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1. INTRODUCTION
1.1 The importance of oil

Oil is present in almost all activities of our dailives. It is the
fundamental source of energy of this era, and wlved in the
production of many goods necessary to maintaircthieent standard
of living.

The importance of oil for the society has also méde politic tool.
All countries depend on oil for carrying on thedatigities, and some
developing countries are the most important oildpeers in the
global scene, as the countries of the Persian Gulf.

However this resource is a non-renewable one, engresence on
earth is limited.

During the last 50 years the issue of the end &fhais been
investigated more than once, but until recent tirmest researchers
have considered the issue as a long term probletneally affecting
current operations.

Observing movements of recent periods instead afloesearchers
have come back to the problem, underling that titead oil is nearer
than most believe. Price trends could be a prottatt

Moreover the actual situation is characterized Isyeamdy increase of
consumption of oil, mainly due to the developmehtauntries, and
the growth of population.

The model on which researchers base their projestie the one
developed by Hubbert during the 1950s, which prep@sbell shaped
curve. The peak of this curve is the issue invastid in order to have
correct projections of the future of oil.

World is not running out of oil in a literal sensas when oil
production will stop there will still be the presenof the resource
underground, however, it won’'t be economically fielesto extract it.
The core of this issue becomes the correct managemie the
resource left, and the political implications of it

As presented here a correct management of the xtidation is

fundamental in order to achieve the higher flomwegource without



damaging the oil basins, in order to recover thatrod possible with
the current technology.

Although there are different opinions about the ehail, the critics
of projections driven by researchers who follow Heit do not seem
to have a strong basis. They are more based onshopenew
discoveries, on a heavy improvement of technologry,on new
sources of non conventional oil.

These three aspects instead can'’t affect in agtnay the timing of
peak oil. In fact oil discoveries peaked on 1968] ¢the most of the
oil utilized right now is extracted from old oilftt as the current
period is characterized by the discovery of onlyaknbasins. In
addition all the surface of earth has already beeestigated in order
to find new oilfield. Also an improvement in techogy can’t shift the
peak in a significant way, as this could occur doyyhuge quantities
of oil produced.

The argument of new sources for unconventionalsegms not to
have an important future, for both economic andirenmental
implications.

Hence taking into account what Hubbert has predjctehat world
has to do is to correct manage the resourcesneéft@ also calibrate
political behaviours, in order to contain the capsences of high oll
prices due to the scarcity of the resource.

On the side of oil producers they have to find @& path of growth as
they have completely oil based economies.

Oil producing countries seem to have already moiwedsuch a
direction, trying to develop new sectors, as thaufacturing one, the
one of real estate, and banking.

They also seem to be concerned with the implementaf the use of
renewable resources, as the project of UAE dematestr

The more awareness of the problem has probably tezemed at the
beginning of 2008, when the price of oil has red¢land then passed
the value of 100$.

In this occasion the world has asked OPEC to irsergmoduction in

order to lower the price, but received a negativanger.



This behaviour carries for the most the idea tHREO may really lay
in a situation of decline.

Also the main oil producer, Saudi Arabia, has dedat is not going

to increase its production as done in many previmgsisions.

As Saudi Arabia has always played an important ialeoutput

oscillation, and has always increased productioerwheeded, this
negative reaction of the swing producer of OPEC baserated
consciousness of the real problem the world isgytorface.

To face the problem of oil depletion world is deyghg new sources
of energy, and it seems the future will be charad by an

hydrogen economy, as hydrogen is the economidadist answer.

As hydrogen is not a source of energy, but onlgrergy carrier, it's
necessary to implement the use of solar, and mainiglear energy in

order to produce it in the more convenient way.

1.2 Structure

In the second chapter | present the model develbgadubbert, and
the works of his followers, and | also present thigicism on this
thought.

Then | show the model of Hotelling, which is theshased to predict
the economics, consumption and production foreca$ta non-
renewable resource. As | show this model doesrptyapell to oil, |
present another model of oil management, the oBanks.

In the third chapter | present the different thesriabout the
consequences of oil spikes on recessions and @n wiaicroeconomic
variables, and the origin of the oil shocks.

Then | present the structure of oil market, in\geing the real role
that OPEC assumes.

Finally | show the influence that a spike in oilges can have on the
exchange rate market, considering Dollar and Ewotle two
currencies affected.

In chapter four | describe the situation of Middiastern oil

producers, investigating firstly the possible caugkthe lack of their



growth, and then the scenario forecasted for tt@relopment beyond
oil, considering the rate of openness and the flovd-DI to the
region.

Chapter five deals with the situation occurred raftee price of oll
reached 100$, and its causes.

| have stressed the role of Saudi Arabia, and tssiple explanation
of the Saudi reaction, analyzing the problems tioald have affected
Saudi production so far. | also stress the impagaaof the correct
management of Saudi oil, thinking in a long runspective, with
respect to the model of Banks mentioned in chapierber two.

In my conclusions | also briefly present the possiuggestions for
the use of renewable resources. | analyze the lgbgleaario that may
occur with the actual and forecasted situationibfamd its political

implications.



2. MODELS OF OIL DEPLETION AND OIL MANAGEMENT.

2.1 The Hubbert method

Most of those who predict an imminent decline dfppoduction refer
to Marion King Hubbert as their mentor.

At the beginning of 1920s some geologists predit¢ked oil would

end in a few years, but the great discoveries 80%9n Texas and in
the Persian Gulf took the attention off this problethinking that

supply and demand could grow till a far future withh worry about
depletion in the short-term; but during 1950s Marking Hubbert

began a so famous geophysical because of his thedoaynear oil

depletion.

He has developed a theory with which he predidedUSA peak of
production in 1970, and then his model has beereldped, by

himself and by other researchers, to predict tkadtrof global oil

production.

The original Hubbert model involved some mathemétichniques,
and he faced a lot of criticism for that becausehef difficulties to

interpret his way of thinking in the model.

But the core of his model and his full methodolegyld be explained
by simple equations.

Firstly | will present here the first part of hiowk, so the prediction of
U.S. oil production.

To estimate the future trends of that he used gustrait line on a
graph, where the axes were the cumulative oil prodo in the

horizontal one (Q), while in the vertical one itayaossible to find the
ratio of annual production in a given year to cuativk production up
to the year (P/Q).
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Figure 1- Hubbert linearization for the U.S. lower 48 crude oil production. (The
oil drum)

In this first graph Hubbert noted that from the ryd®58 it was
possible to follow a strait line path of the U.Soguction, and he
assumed that the first part of the graph (yeard%b8) shouldn’t be
considered because of the distortion of the cumey tould produce
for the inevitable low cumulative production of tliest years of
extraction.

So he drew the line starting on 1958, and he ardhatithe point
where that line crosses the horizontal axis isdhe where annual
production of U.S. will fall to zero, so when tteest well in the United
States will run dry.

In this kind of graph the point expresses this ientrms of quantity,
precisely 228 billion barrels. .

The line crosses the vertical axis too, in an ogpt calleda that is a
sort of an interest rate; in the particular casé&J@. a is 0.0536 that
means the 5,36% per yearis an idealized beginning of production,
clearly when cumulative production was equal t@zer

To explain this graph is sufficient to take a lineguation of a line, so
Y=a+mX, where Y is represented by P/Q, X is @,keeps the



meaning, andn, so the slope of the line, is representedd@t); so
the equation becomes P/®&/Qt)Q. It's easy to note that there is the
sign minus explained by the indirect relationshgtvieen the growth
of Y and X. The last step is to multiply both paoftsthe equation by
Q, so it will be Pa-(1-Q/Qt)Q, that represents the algebraic statement
of the Hubbert theory, and that describes a belpsd curve, or
better, a logistic curve.

It's important to note that the factor (1-Q/Qt)tle fraction of the
total oil that remains to be produced, and thisestahat P, so the
annual production, is linearly dependent on thetioa of oil that
remains. It shows that is impossible to have ammitdd exponential
growth despite of the equality to 1 of the termQMRt), or its
inexistence.

There has been a lot of criticism on this thoudidcause of the
importance that a lot of researchers give to otieenponents, such as
technology and incentives.

Empirical facts sustain the Hubbert theory demantisty that even if
it's not the only factor affecting P, the unprodddeaction of oil is
surely the most important one.

From the last equation it is simple to derivate nbhenber of years per
billion barrels, simply using the reciprocal of igo itll be
1/P=1/p+(1-Q/Qt)Q)], that still represent a bell-shapedvewvhich is
symmetrical in time because of the linear depenglent the
production rate on the unproduced fraction of @d,said; by that it's
possible to see that U.S. peak should occurrechdr@@72: it was on
1970.
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Figure 2- U.S. Crude oil production. (The oil drum)

The area under the curve drawn represents Qt,lendelak comes in
the middle of the curve, when a half of oil hasrbpeoduced. This is
the simple mathematical explication of what Hubbsttdied about
U.s..

Using the Hubbert method for all the world, and sidaring the

events of history, now can be drawn a line as a®llor U.S., and it's
seen that world oil production settles down afteB83 to a straight
line, so it's seen that the line has an inter@epf 0.05 and a Qt, so
where the line meets the horizontal axis, of 2 iomll barrels,

predicting the peak around 2006 for some actualarebers.

