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Abstract

This report analyses the effects of Depreciatiow it (DAW) on offshore gas production,
government budget and employment in the gas ingluBtre DAW enables firms to accelerate
deprecation of investments in platforms and ottitshore equipment. The interest advantage
due to the postponed payments of taxes raisegdfieapility of investment projects and,
hence, could raise the level of investments. Thedgkeestion in the debate on the DAW is
whether the higher tax base compensates for theesttlosses due to postponed tax receipts.
The econometric analysis has shown that the DAWeaged only the number of development
drillings during the period this measure was im@eated (1996-2002). A moving long-run
average of the oil price has appeared to be afignily explaining variable behind the level of
exploration drillings as well as development dnifis. Using the current value of that oil price,
25 dollar per barrel, we find a large number offipeble exploration projects. In the current
circumstances, introduction of the DAW will notsaithe level of investments in the near
future, as several non-financial factors appedetbottlenecks, such as the duration of
licensing procedures.
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Abstract in Dutch

Dit rapport analyseert de effecten van de WillelgauAfschrijving Continentaal Plat (WACP)
op de gasproductie op de Noordzee, het overheidsbah de werkgelegenheid in de
gassector. De WACP stelt bedrijven in staat invesgen in platforms en dergelijke versneld af
te schrijven. Het rentevoordeel als gevolg vantelitgan belastingbetalingen verhoogt de
winstgevendheid van investeringsprojecten en deamegelijk de omvang van investeringen.
De centrale vraag in de discussie over de WACR @& doename van de belastingbasis door de
extra investeringen de renteverliezen bij de ovdrhks gevolg van de maatregel compenseert.
De econometrische analyse laat zien dat de WAGQIR jperiode 1996-2002 het aantal
ontwikkelingsboringen heeft verhoogd. Een meerjaagrtschrijdend gemiddelde van de
olieprijs blijkt een significante variabele achkest niveau van gasboringen te zijn. Bij de
huidige waarde van die grootheid (25 dollar pe} Wikt er zonder de WACP een groot aantal
rendabele exploratieprojecten te bestaan. In déigeubmstandigheden introduceren van de
WACP zal daarom niet het aantal investeringsprejegerhogen omdat verschillende niet-

financiéle factoren, zoals de lengte van vergurmiogedures, dat belemmeren.

Steekwoorden:
Belastingen, investeringen, grondstoffen, oliepagrdgas
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Preface

In order to encourage gas production at the Dutmhti@ental Shelf, the Dutch government has
taken several measures in the past decades. Redentlever, the Depreciation at Will

(DAW), a fiscal measure favouring offshore actegtj has been abolished. Since the
abolishment of that measure in 2003, representafieen the gas industry have warned for the
alleged dramatic effects on gas production and owent budget. As a consequence, the
Dutch government, encouraged by questions from meesndf the Parliament, has asked the
CPB to conduct an analysis of the effects of tha\DA

During our research, we received highly appreciatagperation from Jaap Breunese and his
colleagues from the Netherlands Institute for ApplGeoscience (TNO-NITG) and Peter
Rozenkranz from the Energie Beheer Nederland (EBIM) are grateful to both organisations
for providing support in analysing the consequeraféhe DAW on the financial prospects of
offshore gas activities. We also had several usa&dtings with representatives from a number
of upstream gas firms active at the Dutch Contiale®helf, i.e. BP, Gaz de France, NAM,
Petro-Canada, Total, Wintershall, and associatibrfisms, i.e. Nogepa and IRO. These
meetings gave us valuable in-depth informationamtdirs affecting investment decisions. In
addition, we benefited from the discussion with B&dorge, Chris Rachwal and Paul McGhee
at the office of Gaffney, Cline & Association in @y, United Kingdom. Finally, Corné van
Langen, Sandra Quick and Jos de Groot of the Min@ftEconomic Affairs and Michiel
Geschiere and Wim van Tol of the Ministry of Finargave useful advice during the project.

The project team which conducted this researcluded Ali Aouragh (information analysis),
Arie ten Cate (econometrics), Joeri Gorter (maaraemics) and Machiel Mulder (energy

economics and project management).

Henk Don
Director






Summary

Scope of the research

For several decades, the Dutch government has exgemliproduction of natural gas from the
Continental Shelf. This policy, which is called gmall-fields policy, aims at conserving the
reserves in the huge Groningen gas field and atmisixg offshore gas production. This
policy contributed to the steady increase in gaslpetion on the Continental Shelf. Since the
early 1990s, however, exploration activities hawveven a declining pattern, while the annual
growth in production has altered in stabilisatibmtesponse to these developments, the Dutch
government took several measures to improve camditior the gas industry. One of these
measures was the introduction of Depreciation dt fWAW) in 1996. That measure gave gas
firms the opportunity to postpone tax payments lagrce raising the profitability of
investments projects. As a result, firms were etgrbto raise the level of investments and
hence production of gas. In the Tax Plan 2003Dtieh government abolished this fiscal
facility, and others, in order to simplify the taystem.

In response to a request of the Parliament, thergovent decided to monitor and evaluate the
effects of the abolishment. The Ministries of Ecomno Affairs and Finance have requested the
CPB to conduct this evaluation. This research fesum the effectiveness of the DAW,
answering the following questions:

What were the effects of the introduction and abotient of the DAW on natural gas depletion
on the Dutch Continental Shelf, the government letidgd employment?

What would be the effects of the re-introductioritef DAW on natural gas depletion at the
Dutch Continental Shelf, government budget and eympent?

In this project, we will not assess the welfareet of the small-fields policy as such. We do
not address the question whether the small-fietdisyis an efficient policy. Answering that
guestion would require an analysis of the relatigmbetween depletion of the Groningen field
and depletion of the offshore fields, includingemsessment of costs and benefits of conserving
the former field by enhancing production of thedafields.

Oil price and DAW affected offshore activities

The level of known natural gas reserves at the IDGntinental Shelf has not much altered
since the mid 1970s. Recently, however, the lef/etgerves has shown a decreasing pattern,
mainly as a result of the relatively low level @wfinds. Whether this development indicates a
declining geological prospectivity of the Dutchsifbre area is not fully clear.



The econometric regressions show the main detentsmd exploration and development as
one would expect. The revenue based on a longd&arage oil price is a major determinant.
Exploration and development seem to react quitetdashanges in the oil price: already after a
few years, rather than after decades. Developmdlings responded stronger to the level of
the long-term oil price than exploration drillings.

The econometric analysis has produced a mixedrpict the effect of the DAW on mining
activities. This fiscal measure had a temporargafbn the level of exploration activities and a
continuing effect on development activities. Thieetf on exploration might be a one-time
increase of 80%, meaning that the introductiorhef@AW resulted in an immediate 80%
increase in the level of exploration drillings iretsame year which effect fully vanished in the
years after. The effect on development is estimasea 50 to 80% increase during the DAW
period.

Summarising and explaining the above two conclusioompared to development drillings,
exploration drillings appear to be less sensitovértancial factors such as the oil price and the
DAW. The high financial sensitivity of the formisrrelated to the position of development in
the chain of mining activities: development deaisi@ome only to the fore when an exploration
drilling has been successful. As a result, the etqubcash flow of the development project is
one of its major determinants. Exploration driléndepend, however, on many other factors,
such as geological research and licensing andamviental procedures.

North Sea offers fairly favourable investment condi tions

The North Sea area, including the Dutch part, istitl relatively favourable area for gas
production due to its political stability and prmity to major European consumer markets with
a growing demand for gas. Also other conditionsofifiehore investment at the Dutch
Continental Shelf have been favourable, such aguheanteed offtake by Gasunie, the well-
developed infrastructure and the shallow water. Gamed to other North Sea countries, the
Netherlands have an average fiscal environmefigapstream industry. Factors which could
hamper activities of the industry as a whole aeertither lengthy licensing and environmental
procedures and the inactivity of several licenskeirs.

DAW relieves financial restrictions

The DAW affects the (expected) profitability of akploration and development projects. This
impact differs strongly between projects. Althowdhprojects benefit from the DAW, only a
part of the projects do really need this facilepending on the choice of the financial
criterion, 60 to 70% of all exploration projectsiathare profitable with the DAW appears also
profitable without this fiscal facility. In absokiterms, 120 to 250 projects are not financially
restricted. This number exceeds largely the nurabprojects currently undertaken (about 10
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per year) and the highest level achieved in the (@@®ut 40). So, other, non-financial factors,
such as pre-drilling activities (geological reséaiiaterpretation of data, etc), environmental
and licensing procedures and insufficient accegsdbitable prospects by new firms, determine
the magnitude of offshore activities in the nedurfe. Improving financial conditions by
implementing the DAW would, therefore, under cutreincumstances not affect that
magnitude.

... but has likely a negative impact on government bud get

The DAW affects not only marginal projects, butbaddready profitable projects, resulting in a
‘dead weight loss’. If we assume that all projexiald immediately be undertaken, the present
value (discounted against 6%) of the ‘dead weigis’lamounts to about 0.25 or 0.40 billion
euro. This involves about 60 to 70% of all projeadteady profitable in case of a DAW. The
profitability, measured by the internal rate ofuret (IRR), of many projects within this
category rise to levels far above 20%.

If all financially-sound investment projects woudd undertaken immediately, the net impact on
(the present value of) state revenues would bedsin200 and 400 million euro. However, if
we do take into account the impact of other facédfscting the level of mining activities, the

net effect on state revenues would be negativerAst, firms would benefit from the fiscal
facility on projects already profitable without tB&AW. Tentative calculations based on general
economic research support the conclusion thatacteoh of the tax rate for the gas industry

would result in a negative net impact on statemaes.

... and hardly any effect on employment

As the measure will have a little effect on the miagle of offshore mining activities in the
near future, the employment effects would be ndgkg In addition, the industry supplying to
the upstream industry increasingly operates ombajimarket, partly due to mature
characteristics of the North sea area. Changéwitetel of demand from the Dutch upstream
sector, therefore, could be mitigated by develogmamother regions.

Improving other conditions could encourage investme nts

The above conclusions on the effects of the DAWsdas imply that no other changes within
the fiscal regime should be reconsidered. In ot@@chieve a better performance of a change
within the fiscal regime, the measure could focasghe reduction of the marginal effective tax
rate. In other words, reducing the tax burden orgimal projects without relieving the tax
burden on infra marginal projects would have pesigffects on gas activities and government
budget. As to determine whether such a measurel guattically and legally be implemented,
additional research could be useful.
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The question remains whether the government shiakilother measures regarding the
offshore gas activities. In order to answer thasgion, we have to determine the outlook for
this sector when no additional policies would beeta

Contrary to what is often said, the prospectiviiy, the geological outlook, of the Dutch
Continental Shelf has hardly changed in the pastsyd he net changes in the magnitude of the
reserves have fluctuated around zero resultingr@tteer stable level of remaining reserves.
Also other indicators for prospectivity, such asrage field size times success rate, do not give
worrying signals. Looking at the past relationstipswveen oil price and offshore activity, we
expect that the number of exploration and develaprdellings will increase in the near future.
After all, at the present level of the moving awgrannual oil price, a large number of projects
appear to be profitable, even if we use relatigtgng financial criteria which some firms

seem to use.

A major factor which influences the size of offshearctivity seems to be the market structure.
Many of the firms currently active on the Contira@rhelf apply rather high financial criteria

in their investment decisions due to insufficieaimpetition on the upstream market. In order to
encourage offshore activities in the medium terticganeasures could be directed at
competition on the upstream market. Options toaj@ee improving licensing procedures and
increasing the transparency of the market in oraattract new players to the offshore area
and, hence, reduce the importance of ranking dftpbde investment projects on the number of
projects actually executed. In this respect, expmees in other countries could offer useful
lessons. The United Kingdom, for instance, hasndgentroduced several measures to attract
new players to the North Sea. Those measures m¢heifallow field initiative encouraging
activity on acreages which have had no activityafsrumber of years and a measure increasing
access to infrastructure.

Additional research would be needed to assessotestfectiveness of the several options to
encourage investments at the Continental Shethdhfurther research, attention should also be
given to the benefits of the ‘small-fields’ polia@nly then it is possible to determine the
optimal design of government policy regarding tkpleitation of the domestic natural-gas

resources.
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Samenvatting

Achtergrond en doel van de studie

De Nederlandse overheid voert sinds meerdere diecbaleid om de gasproductie op de
Noordzee te bevorderen. Dit beleid wordt het ‘ideirelden beleid’ genoemd. Het heeft tot

doel de reserves in het grote Groningen gasveldrpmogelijk te behouden en de
gasproductie uit de ‘kleine velden’ op de Noordtzemaximaliseren. Dit beleid heeft geleid tot
een geleidelijke toename in de offshore gasprodusinds het begin van de jaren 1990 laten de
exploratieactiviteiten echter een dalend patroen,zierwijl de productieomvang niet meer
groeit. In reactie op deze ontwikkelingen heeftNdglerlandse overheid in deze periode diverse
maatregelen getroffen om de condities voor de offsindustrie te verbeteren. Een van die
maatregelen was de introductie van de Willekeukitgehrijving Continentaal Plat (WACP) in
1996. Teneinde het belastingstelsel te vereenveadigeft de overheid bij het Belastingplan
2003 deze maatregel weer afgeschatt.

De WACP biedt bedrijven de mogelijkheid om investgen in boorplatforms en gaspijpen in
een zelf te kiezen tempo fiscaal af te schrijvea b@drijven kiezen ervoor de investeringen
versneld af te schrijven, zodat belastingbetalinggsr de toekomst worden geschoven. Dit
uitstel van betalingen levert de bedrijven rentedeel op. De andere kant van de medaille is
uiteraard dat de overheid belastingen later ontvanglus een renteverlies leidt. Wanneer
bedrijven als gevolg van de maatregel meer gaagsteven en daardoor meer gas gaan
produceren, kunnen de baten voor de overheid paw sach positief worden. De centrale vraag
is daarom in welke mate bedrijven door de invoeviag de willekeurige afschrijvingen meer

gaan investeren.

In reactie op vragen uit de Tweede Kamer heefedening besloten de effecten van de
afschaffing van de WACP te monitoren en evalueBenMinisteries van Economische Zaken
en Financién hebben vervolgens het CPB gevraagerooek naar de effecten van de WACP te
verrichten. Dit onderzoek richt zich op de volgehdee vragen:

Wat waren de effecten van de introductie en afséetgpfan de WACP op gasproductie,
overheidsinkomsten en werkgelegenheid in de gastrid@
Wat zouden de effecten zijn van herintroductie ¢garWACP op gasproductie,

overheidsinkomsten en werkgelegenheid in de gastrid@

In dit onderzoek zijn niet alle effecten van hedike-velden beleid geanalyseerd, zodat geen
antwoord wordt gegeven op de vraag of dit eeniéfiidbeleid is. Om die vraag te
beantwoorden moet ook worden gekeken naar deedlesen het gebruik van het Groningen-

gasveld en de productie op de kleinere velden.
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Olieprijs en WACP beinvloedden gaswinning op de Noo  rdzee

De omvang van de bekende reserves op het Nedezldegs van het Continentaal Plat zijn niet
veel veranderd sinds het midden van de jaren 7€etRelijk echter vertoont deze omvang een
dalend patroon, voornamelijk als gevolg van detieflgeringe nieuwe vondsten. Het is niet
duidelijk of deze ontwikkeling op een verslechtegd®logische situatie duidt.

Uit de in dit onderzoek uitgevoerde regressie-aed\komen de belangrijkste determinanten
van exploratie en ontwikkeling die men zou verwachDe opbrengst, gebaseerd op een
meerjarige gemiddelde olieprijs, is een belangrijkéerminant. Exploratie en ontwikkeling
lijken snel te reageren op veranderingen in depdj& reeds na een paar jaar, en niet pas na
een paar decennia. Exploratieboringen zijn boringaarmee naar gasvelden wordt gezocht.
Ontwikkelingsboringen zijn boringen om een gevondasveld verder tot ontwikkeling te

brengen.

Uit het onderzoek komt verder naar voren dat de \WA€durende de periode 1996 tot en met
2002 inderdaad effect heeft gehad op de investeniimg gaswinning: ze heeft geleid tot een
vergroting van het aantal ontwikkelingsboringenvade duur van de maatregel, met 50 tot
80%. De exploratieboringen lijken erdoor naar vaeenijn gehaald; het totale aantal van deze
boringen is er echter niet door verhoogd. Hiespgelt de olieprijs, waaraan de gasprijs is
gekoppeld, een belangrijke rol. In tegenstellingaat wel wordt beweerd, blijkt de genoemde
lange termijn olieprijs een belangrijke variabet®rde activiteit van winningsbedrijven. Op
dit moment ligt die prijs op ongeveer 25 dollar pet.

De twee voorgaande conclusies samenvattend eravenkl: vergeleken met
ontwikkelingsboringen lijken exploratieboringen mér gevoelig te zijn voor financiéle
factoren zoals de olieprijs en de WACP. Exploraiighigen hangen ook van diverse andere

factoren, zoals de snelheid waarmee vergunningsgtwes doorlopen worden.

Condities voor gaswinning op Noordzee zijn tamelijk gunstig

Het Noordzee-gebied is een gunstig gebied voor igaiwg vanwege het stabiele politieke
klimaat en de locatie dichtbij grote consumenterkiesr. Ook andere voorwaarden voor
investeringen in gaswinning op de Noordzee zijnstignzoals gegarandeerde afzet door de
Gasunie, de goed ontwikkelde fysieke infrastructruhet relatief ondiepe water. In
vergelijking met de andere Noordzee-landen heefteNand een gemiddelde fiscale omgeving

Voor investeringen.
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WACP verlicht financiéle restricties

De WACP beinvioedt de (verwachte) winstgevendheiu alle exploratie en
ontwikkelingsprojecten. De omvang van die invloedsehilt evenwel per project. Uit de
financiéle analyse van afzonderlijke investeringggten blijkt dat een deel de WACP nodig
heeft om rendabel te worden. Afhankelijk van heaficiéle criterium waarmee de projecten
worden beoordeeld is 60 tot 70% van de projectedaleel zonder de mogelijkheid tot

willekeurige afschrijving.

Wanneer met een olieprijs van 25 dollar per vatetevachte winstgevendheid van alle (979)
geologisch vermoede gasvelden wordt berekend, lijkarber zonder de WACP 125 tot 250
rendabele projecten te bestaan. Dit aantal ligbeeen het aantal dat in het verleden ooit in één
jaar is gerealiseerd. In het afgelopen decennigninéd jaarlijkse aantal exploratieboringen op
ca. 15. Het hoogste aantal boringen dat sindsasievetn de offshore gaswinning ooit is
gerealiseerd bedraagt ca. 40.

