the ratio of the NPV of tax payments®® to the NPV of the pre-tax net cash flow
from the project at a given discount rate. The AETR represents the “government
take” from net cash flow.

The onshore field has the highest pre-tax profitability because of the combina-
tion of a high initial production with the lowest development and operating costs
per barrel among the three projects. In contrast, because of its capital cost struc-
ture and a more evenly distributed production profile, the deep water field is sig-
nificantly less profitable than the other two projects.®’

The government take in the deep water project is higher than in the two
other projects when using a rate of discount of 10 percent or higher. As the
rate of discount increases, the difference in government take between the deep
water field and the other two projects widens significantly, especially when
compared to the onshore project. This result is explained by the combined
effect of the royalty, the cost recovery limit, and the time value of money. The
deep water project takes at least three times as much time to recover costs as
the onshore field, and twice the time of the shallow water field (see payback
periods above). Therefore, as the rate of discount increases, pre-tax positive
cash flow, which occurs much later in the deep water project, is discounted
proportionately more than in the onshore and shallow water projects. Thus, at
higher discount rates pre-tax NPV falls at a faster rate in the deep water
project, while in all cases early government revenues from royalty payments
and first tiers of profit oil will be discounted proportionally. The same pattern
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is observable when comparing the onshore field to the shallow water project,
which requires approximately one year more to recover costs. The government
is initially assumed to have the same discount rate as the company of 15
percent in real terms.

GOVERNMENT SHARE OF RENT

The AETR is also used to examine the share of “rent” captured for government
by the fiscal regime at different levels of profitability. Figure 7.4 illustrates the
AETR over a range of pre-tax cash flow, for the each field, at a discount rate of
15 percent.

Over the illustrated range of outcomes, the share of rent falls as the pre-tax
present value of cash flows rises. Where the taxation share is above the horizon-
tal axis, the government takes more than 100 percent of “rent” and the investor’s
ex post return will be below the supply price of capital. Under conditions of cer-
tainty, investors would not undertake the project in these cases.

B Introducing the alternative package

Although the alternative parameters illustrated here perform relatively well for
all three projects, the terms could if necessary differ (for example, within a
block-by-block bidding mechanism) to reflect the specific characteristics of dif-
ferent types of oil fields.™® The rate of return scheme, however, adjusts well to
variations in circumstances, and lessens the need for such differentiation. The
alternative package keeps the “current” royalty rate in “Mozambique,” to secure
early revenues for the government, but increases the cost recovery limit to 90
percent — implying an effective royalty of 12.25 percent.** In addition it intro-
duces a rate of return based production sharing mechanism, in place of sharing
by a scale of the R-factor, and decreases the rate of interest and dividend with-
holding tax (WT) to rates common in recent bilateral double taxation treaties.*’

Table 7.5 Alternative package (%)

Royalty 10
Cost Recovery Limit 90
IRR profit petroleum sharing (nominal ROR)

IRR < 15% 25
15% < IRR <20% 35
20% < IRR <25% 45
25% < IRR < 30% 55
30% <IRR <35% 65
35% < IRR <40% 75
IRR > 40% 85
CIT rate 32
Dividend and interest WT 10

State equity participation 10
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Figure 7.5 R-factor and cumulative IRR to the investor for the deep water oil project.

The key difference between the rate of return and the R-factor mechanisms is
that the rate of return scheme takes into account the time value of money, while
the R-factor scheme does not. Figure 7.5 illustrates this important difference
under the deep water oil project. Cumulative IRR grows at a faster rate than the
R-factor, and approaches its maximum more quickly than the R-factor, creating
scope for the government share in the scale to increase more rapidly, without
adversely affecting investor outcomes — assuming appropriate IRR tiers and
profit oil shares are applied.

Figure 7.6 illustrates the revenue-raising superiority of the alternative package
over the “current terms” for the onshore and shallow water oil field projects. The
government revenue profile for the deep water oil field project is very similar
under the “current” and alternative terms. The alternative package yields more
revenue to the government than the “current terms” in the later years of the
project, when costs have been recovered and profits are rising. Conversely, the
“current terms” take more than the alternative package in the earlier years of the
project life.

Neutrality

AETR, BREAKEVEN PRICE AND METR

Along with the AETR, the resource price at which a particular project will
generate a post-tax IRR that will just induce investment (i.e. the breakeven
price), and the METR at that price are also evaluated under the two regimes.
The AETR, discounted at 15 percent and using the WEO prices, is significantly
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higher under the alternative package than under the “current terms” for the
onshore project, which is the most profitable of the three projects. In the
shallow water project, the AETR is virtually the same under both regimes,
while in the deep water project, which has the lowest profitability level, the
“current terms” yield a slightly higher AETR than the alternative package. In
addition, when estimating the oil price at which each project will generate a
post-tax IRR of 15 percent and the corresponding METR at those prices, the
alternative package fares consistently better than the “current terms” for all
three projects. Table 7.6 compares the AETR discounted at 15 percent at WEO
prices, the price required to generate a post-tax IRR of 15 percent and the
METR at those prices between the two regimes for each oil field project. The
alternative regime therefore appears to improve the trade-off between revenue-
raising and investor risk (and would thus come closer to neutrality) but this
result is dependent upon the price assumption used for the revenue-raising
indicator.

Progressivity

The progressivity of a fiscal regime can also be examined by comparing the govern-
ment share of project total benefits*' over a range of pre-tax IRR. In Figure 7.7, the
variation in pre-tax IRR (i.e. project profitability) is generated solely by varying oil
prices. The share of total benefits represents the real NPV of government’s revenues
over the project life as a percentage of the real NPV of pre-tax total benefits.

A more progressive regime gives some relief to investors for projects with
low rates of return, while allowing the government to increase its share of

Table 7.6 AETR, breakeven price, and METR

Onshore Oil Project

AETR at 15% (WEO
prices) (%)

Price required to
achieve 15% post-tax
IRR ($/bbI)

METR at 15%
post-tax IRR
(%)

Alternative package 80 20 44
“Mozambique” 72 21 49
Shallow Water Oil AETR at 15% (WEO  Price required to METR at 15%

Project

prices) (%)

achieve 15% post-tax

post-tax IRR

IRR ($/bbl) (%)
Alternative package 75 34 47
“Mozambique” 76 37 55
Deep Water Oil AETR at 15% (WEO  Price required to METR at 15%
Project prices) (%) achieve 15% post-tax  post-tax IRR

IRR ($/bbl) (%)
Alternative package 87 49 43
“Mozambique” 92 52 47
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revenue when the investment is highly profitable. Thus, a more progressive
regime could attract investment for marginal projects (increasing government
revenue over time), just as a heavy early fiscal burden on a project could deter
investment altogether. The share of government revenues to total benefits over a
range of pre-tax IRR is used, in Figure 7.7, to illustrate differences in progressiv-
ity between the alternative and “current” regimes.

Figure 7.7 shows that the “current terms” tend to take relatively more from
projects at lower levels of profitability. At the margin of viability (toward the left
hand side of the graphs) the “current terms” place a heavier burden than the
alternative package in each one of the projects. The alternative fiscal package
lowers the government share for projects at low levels of profitability, improving
“Mozambique” attractiveness for investment in exploration, while ensuring a
significant government share for highly profitable commercial discoveries (right
hand side of the graph).

Risk to government

Table 7.7 compares the expected tax payments, their coefficient of variation
(CV),” and the government share of net benefits in the first ten years of the
project, at a discount rate of 15 percent. These results are calculated from the
stochastic price simulations described in Box 7.3.