So Hubbert firstly noted that the production ofasib does not follow
the trend of a growth till a stable level, contiader a long time on
that level and then suddenly declines to zero walrthe oil has

finished, but it follows a bell-shaped curve, getigra logistic one, in

which the area under the curve is equal to thenaséis of the amount
of total oil available. During the first phase theduction increases
rapidly because the first oil that is extractethis easiest one to find,
and then it becomes more difficult to reach andasttthe one that
remains, reaching the peak of production generalign half of the

oil present in the basin has been extracted, theduption starts to



decline till a point where there is still oil inghbasin, but it's not
economically convenient to extract due to high £ost

So the Hubbert curve (then the production ratepfeingle area starts
at zero, increases exponentially during the eadyiod and then
declines negative exponentially to zero.

Updating and complicating the base model it's galesio say that the
curve could have one or more maxima and it couldymemetrical or
not.

Even though observing large areas would be notemt the
irregularities of small areas tend to cancel onatlar, so the smooth
curve has a single practical maximum, althoughtilt san be no
symmetrical. In fact the ascending curve dependskdts or luck of
explorationists, but the descending side dependsn ujacts, as
political events.

Studying the discoveries of oil in the United Ssatdubbert noted that
they follow a bell-shaped curve as well as produtiand that the
production curve follows the discoveries one adtéime lag different
in each region, so once the peak of discoveriestla@dime lag are
known, it becomes easy to find the production petdarly the area
under the production curve cannot exceed the oneerurthe
discoveries curve.

It is now known that world’s oil discovery curvegked in 1962 and
then declined as a Hubbert curve predicts, andowtthestrictions as
the Arab oil embargo of 1973, following this modebrld production
would have peaked in the mid-1990s.
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Figure 3 - World oil discoveries and production- anexample of Hubbert

decline. (lvanhoe)

It is possible to see in this graph that until glblproduction is
unrestricted the global production curve followg tiiscoveries one
suggesting that global production would have peakedhe mid-
1990s.

The restriction of Arab oil embargo of 1973, whichused the first
global oil shock, changes the shape of the curvel global
production flattens out, due to worldwide more @ént energy use
after the second oil shock in 1979 due to Iran-m&g. Since 1989
global consumption and production has been inangasgteadily.

The light dashed line is the unrestricted produrctitubbert curve and
it has the same shape of the discoveries curvthisngraph we can
see that the production curve (+++++) has beeracepl after the year
2010 by an oil field decline curve, then the Hublmrak, so when
global demand will exceed global production, shoul¢ on
2010.World production will continue at a dwindlingte after that

year until more or less 2050.



2.2 The followers of Hubbert.

The most famous follower of the Hubbert theory @i€J. Campbell,
who is the founder of ASPO Association for the gtofipeak oil, and
whose most famous work on this argument is thelartiThe end of
cheap oil” of 1998, written with the collaboratiaf Jean Laherrere
and published bkcientific American.

In this article he develops Hubbert's projectioasd explains some
problems for the correct prediction of the endibf o

This analysis suggests that within the®2dentury the supply of
conventional oil will be unable to keep up with dard, going against
the prediction that should born from the data bfraustry reports of
that period, which suggested that crude oil coaldain plentiful and
cheap till 2040 more or less.

The difference between the two visions is giventigdsy three errors
on which the latter projection would be laid ore tfistorted estimates
of reserves, the hypothesis that production woseihdain constant, and
the thought that the last bucket of oil can be pednas quickly as the
first one.

In the first part of the article Campbell explaithe importance and
the difficult to have real numbers referred to ¢éhxatal numbers for
oil projection, as the tally of how much oil hassheextracted to date
(cumulative production), the estimates of resenay] a justified
guess of how much of conventional oil remains talseovered and
exploited. When talks about reserves, Campbellstabout the
amount of oil that companies can pump up out ofwknmil fields
before having to abandon them.

There are a lot of publications of these numbeuswihile there is not
a big problem with those referred to cumulative dorction, with
errors that can be easily solved, getting goodredés of reserves is
rather hard, because it is an inexact science, avties necessary to
assign probability to the guess of the quantitie®serves. Doing that
expert engineers cite quantities called P90 estinfathe quantity



considered has the 90% of probability to be rigt&0 if it has the
50% of probability, and so on.

Most of countries and companies declare the questibat fit them
better, even if they have a low probability (ofiéthey are P10 too)
because exaggerated estimates can rise the prie@ fwl company’s
stock, and for it allows the members of OPEC tooex@m higher
guantity of oil, because their exportations arateal to the quantity of
their reserves. During recent years some upwardsioev was
warranted.

Another problem with the estimation of remainingeeves is the
vagueness of the definition: indeed in the U.S. caked reserves
proved just the ones that lie near a producing,veeitl if there is a
certainty that this oil can be recovered profitabtycurrent oil prices
with existing technology, so they are near to a BSimate, but in
most other countries it's impossible to find a fgatar definition of
reserves.

Although using just P90 reserves is not right tdemstand the amount
of proved oil in a region, it's not correct to useserves with a so
different value of probability, or with a too lowne, the better way
would be to sum up the average estimates of adaich field (this is
often called proved and probable reserve), so th® Reserve,
assuming prices remain constant within a limitetyea

Campbell says that by his estimations world hadl @96, 850 Gbo of
conventional oil in P50 reserves.

The biggest problem is to know the size of ultimageovery , so it's
necessary to know if and how fast reserves are mgowp and down;
clearly reserves have grown during the last 20s/daut it would be
an illusion the guess that they will continue gnogviike that: with a
concentrated observation it's seen that most ofuséd right now
comes from fields discovered a long time ago, leefd®73; these
oilfields are depleting now, and because the copsiom of oil from
our growing population is growing as well, reseraes depleting too.
| have already presented the problem of the distwst that

characterize the estimation of reserves; the nghy of proceed it



would be to backdate each revision done by cowntaed oil
companies to the year in which the oilfield wascdisered, and then
move on with forecasts based on these numbers.gDthat it's
possible to see that global discovery peaked infitlseé middle of
1960s, as Hubbert demonstrated, and then has tilen.

Campbell with his projections has estimated thatdh industry will
be able to recover just about 1000 billion baraélsonventional oil.
There is no possibility of changes due to an imprnoent of
investments on exploration, because the finiteoéghe presence of
this resource, as shown by empirical data too, wieéhdiscovery rate
in decline from 1980s.

In this article Campbell applying the Hubbert theqredicts that the
peak of oil production will occur on 2010 more es$, showing that
neither a change of few hundred billion barrelsheigor lower could
change that situation.

Campbell does an overview of the aspects that fiem dreated as
factors that could delay the peak, as the guedsdiyaosits of oil
could be present in corners of the world still yrlered, but he says it
is so unlikely because most of the world has alrdagken explored.
Another point argued is the development of techgwlthat should
improve the recovery factor ( the fraction of ¢kt can be recovered
from fields in a basin), but this improvement ithex an artefact, and
it's to be considered that oil companies count echmological
progress while doing their estimations of reserths;third point is
the importance of the presence of unconventiondl lout the
development of techniques to use these sourcesdwwmed a long
time and big investments too, and even more, aebigronmental
price.

In the last part of his article Campbell concludeth the problem of
the growing demand that oil companies have to faoe, states that
world is not going out of oil right now, but thati$ going to face the

end of the abundant, and so cheap, oil which otiegodepends on.



A different evaluation of reserves, firstly the eredf the Persian Gulf
area, has led the EWG energy watch group to makeasBumption
that peak of oil production has already occurre?df6.

These researchers base their report of the wotldugply on the
Hubbert method, but with a different evaluationre$erves from the
one of Hubbert, Campbell, and other scientiststdube problems of
estimation presented before.

This is the reason of the different date of thekp@a can be seen in
the appendix B of this elaborated.

Another so famous follower of the thesis of Hubbsrt.F.lvanhoe,
who is a geophysical and the founder of M.K.Hubbmenhtre for
petroleum supply studies of the Colorado schoohivfes.

He is the author of a lot of works on technicaljsats, and he deals
with the estimation of reserves of oil in the world

In one of his famous works based on Hubbert thettiyng Hubbert-
Updated” he explains the model, and he focusesi@mprtoblem of the
descending part of the Hubbert curve, explaining ithportance of
political events on the slope of this part of therve, and, as
Campbell, states that the peak of production wllaoound 2010, or
maybe before, because of the unforeseeable shuatib the
equilibrium in Saudi Arabia or in the regions ofr§tan Gulf.

A lot of other researchers base their studies enHbbbert method,
predicting a peak of production compatible with tmes presented so

far.

2.3 Criticism on Hubbert model.

King Hubbert not only has followers, but there egeearchers, most
of all economists, along with a few energy assamigt as USGS
AND DOE too, who state that the worry about the kped oil
production is exaggerated and that there would big abundance of
oil in the world.

Between these theses the one of Michael C. Lynbfef energy

economist of DRI-WEFA Inc., has more founded reagban others.