... maar heeft waarschijnlijk een negatieve invloed op het overheidsbudget

Als gevolg van andere factoren is het dus nidistesch te veronderstellen dat al deze
rendabele projecten op korte termijn zullen wordiggevoerd. De duur van
vergunningprocedures, de toegankelijkheid van tdok{dat zijn bepaalde gebieden op de
Noordzee) voor nieuwe bedrijven, en fysieke cap#sijrenzen bepalen namelijk ook de
snelheid waarmee de gasboringen kunnen wordercherri

Bij de hoge olieprijs die nu voor de toekomst wordbrzien heeft verdere stimulering via
fiscale faciliteiten daarom geen invioed meer. Dimerintroductie van de WACP zou het aantal
rendabele exploratieprojecten met nog eens 8tdenemen bovenop het genoemde aantal
van 125 tot 250. Gezien het voorgaande is het diidiat dit weinig of geen effect zal hebben
op het aantal boringen in de nabije toekomst. Datragel zal alleen de winstgevendheid
vergroten van de projecten die toch wel uitgevaeodden. Per saldo leidt de maatregel tot een
renteverlies voor de schatkist, en vergroting vamvahst van de winningsbedrijven.

... en vrijwel geen effecten op de werkgelegenheid

Aangezien de maatregel nauwelijks effect zal helapede omvang van de offshore
mijnbouwactiviteiten zullen de werkgelegenheidset#e verwaarloosbaar zijn. Daarbij komt
dat de toeleverende industrie in toenemende magzopnondiale markt opereren en daarmee
minder afhankelijk worden van de omzet op de, iflgeringe, Nederlandse offshore markt.

Andere beleidsopties kunnen wel leiden tot meer inv ~ esteringen
Bij een structureel lagere olieprijs zou de maateg termijn wel positief kunnen uitpakken
voor het overheidsbudget. Ook dan zouden de effeaer de overheid echter gunstiger zijn
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wanneer de maatregel wordt gericht op marginalgepten. Bij de huidige vormgeving
profiteren immers alle, ook heel rendabele projectan de fiscale faciliteit. Nader onderzoek
zou kunnen uitwijzen in hoeverre een op een dgkgathanier vormgegeven maatregel

praktisch en juridisch uitvoerbaar is.

Een factor die ook invloed heeft op de omvang vawofshore activiteiten is de marktstructuur.
De bedrijven die momenteel actief zijn op de Noeslhanteren tamelijk strenge

selectiecriteria bij hun investeringsbeslissingext gamenhangt met de beperkte concurrentie in
het Noordzeegebied. Door voor nieuwe spelers dgatagtot het gebied te bevorderen zou de
investeringsactiviteit kunnen toenemen. Mogelijkaatnegelen hiervoor zijn vergroten van de
transparantie van de markt, verbetering van veriggsprocedures en enige regulering van
tarieven voor de infrastructuur. Ervaringen dieeredanden, zoals het Verenigd Koninkrijk,
hiermee opdoen kunnen nuttige lessen verschaffend@invulling van het beleid om de
offshore gaswinning te bevorderen.

Aanvullend onderzoek zal nodig zijn om te bepatewélke mate de andere beleidsopties
kosteneffectief zijn. In een vervolgonderzoek zol aandacht kunnen worden besteed aan de
baten van het kleine-velden beleid. Alleen dareisilmmers mogelijk om de optimale
vormgeving te bepalen van het overheidbeleid veoexploitatie van de nationale

aardgasreserves.
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1.1

1.2

Introduction

Background and aim

For several decades, the Dutch government has sexgeliproduction of natural gas from the
Continental Shelf. This policy, which is called gmall-fields policy, aims at conserving the
reserves in the huge Groningen gas field and makigioffshore gas production. The benefits
of this policy consist not only of the volume ofsgaroduced offshore, but also of its impact on
the capability of the Groningen field to act asreyyproducer. The main component of the
small-fields policy is the guaranteed offtake dsbbre gas by Gasunie.

The small-fields policy contributed to the steadgrease in gas production on the Continental
Shelf. Since the early 1990s, however, exploratictivities have shown a declining pattern,
while the annual growth in production has alteredtabilisation. In response to these
developments, the Dutch government took severasurea to improve conditions for the gas
industry. One of these measures was the introdudfi®epreciation at Will (DAW) in 1995.
That measure gave gas firms the opportunity topoos tax payments raising the profitability
of investments projects. In the Tax Plan 2003, h@nethe Dutch government abolished this

fiscal facility.

This abolishment has caused commotion: severdakpamcluding members of Parliament,
expect that it would result in a significant de@@#n offshore drilling activities. This would
lead to a lower level of depletion of the offshgees fields, a decline in natural resource rents

the government would receive, and loss of econ@tiiwity.

In response to a request of the Parliament, thergovent decided to monitor and evaluate the
effects of the abolishment. The Ministries of Ecomno Affairs and Finance have requested the
CPB to conduct this evaluation. This research ghdaliver sufficient information on the
effects of the DAW on the exploration and productid gas, the government budget, and
employment. The general aim of this research asgess the DAW as a policy tool
encouraging production of natural gas, taking eihjiinto account the impact on government
budget.

Research questions and method

As to determine the effectiveness of the DAW wetuseapproaches: an ex-post analysis and
an ex-ante analysis. The former one focuses omrtpact of the DAW in the past; the latter
assesses the likely future impact of the DAW i§thieasure would be implemented again. As a

result, the report answers the following two quosti
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1.3

1.4

What were the effects of the introduction and abotient of the DAW on natural gas depletion
on the Dutch Continental Shelf, the government etidgd employment?

What would be the effects of the re-introductiorttef DAW on natural gas depletion at the
Dutch Continental Shelf, government budget and eympent?

In order to answer these questions, we have amhlgfermation from several sources. These

sources include:

Literature on tax regimes and investment decisions;

Data on offshore activities and policy measureamdigg the gas industry given by EBN, TNO-
NITG and the Ministry of Economic Affairs;

Research reports, results from model analysesdisndssions with researchers from TNO-
NITG, EBN and Gaffney, Cline & Associates, andafly;

Plenary and bilateral meetings with representatdfegas firms active at the Dutch Continental
Shelf, i.e. BP, Gaz de France, NAM, Petro-CanadégalTWintershall, and associations of
firms, i.e. Nogepa and IRO.

Focus of the analysis

In this project, we will not assess the welfareet of the small-fields policy as such. We do
not address the question whether the small-fietdisyis an efficient policy. Answering that
guestion would require an analysis of the relatigmbetween depletion of the Groningen field
and depletion of the offshore fields, includingemsessment of costs and benefits of conserving
the former field by enhancing production of thedafields®

Structure of the document

Chapter 2 explores the rationale behind and theeatsof specific fiscal policies regarding the
gas industry. The next chapter deals with the est @palysis. This chapter describes the
(econometric) analysis of past relationships betwvtee DAW and other factors, such as the oil
price, on the one hand, and offshore activitiethefgas industry on the other. Chapter 4 offers
the ex ante part of the research. This part cansfsin analysis of financial restrictions on
project level as well as a macroeconomic analyfsislationships between tax measures and
investments. The final chapter summarises the nesinlts and gives some policy implications.

*In its latest review of Dutch Energy Policies, IEA (2004) advices to conduct such a cost-benefit analysis. See also De
Joode and Mulder (2004) for an assessment of costs and benefits of conserving the swing function of the Groningen gas
field.
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2.1

2.2

Fiscal policy and production of natural gas
Introduction

This chapter gives an introduction on the desigfisaal policies related to the mining
activities. First, we explore theoretical motiveshind specific fiscal measures regarding the
upstream natural gas industry. Then, we concisetgiibe fiscal measures currently in place in
each of the North Sea countries. Finally, we ggde@to the Dutch polices regarding the
offshore gas industry including a description af IAW.

Taxation of natural resource rents and marketf  ailure

Theoretically, two factors determine the desigteafsystems regarding mining activities: the
existence of economic rents due to natural circant&s and the presence of market failure.
The former explains why mining activities shouldtared relatively strongly while the latter

could account for lower or higher levels of taxatio

Economic rents generated by mining industry folfoom scarcity of its resource. The value of
products produced by this industry follows onlytpafrom the costs involved and mainly from
the scarcity of the product. The latter componéithe value of the product is called ‘rent’.
These rents belong to the owner of the naturaluress, generally the state. In order to receive
those rents in cash, the resources have to bevedissmband exploited. If private firms execute
these activities, they require compensation foir tt@sts and a remuneration of the risks
undertaken. This implies that taxation of the ratuesource rents must on the one hand leave
sufficient incentives to private firms for explaat and exploitation and, on the other hand,
distribute an appropriate part of the rents tostia¢e (Neher, 1999).

As economic conditions of exploitation alter duritglifetime, the tax regime should be
reconsidered frequently. Theoretically, the more@mea approaches maturity, the more
depletion costs rise, the lower should be the nesotent taxt. This holds, of course, only if the
tax is set at the optimal level when depletion totik“If the fiscal system is directly and
accurately targeted on economic rents then investaecisions regarding exploration and
development should not be distorted. In practiogydver, the great majority of fiscal systems
are not directly targeted on economic rents.” (Kexhal, 1992b).

2 According to the British Department of Trade and Industry (DTI), the British North Sea fiscal regime “is kept under
continuous review and many adjustments have been made to it to reflect changes taking place in the United Kingdom
Continental Shelf” (“Regulatory Regime” at www.dbd-data.co.uk). In order to encourage long-term investment in the North
Sea, the British government recently abolished royalty and introduced 100 percent allowance for most investments in the
North Sea (message of DTI at www.0g.dti.gov.uk).
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2.3

In a study directed at the effects of fiscal tefma number of countries, including the
Netherlands, Kemp et al. (1992a) conclude thatrietelmingly the systems are not well-
targeted on economic rents. In jurisdictions incogting traditional royalty and conventional
tax instruments the systems are regressiveelation to oil price”. According to these aath,
“the inaccurate targeting generally emanates fitmerabsence of a specific allowance for the
required return to the investor from the activifypetroleum exploitation.”

The second reason for giving a special fiscal tneat to a specific sector is the existence of
externalities. According to the adherents of thalsfirelds policy, the exploitation of the
Continental Shelf has several positive externaliidich private firms do not take into account.
It should contribute to the conservation of the idngen field as a swing supplier. Moreover, it
should postpone dependency of the Netherlandsreifgfo more risky suppliers of natural gas.
In addition, within the offshore area, positiveaxialities should exist regarding the use of the
existing infrastructure for gas depletion. The #xginfrastructure, consisting of pipelines and
platforms owned by several gas firms, offers sigaiit scale-effects in the investments costs.
In this report, as said in Chapter 1, we do notssshe magnitude of these externalities in order
to determine the efficiency of tax facilities ftwetoffshore gas industry. In stead, we focus on
the efficacy of one fiscal measure, the DAW.

Fiscal regimes on gas and oil production in Nor  th Sea countries

This section provides a global description of tisedl regimes regarding gas and oil production
in the North Sea countries: United Kingdom, NorwBgnmark Germany and the Netherlands.
Profits from gas and oil production are subjedhtee types of fiscal charges: royalty,
corporate income tax and petroleum taxes. In aadithe degree of participation of the state
affects profits of firms. Table 2.2 summarisesrtien components of the fiscal regime of each
North Sea country.

Classification of tax regimes

According to Mommer (1999), two archetypes of flsegimes on natural resource profits can
be distinguished: a liberal fiscal regime and gpiedorial fiscal regime. In the former regime,
the marginal fiscal take is zero. “The state teoy excess profits, carefully avoiding
obstructing the free flow of investment”. In thétdat regime, the marginal take is positive.

% Regressive taxes are non-profit based, such as royalties. The lower the profitability, the higher the effective tax rate. Profit-
based tax schemes, such as production sharing and profit tax, result in a higher effective tax rate if profitability rises.
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Petroleum fiscal regimes can also be distinguishedncessionary systems and contractual
systems. The former system allows private ownership to maheesources while in the latter
the state retains ownership of these resourcest Blospean countries, including Denmark,
The Netherlands, Norway and the United Kingdomghaeoncessionary system. In such a
system, private firms have exclusive rights to expland produce at its own risks and
expenses. “In the traditional concessionary systeencompany pays a royalty based on the
value of the recovered mineral resource, and omease taxes based on taxable income.”
(Coastal Marine Institute, 2004).

State participation

Germany as well as the United Kingdom has no agar@mt concerning state participation in
upstream activities. Norway has limited the aversigée share to less than 40% since 1996.
Denmark participates in all recent licences throagiubsidiary of the entirely state-owned firm
DONG A/S. In the Netherlands, oil and gas exploratind production is done as a partnership
between the State and private firms. The statepesented by the agency Energie Beheer
Nederland (EBN). EBN bears 40% of production angl@ation costs, and in turn receives
40% of profits from oil and gas production ventures

Table 2.1 Fiscal terms for the upstream natural gas industry, per North Sea country, 2003

Netherlands ~ Netherlands United Norway Denmark Germany

offshore onshore Kingdom

Royalty (%) 0 0-7 0 0 0 10- 36
Petroleum taxes (%) 3 50 (SPS) 50(SPS) O(PRT) 50(SPT) 70(HCT) n.a.
Corporation tax (%) 345" 345" 40 28 309 5089
Marginal fiscal rate (%) 50 50 40 78 30 ®) 50.8 9
State participation (%) 0/40/50 0/40/50 None 40 20 none

a) SPS = State Profit Share; PRT = Petroleum Tax; SPT = Special Petroleum Tax; HCT = Hydrocarbon Tax.

b) Credible against SPS.

c) Deductible against HCT.

d) Combination of Corporation and Municipal taxes.

e) Referring to the Danish Energy Agency estimates, GCA expects no HCT is likely to be payable for the foreseeable future. Therefore,
the effective marginal rate is 30 in stead of 70%.

Source: Gaffney, Cline & Associates (2003)

Royalty
In the Netherlands, royalties have to be paid ashore fields only. In the United Kingdom,
royalty payments have been abolished as from Jariu@003. Before that date, royalty was

4 See e.g. presentation of Alfred Kjemperud, Bridge on Petroleum Fiscal Regimes; Basic Concepts, September 2003.
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charged at 12.5% of gross value of oil and gas wanparticular area, but only applied to
fields given development consent before April 1829The Norwegian revision of Petroleum
Tax Act in 1992 has phased out royalty on pre '86 fields. Moreover, royalty will be
abolished for the remaining two fields (Osebergllf@ks) in 2005. In Denmark, no royalty is
due for new field developments. In Germany, rogaltire set at a minimum of 10% and vary
among the federal states.

Petroleum taxes

In the United Kingdom and Germany, no petroleunesasn the development of new oil and
gas fields are due. The UK Petroleum Revenue TRX IR a field-based tax meaning that
costs of developing a particular field cannot beagminst the profits from another field. Losses
can, however, be carried forwards or backwardsfinidely.

In the Netherlands, only one fiscal regime is aptio offshore and onshore production. This
regime holds for all firms, domestic or foreigntiae at the Dutch Continental Shelf. The
regime imposes a 50% tax to new exploration liceradter deduction of the 10% uplift. In all
production projects, the government agency End3gleeer Nederland (EBN) carries 40% of
the costs and, hence, receives, 40% of the prafitemwvith that project. The profit share refers
to the profits of the company after deduction oNEBparticipation. This implies that the
government receives 40% of the profit (due the FBiicipation) and 50% of the profit of the
firms, making governments share in the profit 70%.

In Norway, the Petroleum Tax is applied at a cdt®80% on income from petroleum
production. Uplift is granted for a period of 6 y&at a rate of 5%. With effect from the 2004
accounting year, the special investment allowamogiged for in the Danish Hydrocarbon Tax
Act — the hydrocarbon allowance — will be reduae&% over six years instead of 25% over
ten years. For investments made prior to Janua29@4, the hydrocarbon allowance will be
reduced from 25% to 10% a year. Deductibility stagpen the investment is more than ten
years old. The hydrocarbon tax rate will be reducech 70% to 52%. The field-based tax
assessment will be abolished as from the 2004 aticguyear.

Corporation tax

Corporation tax on company’s profits is charged@b in the United Kingdom.

Companies now receive a 100% first-year allowancedpital expenditure incurred for the
purposes of their ring fence trade. In Norway,¢bgporation tax base is rated at 28%. In
Denmark the corporation tax charged on companyétps rated at 30%. The Dutch
corporation tax is currently set at 34.5%. Thisitagredible against the state profit share
implying that any change in the corporation taxsioet affect the total tax take (see above).
Germany has the highest corporate tax take, a#&0.8
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Exploration costs may be charged as an expensbeandiitten off immediately. In the
Netherlands, from January 2003, the Depreciation at Will (DAW) has been éjwd. The
capital expenditures can no longer be depreciatedlaln Norway, a linear depreciation
schedule applies to production installations apetlnes. The annual depreciation rate is 16 2/3
%, starting from the year the investment was madBenmark and Germany, the annual tax is
rated at 30% and 50.8% respectively.

Marginal tax take °

For the Netherlands, the marginal tax rate is 502%he United Kingdom and Norway, the
marginal tax ranges from 40% in the United Kingdomn78% in Norway. Germany and the
Netherlands have both marginal rates of about 308amark has the lowest marginal tax take:
30%.

The ‘small-fields’ policy in the Netherlands

The Dutch policy directed at the upstream gas #ietsy which is called small-fields policy,
encourages the production of small, mainly offsHaakels on the one hand, and the
conservation of the reserves of the huge Groniffigshon the other. The intention of the latter
is to conserve “Groningen as a buffer stock forltimg term and as the swing supply source in
winter months when demand was high in both the &l&thds and exports markets” (Peebles,
1999). As small-fields production enables to leegtthe use of Groningen as a swing supplier,
it positively contributes to the security of gapply (IEA, 2004). Conversely, conservation of
the Groningen fields favours offshore gas producéie the swing capacity of that field enables
the Gasunie, the Dutch body made responsible fecwgion of a part the small-fields policy, to
guarantee a stable offtake of offshore gas.

According to the Ministry of Economic Affairs, timain goal of the Dutch gas depletion policy
is to ensure that ‘in the long term as much ggsoasible is extracted from the ground in the
Netherlands” (Ministry of Economic Affairs, 2002).is broadly recognized that this policy has
been very successful. Quoting Peebles (1999),niadl-dields policy “has resulted in the
development of many small deposits of gas whiclkemtise may have been uneconomic for the
producers and thus left in the ground”. Severahanst, among which IEA (2004) doubt,
however, whether the small-fields policy is ana@éit policy to reach security of supply
targets as, “theoretically, small fields product{on) can be replaced by gas imports to
maintain Groningen’s capabilities”.

® Note that the marginal tax rate differs from the marginal effective tax rate. The latter depends on all factors determining the
tax burden on marginal projects, such as compensation of losses incurrred on other projects (see also section 4.4).
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Table 2.2

Year

1994

1996

1998

2000

2001

2003

Major measures of government affecting of ~ fshore activities , 1994 — 2003

Measure Direct impact on private firms

participation of the government agency Energie Beheer Nederland this measures reduces the share
in production of fields with licenses given after 1983 of firms in costs and profits before
taxes.

a. 40% participation in production (and profits) by the government  a. this reduction raises the share of

agency Energy Beheer Nederland (in stead of 50%) firms in costs and profits (before
taxes) by 10% points

b. introduction of Depreciation at Will in the Corporate Tax Scheme b. this measure enables firms to

in retroaction as from 1 July 1995 postpone tax payments

introduction of Depreciation at Will in the State Profit Scheme in this measure enables firms to

retroaction as from 1 July 1995 postpone tax payments
40% participation in exploration by the government agency this measure reduces the
Energie Beheer Nederland magnitude of capital firms have to

invest in an exploration project

a. tariff of levy (‘cijns’) is set at 0% a. reduction in taxes

b. integration of tax systems resulting in one system for all licenses b. increased opportunities for

(with 50% profit share of the government and 10% uplift of costs)  consolidation of losses and profits
on all projects

a. abolishment of the Depreciation at Will a. as a result of this measure, firms
have to apply the Unit of
Production rule or a straight line
rule, which advances tax payments
compared to the DAW

Besides the guaranteed offtake by Gasunie, sefisral measures favour production at the
Dutch continental shelf. Since the introductiorihef small-fields policy, upstream firms could
apply a relatively fast depletion rate of 7.2 patder offshore fields compared to 5 per cent for
onshore fields other than Groningen (Peebles, 199)le 2.2 offers an overview of the major
measures taken since the mid 1990s.