The alternative regime has generally a higher expected mean government
NPV for the three oil projects. In terms of capturing early revenues, the altern-
ative regime takes a higher share of net benefits than the “current terms” during
the first ten years of the onshore project. In the shallow water project, both
regimes take approximately the same proportion of net benefits early in the life
of the project, while in the deep water field the “current terms” take a slightly
higher share of net benefits during the first ten years. These results are consist-
ent with the progressivity measures illustrated above. For example, in the deep
water field, which takes more time to recover costs, the burden of the altern-
ative regime in the first ten years of the project is somewhat less heavy on
investors than the “current terms.” As the pre-tax NPV of the project increases,
however, this small difference in early government take of net benefits will be
more than compensated later in the life of the project under the alternative
package.

Finally, when evaluating the dispersion of government revenues between the
two regimes, the CV of government revenue slightly increases under the altern-
ative package for all projects. However, it is important to note that there are two
offsetting effects affecting the CV of government revenue from the introduction
of the alternative package. First, the wider range of government profit petro-
leum share in the alternative package should increase the CV when compared to
the “current terms” (i.e. the alternative package has a higher standard deviation
of government revenues). Second, the level of government profit petroleum
share is higher in the alternative package, thus, as the pre-tax NPV of the
project increases the mean government NPV will also increase, reducing the
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Table 7.7 Mean government NPV, CV, and early share of total benefits

Onshore Oil Project Mean Government CVat Government share of net benefits

NPV at 15% 15%  at 15% during first ten years (%)
($mm) (%)
Alternative package 1,324 62 40
“Mozambique” 1,173 58 37
Shallow Water Oil Mean Government CVat  Government share of net benefits
Project NPV at 15% ($Smm) 15%  at 15% during first ten years (%)
(%)
Alternative package 2,253 70 35
“Mozambique” 2,141 62 36
Deep Water Oil Mean Government CVat Government share of net benefits
Project NPV at 15% ($mm) 15%  at 15% during first ten years (%)
(%)
Alternative package 8,889 74 12
“Mozambique” 8,728 66 14

CV of government revenue relative to “current terms.” In the three projects
evaluated here the increase in mean government NPV appears to be lower than
the increase in the standard deviation of government revenues, resulting from
the introduction of the alternative package. Thus, the first effect dominates,
increasing the CV relative to the “current terms” for all projects.

Investor perceptions of risk

Investors’ perception of risks between the two regimes is evaluated by analyzing
(1) the mean expected post-tax IRR to the investor and the CV of investor
returns, and (ii) the cumulative probability distribution of post-tax NPV, dis-
counted at 15 percent under each project. Table 7.8 portrays the mean expected
post-tax IRR and the CV of post-tax IRR for each project. While the mean
expected post-tax IRR is very similar between the two regimes, the dispersion of
returns to investors is reduced under the alternative package.

The lines in Figure 7.8 show the cumulative probability distribution of the
post-tax results under both fiscal regimes. All except the deep water project
show a relatively low value of expected negative outcomes; this value is smaller
under the alternative regime. The cumulative distribution can also be read to
show the relative progressivity of the regimes. A fiscal regime designed to max-
imize the government’s share of rent over a project life would have a low state
share until the pre tax NPV of the project becomes positive, and would then
increase rapidly to capture the majority of the economic rent created by the
project. This pattern is better described by the alternative package than by the
“current terms.”
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Table 7.8 Mean expected post-tax IRR and CV

Onshore Project ~ Shallow Water Project Deep Water Project

Mean CVof Mean CVof Mean CVof
expected  IRR  expected  IRR (%) expected  IRR
post-tax (%)  post-tax post-tax (%)
IRR (%) IRR (%) IRR (%)
Alternative package 51 33 33 40 21 42
“Mozambique” 57 39 33 49 20 49

In order to benchmark the “current terms” and the alternative package against
international comparators, we evaluate the results from applying other countries’
fiscal regimes to the deep water oil project. International comparators include
deep water petroleum producers and potential producers (i.e. countries with
significant exploration activity) from Africa and elsewhere. Table 7.9 lists the
international comparators in descending order of petroleum daily production as
of 2007. The fiscal regimes of these countries are summarized in Appendix IV.
Four features of the fiscal regimes are compared: (i) the overall tax burden
(measured by AETR and breakeven price); (ii) the risks to the government;
(ii1) how the regime affects perceived risks for investing in the country; and (iv)
the “prospectivity gap” implied by each regime.

AETR and breakeven price

Figure 7.9 shows the AETR, discounted at 15 and 20 percent, for the “current
terms” and alternative package against 15 international comparators, using
WEO price projections; and the price required to achieve a post-tax IRR of 15
percent (i.e. breakeven price). The results suggest that the alternative package
captures a greater share of net cash flow than fiscal regimes in other countries
with high activity in deep water exploration, such as Ghana, Madagascar,
Colombia, and Timor-Leste. By the same token, the alternative regime requires
a lower price to achieve a post-tax hurdle rate of 15 percent than most of the
countries just mentioned (with the exception of Ghana and Timor-Leste), and
other medium and large oil producers such as Angola, Cameroon, and Norway.
A higher reported price indicates that a higher pre-tax IRR is needed to offset
the effect of a heavier fiscal burden to achieve the targeted after-tax return.
Fiscal regimes with lower breakeven prices, such as the alternative package,
represent a lower risk for investors, and may be less likely to deter exploration
activities, especially in capital intensive environments such as deep water
prospects.

Risk to government and comparison with investor risk

The risk to government revenue is analyzed by evaluating (i) the expected gov-
ernment receipts and (ii) the CV of those government receipts as a percentage of
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Table 7.9 Comparator countries for analysis

Country Fiscal regime Oil production  Exploration Activity
2007 ("000 bpd)

African Comparators
1 Nigeria PSC 2,350 Offshore and onshore
(less interest onshore due
to recent militant unrest)

2 Angola PSC 1,769 Offshore and onshore
3 Eq. Guinea PSC 400 Offshore and onshore
4 Cameroon PSC 83 Offshore and onshore
5 Mauritania PSC 24 Offshore and onshore
6 Ghana PSC 6 Offshore
7 Madagascar PSC 0 Offshore and onshore
8 Mozambique PSC 0 Offshore and onshore
9 Namibia Tax & Royalty 0 Offshore and onshore
10  Sierra Leone PSC 0 Offshore and onshore

Non-African Comparators

1  Norway Tax & Royalty 2,270 Offshore

2 UK Tax & Royalty 1,498 Onshore and offshore

3 Colombia Tax & Royalty 531 Offshore and onshore

4 Australia CIT and RRT 468 Onshore and offshore

5 Timor-Leste PSC 79 Offshore

6 Peru Tax & Royalty 77 Onshore and offshore (not

deep water)

Sources: Energy Information Administration: World Crude Oil Production (including lease conden-
sate) as of August 22, 2008; IMF staff.

a baseline case, which is the “current terms” in “Mozambique.” We compare
these with an expected risk index for investors, where again “current terms” in
“Mozambique” is our baseline case.

Table 7.10 shows that the alternative regime would produce a small improve-
ment in mean expected government receipts. On the other hand, when compared
to the “current terms” in “Mozambique,” there is a large decrease in the expected
risk index for investors — likely, as intended, to make the deep water play in the
country more attractive.