In one of his more important articles he says tbetcasts presented
by Hubbert and Campbell have repeatedly proveretmborrect, and
bases his criticism firstly on the assumption ok thixity of
recoverable oil resources. Instead he considerdratemn the
possibility of recover resources the presence ofadyic variables as
infrastructure, technology, and price, and not dhg/fixed geological
factor of the quantity of olil.

In the article of Campbell “The end of cheap oiB kxplains the
central role of the estimation of URR (ultimateaeerable resources),
and Lynch critics first the inaccessibility of tliatabase on what
Campbell has based his estimation, and then undsrlithe
importance of improved recovery methods, bettermemation of
seismic data, and so on, to increase the estinudtéield size. He
concludes that the size of recent fields has bemterestimated
compared to older fields, and so that the end tssnonear, and the
increase in recovery at existing fields are noefadts as Campbell
said.

Then he concentrates on the World Petroleum Assadsonl USG for
2000 which, using the same database of Campbelysh projection
of a substantial growth of reserves from existiredds, and on the
announcement of IHS Energy, the firm owner of theabase used by
Campbell, that states that discoveries in 2000 mee® more or less
of 10% from 1999, because the inclusion in thisinestion of
deepwater reserves and the discovery of two newrggipnt fields in
Iran and Kazakhstan.

So he argues that the keeping of low discoverigbanast 30 years is
due to the poor geology, and that these new disms/give hope for
a new cycle.

Lynch presents the difference between the estimataf reserve of
Campbell and the ones given by revisions done & Etiergy of the
earlier discoveries.

So he states that the discovery curve presentedCaspbell,
following the one of Hubbert, is misleading, andttrestimated

recoverable resources have grown faster than cqtsamso even if



there is the necessity of thinking about the endilohnd the changes
it would carry on, this is not a problem that therla has to face right
now.

It's necessary to say something about the pointstaoh Lynch bases
his suppositions. Heinberg (2004) analyzes thesetpm his work.
Firstly the World Petroleum Assessment of USGS 2800 is
criticized from some of the experts of USGS as well

The two authors, Schmoker and Klett, have decldhed there is
uncertainty about the growth of reserves outsids. because they
have used the function of growth of reserves oftioental United
State for other states too.

Clearly this is a source of problems because ofitfierent situations
on which countries and their estimations of reseave based (i.e. the
consideration or not of changes of technology).

Hence it could lead to wrong conclusions about #@msonishing
growth.

Even more it's noted that during the period betw26@0 and 2030
there should be a growth of 40 million barrels pear, almost equal
to the performance of the best period for disc@agem history (1957-
1967), when there was a growth of 48 million bargr year.

The evidence shows that from the 1990s the growWwtleserves and
new discoveries have been around 9 million bampelsyear, so the
projection of USGS seems rather optimistic, maylmenhuch.

The Energy Information Agency (EIA) shares thisimttic view.
Though it declares that these faithful projectiatexive from the
adaptation of projection of oil supply to the peijen of demand,
because of politic pressure.

On the contrary the IEA - International Energy Aggimas adopted a
modified Hubbert method and has predicted the péak production
for the 2015, declaring that soon all the worldl wdmpletely depend
on Middle East countries.

Lynch declared that discoveries have grown a ldiveen the 1998
and 2000, but if it's observed the best of thessary€1999) it can be

noted that new discoveries of oil represented fhst 62% of the



quantity of oil extracted and consumed that yearth®e untenable
situation is strongly shown.

It's quite sure that new discoveries in Middle Easuntries will
come, but most of the biggest basins have alreaey ldiscovered,
and quite surely deepwater reserves won't be thetiso of the

problem, because their need of time and investments

2.4 The Hotelling model for non-renewable resources

The model most used to describe the economics,tlaadptimal
consumption, of an exhaustible resource is the Ikaje model,
developed by Harold Hotelling on 1931. A basic mokas been
developed, with several extensions.

The core of that model is the concept of “scarciymt” (called
Hotelling rent too) that represents the excesti®itarket price of the
resource over the marginal extraction cost refhgcthe scarcity of a
non renewable resource, and it is related to anatbst, the “user
cost”, that is the same of the opportunity cosexifaction, so it's the
marginal benefit of conserving an exhaustible resau

The basic Hotelling model assumes that the sitnasacharacterized
by zero extraction costs, the presence of a loproflucers (hence
there is a competitive market), that there is astamt real risk free
rate of interest on investments per year, r, amad the price of the
resource at time t is P(t).

The resource owner can decide to extract the resotgday and
invest the profits earning r per cent per yeartoohold the resource
and extract it in the future, expecting the pri€¢he resource to grow
more than r per cent.

In the presence of the competitive market, everpevwill face the
same situation, and will take the same decisionalbee if the price
would rise slower than r every owner would sell bf§ stock of
resource reducing the market price, otherwiseaf ghice would rise
faster every owner would keep his stock of resoumceeasing the



market price; so the result is that the resouraewill rise exactly at
r per cent per year. This is the basic Hotelling.ru

So in equilibrium the price is rising over time,dameanwhile the
quantity extracted is falling over time until thesource is exhausted,
and finally the price will be so high that the demawill be totally
eliminated, exactly in the point where the resouicecompletely
exhausted; if not, if there is some owner that blve a quantity of
resource when the price is so high to eliminatedéand, it would
be useless, so the owner will start to sell offdiesck of resource at a
lower price before the price reaches the limit paso the production
trajectory, that is monotonically declining, wilekextended in time,
and the price still rises at r per cent, till tlesource is depleted (T).
the sum of extraction in all periods is equal tee thesource
endowment, and the timing of extraction has no equences on the
total amount that can be extracted.

The total value of the firm is:
T —_
V= (Z)ptxt(lﬂ) t
t=0

Where xis the extraction in time t. The firm only hasanstraint that
is that the quantity of the resource extracted linpariods cannot

exceed the total endowment of the resource:

ixt <R
t=0

The function that has to be maximized combiningtii@ above is:

L =i px L+r)™ + A(R-ixtj

(t=0) t=0



And the conditions (Kuhn-Tucker) that let solvestimaximization
problems are the following:
oL oL

— <0 >0 and —=0
ox X X

Clearly extraction cannot be negative so the secomdtraint always
happens, the third constraint only happens i»xequal to zero or if
oL/ 0x=0, so there is extraction just whely ox= 0.

It's possible to derivate the Hotelling rule, jusssuming that
extraction occurs in two different periods of tinse,it would be:

@+r)p +A=0 @+1) I p,+4=0

SO:

@+r)"p +A=A+1) P p, +4

and then:

(1+ r) pt = pt+1

that is the Hotelling rule as said.

So the price path and the quantity path are theviaig:
Price per unit Quantity
F'y F'y

P; = Pge"

Py
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Figure 4 - Equilibrium Price and Quantity Trajectorie s for a Non-Renewable

Resource. (Neha Khanna)



Po represents the initial price, and T is the poiheve the resource is
completely depleted.

So the owner maximizes the present value of the b revenues
through the exhaustion of the resource, and thdyatomn trajectory
is Pareto optimal, because it maximizes the dismalrsum of
producers’ and consumers’ surplus.

There are different variations on the basic Hatglliule, one of these
is the one that includes extraction costs. If itassumed that the
marginal extraction cost doesn’t depend on thekstdaesource that
has been already extracted, the result would bethiganet price, so
the price minus the marginal extraction cost, waideé at r per cent
per year, following the Hotelling rule, but it's puartant to note that
there is no reason for the market price to follb same path of the
net price. In fact it's know that the resource eris the combination
of the opportunity cost of extraction and the maagiextraction cost:
the former is growing over time, and the latterldadecrease because
maybe of technological progress, so one tend g riie resource cost
while the other one tend to reduce the price. Aglas the scarcity
rent outweighs the pressure of the falling extoectosts leads the
market price to rise.

However in the long run the effect of the scaroggt would dominate
and so the price would rise; this could explain-aHaped price path,
and it's important to underline that in the longhreesource price
always increases.

Hence there could be a change for the equilibriuradyction
trajectory that can change if it happens that tl&aetion cost
decreases over time, so it could decline in the tegen. Otherwise, if
the marginal cost is rising over time, the equilibr production
trajectory is monotonically declining as well as thasic model.
Assuming that extraction costs are proportionaliitput, so that gis
constant, it's possible to convert the simple eigmatf the Hotelling

rule showed above, to that one:



@+r)(p, —mc) = p,, —MC
If i's assumed that there is perfect competitids impossible to
define the difference between the resource pricetla@ marginal cost
as a profit, but it should be seen as the oppdstwaist of removing it.

Defining g=pr-mcit's possible to write:

0 = Qoe"

seeing that is the opportunity cost defined thawgr at the rate of

interest, so the price grows more slowly than #te of interest:

P, = Qe +me

Another reason for the extraction costs to falllddae exploration; in
fact while in the basic Hotelling model the res@ustock is entirely
known, in the reality it could change for new digenes by
exploration. It can lower the marginal cost, insiag the entire stock,
the prices could fall in the near term, howevetha long run they
would rise again, because of the limited opportesibf exploration.
So exploration forms expectations, and for thahduld be added as a
cost to the marginal extraction cost while takiegidions.