These measures reduced the risks for private fipadicipation of the state in exploration),
postponed their tax payments (introduction of DAVéguced the government share in profits
(reduction of the state participation in producjiand increased opportunities to consolidate
losses and profits of several projects. The abwlesit of the DAW as of 2003 has been the first
policy measure negatively affecting financial cdiadis for offshore gas depletion. See the text
box for a more information about the introductiom abolishment of this measure.
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Depreciation at Will #

The Dutch government introduced the DAW in 1995 and abolished this fiscal facility in 2002. In a discussion with the
Parliament in 2003, the government mentioned two reasons for the introduction: the low oil prices and the low level of
activities at the Continental Shelf in the mid 1990s. ° In its explanatory memorandum to the 2003 budget, the
government states that the abolishment of the DAW would contribute to simplification of the tax system. In order to
monitor the consequences of the abolishment on offshore activities, that memorandum announced monitoring and

evaluating activities.

The DAW was introduced in two stages. In the first one, the measure holds only for the Corporate Tax. In the second

stage, the DAW was extended to the calculation of the state profit share (see Table 2.2).

According to information given by the Ministry of Finance, annual investments appealing for DAW varied from 100 to
almost 400 million euro in the period the DAW was implemented. As a result, annual postponements of tax receipts

during this period varied from 25 to 100 million euro.

The DAW enables firms to treat investments in platforms and pipes as expenses in the determination of the taxable
income. This fiscal facility holds for both oil and gas related investments. The alternative option is that investments have
to be entered on the tax form on a unit of production basis or on a straight line basis. The immediate impact of the DAW
compared to the other regimes is the postponement of tax payments. This postponement of payments delivers an
interest advantage to firms. Of course, the government bears an interest disadvantage as it receives tax payments later.
If firms raise the level of investments, the net impact of the fiscal facility on government budget could be positive due to
a higher level of gas production and, hence, increased tax earnings. The key question in the debate on the DAW is
therefore, to which extent interest losses due to postponed tax earnings are compensated by an increased tax base.

Several reports show the impact of the DAW on project profitability, such as Gaffney, Cline and Associaties (2003) and
Wood MacKenzie (2002). The former concludes that the abolishment of the DAW has reduced the attractiveness of the
Netherlands to investors. The latter states that the abolishment of the DAW has reduced the value of projects by about
10%. This author is, however, “not able to show that any specific projects have clearly become unprofitable under the
new rules.” Nevertheless, he expects, that because of the increased uncertainty about future government measures “the
net effect is likely to reduce investment and to hasten the decline of production”. Note, however, that the latter

conclusion seems to be based on speculation in stead of economic analysis.

& The official name in Dutch is ‘Willekeurige Afschrijving Continentaal Plat’, abbreviated as WACP.
® Answers of government on questions of Second Chamber of Parliament, no. 28.607.

Besides these measures directly affecting finameitdomes of mining activities, the
government took some other measures. One of tfak®ying a directive of the European
Union, is the abolishment of the obligation forstfbre firms to deliver all the gas to the
Gasunie. Currently, the government is consideriegsures which could attract more firms to
the Dutch offshore area.

25



26



3 Analysis of past developments at the Dutch Contin ental
Shelf

3.1 Introduction

In this section, we discuss the mining activitiestloe Dutch Continental Shelf in the past
decades. The focus of this discussion is on thetgure to which extent can changes of the
level of these activities be explained by changgsolicies taken by the Dutch government?

At forehand, we have to make a disclaimer. Quorgaram (1990, p. 367): ‘Modelling of oil
exploration and extraction is a formidable undértgland involves important economic,
geological and political considerations’. This etaent holds for natural gas likewise. Hence it
is a priori doubtful whether an econometric modwild provide us with clear answers on the
above question. At the end of this chapter, howewnerwill see that the econometric analysis
of past offshore activities enables us to makéssilly significant statements about the

impact of factors affecting these activities.

This section is organised as follows. First, wecdbs the activities at the Dutch Continental
Shelf. Next, we depict an econometric model useskfiain these activities and the results of
that analysis. Appendix B gives all the backgroinidrmation on this analysis. The chapter

ends with the conclusions following from the ecomtric analysis.
3.2 Activities at the Dutch Continental Shelf

3.21 Exploration
Exploration for gas on the Dutch Continental Sk&dfted approximately 40 years ago (see
Figure 3.1, where exploration is combined with dfigorice). In the first 30 years of the
exploration period, the number of explorations wéicreased steadily towards its peak of 43
wells in 1991. Immediately after that peak, expliaraactivity declined strongly: in the mid
90s, the level of activity approached the low lenegllised at the start of the exploration. The
second half of this decade showed a recovery ifoeagon activity. Since the start of the new

century, however, exploration is at a historicédhy level again.

Looking to the whole period since the start of¢lxploration, we see a clearly rising trend in
the first three decades and a down going trenc gime early 90s. This trend is also reflected by
comparing the average annual activity among perddgveral years. In the period 1968-1982,
18 wells per year were drilled; in the period 19882, the number of wells is 29, while in the
period 1992-2002 15 wells per year were drilled.
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Related to this development, the area under lichaselecreased since 1990 (EBN, 2003). In
1990, more than 70% of the total Dutch ContineSta|f was licensed to gas firms, either for
exploration or for production. Currently, this figuis approximately 40%. This decline is fully
due to the decrease in exploration licenses. Skfiiers have relinquished their exploration

licenses.
Figure 3.1 Annual number of exploration wells drill ed at the Dutch Continental Shelf and the nominalo il
price
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Source of the number of wells: Ministry of Economic Affairs (2004)

Note the peak in exploration drilling in 1991, fehich we have not found an explanation. The
cause of the peak in 1983-1986 might be the adlepibioom in 1980-1986.

In 1996, when the DAW was introduced, the numberelfs increased from 5 to 24. However,
immediately after that year a gradual decreaseestauntil in 2000 only 6 wells were drilled. In
the next section, we will try to determine a relaship between the oil price, the DAW and the

level of exploration activity.

3.2.2 Development
After the discovery of an economically recoverdiséd, the field has to be developed before
production can take off. The number of developnakitis showed a steadily increase up to late
1980s (see Figure 3.2). The oil price boom in 12886 might be the cause of the large number
of wells drilled in 1983-1986. In 1986, the numbéffshore development wells peaked at a
level of about 35. Since then, the number of wiedls shown a slightly decreasing pattern. In
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2003, the number of development wells were less kizdf the 1986 peak. On the first sight,
there seems to be no obvious effect of the DAVWh@ytears 1996-2002. In the next section, we
will test whether such an effect existed.

Figure 3.2 Annual number of development wells drill ed on the Dutch Continental Shelf
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Source of the number of wells: Ministry of Economic Affairs (2004)

3.2.3 Production
Approximately a decade after the exploration at@batinental Shelf took off, production
started (see Figure 3.3). In the 1970s, total Daftshore production showed a strong increase.
In 1980, the Dutch offshore gas production reachivel of about 12 billion fin the 1980s,
production kept growing although at a lower pacel990, the Netherlands produced about 18
billion m? natural gas from the Continental Shelf. Excepraporary reduction in 1993,
production kept growing up to the late 1990s. Urtdently, annual production fluctuated just
below 30 billion ni per year. In 2001 and 2002, however, productimwehl a relatively strong
decline resulting in an annual level of about 2Bdsi m®.
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Figure 3.3 Annual production of gas from the Dutch Continental Shelf
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3.24 Prospectivity
The prospectivity of an area, i.e. the probabiitfinding new gas reserves, alters due to the
activities of the gas industry. Production decreds®wn reserves, but exploration and
appraisal drillings can result in new reservesufég.4 shows how several activities contribute
to changes in the gas reserves while Figure 3.Etdahe annual level of Dutch offshore gas

reserves.

As is described in the previous section, produchias steadily increased in the past decades,
accounting for a growing negative impact on theaiming reserves. On the other hand,
exploration has resulted in annual additions toréserves, which has largely compensated for
the losses of reserves due to production. As dtréise annual net change in reserves has been

fairly similar to the annual changes resulting frayevaluations, as can be seen in Figure 3.4.

The level of reserves on the Dutch Continental Shslknown at the time, which is the result
of these activities, has not strongly altered stheeearly 1990s (see Figure 3.5). This level has
been rather stable on a level of approximatelylR&n cubic metré Recently, however, the

level of reserves has shown a decreasing patteimlyras a result of the relatively low level of

ot might be interesting to compute how much of the reserves has been extracted. At the end of 2003 the total production
was 514 becm and the residual reserves as a fraction of the initial reserves were 323/(514+323) = 39%. Here we use the
dotted line in figure 3.5, without the change in the definition of the reserves. With this change (solid line), the result is
278/(514+278) = 35%. (Data from Ministry of Economic Affairs, 2004.)
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Figure 3.4
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Figure 3.6
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Source: Ministry of Economic Affairs (2004). Note that the decrease at the end, from 1-1-2003 to 1-1-2004, is due to a
change in definition: 88 billion m® (Continental Shelf + territorial) of sub-economic reserves have been removed from the
definition of the reserves.

Another indicator for the geological prospectivitfyan area is the field size distribution. Figure
3.6 depicts the share of several field size claissthee cumulative reserves. From this figure we
can conclude that the contribution of fields betwé&eand 2 billion cubic metre has decreased
since the early 1990s, while fields between 2 aaddbetween 5 and 10 billion cubic metre
has grown in their relative contribution. As Bregeet al. (2003) conclude, the relative
importance of the largest size classes (classegeahbbillion cubic metres) has remained fairly
constant since 1984. This figure does not give,ev@rthe full picture as fields below 1 billion
cubic metre are not included. Information giverBBN says that the share of these fields
increased by a few percentage points in 1983 t@ 2@0@reover, one should also compare the
field size distribution of the existing fields withe size distribution of prospects. According to
non-official information given by TNO-NITG, the mpects show larger shares for the lower
size classes which would indicate that prospegtivitthe Dutch Continental Shelf is declining.

Relative distribution of gas field sizes

1983

1985 1987 1989 1991 1993 1995 1997 1999 2001 2003

——1-2 bcm ---25bcm  ----- 5-10 bcm —--—10-20 bcm ——20-50 bcm

Source: Breunese et al. (2004)

Although the number of exploration wells has deseglsand the average size of the fields
discovered remained fairly constant, the volumarofual discoveries of new gas reserves does
not show a declining pattern (see Figure 3.3). THdgates an increased exploration efficacy.
According to Breunese et al. (2003), the techréoatess rate has gradually improved from
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3.3

3.3.1

3.3.2

0.30 to 0.40. This implies that fewer exploratioell& are needed to realise a given magnitude
of discoveries.

This agrees with Figure 16 in Gaffney, Cline & Asisdes (2003, p.75), which shows the
success rate and find size, both averaged backwatitse. The success rate has increased and
the find size has decreased. Their product hagdsed about 6% from the average over the
past 35 years to the average over the past 5 yHaissis about 12% decline from the start of

the period to the end, or 0.4% per year.

In concluding we note that we can not find persngdaividence that the geological outlook for
this offshore area has altered very much. Seetlésdiscussion of prospectivity in section 3.3
below.

Econometric analysis

Introduction

In order to test whether past activities of thesbéfre gas industry have been affected by the
DAW, we have conducted an econometric analysis.riEx section describes the main outline
of the model. Section 3.3.3 gives the results efdbonometric analysis. Appendix A offers
information on econometric literature about moaejlactivities of oil and natural gas industry.
Appendix B explains some of the econometric detdilsur analysis and the data we have used.

Specification of our model

The estimation of the effect of the DAW (or its &bloment) on exploration and development
requires a model which includes not only the DA¥eéit, but also the other factors which
determine exploration and development. The reasothis is evident. Using a hypothetical
example, let the time of the DAW regime coincidé¢hwa low value of the oil price (or some
other relevant factor). Let these two factors naréess cancel each other out. Then, a model
with only the DAW might lead to the incorrect camgion that the DAW had little effect.

Our model consists of two equations, each explgiainumber of wells drilled: one equation
for exploration wells and one for development wall&e have not estimated an equation for
production flow, because we are interested in iueat and we expect that once a well has
been developed for production, production genefallpws. The two equations are the
following:
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(1) Number of exploration wells drilled (irrespige of success) = a function of:
Expected revenue: long run oil price rsicasts (+)
Prospectivity of mining in the Dutch paftthe continental shelf (+)
DAW (+?)
Other fiscal measures (+)

(2) Number of development wells drilled = a ftioo of:
Expected revenue: long run oil price minus £¢s)
Previous successful exploration wells in theadlock (+)
DAW (+?)

The (+) indicates an expected positive effect. (f®) indicates that the effect of the DAW is
uncertain a priori, being the subject of our analys

The regressions contains lags of several yearsdeetwauses and effect; see Appendix B.
Below we discuss the explanatory variables; hese Appendix B gives more details.

Revenue

The main determinant of all drilling is the expettevenue from selling the product. The price
of oil is used as an indicator here. The costs mestubtracted from the price, giving the
revenue per barrel of oil. This must be deflated also corrected for the dollar/euro exchange
rate variations. See Appendix B for details. Trmulng revenue is 10 to 30 dollars (of 2004)
per barrel for most of the time. In the period 872-1985 this is much higher. See Figure 3.7.

Of course, what matters is the net revenue, adterst Since we will use the logarithm of the
revenue in the regression, a constant tax ratemasfect, just as for instance a change from
dollars to dollar cents would have no effect. Tadationsin the tax regime are dealt with

separately; see below.

This revenue must be averaged over several yeatstam the expected future revenue. As we
saw above in the exploration drilling (Figure 3ahd even more so in the development drilling
(Figure 3.2), this number of years might be raimeall: the main peak in the development
follows quickly after the main peak in the oil pridt turns out that the most likely time average
goes up to five years back. Figure 3.7 also indutés long run revenue. Note that the revenue
is smaller than the price in some years becausitirer is “corrected” for the dollar per euro

exchange rate fluctuations.
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Figure 3.7 Real oil price, real oil revenue (dollar  /euro-corrected) and long-run oil revenue (dollar/e  uro-
corrected)
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The inclusion of the oil price in the regressiohs@mewhat controversial. Representatives of
the gas firms state that they use a “reference’brém expected oil price which depends on a
20 years period. Hence the observed oil priceemibi-so-distant past is practically irrelevant.
More about this, see below, where the results@féigressions are discussed.

Successful exploration

For the number of development wells, another ingrdréxplanatory variable is successful
exploration. The available data on exploration dedelopment are in the form of lists of wells
drilled, showing the block where the well was @dl] and in what year the well was drilled.
This enables us to use the presence of previowessitl exploration in the same block as an
explanation for development (the equation for thmhber of exploration wells itself is
estimated using aggregated time series only).

Prospectivity

The geological prospectivity of mining, i.e. theofpggical potential of an area, depends on
geological knowledge regarding that area on thehamel and cumulated past production on the
other. In section 3.2 above, we have concludedttigahumerical data indicate that the
prospectivity of the Dutch Continental Shelf midiet declining modestly.

As changes in the prospectivity affects mining\atiéis, we included in the exploration
regression the level of remaining reserves shovegeation 3.2 above. This produced a negative
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3.3.3

regression coefficient in the exploration regressighich is contrary to what would be

expected.

Also we estimated the exploration regression witlorection for a negative trend of 0.4% per
year, as computed in section 3.2 above. This hadaliy no effect on the outcome.

The DAW and other fiscal measures

Lastly, the DAW is included as a “dummy” variabler most years it is either zero or one. This
holds more or less the same for the combined dieal measures, which are mainly relevant
for the exploration; see section 2.4.2 above. Ef@vant policy measures are given in chapter
2. The DAW is represented in the model by a dumamnjable which is 0.8 in 1996 and 1997,
unity in 1998 through 2002, and zero in all otheans. (For an explanation of this 0.8, see

chapter 2 above.)

As advised by the Ministry of Economic Affairs, wieked from the other fiscal measures,
discussed in chapter 2 above, only the 40% padtiicip in exploration by the EBN. This results
in a dummy variable in the exploration regressidmcl is 1 in 2000 and later, and O before that

year.

Interaction between the revenue and the DAW

If the expected oil price is very high then manyimg projects are profitable and non-financial
restrictions may become binding. In that case tAs\Dwill have little effect. Hence the effect
of one variable may depend on another variableatbesaid to interact. This interaction can be
modelled by the multiplication of the variablese #gppendix B for a detailed description. See
also the financial analysis of investment projetescribed in the next chapter.

Other details of the model

Note that even after one has chosen the abovefispéion, decisions must still be made about
the precise time lags, the precise definition afaldes, etcetera. Some of these decisions are
arbitrary but may have an impact on the resultvitably this leads to some “data mining™:
repeatedly computing a slightly different regressimd see if it gives a satisfactory result. We
think that there is no point in, say, evaluating #ffect of the DAW using an obviously
nonsense regression with a negative influenceebitprice. Appendix B shows a few variants
of the regressions, reminding us that the unceytaibout the estimates not only comes from
the formal standard errors, but also from the uadg®ly about the precise specification.

Results
The tables below show the estimation results ferttbo equations. The equations are estimated
such that the coefficients of the numerical explanavariables are elasticities, showing the
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percentage change in the variable to be explaiesdtmg from one percent change in the
explanatory variable. The effect of the DAW is gi\ees a relative change in the variable to be
explained. To find this relative change, the “raegression coefficient must be transformed
into a relative changeThe value of the constant term is not shown, sihisea meaningless
number here.

The development equation has been estimated folagks, and also separately for all K and L
blocks (with the largest gas fields) on the onedhamd all other blocks on the other.

The revenue (price minus costs) per unit of progleys an important role, in particular in the
development equation: one percent increase in tevgives one percent increase in
development drilling. In the exploration equatitire coefficient of the revenue is smaller but

still highly significant (in other words, the staard errors in both cases are small). As an
explanation of this difference, note that in thgelepment phase the revenue comes sooner and

is less uncertain than in the case of exploration.

As discussed above, the use of the observed o# gisomewhat controversial. We find these
regressions convincing enough to base our maiiniysdon their outcome; note also the role of
the oil price in past econometric research showipgpendix A. In Appendix D we give results
of the financial analysis for several alternatiedues of the long run oil price.

The successful exploration in the same block atésoahlarge effect; also with a small standard

error.