Investors’ perception of risk

An investor may be reluctant to accept possible returns below a required rate
or may perceive high dispersion of expected outcomes as a strong risk factor.
In order to assess the effect of the tax system on returns under a range of dif-
ferent price scenarios, a probability distribution of returns for a range of sto-
chastically simulated oil prices was evaluated. Table 7.11 reports the mean
expected post-tax IRR, CV of IRR, and the probability of tax-induced returns
below 15 percent for the investor, where “current terms” in Mozambique is
our baseline case (i.e. Mozambique = 100). The countries are tabulated in
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Table 7.10 Index of revenue stability and yield, with expected risk index

Deep Water Oil Project

Expected Investor expected risk Coefficient of
government receipts  index (at 15% variation of
discounted at 15%  discount rate) government receipts

(Mozambique =100) (Mozambique =100) (Mozambique =100)

UK 72 52 95
Sierra Leone 77 64 91
Nigeria 88 38 110
Ghana 89 56 108
Australia 84 52 102
Timor Leste 95 24 117
Mauritania 97 70 102
Namibia 103 41 121
Alternative package 101 74 111
Cameroon 104 63 108
“Mozambique” 100 100 100
Madagascar 105 165 87
Colombia 104 130 92
Norway 108 100 103
Angola 115 87 110
Equatorial Guinea 113 128 99

descending order of the expected mean post-tax IRR. The alternative package
increases the mean expected return to investors when compared to the “current
terms” in “Mozambique.” In an international context, the alternative package
sits in the mid section of the ranking. This indicates that, on average, invest-
ments under the alternative terms will yield returns higher than the same
investments under almost half of the fiscal terms in the comparator countries.
The probability of generating returns below 15 percent is also in the mid level
of the sample. In conclusion, the alternative package would improve the mean
expected post-tax IRR for investment in “Mozambique” while reducing the
risk of negative outcomes. This will be an attractive advantage for investors
considering investments in countries with high petroleum potential in deep
water environments, but yet without a significant commercial discovery of that
kind.

“Prospectivity gap”

Objective measurement of the value assigned by investors to their perception of
prospectivity risk can only be approached by an indirect route. It is possible to
suggest what the value assigned to prospectivity risk (geology and location)
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Table 7.11 Mean expected post-tax IRR, CV, and probability of returns below 15%

Deep Water Oil Mean expected IRR  Coefficient of Probability of

Project (%) variation of IRR (%) expected return
below 15% (%)

Project pre-tax 35 43 7

After-Tax Mozambique = 100 Tax-related —
Mozambique = 100

UK 131 97 52

Sierra Leone 121 96 64

Nigeria 118 82 38

Ghana 116 87 56

Australia 114 87 52

Timor Leste 111 77 24

Mauritania 106 95 70

Namibia 103 63 41

Alternative package 102 86 74

Cameroon 101 93 63

“Mozambique” 100 100 100

Madagascar 90 112 165

Colombia 89 95 130

Norway 88 90 100

Angola 83 78 87

Equatorial Guinea 83 104 128

would have to be in a particular country, given equal project risk, to equalize the
attractiveness of the project under the different tax regimes surveyed. Table 7.12
reports: (i) the excess over lowest mean expected NPV to investor, at a rate of
discount of 15 percent; and (ii) the excess over lowest expected negative NPV to
investor, again at 15 percent discount rate.

According to the first column of Table 7.12, if the attractiveness of the invest-
ment is to be equal as between “Mozambique” and Equatorial Guinea, the inves-
tor would have to assess prospectivity risk to be higher in “Mozambique,” to the
extent that an addition to expected NPV of $941 million is required. This is
the relative addition to mean expected NPV on total funds currently provided by the
“current terms” in Mozambique. Under the alternative package, this difference
narrows to $837 million. Alternatively, if prospectivity is viewed as equal
between, say, Nigeria and the UK, then the UK “sacrifices” just under $1.3 bn of
potential mean expected receipts in this deep water case.

In the second column of Table 7.12, prospectivity risk is measured as the
change in tax-induced expected negative NPV to investor necessary to equalize
the expected value of negative returns among countries. Thus if the fiscal
regimes are correctly specified, an investor will tolerate almost $69 million of
total additional negative expected returns for a project located in Mozambique as
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Table 7.12 Prospectivity gap

Deep Water Oil Project

Excess (shortfall) over Excess (shortfall) over
benchmark mean expected — benchmark expected
NPV15 to investor ($mm) negative NPV15 to investor

($mm)
UK 3,374 34
Sierra Leone 2,895 48
Nigeria 2,015 (564)
Ghana 1,963 (89)
Australia 2,187 (327)
Timor Leste 1,271 (1,026)
Mauritania 1,256 (455)
Namibia 777 (276)
Alternative package 837 (134)
Cameroon 721 (968)
Mozambique 941 69
Madagascar 613 949
Colombia 695 383
Norway 349 (0.5)
Angola (207) (488)

Equatorial Guinea - -

compared to one located in Equatorial Guinea. Conversely, under the alternative
package that same investor in Mozambique will perceive a reduction of about
$134 million in total negative expected returns for the same project located in
Equatorial Guinea. Alternatively, an investor will tolerate $949 million of total
additional negative expected returns for a project located in Madagascar com-
pared to one located in Equatorial Guinea.

It is necessary to point out immediately that these figures cannot be taken as
real prospectivity differences. They do, however, invite examination of signific-
ant differences in fiscal regimes. Such differences point up the value of auctions
in discovering investors’ real assessments of relative prospectivity.

Varying the discount rates

If the company’s discount rate is set at 20 percent while the government’s
remains at 15 percent, or if the government’s rate is reduced to 10 percent, the
broad conclusions from this choice of alternative regimes are not altered (Appen-
dix V). In general, the lower the discount rate of government, relative to that of
the company, the more the trade-off between investor risk and government yield
can be improved by targeting tax at high rates on realized rents (returns in excess
of the investor’s discount rate).
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4 Conclusions

This chapter has attempted to set out evaluation criteria, and attach indicators or
measures to them. The indicators are intended to be relatively easily calculated
and interpreted. The aim is to provide a framework for numerical analysis of
risk and reward trade-offs, as an aid to judgment in setting and revising fiscal
regimes.

The paper shows how fiscal regimes can be assessed to pose questions about
their relationship to both prospectivity and government objectives, as well as inves-
tor perceptions of risk. Mechanisms to adjust fiscal regimes (generally applicable
legislation, standard contract terms, or auctions) are a separate policy question.

Appendix I The marginal effective tax rate

The standard approach to estimating the METR is to consider an investment
project that just earns the required after-tax rate of return — a marginal invest-
ment — and to calculate the impact of tax on the cost of capital. Without taxes, a
profit-maximizing firm will invest to the point where the marginal product of
capital is just equal to the cost of using that capital. Thus, while the required
before-tax rate of return on a marginal investment is not directly observable, we
can infer it by measuring the user cost of capital. Algebraically, the following
condition must be satisfied:

R=[Bi+(1-B)p]-n+3

where R is the return on investment (or marginal product of capital) and the cost
of capital is comprised of: (i) the market rate of interest on debt financing, i,
weighted by the proportion of investment financed by debt, B; (ii) the cost of
equity, p, similarly weighted; (iii) the expected inflation rate, m; and, (4) real
economic depreciation, d.

With taxes, the firm undertakes the same optimization procedure but on an
after-tax basis, giving rise to the following condition:

R(1-u)={[Bi(1-u)+(1-B)p]-m+5}(1-2)

where u is the corporate tax rate and Z is the depreciation allowance for taxation
purposes. Note that the above expression assumes that debt financing is tax
deductible but equity is not. At the after-tax equilibrium, there is a difference
between this before-tax rate of return to investment and the after-tax real rate of
return to savers (= r,). This tax wedge represents the tax revenue collected by
government on the marginal investment, and when expressed as a proportion of
the before-tax rate of return yields the METR:

(R-38)-r,

(R-3)

METR =
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Appendix II The cost of capital

The capital asset pricing model (CAPM) is often used to estimate the cost of
equity. The CAPM is based on the principle that equity holders will be com-
pensated, in the form of a higher expected return, for holding non-diversifiable
risk (also called systematic or market risk) but not for holding diversifiable
risk (non-systematic or private risk). This is because equity holders can cost-
lessly eliminate diversifiable risk by investing in a range of stocks (diversifica-
tion is most effective the greater the negative correlation between individual
stocks).* The optimal diversified portfolio will include every traded asset and
the non-diversifiable risk of an individual stock will equal the contribution of
that stock to the risk of the market portfolio. The CAPM for a stock can be
expressed as:

E(R;)=R; +B(R,~Ry)

where: E(R)) is the required return on the firm’s equity; the risk premium (R, — R,
is comprised of the expected return to the optimal market portfolio, R, and the
risk free rate, R; and beta, f, is the correlation between the return on the firm’s
equity and that of the market,

cov(Rj,Rm)

var (R, )

The risk premium is most commonly estimated using historical data on the
market return and the risk-free return. Limitations of this approach include the
implicit assumptions that the risk aversion of investors has not changed, nor has
the riskiness of the market portfolio. The risk premium can also be estimated by
the implied premium in the stock price. However, this too has limitations,
including that the model and inputs used to calculated the expected return on the
market must be correct, and it implicitly assumes that the market is correctly
valued. The standard procedure for estimating betas is to regress returns of an
individual stock against market returns

R, =a+bR,

where the slope of the regression, b, is the estimate of beta. Estimated betas will
not be good estimates of the true betas if the market portfolio is not properly
defined or if the standard error of the estimate is large.