Then if it is assumed that extraction costs areeddpnt on the
remaining resource stock, then the scarcity remsdo rise at the
interest rate r, but at the interest rate lesgp#reentage of increase in
cost due to the reduction of the reserves.

Another particular case that has been studied es piesence of
monopoly in the market. In this situation is pobsito have a profit,
so the difference between the marginal revenudlaméxtraction cost
rises at r per cent per year.

If the monopolist faces a situation when there ssaéic demand curve
and the price elasticity of demand decreases winen quantity
extracted increases, he could slow the depletide, ravith an

extraction path stretched out over time.



Price per unit Quantity
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Figure 5 - Equilibrium Price and Quantity Trajectories. Solid lines indicate
perfect competition, dashed lines indicate monopolyTc and Tm indicate

exhaustion under competition and monopoly, respeately. (Neha Khanna)

The monopolist could decide to restrict the outputhe earlier time
when the elasticity is low, leading the price teeti otherwise, if the
elasticity is high the supply will be high initigll The monopolistic

situation would be that one:

mr=p, +p\ X%

represents the marginal revenue, where it can ée thait an increase
in supply lowers the price, reducing total revense,the modified

Hotelling rule is:

pt+1 + p't+l XI+1 = (1+ r)(pt + plt XI )

If the monopolist faces a constant price elastidiynand, (isoelastic
demand curve) so the total revenue is constanthsogequilibrium

price path and extraction path are identical t@¢hof the competitive
owner; in all other cases he can choose differehtabiours leading

the market to a failure.



Another extension of the Hotelling model is the ¢im&t considers the
presence of more sources for the non renewablenesdout with two
different extraction costs, so if there was thefgur competitive
market the production would start from the low csmirce and the net
price would rise at the interest rate r till it wdlbe equal to the net
price for the second source, then the former sowrceld be
completely depleted, and the latter would be the ¢m use for
production, with an increase of the price at therist rate as well, till
this source would be completely depleted too; is tase there would

be a succession of price trajectories, as showhdyjigure below:

Price

Market supplied by Market supplied by
low cost source only . high cost source only

Ty T2  Time

Figure 6 - Equilibrium Price Trajectory with Multiple Sources. (Neha Khanna)

If there would be a backstop resource (a perfelostgute of the non
renewable resource) that is infinite over time, @agrice would just
cover the marginal extraction cost, or would rieedr than the price
of the non renewable resource, the situation wdaa@dsimilar to the
one with multiple sources, for the market wouldeldirely served by

the backstop resource exactly when the price ofnibre renewable



resource would be equal to the one of the backstmghe price of the
former would rise at the rate of interest r tilistmoment, that is the
same one on which the resource would be compldegieted. In fact
if there would be some stocks of the resource th#&, owner would
sell it at a lower price before it reaches the ¢ the backstop, so
the net price would fall because of the increasemply, leading the
price to reach the one of the backstop when therthe complete
exhaustion of the resource. Meanwhile if there \dodle the
exhaustion of the resource before its price readhedone of the
backstop, the excess of demand would make the prigteer, so the
owners of the resource would hold some quantity tof sell it later at

a higher price, and then the production horizonld/twe extended.

Price
A

Market supplied by Market supplied by

-
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non-renewable resource | backstop

Tar Time

Figure 7 - Impact of Backstop Resource. (Neha Khara)

In the basic Hotelling model resource consumpt®supposed to be
constant over time. As said in this type of the eldde resource stock
is considered to be fix and known, so when a gtyanfithe resource
is extracted to become energy)(Ehe remaining deposit at time t(R

of the resource is(R- E:. It's possible to say that if there is a price



elasticity equal to one (f=1/p) the economy consumes a constant

fraction (g) of the remaining resource in each period of time:

20| m

that could be developed to:

piiPvE
I
|
(@]
pul

where it's possible to see that the remaining resostock will fall at
a constant rate, so R(t) could be shown as an exyiah function of

time and the initial resource stock:

R(t) =R,e™

so the dependence of resource extraction (E(t)jheo remaining
deposit could be shown too:

E(t) =cyRe™

and it falls at a constant rate too.

But if it is considered a growth on demand, as asequence of the
growth in population and in per capita income, vathightward shift

of the demand curve between two consequential gerd time, so

the production trajectory should increase wheneter low user cost
and the income of population is rising, and thedide to exhaustion
when the user cost becomes higher and dominates.



2.5 The empirical evidence of the failure of the Helling model
in the case of oil.

The data extracted from the real world for crudé stiow with
evidence the failure of the basic Hotelling model.

Following the Hotelling rule the price of that resce should rise
exponentially, but observing the path of the prafecrude oil it's
possible to see that price was declining slowlyveen 1949 to the
early 1970s, then, in the points of the two oibis;i the price firstly,
between 1973 and 1974, rose by more than 60 p&ramhthen, after
being on a plateau, almost tripled between 1978 1881, but then
during 1980s and 1990s it declined again, to iree@ne more time
between 1998 till present, showing the big volgtithat characterizes
oil prices since 1974.

It has to be underlined that since 1949 oil pricage not increased in
real terms, reaching a lower value in 1998 thaho#9.

Although it is considered the fall of the intereate (that can’t be
constant as the Hotelling model says), the oil gishould have
grown at a slower rate, but they shouldn’t havtalio

Another important contrast between the Hotellingdelcand the real
world is the consumption of crude oil, for it isdwn that for the
model there should be a constant rate of consumptiery year that
should be proportional to the remaining stock reseuso the flow of
consumption should fall over time.

Crude oil consumption instead increased by alm0% t the period
1971-2000, and it is projected to increase aghiaGB0.

World Primary Energy Demand (Mtoe)
1971 2000 2010 2030 Avg. annual growth 2000-2003 (%)

oil 2450 3,604 4272 5,769 1,6

Table 1 — World primary energy demand for oil. (Tokias Kronenberg)



Adding to the basic Hotelling model the presence cohstant
extraction costs, the falling of the oil pricedlstannot be explained,
because they should still rise although at a lowt than the interest
rate, even more contradictory would be the presevicaeserve
depending extraction costs, because their incrgasémd should lead
to a faster growth than in the basic model.

With technological progress and exploration thegcould fall for a
period of time, but as said, in the long run it Yebuse again, because
of the predominance assumed by the exhaustionteffabe case of
new technologies, and because of the limited oppdits of
exploration in the long run, involving a U-shapette development.
Some researchers argue that there are institutexmdénations to the
failure of the Hotelling model, such as the onela uncertainty of
property rights, because the rights of the exptioiteof oil are granted
by corrupted and not democratic governments. kghuation there is
always for the owner of the resource the expectatiathe possibility

to loose his right; so the expected present vaitleeoresource is:
u -t
V=) px[+ry]
t=0

defining n as the probability of retaining control of the aesce

during next period, having for the owner a lowelueaof the resource

than the social value of it, becaugas smaller than one.

The Hotelling rule now is:
@+1)P, = Py

so the price rises at a lower rate than the inteas, and if 77 is
small enough to be (1+r)<1 the resource price could fall over time.

In the case that the time path of resource extnadtlls more quickly,



the Hotelling rule could be coherent with real datbaerved for prices,
although it cannot still be explained the increassonsumption.
Another possible failure that influences the deweiatfrom the
Hotelling rule could be the strategic interacticgtvileen the supplier
and the consumer of oil, in the presence of infalmnaasymmetry,
and announcements of the presence of a higher efagsource than
the real one, or about the introduction, for exammf a backstop
resource become so important. The importance obweeestimation
of oil reserves, mentioned before, assumes a hagievin explaining

the failure of the rule too.

2.6 Forecasting oil production and the price pathanother

approach to oil management.

It has been shown that the Hotelling model doeapfily well to the
reality of crude oil, so different models of oil negement have been
developed, and the one that maybe comes most abe reality is
the one based on the reserves to production rasoshown by
Ferdinand E. Banks.

In the next twenty years oil consumption is suppogeincrease by
20% in the industrial world and by 40% in the depa&hg countries,
and it's sure that discovered reserves are notggtmnbe enough to
satisfy all the consumption.

Even with the discovery of new reserves, the warill have to face
problems of extraction from these new fields, bseaileir non ideal
locations.

It's so important to make right forecasts of the@rof oil, although
it's known that irrational behaviours charactenmaarkets, so forecasts
can always be wrong.

To continue to satisfy the growing oil consumptiadditional supply
(AQ) is needed:

AQ = aQt—l + IBQt—l _/‘Qt—l = 6Qt—l



(where @Q,_, +8Q,_,) represents the supply from existing and new
sources, and1Q,_, represents the decline in output from existing

resourcesd is the percentage of the annual increase in demand

It is well known that oil discoveries are fallingpin a long period of
time, so even with the presence of new technolodgjed also bring a
reduction of costs of extraction, production cannsé¢ without new
discoveries.

The current situation shows that the cost of logkior, finding, and
producing oil right now is less expensive than ettance the falling
trend of production of a lot of countries as Unittdtes and Europe is
clearly related to the poor reserves that aremtsent.