Table 3.1 Estimation results of the exploration equ  ation
“raw” regression result transformed to rel. change
coefficient  standard error coefficient standard error
(Constant term)
Expected revenue: long run deflated oil price minus costs 4 A
Change in the DAW 9 3 1.4 7

Note: Time period = 1981-2003; R? = 0.45

" This transformation is exp(a)-1, where a is the “raw” coefficient. This increases the value. For a near zero the increase is
relatively small. See Appendix B for the mathematics.
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Table 3.2 Estimation results of the development equ  ations without interaction

“raw” regression result

transformed to rel.change

coefficient  standard error

All blocks
(Constant term)
Expected revenue: long run deflated oil price minus costs .8
Previous successful exploration in the same block 1.0
DAW .6

Note: Used data of years x blocks = 769; R? (from OLS) = 0.14

Only K and L blocks

(Constant term)

Expected revenue: long run deflated oil price minus costs 5

Previous successful exploration in the same block .6

DAW 4 2

Note: Used data of years x blocks = 408; R? (from OLS) = 0.06

All other blocks

(Constant term)

Expected revenue: long run deflated oil price minus costs 1.3
Previous successful exploration in the same block 1.7
DAW 1.2

Note: Used data of years x blocks = 361; R? (from OLS) = 0.26

coefficient standard error

8 3
5 3
2.2 14

Table 3.3 Estimation results of the development equ  ations with interaction (all blocks)

“raw” regression result

transformed to rel. change

coefficient  standard error

(Constant term)

Expected revenue: long run deflated oil price minus costs .8

Previous successful exploration in the same block 1.0

DAW 2.3 1.1
Interaction DAW x Expected revenue -.729 5

Total DAW effect

Note: Used data of years x blocks = 769; R? (from OLS) = 0.14

coefficient standard error

9.6 10.5
-.861
0.5

The (“pure”) DAW effect of 9.6 means: with zero expected revenue, the DAW increases the number of wells 1+9.6=10.6 times. (Note

however that, as discussed in Appendix B (“Double log”): with zero revenue the model outcome is zero wells.)

The transformed interaction is computed as ((25-10) $/barrel to the power -0.729) - 1 = -0.861. See Appendix B for the mathematics.

The total DAW effect is computed as (1+9.6) x (1-0.861) -1 =0.5
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The results of the development equation differ leetwK and L on the one hand (with large
fields), and the rest on the other. Outside K anddvelopment is more sensitive to the
explanatory variables.

In the exploration equation, the DAW proved to ékevant only in the form of its change:
when the DAW is introduced is has a positive imgatexploration activities. This effect
disappears, however, quickly afterwards. The sizhis “change effect” is considerable, with a
small standard error. Maybe the firms suspectedédcty) that the DAW might possibly not be
forever, and used the possibly limited time windowa one-time extra effort.

The exploration equation is shown without interactiThis choice was made after we
estimated all four combinations of either the DAMEIf or its change, combined with the
model with or without interaction. Both with andthdut interaction, the ¥of the DAW
equation was about 0.26, compared to 0.45 witlthiaage of the DAW. In our opinion, this
rules out the DAW equation, in favour of the chabge/N equation. However, the interaction
term in the change DAW equation was +0.05, whifmsitive value is not logical. This value,
however, is practically zefoAlso the coefficient is very small compared ®standard error of
0.8.

In the development equation, the effect of the D&sWelated to its level and not to its
beginning and ending. The existence of the DAWddadb0 to 80 percent increase of
development wells (all blocks). This effect is nigible in the aggregated data presented in
Figure 3.2. So, the use of regression analysis déth per block has added insight.

The other fiscal measure (EBN participation) hackgative but not significant effect on
exploration, as is shown by the sensitivity analykipicted in Appendix B. Therefore, this
variable has been omitted from the equation above.

The introduction of interaction in the developmeqtiation makes the results a lot more
complicated. The effect of the DAW is split in tyarts, the “pure” effect of the DAW and the
interaction effect. These effects are very large lzewve opposite signs. The total DAW effect is
given in the table, with its computation at thetbot of the tabl&

8 For the appreciation of the magnitude of this coefficient, see the computations with the interaction coefficient at the end of
the table with the results of the development equation with interaction. Here we have (15 to the power 0.05)-1=0.1, while
the “pure” DAW effect in that regression is, transformed to a relative change, equal to exp(0.7269)-1=1.1.

? In principle, the interaction between two variables is symmetrical. Hence a similar total effect might be computed for the
revenue variable. Analogously, the “pure” revenue effect is the revenue effect when the DAW is zero and the total revenue
effect is the revenue effect with the DAW equal to some reference value. The latter has no meaning, but one might compute
the total revenue effect with the DAW=1. This is simply the sum of the “pure” revenue effect and the “raw” interaction term:
0.8+(-0.7)=0.1. See Appendix B for the mathematics.
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3.34

Finally, although in the development equation #xenue coefficient and the exploration
coefficient have very small standard errors, th@Rhis equation is not large. This is of course
due to the use of data per block, with a lot ofatéon to be explained. Note that we explain the
number of wells in a particular block (not just Klg but K1, K2, L1, L2, etcetera) and in a
particular yearlf this was explained with a high’fhen we would have made a mistake, since
it is impossible to predict this with only the imfoation used in the regression. (For micro-
economic work an Rof 14% is a normal value.) The exploration equatishere we have used
aggregated data, has a much higherdB%.

Results derived from the regressions

It is interesting to compute which oil price incseds required to give the same effect as the
DAW - assuming the above estimates are the true vatoegxample, consider the
development regression without interaction, fot#dicks. The effect of the DAW is 0.8 and the
elasticity of the revenue is also 0.8. Hence tifiecebf the DAW on development is equivalent
to a revenue increase of 0.8 (DAW) / 0.8 (revernu@P0%,; this revenue increase gives (in the
model) an increase of 80% in the number of devetgmwells. With, say, a revenue of 15
dollar per barrel, this requires an increase irrévenue of 15 dollar per barrel. Considering the
costs as fixed, this is also the required incréaslee oil price. Given the uncertainty regarding
the estimation results, this figure has to be viag the best estimate amidst a rather large
confidence interval: plus or minus twice the stadd#eviation of the DAW effect gives a
relative error margin of 2 x 0.3/ 0.8 =_+3/4. Applied to the estimate of 15 dollar per barr
this margin is about 11 dollar per barrel and gaesnterval of 4 .. 26 dollar per barrel. (For
simplicity, we ignore the small standard errortef tevenue coefficient.) Using the results of
the regression with interaction, a lower figureutts

Also it is interesting to compute at what long nihprice the effect of the DAW has reduced to
zero due to the interaction between these two bim$a This price is equal to the exp function
applied to minus the ratio of the “pure” DAW coeféint and the “raw” interaction coefficient.
(See Appendix B for the mathematics.) The reswdij¥2.266/0.729) = 22 dollar per barrel.
Assuming costs equal to 10 dollar per barrel,dghies a long run oil price of 32 dollar per
barrel. Note that this 2.266 is given as 2.3 inttide. With the latter, the result would be 23
and 33 dollar par barrel, as the reader might eéigilire out. However, working with several
decimal places is of limited value here since the humbers in the exp expression have large
standard errors; with a margin of twice the staddaror (as above) the result is useless, with
the numbers in the exp expression having a negitiver bound.
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3.4

Conclusions

The level of known natural gas reserves at the IDG@ntinental Shelf has not much altered
since the mid 1970s. Recently, however, the lef/etgerves has shown a decreasing pattern,
mainly as a result of the relatively low level @wfinds. Whether this development indicates a
declining geological prospectivity of the Dutchgifbre area is not fully clear.

The econometric regressions show the main detentsmd exploration and development as
one would expect. The revenue based on a longd&arage oil price is a major determinant.
Exploration and development seem to react quitetdashanges in the oil price: already after a
few years, rather than after decades. Developmdlings responded stronger to the level of
the long-term oil price than exploration drillings.

The econometric analysis has produced a mixedrpict the effect of the DAW on mining
activities. This fiscal measure had a temporargafbn the level of exploration activities and a
continuing effect on development activities. Thizetf on exploration might be a one-time
increase of 80%, meaning that the introductiorhef@AW resulted in an immediate 80%
increase in the level of exploration drillings iretsame year which effect fully vanished in the
years after. The effect on development is estimasea 50 to 80% increase during the DAW
period. The 80% is equivalent to a 4 to 26 dolkr Iparrel oil price increase.

Summarising and explaining the above two conclisioompared to development drillings,
exploration drillings appear to be less sensitovértancial factors such as the oil price and the
DAW. The high financial sensitivity of the lattey fielated to the position of development in the
chain of mining activities: development decisionse only to the fore when an exploration
drilling has been successful. As a result, the etqubcash flow of the development project is
one of its major determinants. Exploration driléndepend, however, on many other factors,
such as geological research and licensing and@maental procedures. In the next chapter, we
will analyse, among other, the relative impact lbfteose factors.
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4.1

4.2

Ex ante analysis of impact on gas production,
government budget and employment

Introduction

This chapter goes deeper into the relationship éetvinvestment climate and level of activities
of the gas industry. This chapter starts with actsoverview of factors affecting investment
decisions of the upstream gas industry. Afterwangsarrive at the core of this chapter: the
financial analysis of the impact of the DAW on thefitability of investment projects at the
Dutch Continental Shelf. Then, we analyse the imahip between fiscal measures and
government budget. The last object of the analyfsikis chapter is the likely impact of the
DAW on employment in the upstream industry, inchgdihe industry supplying to it. The
chapter ends with the conclusions on the effectsipfementation of the DAW on the
magnitude of offshore gas activities, the governnbeidget and employment.

Investment climate

A number of factors affect investment decisionthef upstream gas industry. In order to get
more insight in the impact of these factors, we $ewkral meetings with representatives of the
gas industry? In addition, we studied several publications da thsue. As a result, we have
made the next overview of factors affecting offghactivities at the Dutch Continental Shelf.

The small-fields policy of the Dutch governmentperticular the guaranteed offtake by
Gasunie, has offered favourable conditions for sveents at the Dutch Continental SH&If.
The small-fields policy has had a positive effetttioe cumulative size of offshore depletion
(see e.g. Peebles, 1999). In the near future, hemveawing to market liberalisation and the
foreseen split of Gasunie into transport and suppippanies, it may no longer be possible for
Gasunie to continue its present role” (IEA, 200)hough the guaranteed offtake by Gasunie
has provided a benefit to the producers, the domemaf this player could have negatively
affected the annual magnitude of Dutch offshoralpotion. Gaffney, Cline & Associates
(2003) state that ‘this has resulted in overalldogepletion rates for Netherlands offshore
fields than for similar sized fields in other sasto

9|.e. NAM, Total, Wintershall, BP, Gas de France, Nogepa (industry association) and IRO (association of suppliers in the oil
and gas industry)

1 Recently, however, uncertainty has arisen about the Gasunie policy in the near future. As Gasunie bought more than they
were obliged in the past, it has the option to buy less than their contractual obligations in the future, which happened already
in 2003.
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The North Sea area is fairly mature with an allegetiually declining prospectivity since
1990 However, “its political stability and proximity tmajor European consumer markets
have allowed it to play a major role in world ailcanatural gas markets” (EIA, 2003). “North
Sea natural gas has a geographical advantage thegrveorld natural gas sources, as North Sea
natural gas is closer and therefore less expetsitransport to major European markets. Most
of continental Europe is already linked, directtyirrdirectly, to North Sea natural gas sources.”
(EIA, 2003).

The Dutch offshore infrastructure has continuatiypioved since 1990, which has reduced
costs and time of development of new fields. Inftitare, however, several platforms will be
abandoned which will make conditions less favoledbi new projects.

The costs per unit of production steadily decliirethe 1990’8* due to improvements in
technology, such as more and better seismic ddtiahveontinuously enhanced efficiency and
efficacy of exploration (Gaffney, Cline & Associate2003). Quoting Peedles (1999), giving an
overview of Dutch gas market and policies, “Thehefands is one of the countries at the
leading edge of technological exploration and potidn advancement”.

The British Department of Trade and Industry (Ddl§o sees a continuing cost reduction.
According to information given at their websiteww.og.dti.gov.ul costs of gas production at
the North Sea decreased from 26 pence per thetwh pence per therm in 2003 (in 2003

prices). For oil fields, including condensate feeldosts declined from 17 pound (or 25 euro)
per barrel to 7 pound (or 10 euro) per barrel @gak003 prices).

Fiscal conditions were fairly stable and steadipioving until the abolishment of the DAW in
2003. According to the gas industry, the latter soea reduces the attractiveness of the Dutch
offshore region strongly. In a press release isslugithg political debates on the abolishment of
the DAW in the autumn of 2002, Nogepa, the induasyociation, alarmed that the
abolishment would have dramatic effects on gasymrtioh, employment in the gas industry
and state revenué$The IEA (2004) advices to consider the reintroiurcof the DAW when

the cost-effectiveness of this measure has beenndieied.

In its Energy Report 2002 (Ministry of Economic &iffs, 2002), the Dutch government
mentions regulation issues as an important fadfecting offshore activities. The time needed
to pass through environmental and spatial procedtgems to be a serious obstacle for a timely

2 This statement on a declining prospectivity is, however, not strongly supported by time series on Dutch offshore gas
activities and remaining reserves, as is shown in Chapter 3.

3 Although costs have risen recently due to increased demand for contractor activity following the high oil price.

4 ‘Kabinet schiet in eigen voet door schrappen fiscale maatregel’, Press Release of NOGEPA, Association of Dutch
Suppliers in the Oil and Gas Industry, September 2002.

a4



further development of the offshore area. Thisdai also mentioned by the IEA in its latest
review of Dutch energy policies (IEA, 2004). Thigdrnational agency sees political sensitivity
of investments projects underneath environmentallyable areas, licensing and permitting
procedures as factors delaying projects. The B4 alentions a policy option which the Dutch
government would consider: “making licensing coiodial on actual exploration and
production activities because at present, somadiediolders are not active and are
consequently blocking the development of their &rem other possible developers”. Further
on in this document, we will refer to this policgtmn when we discuss the likely effects of the
DAW.

In 2000 and 2003, Gaffney, Cline & Associates (G€a)ducted comparative studies of the
offshore exploration and production climate in Netherlands, United Kingdom, Norway,
Denmark and Germany. These studies were condunteejoest of Energie Beheer Nederland
(EBN). Table 4.1 depicts the main results of the26tudy. The Netherlands’ offshore area
occupies a midst position among the North Sea ciesntDenmark offers gas firms the best
investment climate in all cases analysed in the GGy while conditions in Norway and
Germany are relatively bad. In its 2003 study, G&dAcluded in addition to their conclusions
on investment climate that the abolishment of th&\Din the Netherlands “has had a
detrimental effect upon project economics” (GCAQ2)) confirming the statements of the gas
industry mentioned above. GCA concludes furthet ‘tthee effect of changes (especially the
abolition of DAW) to the Netherlands” fiscal systefrom 2000 to 2003 (...) has reduced its

attractiveness to investors in relation to what egspened to the other sectors”.

Table 4.1

New entrant

. - .. - b
Ranking of North Sea countries 3 against investment climate ) for new entrants and tax
efficient firms, in two oil price cases

Tax efficient company

Oil price of 18 dollar per Oil price of 24 dollar per Oil price of 18 dollar per Oil price of 24 dollar per
barrel barrel barrel barrel

Denmark (1.8) Denmark (2.6) Denmark (3.1) Denmark (4.4)
Netherlands Onshore (0.1) Netherlands Onshore (0.7)  Netherlands Onshore (1.3)  Norway (3.8)

United Kingdom CNS (- 0.4) Netherlands Offshore (0.2)  United Kingdom CNS (0.1)  Netherlands Onshore (2.4)

Netherlands Offshore (-0.6) United Kingdom CNS (0.2)  Netherlands Offshore (-0.2) Netherlands Offshore (1.3)
United Kingdom SNS (- 0.7)  United Kingdom SNS (0.1)  Norway (- 0.2) United Kingdom CNS (1.1)
Germany (- 0.9) Norway (- 0.1) United Kingdom SNS (- 0.3) United Kingdom SNS (1.1)
Norway (-1.0) Germany (- 0.8) Germany (- 0.8) Germany (- 0.5)

a) CNS: Central North Sea; SNS: Southern North Sea
b) Investment climate is measured by the ratio of the average Expected Monetary Value of investment projects (EMV) to the average Dry

Hole Costs (DHC) (see section 4.4). The values of this ratio are expressed between brackets.
Source: Gaffney, Cline & Associates (2003)
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How should we interpret that conclusion? Does filinthat the abolishment of the DAW
would lead to a significant decline in offshoreities in the Netherlands as is warned by the
industry association? In order to discuss this tjpeswe organised a meeting with GCA. After
the meeting, GCA wrote a letter describing the@wion this issue (see Appendix C). Below,

we summarise the view of GCA:

The DAW is a factor affecting investment decisidmst not the only one. The conclusion on
DAW in the above-mentioned report depends veryngiisoon the assumptions made. It is
appealing to focus on this fiscal measure, becaisdairly easy to analyse. As a result, this
measure gets easily more attention that it deseR@$mplementing the DAW would mainly
affect the incumbents. Without any accompanyingsuess or conditions requested, this
measure will likely not have a significant impa¢the government wants to re-implement this
measure again, it should request some specifiédtses by the firms in return.

Investments in the Dutch offshore area are seicespered by ill-functioning
communication. Dutch websites don't give sufficigrformation on aims of the policy, rules
and measures taken by the government, the avéiadiilpipelines, geological data, etc.
Websites of the UK, Norway and in particular Aub&rare much better. The Dutch
government should primarily improve access to opymities in the Netherlands’ offshore area.
The Netherlands have a very good infrastructurelecetion near to the market and a good
culture, for instance regarding the use of pipaliaed the rewards asked for it. Moreover, the
Dutch region is characterised by shallow water Wheduces costs. The Netherlands lack,
however, scale. And, as said above, its communigagi poorly developed.

Most Dutch firms have been active in the regionnfany years. In the UK, for instance, much
more dynamic exists: firms leave, firms arrive. &dvantage of the latter is the availability of
more new ideas on the way things could be doneaByes come, however, at a cost: changes
in the firm structure coincide with transaction tsod he Dutch government should ask itself
whether it needs more new players in the marketrmther it prefers the stable structure
currently present. If the former holds, the nex¢stion is: which measures should be taken in
order to attract those new firms? Regarding the DAg/his fiscal measure the most

appropriate one to realise that goal?

5 This section is based on a meeting with Bob George, Chris Rachwal and Paul McGhee at the office of Gaffney, Cline &
Associates (GCA) in Bentley (UK), 26th of May, 2004. Appendix C contains a letter of GCA written after that meeting.
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4.3

4.3.1

43.2

Financial analysis of investment projects

Introduction

In order to assess the economics of explorationdeneélopment projects, gas firms conduct
cash flow analyses. These analyses aim at detergnihe net present value of all future costs
and benefits of a project. Economically, a gasrkesis only recoverable if that value is
positive. As fiscal measures directed at theseeptsjaffect the size of the net present value,
both firms and government conduct financial-ecormoamialyses to assess the impact of such
measures. In the Netherlands, EBN and TNO-NITG hkallected data and developed tools to
analyse the effect of fiscal measures on the ecasoof investments projects in the upstream
gas industry. Fortunately, both institutes supgbtte in analysing the impact of the DAW on
the cash flow of the investments projects at theeDContinental Shelf. This section depicts
the main results on that analysis, while Appendigi& more information on data and models
used and the results of a sensitivity analysisthesresults of any cash -flow analysis strongly
depends on assumptions made, we start this sewitlora discussion of the key assumptions.
Next we describe the results and afterwards wedéata our conclusions.