There are a number of problems in applying the CAPM to estimate the cost of
capital for an individual resource project. The estimated beta reflects the entire
company. Thus, this approach is only valid to the extent that the company’s risk
profile is the same as that of the individual project being evaluated (Brealey and
Myers, 1991). Moreover, a number of the CAPM assumptions, such as returns
being normally distributed and jointly normal with the returns of the market
portfolio, may be satisfied at the company level, but are likely to be invalid when
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applied to mining projects (Smith and McCardle, 1998). A better approach is to
estimate a beta based on firms or price indices that are similar in risk to the
project. However, this tends to be difficult to do in practice, and will necessitate
considerable judgment, including on classifying risks as either diversifiable or
non-diversifiable.

A further complication is that the CAPM estimate of the RADR may not
reflect all relevant risks. The appropriate RADR for an individual mining project
includes a premium for the mineral project risk (commodity price, input cost,
and geological risks) and a premium for country risk. The CAPM estimate will
need to be supplemented by an additional premium to the extent that it does not
fully reflect all these risks. In many cases, it may even be necessary to use an
alternative approach all together, such as relying on industry practice (Smith,
1998) or identifying each source of uncertainty and assessing (often qualita-
tively) a risk premium for each factor (Smith, 2000). Country risk (e.g. political
and regulatory factors) could be added to the discount rate in order to accurately
rank the attractiveness of country tax systems for a given investment project.
Measures of country risk can be obtained from risk rating services,* banks, or
yields on government bonds.** However, it may not be straightforward to obtain
a country risk figure expressed as an interest rate that can simply be added to the
CAPM derived risk premium.

As noted in the text: (i) because economic analysis is usually applied to a
project with a successful outcome, not all systematic risks are taken into account
in economic analysis; (ii) a resource company must make enough profit on suc-
cessful projects to compensate for unsuccessful ones — particularly relevant in
petroleum where there is low probability of success at the exploration stage.

Appendix III Exploration risk analysis

There are three general steps in petroleum exploration risk analysis:*’

1 A scientific (geological) risk assessment based on a geological concept. This
will involve (i) estimating the probability of hydrocarbons presence; (ii) the
type(s), distribution, and volume of the hydrocarbons; and (iii) the likeli-
hood of being able to produce the hydrocarbons. In calculating a first estim-
ate of the probability of finding hydrocarbons, geologists initially estimate
the probabilities of several geological factors,”® and then multiply these
probabilities as described below:

P, =P, x P x P, x P, (1)*

where P, is the probability of a successful finding, P, is the probability of
existence of a reservoir, P; is the probability of existence of a structure, P,
is the probability of hydrocarbon charge being present, and P, is the proba-
bility of the trap sealing hydrocarbons.
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2 Engineering design study. Assuming that the first step provides preliminary
estimates of a possible production profile over time, including production
rates and timing of production, an approximation of the cost of the facilities
required to extract the hydrocarbons and the value of total operating costs
could be calculated. It is important to note that since this preliminary engin-
eering study is made before drilling all factors involved in the study would
also have an uncertainty component.

3 Economic analysis. Once the engineering design phase is completed, an
economic analysis could be conducted taking into account the expected cost
of capital (i.e. discount rate), anticipated contract terms, development and
operating costs, and product prices.

After these three steps are completed investors interested in hydrocarbon explo-
ration would have an idea of the probability of a successful finding, the potential
costs of undertaking the project, and the potential economic gains of a successful
finding, as well as some uncertainty estimates of each step.

Decision analysis

With the information compiled from completing the three steps described above,
an investor would face two options:

1 Decide not to drill, in which case the total pre-drilling costs will be absorbed
by the investor, or

2 Decide to drill. After the decision to drill has been made there are three pos-
sible outcomes:

a  Successful drilling with economically attractive hydrocarbons found,

b Unsuccessful drilling indicating subcommercial hydrocarbons found or
a dry hole (i.e. no presence of hydrocarbons), or

¢ Incomplete evaluation results, which will not resolve the uncertainty about
the presence of commercially available hydrocarbons (i.e. junked hole).

Finally, a post-drilling review should be performed to compare the estimated
parameters with the real outcomes. Whether the drilling is a failure or a success
the post-drilling information would serve to update the original geological
concept, the reserve assessment, and the risk estimates, thus providing valuable
information for current and future exploration risk.

Expected monetary value (EMV)*

Once the probability of a successful finding, P,, has been established, based on
a geological concept (see step one above), expected monetary value can be
calculated based on a decision diagram and the outcomes from steps two and
three above, as follows:

E,=P,xV+(1-P)xC )
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Where P, is the probability of a successful finding, V" is the net present value of
the economic gains from a successful finding, (1 — P,) is the probability of an
unsuccessful project, and C is the present value of all exploration costs of an
unsuccessful finding, including lease bonuses and surface fees.

A positive value of E, would indicate that P, x V> (1 — P,) x C, and therefore
the project should be undertaken.

In addition, an investor would also be interested in some measurement of risk
(i.e. volatility) of the expected value, E,, calculated above. From the second
moment of the project value, defined as E, = P, x V> + (1 — P,) x C?, its variance
could be calculated as follows:

o’ =E,—E’=(V+C) x [Py x (1 -Py)] 3)

Using (2) and (3) we can now calculate the coefficient of variation (CV) of the
expected value, E,.

CV=06/B,=c/(V+C)x[Ppx (1 -P)]2x[PpxV+(1-P))xC] (4

The CV indicates the volatility of the estimated mean value E, relative to the fluc-
tuations around the mean. A relatively low volatility (i.e. CV' < I')) would imply that
low levels of uncertainty about the expected value, while a high volatility level (i.e.
CV> 1) indicates significant uncertainty about the expected value.

In general, investors would seek projects that yield high values of E; with low
volatility levels.

Prudent risk taking and the minimum probability of success®'

Prudent risk taking is a method that complements the EMV approach. Prudent risk
taking uses the minimum probability of success, along with the EMV, to decide
whether a project is worth developing. The minimum probability of success is calcu-
lated as the ratio of exploration costs to the net present value of a successful finding:

P, =C/V (5)2

Where P, is the minimum acceptable probability of success, C is the present
value of all exploration costs as defined above, and V is the net present value of
a successful finding.

According to the prudent risk taking approach, a project would only be worth
developing if the value of E, is positive and the probability of a successful
finding is greater than the minimum probability of success (i.e. P, > P,)). This
approach is clearly more conservative than the EMV alone.
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Appendix V Discount rate sensitivities

Table 7.14 presents the AETR for each project at WEO prices, discounted at 10,
15, and 20 percent; and the price required to achieve a post-tax IRR of 10, 15,
and 20 percent along with the METR at those prices.

Table 7.15 shows the mean expected government NPV, CV, and share of total
benefits in the first ten years of the project, discounted at rates of 10 and 15
percent for all projects.