It's necessary to say that oil companies are dgtlabking for oil,
and finding new quantities of it, but not enougtsatisfy the demand.
Usually it is looked at the Reserves on productitio to determine
the lag of time the resource will be availableh&t actual situation.
Banks stresses one important issue related toatios

It is assumed that there is a critical value eshbt for the R/q ratio.
That is most presented as ten (maybe becauseitizpthe value of
a deposit the annual output is usually kept frolinfa below ten per
cent of the remaining reserves), and productionulshkeep the value
of this ratio exactly, or just around, at the padntthe critical value,
otherwise there would be the temptation to overwarkhe deposit.
This would reduce the amount of oil that could alijube obtained,
because of the accelerated production and the goest physical
depreciation of the deposit.

Considering the ratio measured at the end of tle yethe Banks

model, it should be:

10c RcRa0
q, Q,

and then:
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11
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What is so important to notice is that the lowethis critical value of
the ratio, the faster will be the decline in prailue, so it implies that
the lower is the value the more intensive is thpre@ation of the

deposit.

Taking the example of United States production rutihe last few
years, it's possible to see that the R/q ratio falen down till the

value of nine, leading to the largest declines i8.lil output.

At the same time the ratio of the UK North Sealisast close to five.

This could be explained arguing about the necessipull production

in order to cover so high costs of extraction dffamm the medium-

deep water, and to remunerate the capital that imassted in the
deposit.

A lot of researchers put their positive expectaiam the power of
rising oil prices; they should lead to the improwshof technologies,
and to an increase of exploration. This point efwignores that there
is not certain that the efficiency price will tagkace in the oil market
because of the presence of geological uncertaamg, even more, it
ignores the presence of the big constraint thahaiabe found oil that
doesn’t exist.

The model presented here offers the constructiothefplateau of
production and the decline phase of an oil basin.

The R/q ratio plays an important role to manage tantbrecast the
production of oil, indeed if prices and profits werising in a

determined moment, and they would be supposednince to do so,

it should be important to know the exact quantigttshould be taken
from the basin in order to have the largest physaraount of the

resource.

The core concept is that pressure is the most it@pbwariable of a

deposit, and when about half of oil has been etd¢thdhe increase on



investments to raise or maintain the production ldobe too
expansive, hence extraction wouldn’t occur.

One of the main things that reduces pressure irdédposit is a too
rapid depletion. In fact there is the possibilir the basin to be
damaged making the extraction of oil more expensive

Hence by operating under the critical value of & ratio the
ultimate flow of oil is reduced. With a criticalasé of damage inside
the basin, even with higher profits due to highcesi of oil invested,
extraction would not occur.

Hence when taking decisions about extraction itigpartant to
consider the profits or consumers satisfaction ibagiven up by
producing now instead that later.

The real marginal cost that has to be faced isctrerentional one
with the addiction of the user cost.

This model brings a correction to the Hubbert métHa fact in this
case the addiction of large reserves is supposduk teeflected by
corresponding increases in time lag to the new pagroduction.
Once forecasted the oil production path it's pdssib forecast the
price path too.

Banks considers the equilibrium in the sense of fuilibrium and
stock equilibrium.

He considers a situation where the demand for st@iokentories) DI
is equal to actual inventories, Al, so DI=Al. Inetlsense of flow
equilibrium it's said that the flow of supply (sa$to be equal to the
flow of demand (d). It's important to underline thiéhere is the
possibility to have a flow equilibrium without hayg a stock
equilibrium, but without the possibility of havirggfull equilibrium.
Talking about the mechanics of price formation Backnsiders the
situation of the full equilibrium, so where DI=Ahd s=d.

Then imagine that a lot of stock owners decide et eoff big
guantities of their stock, maybe because of theetgbion of a big fall
in the price of oil: in this case there are thrgpdonsequences.

At first the demand for stocks falls so DI<AI, bt can’t drop in a

moment because of geological reasons; then foroAdecrease, the



price must fall from the point of the flow equilibm (s=d) and this
leads to a raise of consumption, so when d>s, soiiibe existing

stocks are consumed in current consumption; eviytie fall in the

price can affect expectations, and the owners coaidinue to think
the price to fall, so stocks would be consumed ad ®s soon as
possible.

After the forecast of the quantity path, Banks iis book “The

political economy of oil” shows the formation ofetlprice path in a
stock-flow model. He firstly explains the Hotellingle, and from

that, changing the timing utilized, transformsrita more coherent
rule.

In fact the quantity produced at time t+1.{gin the Hotelling model
is sold at the price at which the stock is valuetha time t+1, while
in the model developed by Banks it is sold at thieepthe stock is
valued at time t, as it seems more reasonablenidgfip as the net
price of the resource, K as the asset, and r aditifeest rate, the
simple Hotelling model purposes:

- pt+1qt+1 + pt+1Kt+1
1+r 1+r

P K,
as
Kea =Ky =G
So

[( pt+1qt+l) + pt+1(Kt - qt+1)] - (pt+1Kt)

P = @+r) L+r)

and then the well know relationship of the Hotgjlimle

% — (pt+1 - pt)
p P

=r



But assuming, as Banks does, that the quantithefrésource at the
time t+1is sold at the price of the last estimatdrthe resource, so at

pt, and calling this quantity gt he gets:

_(pa) |, (PuKed) _ (PG |, [Pea(K, — )]
Co@+r)  @+r)  (@+r) (L+r)

p.K

and the relationship will be
%z(pt+l_pt): r
Kt

In the last equation is clear the central roleh#f tatio gK; as said

before, and surely when the production/reserve raises the price of

the resource should increase.



3. THE OIL MARKET

Considering the forecast of the end of oil, andasequent oil shock
could be important to show the consequences thegu® oil shocks

have had on macroeconomic variables charactercongtries.

To know who will be the key player on the game oice and

production in the descending part of the Hubberveuit's important

to investigate the market structure.

What appears most important in the actual markeicttre is the

presence, and the role, of OPEC.

3.1 Oil and macroeconomy
3.1.1 Oil shocks, recession, inflation and other neaoeconomic

variables.

A lot of economists, in the United States as wellaldsoad, have
usually believed the increases in the real priceibfo be the major
cause of inflation and recession, as the importeid a third factor in
the aggregate production function, after the laboyut and the
capital input.

In different works it is presented the possiblduence that oil prices
can have on output, prices and productivity, dagva link between
oil prices, recessions, inflation, and growth.

Looking at the ten recessions U.S. have been indalveince World
War Il, it's possible to see that nine of them wpreceded by a spike
up in oil prices.

There are different opinions about the role thaplaiys in recessions.
Hamilton (2005) has tried to investigate if theateElnship between the
spike up in oil prices and U.S. recessions has pestra coincidence.
He uses a statistical regression of real GDP groatifs quoted at a
guarterly rate on lagged changes in GDP growth rates lagged
logarithmic changes in nominal oil prices. The esgion shows that
there is a dependence between the two factors. liamalso

investigates the possibility that the relationskipmes out from a



common dependence on a third factor, or more tman that leads to
an increase in the price of oil, and at the same tb a recession too.

This view is quite hard to sustain because of élc& bf movements in
other macro variables before oil price changedeast in the early
post war period.

The hypothesis Hamilton sustains is that oil shoaect economy
mainly through a disruption in spending by conswsrand firms on

other goods, and if it doesn’t occur, the effeatstioe economy are
due to the factor share argument.

Concentrating on the main exogenous events thas@pposed by
many economists to be the real causes of the chang®l prices it's

possible to see the changes that have occurredrid wroduction and
in the real GDP of United States.

Date Event Drop in world production Drop in U.S. real GDP
Nov. 1956 Suez Crisis 10.1% -2.5%
Nov. 1973 Arab-Israel War 7.8% -3.2%
Nov. 1978 Iranian Revolution 8.9% -0.6%
Oct. 1980 Iran-Iraq War 72% -0.5%
Aug. 1990 Persian Gulf War 8.8% -0.1%

Table 2-Exogenous disruptions in world petroleum spply. (Hamilton)

Hamilton in his work faces the argument with thikofeing equations.
Examining a production function of the output (f)aoparticular firm,
depending on labour (N), capital (K), and energy, Eipposing that
the nominal price of output is P dollars per utig hominal wage for
labour is W and the nominal price of energy is @hwa nominal rate
r for capital, it's possible to see the effectenérgy supply disruption

as follows:

Y = F(N,K,E)



PY -WN - rK - QE

a price taking profit-maximizing firm is considerefio maximize its
profits, given from the equation above, it purclsaseergy till the

marginal product of energy is equal to its relafwee:

Fe (N, K,E) :%

Where Eis the partial derivate of F in respect of E.

So it’s possible to find:

dInF _QE
dInE  PY

Which shows that the elasticity of output with resppto a given
change in energy is influenced by the dollar stidrexpenditures in
energy in total output. But this share for the exon is quite small.
Hamilton treats the case of the oil shock as argemous change in
the price of oil, and not as a decrease of the tyaupplied.