Method and assumptions

As the expected impact of the DAW on investmentsnsfly depends on financial assumptions
made, we should give careful attention to the ahoicthese assumptions. Below, we motivate
our choices for the financial criterion to selestiavestment project, the discount rates used by
the gas industry as well as the government, andithpgice used by the gas industry to assess
the future price of natural gas. Before discus#ige financial assumptions, we have to stress
the scope of the financial analysis.

Scope of the financial analysis

By means of the analysis of future cash flows, etednine whether investment projects are
hampered by their financial characteristics. I§tisithe case, improving financial conditions
could result in a higher number of investmentseiity. If, however, investments are hindered
by non-financial restrictions improving financiaturns of a project does not affect investment
decisions. Consequently, we should take in mincettistence of other possible restrictions
when we interpret the results of the financial gsial In case of offshore mining activities,
institutional factors, such as the duration ofrisi@g procedures and the access of new firms to
blocks and infrastructure, restrict the pace bycWhirojects could be undertaken. Moreover,
characteristics of the physical infrastructure tibute a limit on the annual level of activities of
the gas industry. The current size of exploratictivdies (about 10) is significantly below the
historical peak level (40), but raising the numbkexploration drillings to the historical peak
level would costs several years in order to passitih regulations on environment etc.. Over
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and above, due to the licensing of spatial blotties number of firms that could shortly
undertake a profitable project in a certain blackeistricted to the holder of the license.

Moreover, we should also take into account dyndattors affecting the outcome of a cash
flow analysis. For instance, not all financiallystécted projects which need the DAW to
become economically acceptable for the gas indwgthpe cancelled for ever if this measure

is not implemented again. Firstly, firms could stimes redesign investment plans in order to
raise profitability. In other words, the optimalsitgn of a project depends on the characteristics
of the economic environment, such as the fiscadiseh Secondly, continuing technological
improvements will further reduce the costs per anid, hence, increase the volume of
economically recoverable prospects. Projects wkégm now to be uneconomic could turn
profitable in the near future without any changéhia fiscal regime.

Financial criteria

Investments projects are usually assessed by amghyw future cash flows of a project. The
results of such an analysis can be expressed @raleyuantities. In our analysis we use the Net
Present Value (NPV), the Expected Monetary ValughnefNPV (EMV) and the Internal Rate

of Return (IRR). The NPV, which is used for devete@mt projects, is the discounted value of

all future cash flows in case of a successfulidgll The EMV, which is used for exploration
projects, is based on the NPV, the probabilityuafcess and the costs in case the drilling is not
successful (the dry hole costs). The IRR is thealist rate which equalises the present value of
benefits to the present value of the costs, thugngahe NPV or EMV equal to zero.

In addition to these criteria, firms use otheregid to rank projects against each other. One
example of such a criterion is the Risked Valumt@stment Ratio (RVIR) (see Appendix D).
Another ranking criterion is the ratio used by @Gaff, Cline & Associates (GCA, 2003):
Expected Monetary Value (EMV) to exploration expasmeasured by the Dry Hole Costs
(DHC) (see Table 4.1). The ranking of economicedigoverable investment project does, of
course, not imply that less profitable projectd mélver be executed. The impact of ‘ ranking’
strongly depends on the degree of competitionoifijgetition is hampered, for instance due to
restricted supply of capital, ranking will haveaader effect on investment decisions than when
firms operate in a fiercely competitive market witih barriers to entry or invest. In the latter
case, the industry will execute any profitable pobjwhich is available.

Firms differ in the weight they attach to rankinfgpoofitable investment projects. The relative
importance of ranking depends on the number ofegtsja firm has worldwide in its portfolio
and the goals of a firm regarding a specific aseah as the Dutch Continental Shelf. Contrary
to the EMV criterion, which assesses a projectigydash flows it generates, a ranking
criterion, such as RIVR, should be applied by commggall projects in a firm’s portfolio. As

48



this is impossible for us to do, we use a rathkitrarily level of the RVIR (0.1) as threshold
value. Below, we will present the results of theaficial analysis using both the EMV and the
RVIR criterion.

Discount rate

In every cash flow analysis of investment projediscounting of future cash flows play a
crucial role. The choice of the appropriate dis¢oate should depend, among others, on the
risks stakeholders face. In the case of the DAWdistnguish two stakeholders: gas firms and

the government.

In making their investment decisions, gas firmsehtovdeal with several kinds of risks:
technical, economic and political. The technicgk niefers to the volume of gas which could be
produced by drilling a well. The economic risk étated to the price of inputs and the gas price.
The political risk, finally, refers to uncertaingpout future government measures as well as
political stability of a region.

The Dutch region offers a stable economic andipalienvironment. As a result, the discount
rate used in this region is significantly lowernhia other regions of the world. In less stable
regions, firms use nominal discount rate of 15%\@n higher. In the Netherlands, however,
all firms seem to use nominal discount rates inrémege of 11 to 13%. Given a rate of

inflation of about 2%, the real discount rate i8d.0 his level equals the ratio used by Kemp et
al. (1992) in their analysis of the impact of fissgstems on activities of the oil industry at the
North Sea. The same ratio is used by GCA (2008} ioomparative study of exploration and
production climate at the North Sea ContinentaliSk&ally, the British Department of Trade
and Industry (DTI) uses a discount rate of 10%h&irtanalysis of the costs of producing oil
and gas at the Continental Shelfifw.oq.dti.gov.ul.

What is the appropriate rate for discounting thereigovernment expenditures and receipts
related to the project? There are two reasons hisydiscount rate should be lower than the
discount rate used by firms. Firstly, the governtiiaoes fewer risks than gas firms investing in
exploration and development. After all, the goveenbonly has expenditures, i.e. reduced tax
receipts due to the DAW, when a firm invests induction facilities. At that moment, both

firm and government fairly well know future returokthe project. That knowledge is primarily
based on results of exploration, appraisal anddeelbpment drillings done at an earlier stage.
Those investments, in particular the exploratighigs, face a significantly higher risk. For
instance, the average probability of a technicsligcessful exploration drilling in the Dutch

part of the Continental Shelf is approximately 4@%e Chapter 3). This fact is the main reason

%% This conclusion is based on information given by representatives of several gas firms in several (bilateral) meetings at the
office of CPB in June 2004..
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why the appropriate discount rate for the goverrymetated to the DAW, should be lower than
the discount rate of the upstream gas industrys @bes however not imply that the
government does not face any risk regarding the DAYRér all, the returns of this instrument
depend on the future gas price as that quantigrohies the level of future tax obligations of
the gas firms. The other reason for a lower distcate for the government follows from the
rule of large quantities. The government has, gdlyerfar more options to diversify its risks
than a private firm.

From this consideration, we conclude that the ciskponent of the discount rate for the
government is relatively low. We assume 2% is aorable estimate for this component. The
real discount rate includes this risk-componenttedrisk-free component. In the Netherlands
as in many other countries, the risk-free ratesiteimined at 4% (Ministry of Finance, 2003).
This rate is the average rate of return to goventrnends over the past 200 years. As a result,
the real rate for discounting government cash flsa8%. In order to determine the sensitivity
of the state revenues to the discount rate wecalkailate the effects of 0%, 9% and 12% (see
Appendix C).

Oil price

As the gas price is still strongly related to tligpdce, the latter plays a crucial role in fingadc
appraisals of investment projects of the upstreataral gas industry. The oil price which firms
use in investment decisions refer to the long-terize. A proxy for that price is the long-term
mean of historical levels. In the previous chapterhave analysed the relationship between
mining activities and the oil price. It appearedttthe 5 years weighted moving average of the
real oil revenues (i.e. price minus costs) is adgexplanatory variable of mining activities. The
movements in this value are mainly determined leywibiatility of the oil price. The 2003 value
of the 5 years weighted moving average of thea#dlrice, corrected for changes of the euro-
dollar exchange rate, was 26 dollar. The 2004 vaillde 27 dollar if we use CPB’s latest
forecast of this year's oil price (36 dollar). Age wan see in Figure 4.3, the current long-term
moving average of the oil price in euro does hadifier from the dollar price. In the results
presented below, we have assumed an oil price dbRars per barrel. The sensitivity analysis
in Appendix D analyses the impact of an oil pri€2@ dollar.

Our estimate of the long-term oil price, based conemetric analysis of past data, is about
equal to the present long-term futures price, @aied by Greenspan in a recent speech on
energy prices: “Currently prices for delivery in120of light sweet crude, roughly equal to West
Texas Intermediate, have risen to more than 2adpé#r barrel. A similar pattern is evident in
natural gas” (seeww.federalreserve.gvA recent press release of Shell (dated Septe@her

2004) gives more proof to our finding that firmsanose higher values for their long-term oll
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price than they did in the past. That release sthg “Shell plans for medium term cash
neutrality at around 25 dollar per barrel”.

Figure 4.1

Real oil price, in dollars and euro per
average
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433 Results
This section gives the results of the financiallgsia which is on our request conducted by
TNO-NITG and EBN. Appendix D offers more information the data and model used by the
former institute and also gives the results ofghesitivity analysis.

Table 4.2 Impact of DAW on magnitude of economicall  y recoverable prospects at the Dutch Continental

Shelf, in two variants

Oil price = 25 dollar EMV >0 RVIR > 0.1
Real discount rate:
- firms: 10%
- government: 6%

DAW No DAW DAW No DAW
Total number of geologically defined
prospects 974 974 974 974
Economically recoverable prospects:
- number 357 258 204 121
- total size (billion m®) 299 257 235 180
- state revenues (present value in billion 4.86 5.06 4.39 3.98

euro)

Note: These results are based on the assumptions that all projects could immediately be executed.

Source: TNO-NITG
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Introduction of DAW raises the number of econonlicedcoverable projects from 258 to 357
(EMV > 0) or 121 to 204 (RVIR > 0.1). The impacttbe introduction of this measure on the

size of the recoverable projects appears to belemtlis quantity increases from 257 to 299
(EMV > 0) or 180 to 235 billion M(RVIR > 0.1). This implies that the DAW particular
affects relatively small projects, i.e. projectshaa relatively low arithmetic product of field

magnitude and probability of success. In other wppdospects with a low probability of

success (i.e. a high risk of failure) or prospecta small size benefit relatively strongly from

the DAW.

The overall impact of the introduction of the DAW (ihe present value of) the state revenues
would be about 0.20 billion euro negative (EMV >00)0.40 billion euro positive (RVIR >
0.1). This impact is made up of two components {sdde 4.3). On the one hand, projects

which are economically recoverable without the DAY&hefit from this facility without being

affected. In these cases, expenditures on the DA/ &dead weight loss’. The size of this loss

is about 0.25 to 0.40 billion euro. On the othandhanarginal projects which benefit from the

DAW could be affected by the introduction of thieasure, raising the level of activities and,

hence, resulting in additional tax earnings. Irstheases, the net impact on tax earnings is

about 0.20 to 0.65 billion euro. The differenceviln these two effects is the above mentioned

- 0.20 to 0.40 billion euro being the total impantstate revenues.

Table 4.3 Net tax earnings and ' dead weight loss'  of DAW, in two variants (in billion euro)
Oil price = 25 dollar EMV >0

Real discount rate:

- firms: 10%

- government: 6%

‘Dead weight loss’ (= tax expenditures on profitable

projects) 3 -0.40
Net tax earnings on marginal projects b) 0.20
Net tax earnings on all projects -0.20

a)

marginal projects are defined as projects with a positive EVM/RVIR > 0.1 due to the DAW
Note: These results are based on the assumptions that all projects could immediately be executed.

Source: TNO-NITG

profitable projects are defined as projects with a positive EMV/RVIR > 0.1 without the DAW

RVIR >0.1

-0.25

0.66

0.41

In order to test the sensitivity of these resutassumptions made, TNO-NITG conducted also

a sensitivity analysis on our request. Appendixdpidts the results of that analysis. It will be

obvious that the choices of the discount ratepthprice and the financial criterion strongly
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affect the magnitude of the model results. In afles, however, introduction of the DAW has a
positive effect on the number and the total sizeawhomically recoverable prospects.

Figure 4.2 Relationship between depreciation rule, screening oil price and number of recoverable proje cts
(variant: EMV > 0)

400 ~

350 A

= N N w
[ o ] o
o o o o
1 1 1 1

Number of projects

10 12 14 16 18 20 22 24 26
Oil price (dollar per barrel)

—— DAW --- no DAW

Figure 4.4 shows the impact of the DAW on the nunadfgrofitable projects in relation to the
assumed oil price. No matter the level of the ditey introduction of the DAW raises the
number of economically recoverable prospects. filise enables us to express the impact of
the DAW in an increase of the oil price. It appehet this impact is about equal to a 4-dollar
rise in the oil price, no matter whether we useBEMY or the RVIR criterion.
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Figure 4.3
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Non-financial restrictions

The results presented above only hold if no otéstrictions would hamper investments. This
is, however, not the case. The size of offshoriities is also limited by other factors, such as
institutional factors and the characteristics @f pfysical infrastructure. Before a profitable
project could be executed, regulatory procedurgs t@abe passed through. In addition, each of
the pipelines at the Continental Shelf has a maimapacity. Historical maximum levels of
activity give an idea of the magnitude of thesérietons. The highest number of exploration
drilling in the past was about 40 (1992) while #werage annual of exploration drillings in the
1980-s, the peak period of offshore activity, wasw 30. If we compare that level with the
number of financially sound projects without DAVésTable 4.2), we have to conclude that
the financial characteristics do not constitutestriction on offshore activity in the near future.

Analysis of * dead weight loss’

The TNO-NITG analysis has shown a significant vodunf dead-weight loss. In order to
increase our understanding of this effect, we a®alya number of individual projects using
data and model results of EBN (see Appendix E)mAftis analysis follows that the DAW
influences the profitability odll projects, but that it does not affect the investtmeecisions in
all cases. These investment projects can be cléedriders’ as they would benefit from this
fiscal facility without being affected. The tax exglitures directed to these projects are the
‘dead weight loss’ of the DAW.
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Figure 4.4
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A large number of projects generate a positivepnegsent value and a relatively high internal
rate of return without the DAW. Figure 4.6 shows thternal Rate of Return (IRR) of several
development projects in relation to the DAW. Faetatively small projects have a high IRR
without the DAW (i.e. between 50 and 80%), while tRR of three projects is about equal to
the required level (of 10%). The DAW raises thefipability of all projects (far) above the
required level.

Internal rate of return of several devel  opment projects, with and without DAW (source: EBN)
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Relationship between fiscal measures and govern ~ ment budget

In this section, we give a concise survey of ecdnditerature on the impact of changes in
national tax regimes on location decisions of firf¥hat is the impact of national fiscal
measures on investments and location decisions@&governments pursue an internationally
competitive fiscal regime in order to encouragenecoic activities within the national domain?

There is a fair amount of consensus that hostiagge capital stock is beneficial for national
welfare. It concords with a high labour producthdind a broad capital income tax base.
Therefore, countries attempt to attract capitahbyrishing a favourable fiscal climate and a
good infrastructure network. For instance, the Bdiscal authorities directly negotiate with
large foreign investors about their tax treatmant] the government heavily subsidises rail and
road links as well as industrial estates.
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Countries thus compete for the same capital. Whehie process of policy competition is good
or bad for social welfare is subject to a vigordebate. Left wing politicians tend to favour the
view that it leads to a race to the bottom withitzjpncome tax rates, and erodes and distorts
public expenditure. Right wing politicians, in coadt, tend to favour the view that it constitutes
a useful check on their tendency to proliferate gmdes public expenditure towards useful
projects, namely those that increase the margagatal productivity.

This section summarises the insights that econsnience brings to bear on policy
competition. It discusses the traditional, neodtadly flavoured, literature on tax competition,
but also the more recent “New Economic Geographybhich the advantages of co-location of
business activity play a central role. For its gsial and empirical example it draws heavily on
a recent pre-advice by De Mooij et al. (2003).

The archetypical model of tax competition has be@ined by Zodrow and Mieszkowski
(1986). It contains two countries that supply peigibods, financed by a capital income tax.
Since capital is mobile internationally, supplyimgblic goods involves a positive external
effect: the necessary taxation leads to capitglht]ibeneficial for the other country. Hence, in
the non-cooperative equilibrium, both governmeptscapital income tax rates that are
excessively low from a communitarian perspectivgeyffind themselves in a situation that

resembles the prisoners’ dilemma.

Whether the Netherlands should adopt an aggressiaegy regarding capital income taxation
depends on the degree of international capital litybr his is an empirical matter. De Mooij
and Ederveen (2002), in a state of the art metfysisaf the existing literature, conclude that
the point-elasticity of real foreign direct invesnt with respect to the effective capital income
tax rate is roughly three percent. This meansitiiaé Netherlands would increase its effective
capital income tax rate by one percentage poiat,fogeign direct investment would in the long
run decrease by three percent.
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Figure 4.5 Average effective capital income tax rat e in the European Union
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Is this a large or a small effect? European govenmtmdo not seem to think so. There is at best
mixed evidence that they engage in tax competifidggure 1 shows the changes in effective tax
rates on capital income since 1970. In spite ofrttegration of European capital markets, these
rates have increased, not decreased as was t@betea on the basis of analyses of the
Zodrow and Mieszkowski type. The same holds truesézial expenditure and other areas in
which countries may engage in policy competitiohe Btarting shot for the race to the bottom

has as yet not sounded.

A recent development in economics - the ‘New Ecoicd@eography’ - sheds light on the
somewhat puzzling empirical evidence. Increasitgrns to scale at the plant level imply that
firms make location choices. Transport costs - thydefined as anything that hampers trade
between distant locations - imply that it paystoffocate close to the market. It yields benefits

in the shape of lower costs due to cheaper input$Jarger revenues due to larger sales.

These ‘backward and forward linkages’ create agglation externalities that precipitate as
higher profits and wages in the core location camgdo its periphery. They imply that,
although capital is mobile ex-ante, it is immol@lepost. This is what Kind et al. (2000) mean

with a ‘lumpy world’, and Baldwin et al. (2004) Wwitquasi fixed factors’.

The location specific rents in the core give risatsustain point tax gap’, the maximal
sustainable tax differential between the core &edoeriphery at which the core can keep its
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locational advantage compared to the peripherya Asrollary, economic integration not
necessarily reduces the optimal tax on capitalntait also increase it. Ludema en Wooton
(2000) and Baldwin et al. (2003) show that in thdyephase of economic integration, the
sustained point gap tends to raise due to incrgagiglomeration rents. During this phase,

economic integration may well lead to a ‘race @ tibp’.

Is there empirical support for a sustain pointdap? Baldwin en Krugman (2004) report a
positive difference between the corporate incomedges in the European core - Germany, the
Benelux, France, and Italy - and the peripheryee@e, Ireland, Portugal and Spain. A more
sophisticated method is to regress the effectivparate income tax rate on gross domestic
product per square kilometre - a measure of ‘ca@®rbat evades the need for an arbitrary
classification. Figure 2 shows that the estimatthefkey parameter is positive and statistically

significant, which backs up Baldwin and Krugmar@stative observation.