Table 7.14 AETR, breakeven price and METR, at various discount rates

Onshore Oil Project
AETR at 10% (WEO Price required to METR at 10% post-
prices) (%) achieve a 10% post- tax IRR (%)
tax IRR
Alternative Package 79 16 48
“Mozambique” 71 17 54
AETR at 15% (WEO Price required to METR at 15% post-
prices) (%) achieve a 15% post- tax IRR (%)
tax IRR
Alternative Package 80 20 44
“Mozambique” 72 21 49
AETR at 20% (WEQO Price required to METR at 20% post-
prices) (%) achieve a 20% post- tax IRR (%)
tax IRR
Alternative Package 81 24 43
“Mozambique” 74 25 47

Shallow Water Oil Project

AETR at 10% (WEO Price required to METR at 10% post-

prices) (%) achieve a 10% post- tax IRR (%)
tax IRR
Alternative Package 72 29 52
“Mozambique” 72 32 61
AETR at 15% (WEO Price required to METR at 15% post-
prices) (%) achieve a 15% post-  tax Irr (%)
tax IRR
Alternative Package 75 34 47

“Mozambique” 76 37 55
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AETR at 20% (WEO Price required to METR at 20% post-
prices) (%) achieve a 20% post- tax IRR (%)
tax IRR
Alternative Package 81 40 46
“Mozambique” 83 43 52
Deep Water Oil Project
AETR at 10% (WEO Price required to METR at 10% post-

prices) (%)

achieve a 10% post-
tax IRR

tax IRR (%)

Alternative Package 76 37 52
“Mozambique” 79 40 46
AETR at 15% (WEO Price required to METR at 15% post-

prices) (%)

achieve a 15% post-
tax IRR

tax IRR (%)

Alternative Package 87 49 43
“Mozambique” 92 52 47
AETR at 20% (WEQO Price required to METR at 20% post-

prices) (%)

achieve a 20% post-
tax IRR

tax IRR (%)

Alternative Package
“Mozambique”

111
120

63
66

42
44

Table 7.15 Government NPV, CV and early share of total benefits

Onshore Oil Project
Mean Government CV of Government — Government share of
NPV at 10% revenues at 10% total benefits at 10%
(Smm) (%) during first 10 years
(%)

Alternative Package 1,878 59 36

“Mozambique” 1,657 56 34
Mean Government CV of Government — Government share of

NPV at 20% revenues at 20% total benefits at 20%
($mm) (%) during first 10 years
(%)
Alternative Package 962 64 42
“Mozambique” 855 60 40
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Table 7.15 Continued

Shallow Water Oil Project

Mean Government

CV of Government

Government share of

NPV at 10% revenues at 10% total benefits at 10%
($mm) (%) during first 10 years
(%)
Alternative Package 2,933 73 34
“Mozambique” 2,759 64 35
Mean Government CV of Government — Government share of

NPV at 20% revenues at 20% total benefits at 20%
($mm) (%) during first 10 years
(%)
Alternative Package 1,853 72 36
“Mozambique” 1,769 64 37
Deep Water Oil Project
Mean Government CV of Government — Government share of

NPV at 10% revenues at 10% total benefits at 10%
($mm) (%) during first 10 years
(%)
Alternative Package 13,724 70 11
“Mozambique” 13,381 63 13
Mean Government CV of Government — Government share of
NPV at 20% revenues at 20% total benefits at 20%
($mm) (%) during first 10 years
(%)
Alternative Package 5,593 80 13
“Mozambique” 5,539 71 16

Finally, Table 7.16 presents the mean expected post-tax IRR, CV of IRR, and
the probability of returns below 10 and 20 percent for the investors.
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Table 7.16 Mean expected post-tax IRR, CV, and probability of returns below 10 and

20%
Onshore Oil Project Mean expected CV of IRR Probability of ~ Probability of
post-tax IRR (%) returns below  returns below
(%) 10% 20%
Alternative Package 51 34 0 0.4
“Mozambique” 56 40 0 2
Shallow Water Oil ~ Mean expected CV of IRR  Probability of  Probability of
Project post-tax IRR (%) returns below  returns below
(%) 10% 20%
Alternative Package 34 40 0.6 16
“Mozambique” 34 50 3 22
Deep Water Oil Mean expected  CV of IRR  Probability of  Probability of
Project post-tax IRR (%) returns below  returns below
(%) 10% 20%
Alternative Package 20 44 5 46
“Mozambique” 19 52 11 49
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Notes

1

2
3

For surveys of changes in petroleum contact terms see Quiroz (2008), and Wood
Mackenzie (2008).

See also the chapter in this volume by Hogan and Goldsworthy (2010).

Daniel Johnston (2003: 108), states that “Tough terms usually correlate with good
rocks,” and defines “prospectivity” broadly to include Adam Smith’s notions of both
“fertility” and “situation” in the case of land.

For this perspective see for example Johnston (2003, 2007), van Meurs (1981, 2002),
Lerche and Mackay (1999), Garnaut and Clunies Ross (1983), Wilson (1984), Hogan
(2007), Conrad et al. (1990), Blake and Roberts (2006).

For a useful recent discussion of project evaluation measures relevant to companies
and governments respectively, see Tordo (2007); see also Johnston (2003).

See also the later discussion of decision trees.

The risks in international comparisons include: misinterpretation of individual fiscal
regimes, differences in treatment of indirect taxes, inconsistency of ring-fencing rules,
issues of incremental investments, and interaction between host country tax systems
and home country systems of investing companies.
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8

9

10

16
17

18

19

20

21

22

23

24

25

See Boadway and Keen (2010), Conrad et al. (1990), Garnaut and Clunies Ross
(1983), Wilson (1984), Hogan (2006).

The USA is a prominent exception (except in the case of federal lands, and the off-
shore continental shelf).

Resource rents from mining can be defined as surplus revenues net of all costs of pro-
duction, including the company’s required rate of return. Economic rents, more gener-
ally, are present when there is a factor of production in fixed supply, or under
imperfect competition.

Not marginal effective tax rate (METR) in the sense discussed later.

See Conrad et al. (1990: 45).

See the next section for a special adaptation of this concept in resource taxation prob-
lems: it is assumed that, in practice, investors associate risk with failure to attain a
target rate of return.

Specification of the risk preference (utility function) of any one government is beyond
the scope of this paper. In practice the preference will tend to be revealed through
choices between stable and variable sources of revenue, and early or later revenue,
where the risk of overall reduction of revenue is greater with the risk averse choice.

In principle, the risks of this type in any individual project are diversified for a
company that already has a significant portfolio of producing assets. This feature
underpins the argument that a large oil or mining company is better able to assume
certain risks than a fiscally-constrained developing country. Nevertheless, individual
petroleum projects can represent a large portion of the total budgeted outlays even of
major corporations.

See Palmer (1980), Wilson (1984).

The circumstances known generally as “project finance,” where the debt facilities are
“non-recourse” to the balance sheets of the sponsor companies. A common arrange-
ment in resource industries has been for sponsors to provide banks with a completion
guarantee for the project facilities, which falls away after a period of commissioning
and successful testing. At that point, the banks have recourse only to the cash flows
and assets of the project itself. “Bankers” may in turn lay off some the risks on other
parties or through insurance instruments.

A resource rent tax is imposed only if the accumulated net cash flow is positive. The
net negative cash flow is accumulated at an interest rate equal to the company’s cost
of capital or discount rate. Thus, a resource rent tax provides the government with a
share of returns once the company earns a certain minimum rate of return. See
Boadway and Keen, and Land, in this volume for a discussion on the merits of the
resource rent tax and other fiscal instruments.

See Jacoby and Laughton (1992), Emhjellen and Alauoze (2003), and Samis et al.
(20006).

See Jacoby and Laughton (1992), and Smith (1998).

Multiple IRRs can come about when there is a large negative cash flow at the begin-
ning and at the end of the project’s life (e.g. a mining investment that entails signific-
ant clean up costs).