In fact a consumer can decide to maintain the squamtity of olil
bought, reducing the quantity consumed of othedgoBehaving like

that the value that the consumer looses is:

EAQ _ QE [AQ
PY PY Q

So the economic downturns seem to be due to themaws induced
by the oil shocks in other factors of production.

Other authors do not agree with the vision of &dge between oll
prices and recessions. As one of them Bohi (19@@¢s his doubt on
the role of energy prices changes in inducing 1toes, especially the
one of 1970s in the United States.



One of his arguments is the lack of a rapid increisms economic
growth after the decline of oil prices to almostfiud their previous
value, not growth in GNP nor in employment, as hiowd be
according to the hypothesis that sees the econdaicdue to oil
prices increase.

Another reason is that energy consumption as aesbarGNP
remained almost equal after the increase in itsepduring the 1970s,
while output and employment dropped immediately.

Bohi, focusing on the two oil price shocks of 1978and 1979-1980,
examines three reasons that are frequently usexkptain the real
importance that energy assumes in regulate theoexptrends, in the
place of the simple cost share reason, presentacedly Hamilton’s
work.

The first one is rise in unemployment when wagegatre rigid, the
second is the reduction in capital services due irtoreased
obsolescence of the capital stock, and the lagtatenergy-induced
shifts in the composition of aggregate demand aggea the
problems of adjusting to changes in relative fapiaces when wages
are sticky and factors are immobile.

He shows by a simple equation wherg i® the relative price of
capital, R the one of labour, and:Ehe one of energy

olny _| KK |dInK N RL|dInL |PRE
dIn P Y |oInP Y |0InP Y

That the effect of an energy price change is glwethe cost shares of
each factor of production and the substitution ctfigf the price of
energy on the quantity of labour and capital usggroduction.

The third term shows the direct effect and theti@btahip with the
cost share, the first two terms represent the actlireffect in
substitution of energy and labour, and energy amital.

Usually the first two terms are positive, but caiesing just the short
run effect they could aggravate rather than oftbet direct effect

leading the economy to a worst damage than thelatevould have



occurred just because of the simple direct effHoe two causes taken
into account are, first, the inefficient reactiointloe labour market to
the energy price shock. In the presence of rigigesaemployment
could be reduced, and hence output. The reasoctiaffehe first term
of the equation is the economical obsolescenceagpital led by
shock, reducing the flow capital services.

Bohi in the equation presented, considers the dakect on energy as
Hamilton did. It is supposed to be the product led tost share of
energy in GNP and the percentage change in theveslptice of
energy. Bohi shows by different estimations thatpiically, the
direct effect is quite small considering both tlggrgated product,
and the disaggregated industry production in thiedrStates.

One estimation that he presents is the one of Wker (1985) that
shows the aggregate cost share of energy in theed)Bitates was 4.5
percent in 1973 and 7.0 percent in 1979. Duringd187e index of all
energy prices in the United States had increasefl7bgercent, and
during 1979-1980 by 75 percent, over the precedimgial levels.
Relative to the corresponding increases in the GNRatdr, the
energy price increases amounted to 11.1 percerd9if#4 and 8.3
percent in 1979-1980.

Bohi (1990) “These numbers suggest that higherggnprices could
account for a decline in the growth of GNP by 0.#2cpnt in 1974
and 0.36 percent during 1979-80. Actual GNP declineth a growth
rate of 4.5 percent during 1972-73 to -0.8 perdeming 1974-75, and
from 4.7 percent during 197678 to 0.9 percent dufif79-80. Thus,
the estimated decline in GNP caused by a rise emggnprices would
account for only 14 percent of the first actuallohecin growth and
only 9.5 percent of the second actual decline.”

Even examining the direct effect of the oil prickosks on
manufacturing sectors of different countries, isiown that there is
not such direct relationship between oil prices amtlstry output,

focusing again the attention on the indirect sinsbin effect.

! Douglas R. Bohi-“On the macroeconomic effectsrurgy price shocks”,
Resour ces for the Future, 1990.



Talking about the lack of flexibility of wages asause of the fall in
output, the theory would state that the wage shtallded by the fall
in the marginal productivity due to the reductiontiee quantity of
energy inputs because of the shock, but the fodithe wages leads to
a fall in employment, reducing the level of output.

Conducting empirical tests on different countrieshBshows that
there is no relationship between energy intensity @amployment, so
changes in energy prices were not responsibleréatiog a wage gap,
between actual real wages and the level necesearyatntain the
level of employment.

The view of the capital obsolescence deals withddgdine that could
occur on services from the capital stock, becatise heavy increase
in the price of energy.

There is no empirical evidence of that.

There could be a possible effect of an energy-iadushift in the
composition of aggregate demand, with a need tboozde resources
in different productions.

First, the transfer of resources could take place,tte factor could
have a lower productivity in expanding sectorseatihan contracting
them, deteriorating the indicators of aggregatenenuc performance.
Second, the transfer could not take place becausgidity.

The empirical literature treats this issue withfetént explanations.
The main result should be that shifts in output gxpait mixes are not
an important variable for the productivity slowdovim different
industrial countries during the 1970s.

There is empirical evidence of correlations betwesargy intensity
and percentage changes in inventories by manufagturdustry for
some countries.

Barsky and Kilian (2004) also focus their attentmm the possibility
of the influence of oil prices on recessions, itdia, low productivity
and economic growth. They study primarily the cafsenited States.
The first step is to take in analysis the linkagéateen political event
in the Middle East and recessions in industrializedntries.



They show that there is an irregular pattern ofleyf oil price
shocks and recessions that should be consequtm@se shocks. Thus
they states oil prices do not have a pivotal rolthese recessions, but
could contribute to them.

Talking about recession, Barsky and Kilian consitier theory of the
cost share of oil on the production function, utiderg again the
small influence an oil price shock should have mysg output.

They consider also the presence of mark-up pricshgwing that an
oil price increase lowers the factor demand becdlisemark-up is
applied to all cost components, but this kind déefis small too, at
least for reasonable mark-up ratios.

They focus on the lack of empirical support for titesolete capital
hypothesis, taking in consideration also that ia firesence of an
obsolete capital there should be new energy sawgggoment that
should offset the effect of the shock.

The transfer of wealth that occurs by paying laayapunts of money,
because the higher oil import prices, also do mens to be large
relative to GDP.

The reduction in aggregate demand occurs just Isecaill producers
tend to buy less output of the industrial countrthan domestic
consumers.

Considering the transmission of the oil price shockhe markets of
energy-using goods, is often presented the modekaifilton (1988),
that considers automobiles as an example of engsmg good.

He states the shock depresses the purchases, reovtbald be a
reallocation of labour due to the shift on demad if the movement
of labour is costly may occur large reductionsatue added.

Taking in account the oil dates below



November 1975 Ocrober War and Oil Embargo
October 1973—early 1974
January 198() [ranian Revolution
October 1978-February 1979
July 1981 Outbreak of Iran-lraq War
September 1980
July 1990 Invasion of Kuwait
August 1990
March 2001 OPEC Meeting
\I.Ill!l 1999

Table 3- The Coincidence of Oil Dates and Recessions afte®72. (Barsky and
Lutz Kilian)

there is no empirical evidence of a symmetric behavin the case of
an oil price decrease, so this hypothesis doese®nh to be realistic.
Moreover there is empirical evidence that it's tthat car sales fell
after the shocks of 1974, 1979, and 1990, althdabgly can be seen
just as a continuation of something started befilwere is no evidence
of a change in car sales after 1980 and 1999, ftexr 2001 and 2003;
there is an increase in car sales just after thlapse of OPEC on
1986.

There is no evidence of a drop in consumer spenditiger. There
was a stability of that spending after the 1973 &r@ 1979, and an
increase after 1980, 1986, 1999, 2001 and 2003.ofhecase where
there was a decline, although small, is after 1990.

It's possible to find a similar result focusing mvestment decisions
of firms.

In short, it has been shown that there is no liekagtween the growth
of uncertainty and the fall in investments, consursgending and
energy-using good purchases, to contribute to sgmes

One of the indirect effects that can be consideseithe response of
monetary policy to the oil price shocks.

Some authors sustain that the recession of 197HeirUnited States
could be due to the behaviour of the Federal Reseitea tightening
monetary policy, but it is important to note thhaistkind of policy
started well before the oil price shock (Bohi andritanke 1989;
Gertler and Watson,1997).



Another issue treated is the problem of the “wageepspiral”’, when
nominal wages are set in line with past price iases, while prices
are set with past wage increases; this could praipagn oil shock
effect. But this is not the case of the recessimmssidered (Barsky
and Kilian, 2004).

As a result there is weak evidence that oil preeses recession.
Another important point to examine is how oil paadfect inflation.
There is strong evidence that oil prices shockstessa consequence
a sharp change in the cost of living index inflatratealthough there
iSs no evidence of their association with an inceeas the GDP
deflator.

So the GDP deflator could increase under certain itond, but it
doesn’t always occur.

The problem of the consequences of oil price shockthe economic
growth has to consider that the cost of energy tgoasmall part of
GDP to explain the fall of productivity, and the lyipesis already
exposed of the obsolete capital has not empirigahasrt as mentioned
earlier.