Figure 4.6 Sustain Point Tax Gap
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The existence of the sustain point tax gap in awetjon with the Netherlands pertaining to the
core suggests that the Dutch government can, tigtsustain point, tax capital and still go
scot-free. Giving tax allowances out of fear fopital flight is tantamount to panicky play.
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4.5

(However true this may be taxation of capital ineoim general, the conclusions for gas
depletion may be different due to the idiosyncmasitthe industry.) The New Economic
Geography points at a number of conditions forrggragglomeration externalities. First, large
economies of scale at the plant level raise theafaspatially production. Second, a production
process that requires a large amount of intermedipiuts enforces the forward and backward
linkages. Third, intermediate transport costship balance between the disadvantage of
locating far away from final consumers in the pkery and the advantage of locating in the
core in favour of the latter.

Agglomeration externalities thus lock capital itite core. This makes real investment less
responsive to variation in tax rates than it woatlderwise have been (but not totally immune).
Whether it is still sufficiently responsive suclatta decrease of the tax rate would result in an
increase of tax revenus an empirical question. We can apply the idethefLaffer-curve (see
Appendix E). In that Appendix, we conclude that thx rate elasticity is likely smaller than

-1. The responsiveness of the tax base is insuifiéte the reintroduction of the DAW to be
budget neutral. In other words, the positive impdddAW in terms of a lower marginal

effective tax rate and hence less distortions gastments decisions appears to be smaller than
the negative impact of DAW in terms of a reducedttarden on infra marginal profits.

Note, however, that we have made a number of agsumspn order to arrive at this result.
Nevertheless, since we have loaded the dice irufaebDutch revenue authorities, for example
by abstracting from possible other restrictionshef gas industry, the guesstima@91 should
be interpreted as an upper bound of the resporessgenf investment to taxation.

Impact of DAW on employment

The impact of the DAW on employment of the gas stduis directly related to the impact on
investments. If the DAW would raise the level oféstment, employment in the gas industry as
well as in the industry supplying to it would aisorease. However, as the measure will hardly
have any effect on the magnitude of offshore mimatyvities in the near future, the
employment effects will likely be negligible. In@ition, the industry supplying to the upstream
industry increasingly operates on a global manbatily due to mature characteristics of the
North Sea area. In its latest annual directory atich suppliers in the upstream oil & gas
industry, the IRO (the Dutch suppliers associatgtajes that “it is important for the Dutch
suppliers to spread their activities more inteovaily. Already, many companies have
expanded their activities and, with their highlpavative technology, their success rate is
high.” (IRO, 2004) Changes in the level of demarhf the Dutch upstream sector, therefore,
could be compensated by developments in othermegids competition on the global market
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4.6

for gas supplies is rather fierce, the performasfade Dutch industry also depends on factors
such as labour costs and productivity.

Concluding remarks

Generally, conditions for offshore investment & Butch Continental Shelf are favourable due
to the guaranteed offtake by Gasunie, the well-ligesl infrastructure, the shallow water and
the location close to a large gas market. Comptarether North Sea countries, the
Netherlands have a medium fiscal environment tafgream industry. Factors which could
hamper activities of the industry as a whole aeerttther lengthy licensing and environmental
procedures and the inactivity of several licenskeirs.

DAW affects the (expected) profitability of all drpation and development projects. This
impact differs strongly among projects. Althoughpaibjects benefit from the DAW, only a part
of the projects do really need this facility. Deging on the choice of the financial criterion, 60
to 70% of all projects which are profitable witletB AW appears also profitable without this
fiscal facility. In absolute terms, 120 to 250 @i are not financially restricted. This number
exceeds largely the number of projects currentijeuraken (about 10) and the highest level
achieved in the past (about 40). So, other, naafital factors, such as pre-drilling activities
(geological research, interpretation of data, etnyironmental and licensing procedures and
insufficient access to profitable prospects by fiens, determine the magnitude of offshore
activities in the near future. Improving financtanditions by implementing the DAW would,
therefore, not affect that magnitude.

If all financially-sound investment projects woudd undertaken immediately, the net impact on
(the present value of) state revenues would bedsin200 and 400 million euro. However, if
we do take into account the impact of other facédfscting the level of mining activities, the
net effect on state revenues would be negativesr Aft, firms would benefit from the fiscal
facility on projects already profitable without tB&AW. Tentative calculations based on general
economic research support the conclusion thatacteoh of the tax rate for the gas industry
would result in a negative net impact on state maes.
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5.1

Conclusions

Effectiveness of the DAW

The ex post analysis suggests a mixed picture ®imtpact of the DAW on offshore drillings.
The DAW had a once-only, but disappearing effecthennumber oéxplorationdrillings.
Immediately after the introduction of the DAW tmigmber surged, but rather quickly
afterwards the number of exploration drillings ésaed strongly. Consequently, the
econometric analysis says that the DAW did notcaffiee overall level of exploration activities.
Contrary to that result, the DAW did affect the rhenofdevelopmendrillings during the
period this facility existed.

The econometric analysis also suggests a stroaiae$hip between mining activities and a
moving long-term average of the oil price. Recartiligations on the level of the future long-
term oil price support this result. Both sourcegnédrmation indicate that the current screening
oil price has significantly risen due to the suirgéhe oil price in the past few years.
Compared to development drillings, explorationliohgs appear to be less sensitive to financial
factors such as the oil price and the DAW. The fiigancial sensitivity of the former is related
to the position of development in the chain of mipactivities: development decisions come
only to the fore when an exploration drilling haseh successful. As a result, the expected cash
flow of the development project is one of its majeterminants. Exploration drillings depend,
however, on many other factors, such as geologisalarch and licensing and environmental
procedures.

The ex ante analysis ekplorationprojects, considering only the impact of financial
restrictions for a group of (isolated) projectss shown a positive effect of the DAW on the
number of economically recoverable exploration peuss.

The immediate impact of the DAW also depends oeroftictors affecting investment
decisions. If investments are hampered by other financial restrictions, relieving the latter
can not affect the investment. In the period wenDAW was implemented, revenues were
significantly lower and projects, in particular @ééspment project, were hindered by financial
constraints. Now, many exploration projects appedre profitable without the DAW, even if
we use a relatively strong financial criterion whgome firms seem to use. In absolute terms,
120 to 250 projects are not financially restrict€dis number exceeds largely the number of
projects currently undertaken (about 10 per yead)the highest level achieved in the past
(about 40). So, other, non-financial factors, sastpre-drilling activities (geological research,
interpretation of data, etc), environmental andriging procedures and insufficient access to
profitable prospects by new firms, determine thgmitade of offshore activities in the near
future. Improving financial conditions by implemamg the DAW would, therefore, under
current circumstances not affect that magnitude.
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5.2

5.3

As the measure will hardly have any effect on tlagnitude of offshore mining activities in the
near future, the employment effects will likely iegligible. In addition, the industry supplying
to the upstream industry increasingly operates glolaal market, partly due to mature
characteristics of the North Sea area. Changdwitetel of demand from the Dutch upstream
sector, therefore, could be mitigated by develogmamother regions.

Efficiency of the DAW

The DAW affects not only marginal projects, butailsfra marginal projects, i.e. projects being
profitable without the DAW, resulting in a ‘dead iglet loss’. If we assume that all projects
could immediately be undertaken, the present v@iseounted against 6%) of the ‘dead weight
loss’ amounts to about 0.25 or 0.40 billion eurbisTinvolves about 60 to 70% of all projects
already profitable without the DAW. The profitabjli measured by the internal rate of return
(IRR), of many projects within this category riselévels far above 20%. In other words, the
DAW wastes public means in many cases due to iistaigeted character.

If all financially-sound investment projects woudd undertaken immediately, the net impact on
(the present value of) state revenues could bevaimdreds of millions positive or negative.

If we include other factors affecting investmenggidions in our analysis, which could
postpone the execution of many projects, the rietebn state revenues would become
negative. In the near future, the DAW would maiggnerate ‘dead-weight loss’.

Policy implications

The above conclusions on the effects of the DAWh@dibimply that no other changes within the
fiscal regime should be considered. The effecth®@DAW as stated above are comprised of
two components: on the one hand, the DAW reducesidirginal effective tax rate and, hence,
reduces tax distortions on investments; on therdthad, the DAW reduces the tax burden on
infra marginal profits. It has appeared that thtefeeffect, in particular in the short term, is
much larger than the former. In order to achiebetter performance of a change within the
fiscal regime, the measure should focus on theatemtuof the marginal effective tax rate. In
other words, reducing the tax burden on marginajlegts without relieving the tax burden on
infra marginal projects would have positive effemtsgas activities and government budget. In
order to determine whether such a measure coutdipaly and legally be implemented,
additional research could be useful.

The question remains whether the government shiakilother measures regarding the

offshore gas activities. In order to answer thasgion, we have to determine the outlook for
this sector when no additional policies would beeta
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Contrary to what is often said, the geological pessivity of the Dutch Continental Shelf has
not strongly altered in the past years. The nebhgés in the magnitude of the reserves have
fluctuated around zero, resulting in a rather stédovel of remaining reserves. Also other
indicators for prospectivity, such as the averagle ize times success rate, do not give
worrying signs. Looking at the estimated relatidpstbetween oil price and offshore activities,
we expect that the number of exploration and dearakmt drillings will increase in the near
futurel’ After all, the North Sea area still is a relativédvourable area for gas production due
to its political stability and proximity to majordeopean consumer markets with a growing
demand for gas.

A major factor which influences the size of offsbactivity seems to be the market structdre.
Many of the firms currently active on the Contirsdrhelf apply rather fierce financial criteria
in their investment decisions due to insufficieaimpetition on the upstream market. In order to
encourage offshore activities in the medium teraticy measures could be directed at
competition on the upstream market. Options toalars improving licensing procedures and
increasing the transparency of the market in oraattract new players to the offshore area
and, hence, reduce the importance of ranking dftpbde investment projects on the number of

projects actually executed.

Experiences in other countries could offer usefgsbns. The United Kingdom, for instance,
has recently introduced several measures to atteaetplayers to the North Sea. Although “it is
difficult to quantify the scale of the impact ofwmentrants but clearly it will be positive”
(Kemp, 2003). Those measures include the falloid figtiative encouraging activity on
acreages which have had no activity for a numbegeafs and a measure increasing access to
infrastructure. The latter focuses on tariffs clearpy the incumbents dominating the platform
and pipeline infrastructure. The British DepartmeihTrade and Industry (DTI) has aimed at
reducing these tariffs and has pressed “the infreitre owners to follow a code of practice,
show processes are in place to set fair and rebotaiffs, make tariffs more transparent and
put in place a mechanism for DTI to intervene igat&tions” (Simmons & Company
International, 2004). At the Dutch Continental $hielfrastructure tariffs are also set by the
incumbents. As offshore transport costs form aiggmt part of total operational costs (30 to
50%), government interference with the processetéminination of the tariffs could encourage

access to the offshore infrastructure and, heaisg investments by new players.

7 After all, at the present level of the moving average annual oil price, a large number of projects appear to be profitable,
even if we use relatively strong financial criteria which some firms seem to use.

8 1n 2002, 4 firms dominated Dutch offshore production (Simmons & Company International, 2004). NAM, a joint venture
company between Shell and ExxonMobil, is the dominant producer with about 40% of total production. Total produced 24%,
Wintershall produced 13% and Gaz de France produced 12% of the Dutch offshore gas in 2002.
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Additional research would be needed to assessoteetfectiveness of the several options to
encourage investments at the Continental Shethdhfurther research, attention should also be
given to the benefits of the ‘small-fields’ polia@nly then it is possible to determine the

optimal design of government policy regarding tkpleitation of the domestic natural gas
resources.
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Appendix A Literature on modelling exploration and
development activities

Introduction

The petroleum industry is very important for a mamdeconomy. Hence there has been done a
lot of applied econometric research about relatigpgssamong exploration, production, prices
and taxes in this industry. Here we discuss thet mgsortant papers: what models and
methods have been used, and what are the results?

The seventies

In the seventies of the last century, several eénogieconomic models of exploration and
extraction of natural gas were published. At theetiserious concerns existed in the USA about
the effect of the maximum well-head price of naltgss.

Khazzoom (1971) estimated new discoveries of nagas, depending on three factors: new
discoveries in the recent past, the ceiling pricgas, and the price of oil and of natural gas
liquids. His equation included also squared prittsestimated this equation on a
disaggregated level, with data not only over timedlso over regions.

Erickson and Spann (1971) modelled wildcattingllfdg exploration wells in an unknown
area) as a function of prices, previous succegssrahd other geographical variables. They
used US data over time and over regions.

MacAvoy and Pindyck (1973) reported on a simultarsemodel developed at MIT. In this
model, the number of exploratory wells is a funetad revenues, costs, and risk measured by
the variance of the success rate (p.477). It i©oBajble to appreciate the value of the revenue
coefficient: 0.0003 in an unknown dimension. USadater time and over regions were used.

Pindyck (1974) compared Khazzoom (1971), Erickswh $pann (1971), and MacAvoy and
Pindyck (1973), and re-estimated the first two.

Cox and Write (1976) model “investment in reserveasitcessful exploration measured by its

result.

Neri (1977) compared MacAvoy and Pindyck (1973nwite TERA model (Total Energy
Resource Analysis) of the American Gas Associafldris model explained exploration only
by a profitability index.

71



Ericksonet al. (1974) estimate a model of the optimal reservgsaeed by the price of oil.

Walls (1992) surveys the empirical petroleum madgliShe discusses both engineering

models and econometric models.
Recent research
More recently, several other studies have beerighdd. Below, we summarise a few of those.

Pesaran and Favero introduced formal micro-economitelling into the petroleum
econometrics, with an optimising model. They uge“grice of oil in the ground” as the
revenue variable of exploration. Unobserved shapioees like these must be estimated from
auxiliary regressions. (In equilibrium this variabtill be equal to the oil price minus extraction

costs.)

Pesaran (1990) estimated an equation for explorétiomber of wells) and an equation for
extraction, using time series for the whole UK aoental shelf. In the former equation, the log
of exploration depends on the cumulated numbekplbeation wells (for depletion) and the
log of the ratio of the price of oil in the grourithe time discount factor was set to zero, or
equivalently the discount rate was set to infifiity

Favero (1992) extends Pesaran (1990) by inclugirgtion into the model.

Favero and Pesaran (1994) extend Pesaran (198@ngtwith a critical discussion of the
latter. They add the development phase in betwrglomation and production, building a

simultaneous three stage optimation m&tel

Favero, Pesaran and Sharma (1994) model the tiofidgvelopment and production, as a
function of - among others - the oil price and ¥béatility of the oil price.

lledare (1995) models the effect of the oil pri@ees, depletion, and reserve/production ratio

on exploration.

It is not clear to us how there can be any profitable exploration if the discount factor is zero in Pesaran (1990)? Or, in the
words of Favero (1992, p.187): "assuming that the future is irrelevant". Any gain from exploration is reaped in the future.
(Communicated to the author.)

2 At page 318 in Favero and Pesaran (1994), below the development equation (27), it says: "We have assumed the latter
[the expected shadow price of undeveloped reserve] to depend positively on past exploration effort”. Hence ys is negative:
more exploration gives less development. This is indeed the result in table 6 at page 324. However, we would expect the
reverse: more exploration creates more undeveloped reserve, making the latter less scarce. More directly stated: only with
(successful) exploration there is something to develop. (Communicated to the authors.)
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Morisset and Pirnia (2000) reviewed empirical stgdif the effect of fiscal measures on direct
foreign investment. They conclude that "Recentewniet has nevertheless shown that, when
other factors such as political and economic stgpihfrastructure and transport costs are more
or less equal between potential locations, taxgsarart a significant impact." (p.23). See also
section 4.2 above.

Kemp and Kasim (2003) estimated a model with mardogenous variables, related to both oil

and natural gas. UK time series data are used.
CPB

At the CPB, Van Delft et al. (1981) studied fiso@asures including accelerated depreciation
to stimulate investments in general in the Netimel$a They found no (positive) effect of
accelerated depreciation on investments in buikliagsmall positive effect on investment in
equipment and a relatively large effect on investinie lorries. None of the effects was,
however, significantly different from zero (but thef course, they are not significantly
different from twice their value either).

The Koyck method or partial adjustment
In some papers an exponential lag was modelled, thwét Koyck method. Here the lagged

dependent variable is included in the right-hane sif the regression. In a simple form, with
one explanatory variabbe:

Vi = AYi1 + BX%
with |A]<1. (Usually 0< A <1.) The steady state (long run) value gfis given by

,B* = B/(- A), since omitting the time subscript reduces the equationtoly + Sx. The
equivalent model

Ve = AV + Q- DB %

is called the partial adjustment model. In the table below esept boths and ,B* , as the
short run and long run estimate respectively.

This model is equivalent to the following exponentiaéclining lag pattern:

yt = ﬂ(xt +A Xt—]_ +/]2Xt—2 +A3XT—3 +)
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The mean lag is equal t(1- A) . In cases where the regression was estimated on quarterly
data, the mean lag in years is found by dividing this résu.

Overview

Most papers discussed above include an equation for explodaiiting. Most of these include
the revenue as an important explanatory variable, in thedbthe oil price or the gas price,
possibly with costs subtracted. In the table below we prestimated elasticities of

exploration with respect to this revenue variable.

Estimates of the effect of revenue on exploratoryd  rilling, in the form of elasticities

Region Oilorgas Log A Mean lag Elasticity P-C? Page Notes
SR LR

Fisher (1964) us 25 a
Erickson and Spann (1971) us both  yes - 0.0 0.4 P 104 a,b
Pindyck (1974) us gas yes - 0.0 -0.0 640 a,c
Eyssel (1978) oil 1.8 a
Deacon et al. (1983) oil 0.4 1.3 a
Griffin and Moroney (1985) oil 0.1 0.8 a
Pesaran (1990) UK-CS ol yes 0.3 0.4 0.4 0.7 P-C 384 d
Favero (1992) UK-CS ol yes 0.5 0.5 0.1 02 P-C 206 d
Favero and Pesaran (1994) UK-CS ol yes 0.6 0.6 1.8 44 P-C 326 d
lledare (1995) us gas yes - <2.0 1.0 P 272 e,f
Kemp and Kasim (2003) UK-CS gas no 0.8 4.8 0.0 0.1 P 737 g
the present paper (2004) NL-CS gas yes - 25 0.5 P-C chaptr3

Notes

2 Included in Walls (1992), p. 298

b Shown here is the elasticity of the gas price; the elasticity of the oil price is 1.5

Z Re-estimation of Erickson and Spann (1971)

Mean lag in years computed from quarters
f Mean lag from weighted mean of 1 and 2 years lag (page 270): Py = pt-1 — @ (Pt-1 — Pt—=2) = (1-a) pt-1 + @ pt—2

The elasticity with respect to P-C is 0.8
The SR elasticity .0 is computed as: 0.0574 x 10.004 / 29.81 = 0.02; note that this is no log model.

«

The region CS indicates the Continental Shelf in the North Sea.