Though modern software can manipulate a wide range of probability distributions,
and explicit specification of correlation among variables, so that the computational
problem has potentially diminished.

In analyzing petroleum projects, Bohren and Schilbred (1980) assume that operating
costs are normally and independently distributed and oil prices take one of two price
outcomes with equal probability. However, for petroleum and other mineral projects,
output and input costs tend to be positively correlated.

Another criticism is that use of WACC assumes a constant corporate structure/
gearing. This may be a reasonable assumption for large multinational.

But see the paper by Hogan and Goldsworthy (2010), which uses certainty
equivalence.
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This distinction is also made in Devereux and Griffith (1998a, and 2003) and in the
Commission of the European Communities (2001).

The interaction of home and host country tax systems remains important because of
the foreign tax credit issue (see Mullins, 2010).

Knowledge about the extent of any resource will nonetheless change as it is
developed.

For those accustomed to estimation of METR for investment in manufacturing indus-
try, a change of assumptions is necessary. For example, it is usually assumed that
immediate expensing of capital investment for corporate tax purposes results in a zero
METR for equity-financed investment. This holds only if either the firm has current
income sufficient to deduct the investment expense in full, or unrecovered losses can
be carried forward with interest at the firm’s discount rate. The first condition does
not hold for the initial investment in a large petroleum project that is ring-fenced, and
the second condition is a feature of only a very few petroleum tax systems (that of
Norway now incorporates it).

King and Fullerton (1984) and Boadway ef al. (1987) are seminal. These studies differ
in a number of ways, including assumptions about the costs of debt and equity financ-
ing, and Boadway et al. apply the model to a small and open economy. Boadway et
al. (1995) extended the standard model to consider firms operating under a tax
holiday. See also Mintz (1990).

Studies that do incorporate them typically have to make simplifying assumptions.
Recent empirical applications include the analysis of corporate taxes in the EU (Com-
mission of European Communities, 2001), the Canadian and US tax systems (Ruggeri
and McMullin, 2004), sectoral incentives in Zambia (FIAS, 2004), and tax incentives
and investment in the Eastern Caribbean (Sosa, 2005).

Other limitations are that: the neoclassical model of investment behavior on which the
METR is based is only one of a number of competing theories; it measures the distor-
tion on investment through the tax system, not the actual responsiveness of the firm to
the changed incentives; the financial structure of the firm is taken as given and is not
endogenous to the tax provisions.

Exploration costs are assumed to be sunk costs. They are therefore not included as
negative cash flows, but the sunk costs are included for cost recovery and tax depreci-
ation purposes.

The onshore and deep water field data were provided to FAD by Wood Mackenzie.
The shallow water field is part of an FAD data bank of petroleum projects.

From estimates by Damodaran (2008).

“Tax payments” are broadly defined to include royalty, state production shares and
the revenues generated by concessional state equity participation in each project.

In practice, a serious chance of finding such profitable fields would result in bids that
reduced contractor share. There is thus an implicit assumption that such terms are set
in the absence of competition, or of adjustment for the effect of high price expecta-
tions in 2008.

As was done, for example, in the 2006 and 2008 bidding rounds in Angola, where a
scheme similar to the “alternative package” is in place.

The effective royalty rate is the combination of any formal royalty (such as that exist-
ing in Mozambican law) with the minimum state production share implied by a
minimum profit oil share (oil remaining after royalty, minus the cost oil limit).

Not specifically those of Mozambique. Currently, “Mozambique” has treaties to
reduce WT tax rates applicable to dividend, interest and royalty payments by
“Mozambican” companies to non-residents with Italy, Mauritius, Portugal, and the
United Arab Emirates.

Total benefits mean revenues minus operating costs and replacement capital invest-
ment, i.e. the “cake” from which taxes are paid, debt is serviced and equity providers
are rewarded.
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42 The coefficient of variation is the standard deviation divided by the mean, and is a
measure of the dispersion of expected returns that can be compared among different
regimes or projects.

43 Angola has the lowest expected mean to investor among the sample. However,
because of a variable cost recovery limit that increases after 5 years if the investor has
not recovered all costs, its lowest expected negative NPV to the investor is not consist-
ent with the lowest expected mean measure. For this reason, Equatorial Guinea, which
yielded what is otherwise the least favorable for investor, is chosen as the benchmark.

44 Companies can also diversify by investing in a range of projects.

45 One example is the International Country Risk Index published by the PRS Group,
Inc. Scores range from 0 to 100 and are updated monthly for 140 countries. Sub-
indices are available for political, financial and economic risks.

46 In many countries, government bond markets either do not exist or are too immature
for yields to provide an accurate measure of country risk.

47 The general risk analysis approach outlined in this note is based on Lerche and
Mackay (1995).

48 In the early stages of a project prospectivity data would be usually limited to surface
geology, gravity, acromagnetic and seismic surveys, and historical data on previously
hydrocarbon exploration activity if available.

49 The probability of a successful finding, P, could be further adjusted to include the
probability that the successful finding would be of a certain type of hydrocarbon, the
probability that successful finding would be of certain size, etc.

50 The EMV approach developed in this note is based on the risk adjusted value (RAV)
formula by Cozzolino (1977 and 1978).

51 The prudent risk taking approach was originally introduced by Arps and Arps (1974).

52 This ratio is only meaningful if V>C. Otherwise the project would not even be
considered.
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8 Resource rent taxes

A re-appraisal

Bryan C. Land

1 Introduction

The aim of a resource rent tax is to capture resource rent realized by the exploi-
tation of a mineral or hydrocarbon deposit.! Resource rent is classically under-
stood to be the surplus value generated by such exploitation over all necessary
costs of production, including rewards to capital. Following this principle, a
resource rent tax targets the returns made on investment that exceed the
minimum reward necessary for capital to be deployed. In practice, this means
that an investor enjoys relief from taxation until a satisfactory rate of return has
been earned. Thereafter, profits are shared with the host government on an ex-
post basis.’

In response to recent dramatic swings in commodity prices, resource rent tax-
ation is topical again, having first featured prominently in discussion of resource
tax policies in the 1970s. Its use was pioneered in Papua New Guinea but since
then has been rather limited. Indeed, resource rent taxes retain an image of being
rather exotic instruments for taxing resource projects. Their strongest proponents
regard them as an indispensible part of any tax armory, while their detractors
consider them inappropriate and unworkable. Economists will find that there is a
lack of robust explanatory models to refer to in support of claims in favor of or
against resource rent taxes (Lund 2008).

This chapter re-appraises the benefit of resource rent taxes to host govern-
ments in the light of recent commodity price cycles. The paper revisits the theo-
retical underpinnings of resource rent taxation, examines the design of resource
rent taxes and considers revenue management and tax administration considera-
tions associated with their use. The paper concludes by suggesting some of the
conditions that may need to be in place for a resource rent tax to merit considera-
tion as part of the fiscal regime of a resource-rich country.

2 Resource taxation amid boom and bust

Host governments of resource-rich countries face the age-old challenge of how
to tax the exploitation of a heterogeneous resource base in conditions of eco-
nomic uncertainty. The possibility that higher quality mineral and petroleum
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deposits will generate substantial resource rents, particularly at times of elevated
commodity prices, leads to an interest in how the tax system can maximize the
capture of resource rent for the benefit of the country while, at the same time,
preserving the incentives that make investment in the risky business of finding
and exploiting mineral and petroleum deposits worthwhile.

The first development of tax policy concepts with a particular focus on
resource rent capture took place in the early 1970s. This was a period of high
and volatile commodity prices and of assertive host governments, often of newly
independent states, which sought a greater share of resource industry profits. The
design of the first resource rent tax is closely associated with tax policy in newly
independent Papua New Guinea. The world class Panguna gold-copper mine
was much richer than predicted at the time of approval of the project by the pre-
Independence Government and prices for these two commodities exploded in the
early 1970s. The fiscal terms in the original negotiated agreement anticipated
neither development and left the Independence Government with a low and
declining share of the mineral bonanza.’