Eventually it has not been found a solid correlati@tween the two
events.

Another important macroeconomic variable that iemfsupposed to
be influenced by the changes in oil prices is atigh.

There are different opinions in considering the mikce shock as a
pivotal event of the stagflation of the 1970s ia thnited States.
Stagflation is a situation where high unemploymentcuos,
accompanied by a rising inflation, or a high leskinflation.

There has never been a significant period of rigifigtion along with
excess unemployment in 1973-1974; stagflation e dhta occurred
in the form of periods of slow or negative econogriowth with high
levels of inflation.

So this hypothesis is weak too; none of the majbprices increases
since the 1980s have been associated with stagflati



3.1.2 The origin of the oil shocks

So far | discussed about the consequences of priog¢ shock on
different macroeconomic variables, but another irgu issue to
investigate is where oil shocks come from.

Barsky and Killian (2004) investigate as the maiobable causes of
an oil price shock the presence and the role ot#nel OPEC in the
market, the political events in the Middle-Easg tlole of wars, the
role of embargoes, and the one of the global maoruEmic
conditions. Here are the main points of their study

Taking a look of the role of cartels it has to lo¢edl that logically low
interest rates should lead to the formation of getawhile high
interest rates should conduct to the break of it.

If the cartel does not have the possibility to colheach producer’s
guota, as in the case of oil producers, a fall ficgs could lead
producers to sell all their output in the market.

So it can be said that periods of recession wedkercartel, while
periods of expansion strengthen it.

This could explain some periods of exceeding prodaoof OPEC.
Another guideline of OPEC’s price decisions has Iguleen the
exchange rate of dollar versus other importanteaies.

So the strong exchange rate of dollar leads OPEQuperd to make
prices higher to offset the loss in their purchggower, while a weak
exchange rate leads other countries to raise dieenand of oil.
Another important factor influencing oil price stkgcare political
events in the Middle East.

This events leads to shifts on the supply curve.

History shows different reactions of the oil pricethose exogenous
events; indeed it's possible to observe spikes ilnpaces after
important political events as the invasion of Kuway Iraq in 1990.
At the same time it's possible to observe relayivebsitive rates of
change after some other events as the Iranianugwolof 1978-1979,
or the OPEC meeting of 1999.



So the argument that menaces of wars, or wars,enviidldle East
lead to an interruption of production and hencenhigices of oil is
difficult to sustain.

It's much more plausible to think that the featludse events leads to
a rise in the precautionary demand of oil, carryipgoil prices.

It's not necessarily that wars lead shift in the@y curve of oil, they
could result indeed in shifts in the demand curve.

This point of view is difficult to demonstrate besa it depends on an
unobserved shift in expectations. However obsentimg data, it's
clear that there have been cuts in supply aftesetrevents, but with
different reactions in the oil price for each evdften with the same
magnitude.

The different time lags of reactions in the sensarpincrease in oil
price, when occurred, support the view that thesenot a real
important correlation between the supply cut am$é¢hvariations.

A possible explanation of an increase in pricehese situations may
be the anxiety brought by uncertainty about supply,previously
mentioned.

The effect of a supply cut depends mostly on otheyducers
reactions to it, and on demand conditions.

Another endogenous event that can affect oil pigdéise oil embargo,
because of the political considerations that briogs

The experience shows the increase in oil pricakenperiod of 1973-
1974, after the Arab OPEC countries’ embargo.

Global macroeconomic conditions, as monetary expass are
directly involved in oil price shocks. Indeed th&hyift the demand for

oil, and involve all the possible causes namedreefo



3.2 Oil and microeconomy
3.2.1 Oil market structure.

The current oil market is characterized by the gmee of a cartel
which has more power than other oil producers, @thér extractors
that have importance in determining the behaviouthe market,
impeding the full exercise of the monopoly power.

The cartel is represented by The Organization df EXporting
Countries (OPEC) which is an international orgameatomposed by
eleven developing countries with oil based econemie

The original thought of OPEC included two differegaals, hardly
reachable at the same time, as OPEC has just a diogl, output
quotas.

OPEC has always operated to reach the minimizafigheovolatility
of the market, accompanied by the development ®@mntembers; the
former a microeconomic goal, the latter macroecanom

OPEC meets twice a year at least, and during thesetimys it
analyzes the situation of the market, and triemdoe it by its quotas.
The decisions taken between the two goals canctefiemselves on
the international market structure.

OPEC produces the 40% of the whole oil production.

Looking at the market a lot of independent firms present.

They sell oil at the same price, taking as given shles path of the
others.

As presented by Salant (1976) this kind of markeladtbe considered
as a Cournot non-cooperative game.

Each firm owns an extraction plant if doesn’t jtire cartel, and each
plant has the same cost function and the saméock.s

The cartel is supposed to own more plants, sogaianil stock.
Because of the upward sloping cost function of eplemt, it can
extract at the same rate of another firm that dperalone, but at a
smaller cost.

Hence the market structure is composed by onevinich dominates

the others, and a fringe of small firms that behdike perfectly



competitive firms because of their size, hence tlaég the price that
is given by the dominant firm. It is the so calledominant firm
model.

The cartel chooses the price path taking as gikerséles path of the
competitor (the small firms); on the other side thenpetitor takes as
given the price path choosing a sales path.

Assuming that marginal costs are zero, the camrsl to deduce its
sales path to maximize its profits, knowing thetisteary consumer
demand curve, the sales path of the competitosjtarown stock of
reserves.

In the competitive fringe can be included specutateho begin with
nothing and purchase and resell quantities of oil.

The cartel has to value the marginal revenue (M}eadling a more
unit today, or keep it and sell it in the future.

So it will be:

M =P(Q"+Q")-Q"a(P)

Where @' are the sales of the cart€® the ones of the competitive
fringe, P the market priceg(P) the absolute value of the slope of the

demand curve as a function of price.

The optimal strategy for the cartel implies thahats to sell all of its
inventories, and it has to generate marginal reeenof the same
discounted value in all periods, and when it stgadling the
discounted marginal revenue doesn’'t ever exceedotie of any
period of sales, or there would be the possibditgxtra profits.

The price path the cartel faces could have regidrese the price rises
more than the rate of interest, and regions whefalls absolutely,
because the excess demand curve it faces depentte @arbitrary
decisions of the competitive fringe.

An important issue is the way the competitive fanmgacts.

Its sales could be negative in some periods beaHusggeculators.

The competitors will send all their stock as wallthe cartel.



If the price rises at the rate of interest, therend difference on the
discounted value in the way of selling oil. If thace rises by more
between two periods, there will be speculatorsremgehe market in
the first period, buying stocks of oil, and thesaling it at a higher
price.

The optimal behaviour of the competitive fringetire case that the
price rises by less than the rate of interest isetball its inventories
before that region.

In equilibrium, price can never rise by more thhe tate of interest,
and it rises at the rate of interest as long aspeditors hold stocks.
Then it can rise at the same rate or at a smailler o

If the cartel makes positive sales the margina¢inere rises at the rate
of interest. The cartel will conserve stock to amm selling after the
competitor fringe drops out.

In fact when the cartel sells, its marginal reveisukess than the price
because the loss that occurs for not keeping a lirtihe cartel has
zero sales, the marginal revenue would be equhktprice because it
has not the loss. Price is growing at the rate tdr@st hence the
marginal revenue would rise by more, giving thdedaan incentive to
change its strategy.

Competitors cannot sell after the cartel dropsequilibrium.

The competitive fringe drops out the market whdimit price P* is
reached; before that point the price grows at #ite of interest as well
as the marginal revenue, and the cartel and theettors operate
together.

Calling u the measure of time, u moments before ghee P* is

reached, the price and the marginal revenue are:

P(u,P") =P%e™

M (u, P) = MR(P")e™



And they depend on the two quantities sold by thget and the

competitive fringe:
P(u, P%) = PlQ"(u, P%) + Q% (u, P")
M (u,P") = P|Q™ (u, P") +Q°(u, P%)| - Q™ (u, P")a|P(u, PY)|
Then it is obtained:
P%e™ = P|Q"(u, P") + Q°(u, P")]
MR(P)e™ =P% ™ -Q™(u,PY)a(Pe™)
To determinate the sales of each sector in this emtm
P":Q%u,P” )
Q"(u,P” )

After the competitive fringe leaves the market, tdagtel’'s marginal
revenue must continue to grow at the rate of isterantil demand is
eliminated at the established price of F.

So the marginal revenue starts at MR(P*) and growisiireaches F.
It's possible to determine the duration of thetfghase and the price
P*:

jOSQC(u, PY)du=1°

[Q"Pdu+a(PY) =1"



Defining A(P*) as the sales of the cartel in the second phase.
To fulfil this situation the consumer demand cujwst has to have a

point of unit elasticity, and the elasticity has goow strictly with

price.
CHOKE
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Figure 8-The equilibrium price path in the dominant extractor model. (Salant)

The price grows at the rate of interest duringfifs¢ period, and then
grows more slowly.

During the first phase price and marginal reveramains at the same
point, due to the constant elasticity of the exakssand in each point
chosen by the cartel.