With a A, both the short run (SR) and the long run (LR) elasticities are given; see the section above about Koyck.

The column "P-C?" indicates if costs are subtracted from price. (Some authors subtract taxes also. Note that in a double log model this
does not matter if the tax is a fixed proportion of the revenue.)

Blank cells in the table indicate: unknown to us.

This table has been compiled with care, but some details oaffepmight nevertheless have

escaped us, as we had limited time.

74



The long run revenue elasticity (LR) varies widely. It isdh@r conclude from this table what
its present true value is. Ignoring the extremely high véldeof Favero and Pesaran (1994),
one might conclude that it is probably between zero and one.

The lag in the revenue is fairly short in most cases. Bthalongest is from Kemp and Kasim

(2003): more than four years. However, here the elast&jyactically zero. Next is the lag
length in our paper, 2.5 years: a pyramid-shaped lag pattenzero to five years.
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Appendix B Econometric analysis
Model specification

Double log

We have used a double log specification: the log of the nunfiloeilled wells is explained by
a linear combination of logs of explanatory variables. &hike form which is used in much of
the literature; in particular the recent literature. See the taBlppendix A. For the exploration
regression, this is:

logXPL; = ag + a;10gREV + a,ADAW, + & (B.1)

whereXPL; is the number of exploration wells drilled in ydar REV is the expected
revenue, ADAVW, is the value of the DAW variable (the change of the DAW hara)&; is a
random disturbance, or error term, with expectation zer@ gart . Taking the exp function
of both sides and omitting the error term gives:

XPL; = a RE™ (B.2)
when ADAW =0 and
XPL, = a RE“1 g2 (B.3)

whenADAW = 1, with a = €70 . This form shows that the number of wells is a multigtive
function of the contributions of the various explanatasiables. This is intuitively plausible.
To take an extreme example, let the expected revenue go to zareestment is profitable.
With a multiplicative function, the result indeed always goezero as well, whatever the value

of the other variables.

Note that the regression coefficiemf is an elasticity. Hence its magnitude can be appreciated
immediately, without extra computations. The effect of the (oh@figDAW is €72 - 1. For

small values ofr, this expression is approximately equal to the coefficieelf tsut since the
estimate of this coefficient is not small at all, we havetpdrhe value ofe?2 — 1n the
regression results in table 3.1 above, indicated as “transtbtona relative change”. The
coefficienta, itself is indicated as the “raw” result. Likewise in the ésbdf the development

regression.
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Interaction
With an interaction term, equation (B.1) is as followsemhthe equation is somewhat
simplified with the A and the&; omitted and withY; as the dependent variable:

logY; = ag + aqlogREV + a,DAW, + a3DAW logREV, (B.4)

The a5 is the “raw” coefficient of the interaction between the DAV #re revenue. The total
effect of the DAW (being 1 instead of 0) dogY; is:

a, + azlogREY (B.5)

With a3< 0 we have: an increasing revenue decreases the effect of theDial/dws from
(B.5) that the total relative change Yp due to the DAW is:

"2 REV? -1 (B.6)

This formula is used in the table with the interaction endbvelopment regression, in chapter 3

above.

Equating expression (B.5) or (B.6) to zero gives the answilie question put in section 3.3.4
above: at what long run oil price is the effect of the DAMucted to zero, due to the interaction

between these two variables? The result, used in 3.3.4, is:

REV = exp(- a,/a3) (B.7)
Modelling count data

For the development regression, we used a so called count digh the number of developed
wells in any particular year in any particular block is angateandom variable, drawn from
the poisson probability distribution. The log of the @cted value is a linear combination of
logs of explanatory variables. This is the appropriate modeaimall integer counts. In this case
most counts are zero; most of the rest are 1, etcetera. Theplicriitre) contribution of block
bin yeart to the likelihood function is

Ly; = PoissofDEVy | o) oY

with DEV,; denoting the observed number of development wells, and

logttyr = By + P1I0gREV + S,DAW + B3SXPlyy (B.9)
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The expressiorPoissofin | ) , as in equation (B.8) above, is the probability that a ishgw

from a poisson distribution with parametgr has the valuen. The variableSXPl; is the
number of successful exploration wells in bldzkas a weighted average over a number of
years preceding and including ydarNote the absence of an error term in the above formula.
See for instance Maddala (1993, pp. 51%4).

The Rin the table of the development regression in chapter 3eabdas indicated) taken from
an OLS regression of the same model, since the poissondatannodel does not produce
such a statistic between zero and unity.

Lag patterns

The lag pattern of the successful explorat®XPl,; in the development equation was derived
from regressions with all lags individually includedlie equation. This was possible due to
cross section nature of the data, with many observationdolibming percentage lag pattern
was chosen: 0, 5, 15, 20, 20, 15, 15, 10 for the cuvedne and for the lags 1 through 7,
respectively.

The lag pattern of the revenue varialR&y, was empirically determined with the equation for
the development wells. We ran several regressions with a jgiysdraped lag pattern of various
lengths. The choice was made on the basis of the likelihblode that the use of the poisson
probability model implies a likelihood function.) The Ibkglihood of a lag up to 5 years was
0.5 larger than for 4 years (data starting in 188)so, the log likelihood for 5 years was 4.0
larger than for 6 years (data starting in 1982). Hence the whl% years back was the
maximum likelihood estimate.

Varying the lag length of the revenue variable ingkplorationregression gave another result:
longer lag lengths give a better fit here, up to the peire the exploration peak of 1983-1987
has disappeared from the regression (the latter happens becagasiimgcthe length of the
revenue lag shifts the start of the regression to later yebra)ever, we stay by the result

% The Poisson distribution is a one-parameter distribution over the set of nonnegative integers. Its expectation and variance
are dimensionless and equal: E[Poisson(n|u)] = V[Poisson(n|u)] = u. Maddala (1993) states in footnote 8 at page 51 that the
usefulness of the poisson model is limited by count data not having mean equal to variance. Indeed our count data have a
variance which is much larger than its mean. However, this is the "marginal” distribution over all data, while the model
assumes only that the probability distribution of any particular count, conditional on the explanatory variables, is poisson.
With an arbitrary distribution of the explanatory variables, the marginal distribution of the counts is not poisson.

2 A difference in log likelihoods (or “log likelihood-ratio”) of 0.5 is not large. For the comparison of the likelihoods of non-
nested models, see for instance Edwards (1976, p.31) and Berger and Wolpert (1988). A log likelihood difference of 2 might
be used as a reference. This is the log likelihood difference between p=x and the familiar significance threshold p=x+20,
when drawing a stochast x from a normal distribution with known variance ¢ and unknown mean p. The log likelihood is
L(u) = - (u-x)%/20? + constant.
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mentioned above of the development regression, with a Igthleh5 years back: the
exploration regression is a meagre model with up to 19850 revenue as an explanatory
variable. In the development regression the revenue variable économic element of the
model beside a “geological’ element in the form of the prevéogsessful exploration in the
same block.

We have considered using a Koyck lag, or partial adaption miadklding the lagged
dependent variable among the regressors. This has been tlsedanious papers of Favero
and Pesaran, and in Kemp and Kasim (2003). See Appendix &.ablug model implies the
same lag pattern for all explanatory variables: an expongrdiatlining pattern. However, we
assumed and estimated different lag patters for different vesiabbr instance, the lag between
the oil price and development might be longer than the lageleetthe introduction of a fiscal
measure and its effect on development.

For the exploration equation, we present a version with tyelKlag below. This shows that
the choice of the lag pattern can make quite a difference.

Data

Number of wells by block

We obtained data on exploration and development from TNO-Natioksr Institute for Applied
Geo-science (NITG), in the form of a long list of weller Each well we have the year of
completing the well, the type of activity (exploration, develept, etcetera), the operator
company, and the license block on the Dutch Continentdf 8¢, K2, etcetera).

These TNO-NITG data give no information about producti@vetbpment results in a
production well. We used the 515 wells which are labelled “deweop’ and are located on
the Dutch part of the Continental Shelf.

Similar data about exploration wells on the Dutch part @Gbntinental Shelf were received
from EBN. These data also included the exploration resiif2biwells), gas (230), or dry
(390). The latter category was excluded where successful exmhonats used as an
explanatory variable in the development equation.

These EBN data on exploration were used not only in the deweldtgequation, but also (in
aggregated form) in the exploration regression. In the grapthapter 3 above, however,
published data from Ministry of Economic Affairs (20048re used. The latter differ slightly
from the individual well data, due to small differences inrdibn (for instance, extra sideway
drillings may or may not be counted).
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Revenue

The revenue variable was defined as follows. Start with therio# in dollars per barrel.
Deflate with a price index. This gives the real oil price. Sudbta series of deflated running
production costs; see section 4.2 above. This gives theekeglue. Divide by the value of the
euro (dollars per euro). This gives the revenue in eurasgeezl, which is relevant for the gas
produced at the Dutch Continental Shelf. Finally, multipith the value of the euro in 2004.
This gives the real revenue in dollars per barrel, correctatidatollar/euro exchange rate.
The 2004 values were taken from the outlook in CPB (2004)

Sensitivity analysis

We have computed several variants of the regressions in chaptezy3show that some results
are indeed sensitive to changes in the specification. Onlyahé results are shown.

Exploration

For the exploration equation, we present three variants: {a}ha other tax measures
included, (b) with the DAW variable itself, instead of itenbe, and (c) with the lagged
dependent variable included at the right hand side (“Koyck”).

Estimation results of variant exploration equation (a): the EBN participation measure added
Coefficient Standard error
(Constant term)
Revenue: long run deflated oil price minus costs .3
Change in the DAW
The EBN participation measure -4 2

Note: Time period = 1981-2003; R? = 0.52

Regression (a) gives a negative effect for the other governnearstunes. The standard error is
about the same size as the coefficient. We have concluded thatrtbisa good specification.

Estimation results of variant exploration equation (b): with the DAW itself

Coefficient Standard error
(Constant term)
Revenue: long run deflated oil price minus costs .3 2
DAW -1

Note: Time period = 1981-2003; R? = 0.25

Regression (b) gives a negative effect for the DAW, with latgedard error and a low'RVe

concluded that this is not a good specification.
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Estimation results of variant exploration equation (c): with the lagged exploration

Coefficient Standard error
(Constant term)
Revenue: long run deflated oil price minus costs .3
Change in the DAW 1.0
Exploration in previous year 4

Note: Time period = 1981-2003; R®> = 0.57

Regression (c) was computed to show the sensitivity oethdts to the adding of a dynamic
element, the Koyck lag. The above table gives coeffiégien0.4. Hence, here the one-time
“raw” effect of the change of the DAW is in the long run edadl.0/(+X) = 1.7. (For an
explanation ofj, see the introduction to the table in Appendix A above.) Ré&cafl the “Lag
patterns” section above that a priori we have not chosen #tffisption, but instead tried to
model the dynamics for each explanatory variable separately.

Development

For the development equation, we present one variant: vatbhzinge of the DAW instead of
the DAW variable itself. See the table below. The change in th& bas a negative effect. We
concluded that this is not a good specification.

Estimation results of the variant development equa  tion

Coefficient Standard error
(Constant term)
Revenue: long run deflated oil price minus costs .6 A
Previous successful exploration in the same block 1.0 .
Change in the DAW -.2 2

Note: All blocks; Time period = 1981-2003; Used data of years x blocks = 769; R? (from OLS) = 0.13

The future

We have used the regressions of chapter 3 to show the eftbetaf price on exploration up
to 2008, using a forecast of the oil price. (Note that théainie not meant to make forecasts,
and this exercise is only meant to show the effect of therici in the model.)

First, assume that the oil price is 36 dollar in 2004latet. The revenue variable stays at 36

(price)— 10 (costs) = 26 dollar per barrel. The long run revenuessgradually increases to the
same level. The result is a small increase in exploratiomrshoFigure B.1 below.
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Figure B.1 The number of exploration wells, forecas  ted over 2004-2008 (oil price 36 dollar per barrel)
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Alternatively, assume that the oil price drops from 36attait 2004 to 25 dollar in 2005 and
later years. The revenue variable drops te-29 = 15 dollar per barrel. The long run revenue
gradually moves down; we computed this series up to 2@0&e it reached 17 dollar per
barrel. The result is a small decrease in exploration, showgume B.2 below.

Figure B.2 The number of exploration wells, forecas  ted over 2004-2008 (oil price 25 dollar per barrel)
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Appendix C View of Gaffney, Cline & Associates

This Appendix contains a note written by Gaffney, Clindgsociates (GCA) tittedSummary
of Views Presented by GCA at Meeting in Bentlely Miachiel Mulder of the Dutch Planning
Ministry, 26th May, 2004’

Promoting activity in any country or basin is rarelyefiier) something that can be done, or
switched on and off, through a single factor. In thi:dhe question of “Depreciation at Will”
is being held as the single factor that makes all the diffeltegtveen a successful (or
acceptable) level of activity offshore the Netherlands, or otherwis

Itis GCA’s experience that it is a combination of factomghthard and soft, that go towards
making an area successful. This experience has been built over errafmpears, and includes
E&P FDI initiatives in countries/states such as ArgentBrazil, Venezuela, Kuwait, Saudi
Arabia, Pakistan, Alaska, Greenland and Timor Leste.

Fiscal structure and government take is undoubtedly an tengassue. It is easily measured
using cash flow models, and just as easily misinterpretegzithe impact that it might have on
activity. It is easy to look at any parameter in isolatioth suggest that of all the parameters
considered it has the largest impact on rate of return, aneftine if looked at in isolation
could create/stifle activity accordingly. However, such an ass&st can only truly be made in
light of all prevailing factors.

Adverse (from a company’s perspective) changes to fiscal steuahvays raise alarms about
the negative impact they are going to have on activity. Sreh will usually come from
incumbents, who measure things against pre-existingngetBrospective entrants are less
likely to make the comparison with the previous terms,aaednuch more likely to see things
in the context of all factors, and ask themselves “Hovhded terms compare with other
investment options | have open when considering tHikggeology, risk, costs, operational
“hassle factors”, access to acreage/additional opportunities, reguaersight and cost, etc”.

We have not done an evaluation of the player-universe in thleooé area, the interests they
hold, and the cycling of these over time to make any detedlednents with respect to the
Netherlands. However, it is a truism that as an area masuréise appeal changes. While it
may attract a particular universe of players at the outseppastanity size declines (and player
size increases), so the materiality changes. Current oppisunfitshore Netherlands will
appeal to players of a much smaller size than would have beengh 30 years ago. How have
acreage availability, licensing policy, relinquishment requéets, fallow acreage/field
initiatives and so forth evolved to cope with this chagdandscape?
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Countries are very much in competition these days to afifagers into their acreage. This
means making information available easily available to compan@sler that they can assess
the potential and its fit with their strategies. It also nsesggpropriate marketing at industry
events to ensure people are aware. A walk around the AAPG comydatiexample, will see
booths from a large number of countries promoting acreagfeljdtiting the plays, where data
can be made available, highlighting farmouts, and generallynggidople aware. Coupled
with a good web site, where key information and statisaosbe obtained, this is a relatively
low cost means of ensuring that the “we are open” messageyisréulbmitted.

How much of this is, or may be, appropriate to the Nethed is also a function of the political
and social will of the country and its administration. Trameea number of models out there to
examine, but briefly it may be helpful to focus on thtee:US Gulf of Mexico (GOM), the

UK, and Norway.

Both the US and UK have “open market” systems where acisvityiven substantially by the
rate at which companies are prepared to invest. While thifetgted in turn by the key factors
of oil/gas price, geology, and infrastructure/costs it$e &managed” from a national
perspective by the regulatory and licensing regime. In the (A@hage is offered in very
small parcels of 5,000 acres. License offerings are typicallyadufimuany one part of the Gulf),
and the entry ticket is a cash bonus. You have no worgaihin, but you can only hold after 5
years (10 years for deep water) if you have production. Theiocation of small license areas
and limited life (unless you are producing) provides anntice for maintaining activity or
cycling of acreage. Of course, in the GOM there are a numbénerffactors that assist, but
the basic model is ‘we provide regular opportunities, yetuog with it’.

The UK model is based on the same generic philosophy, hheitly a somewhat heavier hand
in the licensing. Instead of cash bonus awards, it is cotivgedictivity bids with a greater
potential for discretion to play a hand in the award. Recaaviations have been for the DTI to
introduce incentives to activity on fallow acreage or discegeand a ‘promote’ license where
players can hold for two years to work up a play before cdtimgnito drill (and perhaps
bringing in a new partner). As with the GOM though,isacsystem relies on a regular supply
of new opportunities other than just through promdéech outs.

At the other end of the spectrum, the classic Norwegiaemsyisas been through tightly
regulated licensing awards, allowing in just a select gaflgompanies. While exploration
activity has not actively been discouraged, development appitwasadsbeen subject to heavy
oversight, which has an overall governing effect on actiVihys approach has lightened
slightly in the S of 62 area of the North Sea, but itilsret “open season” for companies to
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come in explore/deal. None of this is to suggest that Nphaa got it wrong. It has a small
population and a lot of resource; if they had tried to dgvitlat the same pace as the UK
(which is about 10-15 times larger as an economy) thenulddwve had significant economic
consequences. Norwegians saw this as a policy that wadaighem.

In summary, there is no absolute ‘right’ or ‘wrongtiis matter. You first have to establish
your objectives and any limitations that you are goingmease in reaching them. Within such
confines, you can then plan a resource exploitation policythahope is optimised within
that. It will not be just one factor that you are setting,ebcomplete system of regulation and
promotion that suits.

As such, we had suggested that it might be helpful to &avee-day workshop that looked at
all the factors that might affect E&P activity in the countmgd see what range of alternatives
might theoretically and practically be possible. We also sugdéisat in the first instance this
might best be done without the participation of indusibbly groups. However, that workshop
should seek to reach a conclusion as to the next step whidth iweolve consultation with the
industry on what broader set of changes might be made togeiate the sector.

87



88



Appendix D Financial analysis on project level

Data and model of TNO-NITG

In analysing financial restrictions on project level, we receagaperation from the
Netherlands’ Institute of Applied Geoscience (TNO-NITG),l#aling Dutch geological
research institute, and Energie Beheer Nederland (EBN), the goeetragency participating
in mining activities of gas firms. The financial analysispooject level is primarily based on

two components: geological data and a financial-economic model.

TNO-NITG collects, on a regular basis, geological data on thehpart of the Continental
Shelf. These data, produced by seismic and geological stumtiesie information about what
are called ‘prospects’. A prospect is an area of which geolagistgect oil or gas is present. A
prospect is generally characterised by the magnitude of thegalsaeserve and the probability
of a successful exploration. Currently, the TNO-NITG databadedes 974 prospects. The
total expected volume of these prospects is 376 billibrHowever, many of those prospects
are only economically viable for drilling, if economic conditsostrongly improve.

In order to assess the number of projects which are economizdilg, TNO-NITG, in
cooperation with EBN, has developed a financial-economic mbrdtiat model, the key
parameter is the Expected Monetary Value (EMV). EMV is defined as:

EMV = POSx NPVqyccesa' — (1- P)x DCY (D.1)
in which:
POS = probability of success of finding gas

NPVsccesa' = Net present value (after tax) of the gas reserve
in case of a successful exploration

DCAT = dry hole costs (after tax): the net costsegttploration drilling

The probability of finding gas (P) depends on geologgabchemical and geophysical
characteristics of the area. The net present value (NPV) depetits @xpected) future gas
price, capital expenditure, operational costs, magnitude of taeseggliscount rate and taxes.
The dry hole costs (DC) depend on, among others, thatgégdepth of the well and taxes.