The conclusion reached then was that an investor would not walk away from
a world-class deposit so long as it was able to recover all its costs and earn a rate
of return sufficient to justify having made the investment. The fiscal terms were
changed (by renegotiation) to achieve this effect.* Later the same principles were
applied to design a fiscal regime for future resource projects in PNG — one that
would seek both to attract new investment and capture a large share of any future
bonanzas.’

The potential to generate large resource rents in the mining sector during the
1970s and in the petroleum industry in the wake of OPEC oil price hikes in 1973
and, then again in 1979, motivated several other countries to focus fiscal policies
on rent capture. Several used new tax instruments modeled on a similar basis to
the resource taxes pioneered in PNG. A list of resource rent taxes employed in
the mining and petroleum sectors since the 1970s is shown in Table 8.1, includ-
ing those that were legislated and others that were contractual.

The dramatic and unpredictable up and down fluctuation in the prices of
mineral and petroleum commodities in recent years has rekindled interest in
resource rent taxes. At their peak in mid-2008, prices had risen some fivefold —
and for certain commodities nearly tenfold — in a matter of just three to four
years. This brought about an inevitable focus upon price-driven windfall profits
of producers. The subsequent price collapse, one of the sharpest ever witnessed,
has provided an abrupt reminder of the highly volatile and uncertain nature of
commodity markets.

During the escalation in prices many host governments found that as extrac-
tive industry earnings grew dramatically the rise in their own revenues lagged
well behind. The reason for this, at least in part, was the absence of instruments
to capture resource rent in many of the fiscal regimes designed in the 1980s and
1990s. In the mining industry, many governments had relied heavily upon pro-
duction royalties for revenue, several having offered tax holidays (or reduced tax
rates) in the depths of depression in the sector, backed by stabilization agree-



Table 8.1 Some examples of resource rent taxes
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Country Sector Years in Force Legislated/
contractual
PNG Petroleum Since 1977 (frontier ~ Legislated
areas exempt)
PNG Mining 1978-2002 Legislated
Australia Petroleum Since 1984 Legislated
Ghana Petroleum Since 1984 Contractual
Tanzania Petroleum Since 1984 Contractual
Various Petroleum Mid-1980s Contractual
Ghana Mining 1985-2003 Legislated
Madagascar Petroleum and mining  1980s Legislated
Canada, British Columbia Mining Since 1990 Legislated
Namibia Petroleum Since 1993 Legislated
Zimbabwe Mining Since 1994 Legislated
Russia Petroleum (PSAs) Since 1994 Contractual
Angola Petroleum Since mid-1990s Contractual
Azerbaijan Petroleum Since 1996 Contractual
Kazakhstan Petroleum Since mid-1990s Contractual
Solomon Islands Mining (gold) Since 1999 Contractual
Timor-Leste Petroleum Since 2003 Legislated
Malawi Mining Since 2006 Legislated
Liberia Mining Since 2008 Legislated

ments. In some cases, where resource rent taxes had existed previously, these
had either been removed from the statute book or waived. In the oil industry, the
prevalence of volume-based rather than profit-based production sharing entailed
limited government sharing in any price escalation. These arrangements were
particularly ill-suited to the period of price escalation that ensued in the early
part of the new century. Indeed, the prevailing characteristic of petroleum fiscal
regimes existing at this time was regressive (Johnston 2008).”

It was against this background that many host governments began to increase
taxes on incumbents and, with the same objective, impose tougher entry terms
than those previously in place for newcomers. This process, coupled with
increasing nationalizations and the denial of direct access by the private sector to
valuable resource deposits, was gathering pace at the time when commodity
prices began to tumble and the entire economic climate for resources investment
to deteriorate.

For the most part host governments tried to re-balance existing fiscal regimes
by seeking renegotiation with incumbents. Some others preferred or, instead, felt
compelled to impose new terms on a “take it or leave it” basis, calculating that
their enhanced bargaining strength gave them such latitude. The reaction of
industry varied. Incumbents, with immovable productive assets and sunk invest-
ment costs had an option to abandon their operations, or dispute their fiscal treat-
ment hoping to obtain compensation, or renegotiate and settle.® There were
examples of each of these approaches, although few investors opted to abandon
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sunk investments while prices remained high. When, for example, in 2007, the
Government of Venezuela increased tax rates and lifted state participation to a
controlling interest in the heavy oil projects of the Orinoco, ExxonMobil and
ConocoPhillips opted to withdraw from existing investments and filed legal
claims for restitution and compensation. Others, such as ENI, opted instead to
renegotiate their financial positions while retaining a continuing commitment to
their projects. In the mining sector, renegotiations in some cases yielded conces-
sions from existing operators, such as in Tanzania.’ For newcomers the options
were greater, though in the short term, some companies would have found that,
with so many host countries tightening their terms, there were perhaps few better
opportunities elsewhere.

An inevitable consequence of these episodes was strained relationships
between many host governments and investors. The reopening of fiscal terms
may have appeared unavoidable to host governments given the structure of fiscal
terms agreed in an earlier period. However, investors were bound to have
reduced faith in host governments being willing to be bound by contract sanctity
in the future, even if they could understand the intense pressures felt by host
governments. Now, with the reversal of economic fortunes, the dynamics of host
government—investor relations have changed once more and with it the options
available to each side. The new preoccupation may be less on maximizing the
capture of resource rents than on sustaining investor commitments to existing
projects and encouraging them to sustain investment in risky exploration ven-
tures. It is perhaps not surprising that discussion of fiscal policies seems to be
shifting increasingly towards finding means of accommodating the interests of
host governments and investors in times of both boom and bust.

3 Resource rent and risk

The preceding retrospective serves to emphasize some of the salient characteris-
tic of the resource industries and the difficulties experienced in designing suita-
ble systems to tax them. In this section, the chapter examines the theoretical
underpinnings of resource rent taxation, with a focus on resource rent and risk.'?

The classic definition of resource rent is the ex-post surplus of the total
project lifetime value arising from the exploitation of a deposit, in present value
terms, over the sum of all costs of exploitation, including the compensation to all
factors of production.'" The latter includes a return on capital required by the
investor. Resource rent is depicted in Figure 8.1. A compensatory return on
capital would consist of a basic return equivalent to the rate of interest on risk-
free long-term borrowing plus a margin that the investor considers necessary to
compensate for the technical, commercial and political risks associated with
investment. In principle, such allowance for risk ought not to reflect company-
specific considerations.

The rent potential of different resource deposits varies as a function of
“quality.” In the case of mineral deposits, among the key determinants of quality
are ore tonnages, mineral grades, rates of recovery of ore from a deposit taking
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Total project
lifetime value

Figure 8.1 Resource rent.

into account dilution, the efficiency of ore extraction methods and the efficiency
with which a saleable mineral product is obtained from the ore (e.g. metallurgi-
cal recovery rates). In the case of hydrocarbon deposits some of the key factors
are the size of recoverable reserves, the quality of the oil or gas, the pressure of
the reservoir and other factors affecting recoverability and the degree of process-
ing necessary to achieve a saleable product. Further determinants of “quality”
include the proximity to markets given the available technology for transporting
products to markets and other aspects of the operating environment that impinge
on efficiency.

The resource endowment in any country comprises a distribution of higher
quality deposits and large numbers of lower quality deposits compared to the
average deposit in that country. There typically exist order of magnitude differ-
ences between the highest and lowest quality deposits.'> This is depicted in
Figure 8.2 where the solid line A represents a hypothetical distribution of
resource deposits by frequency along the x-axis and by rent potential along the
y-axis.

The distribution is not static, however. At any point in time, prevailing prices
for a resource type and the costs of producing and marketing that resource go up
or down, affecting the rent potential of all deposits. Such changes are repre-
sented by the two dashed lines, one of which represents the impact of higher
prices and/or lower costs and the other which represents the impact of lower
prices and/or higher costs.

Ideally, the tax system should be designed with the flexibility to extract the
different rents actually generated by deposits under dynamic price and cost
conditions on an ex-post basis. This requires, in any individual case, that the
higher the profitability of resource exploitation, the greater the share of total
benefits that accrues to the host country. Where this positive correlation exists
the fiscal regime is said to be progressive. The inverse of a progressive fiscal
regime is a regressive fiscal regime and the difference between the two is
depicted in Figure 8.3.
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Figure 8.2 Rent potential of a hypothetical resource base.
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Figure 8.3 Progressive and regressive fiscal regimes (source: Daniel (2008)).

Risk aversion has an important place in the literature on resource rent. It
posits that any decrease in the risk associated with an investment would, ipso
facto, reduce the minimum return required by the investor to undertake that
investment and thereby increase the resource rent potential of exploiting the
deposit. The opposite would hold true as well.

In this context, the approach of the host government to taxation can affect the
investor’s perception of risk and, as a consequence the level of rent potential.
For example, if fiscal terms were perceived to be susceptible to adverse change
of an unknown magnitude on a unilateral basis, this would increase perceived
risk, raise the minimum rate of return and therefore reduce rent potential. By
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comparison, an undertaking by the host government not to change fiscal terms,
perhaps in the form of a stability agreement, might help to reduce perceived risk
and therefore enhance rent potential. The experience of the last few years has
shown, however, that a stability agreement that merely stabilizes an inflexible
fiscal regime has little likelihood of being respected in the long run (Daniel and
Sunley, Chapter 14).

The key, therefore, would seem to be to build flexibility into the tax system
so that it can accommodate changes to economic circumstances that fiscal rigid-
ity could not cope with."” By reducing the likelihood that a change of fiscal
terms would be imposed unilaterally, such flexibility would reduce the percep-
tion of risk. It follows that the lower the compensation sought by investors for
risk, the greater will be the number of projects undertaken and the greater the
rent available from each. This is equivalent to an upward shift in the solid line
in Figure 8.2.

4 Resource rent tax design

A Resource rent tax structure and calculation

The principles of resource rent provide the theoretical underpinnings for the
design of a resource rent tax." The three primary elements in the design of a
typical resource rent tax are:

»  specified rate(s) of return on investment that trigger the imposition of the
tax;

» specified tax rate(s) imposed on net profits once the rate(s) of return has
been exceeded; and

« the tax base, which is typically an individual resource project (i.e. fully ring-
fenced) and allowable deductions.

A simplified example of the calculation of a resource rent tax is shown in Table
8.2, in which the threshold rate of return is set at 20 percent and the tax rate at 50
percent. All cash receipts (sales revenue and proceeds from the sale of assets) and
expenses (exploration, capital and operating expenditures but not financing costs)
are accounted as soon as they are incurred to derive annual net cash flow."”” Net
cash flows are compounded at the threshold rate to adjust nominal values to
present values. The point at which accumulated net cash flow after compounding
become positive represents the point at which a 20 percent rate of return has been
achieved. The accumulation process stops at this point and subsequent positive
cash flows are subject to tax at a rate of 50 percent. If in any later year the net
cash flow is negative, the compounding process recommences until the accumu-
lated value turns positive again. This situation could arise, for example, in the
case of a transition from open pit to underground mining to follow a mineral
deposit deeper, or the introduction of enhanced recovery wells in an ageing oil
field, which in each case would require a substantial injection of new capital.



248 B. C. Land

Table 8.2 The basic calculation of a resource rent tax

Year Revenue  Total costs Net cash  Adjusted — Tax due After-tax

flow NCF (a) NCF
1 0 100 -100 -100 0 —-100
2 0 100 -100 220 0 -100
3 0 150 -150 —414 0 -150
4 200 50 150 —347 0 -150
5 200 50 150 266 0 -150
6 200 50 150 -169 0 -150
7 200 50 150 53 0 -150
8 200 50 150 86 43 107
9 200 50 150 150 75 75
10 200 50 150 150 75 75
11 100 200 -100 -100 0 -100
12 300 50 250 130 65 65
13 300 50 250 250 125 125
14 300 50 250 250 125 125
15 300 50 250 250 125 125
16 300 50 250 250 125 125
17 300 50 250 250 125 125
18 100 25 75 75 38 37
Note

a Cumulative net cash flow compounded at the threshold rate of 20% until positive; thereafter annual
net cash flow.

This type of arrangement can be replicated in production sharing by allocat-
ing all production to the company until full recovery of costs, plus a cost uplift
corresponding to the rate of return threshold, and then allocating a share, equiva-
lent to the tax rate, of any profit thereafter to the company.

It is also possible to emulate the fiscal effect of a resource rent tax in state
equity arrangements. Where the equity is acquired by means of a loan from the
investor secured against the project cash flows, the state’s equity cash flow enti-
tlement is subordinated to the loan and interest thereon. Assuming unrestricted
distribution, dividend receipts (equivalent to resource rent tax receipts) will com-
mence once the loan plus interest has been retired. The equity interest is equiva-
lent to the rate of tax and the interest rate on the loan is equivalent to the
threshold return at which resource rent tax becomes payable.

B Neutrality and efficiency

A number of surveys of resource taxes have highlighted the advantages of
resource rent taxes over other instruments in terms of neutrality and efficiency
(Johnson 1981, Goss 1986, Baunsgaard 2001). A well-designed resource rent tax
will leave the investment decision undistorted. This will, in principle, enable the
host government to maximize the capture of resource rent from any particular
deposit without deterring investment.
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In practice, there is no assurance that the threshold rate of return at which
resource rent tax is triggered will correspond exactly to an investor’s own
minimum required rate. This is especially so if the threshold is fixed administra-
tively and applies across the board to all resource projects, as is commonly the
case. It has been argued that resource rent tax might provide an implicit subsidy
to resource projects that are the most capital intensive and have longer gestation
periods, owing to the effect of compounding negative net cash flows (Caragata
1989). However, this line of argument seems to imply that capital intensive
resource projects with long gestation periods are avoidable or undesirable; this
could hardly be the case in the resource industries.

Notwithstanding limitations that in practical terms are hard to avoid, it is gen-
erally accepted that resource rent taxes are less distorting than many other forms
of tax commonly employed within the resource sector. In particular, resource
rent taxes are considered to be more responsive to the underlying profitability of
resource projects than a number of other taxes on profits that seek to enhance the
host country tax take (McPherson and Palmer (1984), Kumar (1991)). The
advantages of resource rent taxes over examples of such taxes are presented in
Table 8.3, adapted from McPherson and Palmer (1984).

Many other taxes on profits are designed so that the tax rate rises as a func-
tion of one or more parameters that are proxies for profitability, such as produc-
tion levels, prices, unit costs, or a combination of these. Table 8.3 illustrates two
examples of these, a sliding scale tax linked to production and a sliding scale tax
linked to prices. The rationale for a price-linked tax, for example, is that price
movements are normally positively correlated with changes in profitability.
However, this disregards the impact of potentially countervailing changes in
output and costs that could reduce profitability. An approach in which the inci-
dence of taxation is based on proxies for profitability rather than profitability
itself, is an inaccurate and distorting way to capture resource rent.

As illustrated by Table 8.3, taxes in which the rate is directly linked to
achieved profitability can take a number of forms. There are those in which profits
are measured on an annual basis by reference, for example, to operating margins
or returns on capital employed. Several countries in Africa now base their taxa-
tion of mining profits on the Variable Rate Income Tax that was first employed in
South Africa. Under this scheme the rate of tax in any tax accounting period is
one derived by a formula linked to the ratio of taxable income to gross income,
subject to a floor rate and