A project is economically viable if the EMV is positive. Agittive EMV, however, does not
always imply that a prospect will be drilled. If firmsvieaa portfolio of several prospects, they
will prefer (to start with) projects with the highest egfed profitability. In order to simulate
the ranking process, TNO-NITG in her model uses Riskedevalinvestment Ratio (RVIR) as
an additional financial-economic criterion. This criterionégied as:
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EMV

RVIR =
X187 - (1- P)x DC?’ (D.2)

in which:
|BT = investments before tax

DC®" = dry-hole costs before tax

This ratio relates the size of the EMV to the magnituddefrivestments. If two projects have
the same EMV, a firm would choose to start with the projéitt the lowest level of capital
requirements. This RVIR criterion holds when the availighilf capital is restricted. In that
case, the larger the RVIR, the higher its ranking in a fippgrtfolio of investment projects.
According to TNO-NITG’s information, most firms are ugian RVIR or equivalent approach.
The range of RVIR thresholds actually applied is believdmktbetween 0.1 and 0.2. See
further on the choice of the financial-economic criterion the reainin Chapter 4.

Sensitivity analysis
In order to test the sensitivity of the model outcomesstagsumptions, we asked TNO-NITG

to conduct a sensitivity analysis. This analysis was direxted

» The discount rate (both for the project cash flow of fiemd for the cash flow of the
government),
* The future oil price (to which the gas price is still sgly related) and

* The financial criterion used to select a project.

Below, we depict the results of this analysis. The mainite®hapter 4 discusses these results.
As said in that chapter, these results are based on the assuthationly financial criteria
determine whether an investment is done or not. In partiefian financial restrictions are
relatively weak, this assumption strongly affects the reslitthat case improving financial
conditions for investment projects could have no effecheastments at all as they could be
hampered by other restrictions. In chapter 4 we show thatiedly characteristics of the
physical infrastructure constitute a restriction on the arleual of mining activities on the
Continental Shelf.
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Sensitivity of the results to the discount rate

EMV> 0 10% 12% 15%
Oil price: 25 dollar

DAW No DAW DAW No DAW DAW No DAW
Number of projects 357 258 334 199 287 152
Total expected reserves
(billion m?) 299 257 291 226 271 192
State revenues (discounted
value in billion euro) 4.86 5.06 4.84 4.68 4.72 4.15
Source: TNO-NITG
Sensitivity of the results to the oil price (used f  or screening)
EMV> 0 25 dollar 20 dollar
Discount rate:
- firms: 10%
- government: 6%

DAW No DAW DAW No DAW

Number of projects 357 258 201 98
Total expected reserves
(billion m?) 299 257 233 162
State revenues (discounted
value in billion euro) 4.86 5.06 2.43 2.30
Source: TNO-NITG
Sensitivity of the results to the financial criteri on
Discount rate: EMV>0 RVIR>0.1 RVIR > 0.2
- firms: 10%
- government: 6%
Oil price: 25 dollar

DAW No DAW DAW No DAW DAW No DAW
Number of projects 357 258 204 121 108 73
Total expected reserves
(billion m?) 299 257 235 180 171 139
State revenues (discounted
value in billion euro) 4.86 5.06 4.39 3.98 3.57 3.22

Source: TNO-NITG
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Cumulative sensitive to combined changes in discoun t rate, oil price and financial criterion

EMV >0 RVIR > 0.1 RVIR > 0.2
Discount rate government: 6% Discount rate firms: 10% Discount rate firms: 10% Discount rate firms: 15%

Oil price: 25 dollar Oil price: 20 dollar Oil price: 20 dollar

DAW No DAW DAW No DAW DAW No DAW

Number of projects 357 258 91 48 23 2
Total expected reserves
(billion m®) 299 257 156 102 65 8
State revenues (discounted
value in billion euro) 4.86 5.06 2.00 1.60 1.00 0.17
Source: TNO-NITG
Sensitivity of the calculated state revenues to the discount rate for government cash flows (in billi on euro)
EMV> 0; 0% 6% 9% 12%
Discount rate firms: 10%
Oil price: 25 dollar
DAW 11.21 4.86 3.00 1.68
No DAW 10.21 5.06 3.52 2.39
Source: TNO-NITG
Sensitivity of the calculated state revenues to the discount rate for government cash flows (in Billi on euro)
RVIR >0.1; 0% 6% 9% 12%
Discount rate firms: 10%
Oil price: 25 dollar
DAW 9.54 4.39 2.89 1.81
No DAW 7.74 3.98 2.87 2.05

Source: TNO-NITG
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Figure E1

tax revenue (R)
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Appendix E The Laffer curve

This appendix contains a ‘back of the envelope’ calculatiorgilias us guesstimates of our
position on the Laffer curve. If we are right from the tdpcreasing the tax burden increases
tax revenue; if we are left from the top, the reverse & ¥WWe have used a method that is
consistent with mainstream economic theory. Furthermore awe tsed the available
empirical evidence on taxation and behavioural responses amaemthat brings us closest to
the actual situation of The Netherlands in general and thindjastry in particular. We
conclude that in all likelihood decreasing the tax rate decreasesvenue as the
responsiveness of investment to variation in tax ratesigficient to make up for the direct

loss of revenue. The caveat is nevertheless that uncertainty semain

Theory

The Laffer curve depicts the relationship between tax revenuen(Rthe tax ratec). It starts
from the origin, moves upward, then downward, and returtiset-axis fort=1. The reason is
that a 0% tax rate never yields revenue, nor does a 100% talxta¢dween these two
extremes, increasing t only increases R for as long asathewing of the tax base (B) does not
take the upper hand. Figure E1 displays a hypothetical example.

Laffer Curve: relationship between tax ra  te and tax revenue

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

tax rate (1)

In the example the relation between R and t is well-behavidda revenue maximising
government wanting to set the tax rate at 50%. Real werfiéilcurves are more erratic.

Nevertheless, by assumption they all have the followiathematical properties:
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R(r)=18(r), BQ) =0 and% <0 (E.1)

Differentiating with respect to and rearranging of terms yields:

ART 14 (E.2)
dr R

where € =dB/dr (/B denotes the tax rate elasticity of the tax base¢hdtop of the Laffer
curve, the increase of R due to a highexactly balances the decrease of R due to a narrow
B. Thus, we are to the right (left) of the tog#-1 (e>-1). The intuition is straightforward: if
B is sufficiently responsive tg decreasing the tax rate will increase tax revgifiuieis not,

decreasing the tax rate will decrease tax reveaibeit less than proportionally.

In short, in order to be able to say whether aebes of the tax rate increases or decreases tax
revenue, having an estimate of the tax base dtgstics sufficient. In the empirical literature,
one finds, however, only estimates of the tax Isaseielasticity £'=dB/dr.1/B, to be
proportional change of the tax base per percergage change of the tax rate. Since the
relation betweem ande’ is by definitione=¢’t, we also need. This could be simply the
statutory corporate income tax rate. Better isst® the marginal effective tax rate since this rate
governs the impact of taxation on the investmehgb®ur of a wealth maximising firm in a

competitive environment.

The marginal effective tax rate belongs to the fawi ex anteeffective tax rates. They are
defined as the percentage difference between pi@ast tax rates of return on hypothetical
investment projects. Although the calculation ofage rates can be quite involved, their basic
idea is relatively simple. A function summarises thx code by explicitly incorporating its
most important aspects, such as the statutory caigmcome tax rate, interest deductibility,
depreciation allowance, investment credits, anduaion of corporate taxes to shareholders. It
maps a given pre tax rate of return to a maximat fax rate of return, or a given post tax rate
of return to a required pre tax rate of returnsttriving a wedge between these rates. The
wedge divided by either of these returns is thedddjnition the ex ante effective tax rate. The
method has been developed by King and Fullerto@4],%nd has been extended in various
directions by Alworth [1988], Chennells and GrififitL997], Devereux and Pearson [1995],
Devereux and Griffith [1999], Jacobs and Speng@df], Keen [1990], and the OECD
committee on fiscal affairs [1991].

One advantage of ex ante effective tax rates tshiey do not directly depend on investment
behaviour. Thus, relating investment to ex anteatiffe tax rates is free from a simultaneity
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problems. Another advantage of ex ante tax ratéeis close correspondence to mainstream
economic theory. In particular, the pre and postéguired rates of return correspond to the
Jorgenson's [1963] and Auerbach's [1979] userafaspital that governs investment

behaviour of a wealth maximising firm.

In principle we are free to choose any hypothefivastment project as the basis for the
calculation of the effective tax rate. We are, hesveinterested in the investment behaviour of
wealth maximising firms, incumbent in a competites@vironment. We focus therefore on
marginal investment projects with a rate of retilnatt is just sufficient to satisfy financiers and
the tax authorities.

Let g denote the real rate of return on investm@mie depreciation rate of invested capital,
the inflation rate, and t a point in continuousdinin addition, let a be the proportion of the
remainder of the initial investment outlay that nmeydeducted from the corporate income tax
base - the depreciation allowance - and b be thegption of the investment that is financed by
debt. Finally, let s be the statutory corporateoine tax rate, and r nominal the interest rate.
Then, the nominal corporate income tax liability tahe t that springs from a one euro
investment at time 0 equals:

s(e‘(‘s'”)tq -e g - br) (E.3)

The nominal post tax corporate income is the déffiee between nominal pre tax corporate
income and the corporate income tax liability:

(1-s)e (@ tq+ s(e‘at a+ br) (E.4)

Multiplying by e 7 gives the real post tax corporate income:

(1-s)e%q+ s(e_(a+”)ta + e"‘br) (E.5)

The present value of the stream of real post tagarate income, discounted with the interest
rate, is the sum:

?e_" ((1— se™dq+ s(e_(f’“'”)t a+e br))dt (E.6)
0

which upon integration reduces to:
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1-s
r+o

g+A+D (E.7)

where A:as/(r +a+77) and D:brs/(r+77) are the present value of the depreciation
allowance and the deductibility of interest paymewealth maximisation implies that the
marginal unit of capital does not contribute toatgbrofits. In a dynamic framework this is
equivalent to the marginal euro of investment pusiaking even. In particular, the present value
of the future stream of real after tax profits dquanity.

1-s
r+o

q+A+D=1 (E.8)

Solving for q yields

1-A-D
:Ts(r +9) (E.9)
This is the required rate of return, well knownnfrthe cost of capital theory. It is just sufficient
to cover depreciation, and to pay financiers andaathorities. Note that in the absence of
taxation ¢=A=D=0) the required rate of return reduces té.r¥hus, taxation drives a wedge
between(1- A-D)/(1-s){r +J) and r$. The marginal effective tax rateis then simply the
percentage difference between these two rateswhre

r= % (E.10)
It is easy to verify that the marginal effective tate decreases in the present value of the
depreciation allowance, which in its turn increaises. Thus, the more generous the
depreciation allowance, the lower the marginalctite tax rate, as one would expect. Note
that the channel through which an increase of aedses the tax burden is exclusively through
postponement of tax payments, since the fiscal lvatke of the investment goes to zero as
time goes to infinity.

Empirics

Now we have set the pieces, the remainder of teecese consists of empirically filling in the
tax elasticity of investment and the marginal dffectax rate in order to arrive at a guesstimate
of . Unfortunately, there are no rock solid estimatiethis elasticity, not even for the US. We
have to rely on estimates of the semi-elastiditydr 1/1 , where | denotes investment instead
of the capital income that it generates. This isrjited since the relation between B and | is

monotonic - on average investment yields capitzbine.
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Ederveen and De Mooij (2003) analyse the existmpigcal literature, and come up with a
benchmark semi-elasticity 82.40. The interpretation is that real investmerally defined,
increases with 2.40 percent per percentage-pdaiictin of the tax rate.

We can mould this result such that it becomes rappgopriate for the question at hand. First,
we are interested in real investment, and lesmantial transactions such as mergers and
acquisitions. For that reason we adld43, the estimate of the ‘product, plant, and jpopgint’
dummy from Ederveen and De Mooij's meta-analysézddd, we use the marginal effective
tax rate, therefore we add 3.08, the marginal gffe¢ax rate dummy. Third, we have to
convert the semi-elasticity - equal+2.40+0.43-3.08 =5.06 - to a proper elasticity by
multiplication with the prevailing Dutch margindfective tax rate.

Devereux et al. (2003) calculate the marginal ¢iffecax rate for a number of countries. In the
Netherlands it equals 24% if the marginal investhiefinanced with equity (b=0), ant).33%

if it is financed with debt (b=1). An approximatiohthe average marginal effective tax rate

can be obtained by weighting both percentages stiflnes of equity and debt in the financing
decisions of all Dutch firms. Draper and Huizing@@@1) estimate these shares at 0.55 and 0.45.
This yields 0.5824 + 0.45¢33) =-1%. Depreciation allowances and deductibility dérnest

makes the Dutch fiscal authorities effectivelibsidisemarginal investment. Alternatively, one
could say that -sincel% is close to zero - Dutch corporate income taxais neutral at the

margin.

Clearly, a negative marginal effective tax rateliesgpthat-5.06(-0.01)=0.05>1. The
conclusion is that for real investment in the Ndthals, the patchy available evidence points in
the direction of a decrease of tax revenue forcasdese of the effective tax rate.

There may, however, be differences between indsstfirst, there may be variation in the
responsiveness of investment to taxation; sectwede tmay be variation in taxation itself. The
latter is important for the gas industry, if onlgdause the statutory corporate income tax rate is
not 34.5% but 50%. We make the following workingwaaptions for the status quo:

S = 0.50 (statutory tax rate equals 50%)

R = 0.10 (interest rate equals 10%)

m = 0.02 (inflation rate equals 2%)

a = 0.12 (fiscal depreciation rate equals 10% mtioaous time, which amounts to a halving of
the book value of the initial investment outlaysir years)

d = 0.12 (economic depreciation rate equals thaffidepreciation rate)
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b=0.15 (the marginal investment is financed for 1WA debt, and for the remainder with
retained profits and new stock emissions, whiclawns to the debt equity ratio of firms in the
gas industry))

This implies that the present value of the deptiriaallowance is:

_ 012[050 025 (E.11)
010+ 012+ 002

and the present value of the deductibility of iagtmpayments:

_ 015[D100050 _ (E.12)
010+ 002

The marginal effective tax rate then becomes:

_ 050-025-006

[100= 038 (E.13)
1- 050

This rate of course drops with the introductiorttef DAW, which is boils down to the
alternative assumption: a=1 (DAW is immediate esoay). This implies that the present value

of the depreciation allowance becomes:

050

A=— - =045 (E.14)
010+ 100+ 002

while the present value of the deductibility ofeirgst payments remains:

_ 015[D.10[D50 - 006
010+ 002 (E.15)

The marginal effective tax rate then becomes:

- 050- 045- 006 _ 002 (E.16)
1- 050

Taking the arithmatic mean of the two tax ratewlath the semi-elasticity5.06 can be

evaluated, and putting the elasticity and the ntaamate together yields:

:—'Ii = —5.069@ =-091 (E.17)
T
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Thus, we conclude that—1. In other words, the responsiveness of the tag Einsufficient

for the reintroduction of the DAW to be budget maltWe repeat, however, that the available
data are patchy, and that we have made a humlaesamptions in order to arrive at this result.
Nevertheless, since we have loaded the dice irufabatch revenue authorities, for example
by abstracting from possible capacity restrictiohthe gas industry, the guesstima@91

should be interpreted as an upper bound of thenssgeness of investment to taxation.
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Appendix F A simple model of the DAW

In this Appendix we have tried to build a simplelgtical toy model of the DAW. This model

has not been used in the analysis in this Docun@nitrary to the previous Appendix, discrete
time is used here.

Consider an investment project which is marginahaut the DAW: the present value of its
cash flow without the DAW is just zero, using tlrenfs discount rate. Let:

A = annual revenue of the project: sales minugsingncosts
| = investment

T = taxrate

N = duration of the project

. = discount rate of the firm

r, = discount rate of the government
t

F= " 1er,)

G- Y,

The last two variables are the present value @instant stream of one unit, discounted with the
firm’s discount rate and the government’s discoate respectively. Of course we have
O<F <N and0O<G< N. Also:

«

lim, . F -1 (F.1)
rf

and

lim, .G=—+ (F2)
r

As said above, the present value of the cash flomupoproject is zero without the DAW. We

write this as the investment being equal to thealiated after-tax revenue:

| :(A—T(A—INDF FY)

Here the annual tax base&—1 /N , wherel / N is the depreciation, evenly spread over
the years. This can be written as:

A 1
Z-r)==-
I F

T
— F.4
N (F.4)

With equation (F.1) we have for projects with agaturation:
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A
I—(l— r)=r, (F.5)

This is simply the after-tax annual revenue beigget to the discount rate. With the DAW, the
present value of the firm’s cash flow is:

Al-7)F -1(1-71) (F.6)

The value of Ain (F.6) is given by equation (F.4). Using this, get after some elementary
manipulations the following present value of thetcow with the DAW:

F
1-— |l .
r( Nj )

This is the firm’s benefit of the DAW. Sind@< F < N , the expression between parentheses
is between zero and one. For projects with a lamgttbn, the expression (F.7) is
approximately equal t@ | .

Next we consider the present value of the tax neseaf the government. If the project would
be executed without the DAW, then this presentevaould be:

I
A-— G .
T( Nj (F.8)

With the DAW, the project is surely executed and thesent value of the tax revenue of the
government is:

r(AG-1) (F.9)

If the project would have been executed withoutD#&V, then the “dead weight loss” of the
government is expression (F.8) minus expressid)(F.

T(A—IW]G -r(AG-1) = r(l—%jl (F.10)

Since 0< G < N, the expression between parentheses in the lambereof (F.10) is between
zero and one. Note thatff, =TI and hence alsé = F, then the dead weight loss for the
government (F.10) is equal to the benefit of theVDfor the firm (F.7). If the project would
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notbe executed without the DAW, then the benefithef DAW for the government is simply

expression (F.9).

Finally, assume for example the following parametdues:7 = 0.5; N = 15 years; I, =
10% per yearf, = 6% per year. Thel = 8.4 andG = 10.3. Without loss of generality, let
| = 1. Using (F.5) we then havA=0.17 for our marginal project. Using (F.7), thenefit of
the DAW for the firm is 0.22.

Using (F.9), the benefit for the government if grejectwould not be executed without the
DAW: s 0.39. Note that the benefit of the DAW for tfmvernment is larger than the benefit of
the DAW for the firm. Recall that in this particulkease, with a marginal project, it does not
matter for the firm’s profit whether or not the fat is executed without the DAW: the present
value of the profit without the DAW is zero in bathses. Hence the benefit of the DAW for the
firm is here in fact equal to a postponement ofgayments, while the benefit of the DAW for
the government consist of receiving taxes whereratise no taxes would be received at all.

On the other hand, if the project would be execwi#dout the DAW, the dead weight loss,
using (F.10), is 0.16.
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