A comparison with the market structure of perfeocimpetition (A)

and monopoly (C) is show below:

Time

Figure 9-Comparison of price paths under different narket structures. (Salant)

It's possible to see that the beginning price i ¢hse of the presence

of a cartel is higher than the one in perfect cartipa, so the cartel



rises the profits of all the competitors, even tilouises more the
profit of the competitive fringe.

In fact the competitive fringe doesn’'t have to @antits sales to have
the higher price, but it just benefits of it.

The cartel, on the other side, has to sell somésostocks in the
second phase at a lower discounted value.

For one of the firms enjoying the cartel there isma@ntive to chisel,
because this behaviour could have two differenseqoences. On one
side if the firm is the only one to break the agmeat it could earn
more, selling all its stocks during the first phase the price of {2

On the other side, if its behaviour leads to a lbi&fathe cartel by all
the firms, they will have to sell the entire stakR, with a loss for
everyone.

So it has been shown that the market structurel déys between the
pure monopoly and the pure competition, as saidHbielling first,
with an intermediate price between the two, andnggrmediate time
of exhausting the resource.

The situation doesn’t change in a significant waythe presence of
increasing marginal costs.

| have already said that OPEC has two importantsgtmateach. The
one presented above is the mechanism that regulthes
microeconomic one. Looking at the macroeconomic @mene
considerations have to be made.

There could be developing countries which are noorgcerned with
production stability than higher profits, so it tslnappen that their
governments decide not to join the cartel.

These governments focus their attention firstlytioa volatility that
can be brought in national income, and in the memoomic
environment, by the output volatility.

Another reason that can lead to the decision betlee two goals is
the imperfect access, for the developing countoy,international
capital market.

This could be because the country has weak finhimg#tutions or

because of political business cycle problems.



In these cases it may happen that the equilibrituratson can only be
reached with consumption that follows output, uhdgr the
importance of stability.

The importance in output, and so the certaintypfmducers, can help
the development of other sectors too. Indeed @bpbers have the
possibility to invest in other sectors, and devedmpas in which the
country could have a comparative advantage.

Output stability also involves employment stabiliecause of the lay
off of workers when there is an adjustment of otitdinis situation
creates new jobs too, hence the possibility ofifpshem, due to a
possible break of the stability.

So a government which cares both for profits angutustability will
have an objective function that will depend ontihee preference, the
firm's profit, the loss in production due to insiiélp, and its
instability aversion.

A positive demand shock leads to an increase ipubytroduction, by
both the cartel and the competitive fringe. Theatibly in production
decreases as the time preference parameter antstakility aversion
parameter increase.

So it can be said that countries with a heavy peefs for current
profits will join the cartel, abandoning the idetarich long term
economic performance and per capita output growth.

For countries that care about output instabilitig ibetter to enjoy the
cartel prices, but have a low output variance too.

It's important to underline that if there is a loxlatility of the oil

market all the oil exporting countries would joiretcartel.

3.2.2 The real structure of OPEC.

The real structure that OPEC assumes has beeneadgoyr a lot of
economists.

The principal question is if OPEC is really a camélich faces a
competitive fringe.



The main hypothesis about its real structure hasenbtested by
Griffin, for the period 1971-1983. The differentpéxnations of the
market are:

1. the cartel model;

2. the competitive model;

3. the target revenue model;

4

. the property rights explanation.

Already investigated the hypothesis of the domingmn, here is
shown the one of the market-sharing cartel modat Hilows the
change of market shares over time.

The simplest point of view is the one considerirmpstant market
shares.

This market share (is supposed to depend on a derived demand
that depends on the world demand"§Qwhich derives from price (P)
and economic activities (A), and the non-OPEC sugpl¥), which

depends again on price and on exogenous suppbblesi(Z).
Q°=Q"(P,A-Q™(P,Z )
Each country produces:
Q=a Q% i=1..,n

Whereo; represent the fraction of total OPEC productiomd &; is

Which is supposed to be a function of price.
Three different types of the market sharing modeltasted: constant

market sharing, market sharing, and partial maskating.



Another possible explanation given to the realcitme of OPEC is
the one presented by MacAvoy. It explains oil Ewid® the simple
rule of supply and demand.

The competitive model sees the current product®ra dunction of

price (P), user cost (U), and current extractiost ¢M1).
Q,=S(R,U,M,) with i=1...n t=1..T

Conducting the test user costs cannot be estimsteitiere is a lack in
it.

The target revenue model instead states that teenal investments
needs determine oil revenue needs.

Once the necessity of investment is satisfied ther@o need to
produce more oil.

Clearly it involves the absence of foreign investisgthe long run of
the internal investments, and the role of uniquer@® of revenues of
oil.

It will be:

IitD =RQ,

Increases in investment needs lead to an increasd production
(Q), and a price (P) increase leads to a fall ipai

The property rights explanation looks to the perad1970s as a
period when there was the transfer of ownershight producing
countries of oil, leaving the international oil cpamies.

The host countries tend to apply much lower distoates, leading to
an increase of prices and to production cutbacksatlse of the
passage from a high real discount rate to a low desount rate,
following Hotelling.

So the control operated by governments influenaeslyzction: the
more the government controls it the bigger arectitbacks.

Conducting the tests, Griffin reaches this result:



A. OPEC Countries B. Non-OPEC Countries

Models DoNotReject  Reject Do NotReject  Reject

1. Cartel
Constant Market Sharing 1
Market Sharing 5
Partial Market Sharing 1
2. Competitive 6
3. Target Revenue
Strict Variant
Partial Variant
4. Property Rights

1 1

(= - =]
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=R-_ S =]
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Table 4-Summary of Hypothesis tests. (Griffin)

It can be seen that there is an important suppdhte cartel model for
OPEC countries, with partial market sharing.

It has to be underlined that partial market sharggresents a looser
cartel model because market sharing consideratamgally affect
production decisions, but the cutbacks do not nedx® proportional.
Non-OPEC producers on the other hand, respect tisgign of a

competitive model.

3.3 A market affected by oil shocks: The exchangete market.

Paul Krugman (1980) traced a theoretical modektorate the effects
of an oil price increase on the exchange rate af whfferent
currencies.

The original model was developed considering Dodlad Mark as
currencies. It can be easily adapted to an anatysise exchange rate
of Dollar and Euro.

Considering the two different effects, the short rand the long run,
it has been shown that they can go in oppositetiire

Indeed it's important to consider the direct effect the balance of
payments of a higher price, but the indirect beneb, deriving from
OPEC's spending and investments.

In the short run what has to be considered isitr@n€ial implication,
so investments of OPEC, while in the long run ttiersion has to be
focused on real factors, as the oil dependencieotountry, and the

OPEC's income spent on country’s goods.



The model developed explicates the effects on ddBar, and is a
partial-equilibrium portfolio model.

World is considered composed by three countrie§.,UJ.E., and
OPEC. OPEC is supposed to export just oil, angritse is assumed
to be fixed exogenously in dollars.

U.S. and U.E. are supposed to produce manufacgoeds and to sell
them to OPEC and between the two countries.

The real price level and the real income one ofitdestrial countries
are given.

U.E.’s trade balance (T) measured in dollars is:

T=T(V)

Where V is the euro price of the dollar.

Volumes of oil imported by the two countries ar@ganously fixed:

OA=6A
OE:C_)E
6=6A +6E

O is the total oil export of OPEC, A stays for Ancariand E stays for
Europe.
OPEC dollars expenditure (X) on U.E. and U.S. goeds i

Xe =y(V)X
Xa= [1_y(\/)]x

Where X is the total expenditure of OPEC.

It's important for the issue examined to note hoWHETZ imports
answer to OPEC export earnings, and the lag indhestmnent.
OPEC's dollar spending depends on income, and itséljgradually
to the level of dollar export earnings:



X = A(P,0-X)

Looking to the asset markets there are just twetasslollar (D) and
euro (E), and all the three countries held both.

Industrial countries hold a fixed amount of theeign currency:
E
v

DV =H_.

With Ea that is American euro holdings and i as constant terms.
Total wealth of OPEC (\4) is:

A fraction (@) of the wealth is held in Euro and a fractiona{lin
dollars as:

Do = @—a)W,

The European current account in dollars, the Ama@ricurrent
account and the OPEC current account are:

Be =T(V)+y(V)X - Pan

B, = —T(V) +[1- y(V)]X - P,On

B, =P,0-X



With

9B,
oV

>0 and aBA<0
oV

The rate of change in OPEC wealth takes into adcgams and

losses on its European currency:

AW, = B, —aW, (A\/—Vj

For continuous changes there is a flow of capit Europe, that is:

D O
E,. E, U

Ke=—2+—"2-D¢
vV Vv

And the balance of payments for Europe is:
B +Kg= 0

An increase in OPEC expenditure improves the cturaegount of
each country, and for that there has to be an a@gien of the dollar
in the case of America, and a depreciation in theecof Europe, to
restore the equilibrium.

If OPEC expenditure has to rise from its long rtinmproves the
current account of Europe, for the spending parit @h European
goods. On the contrary OPEC would be facing a atireecount
deficit, that has to offset by liquidating its himigs on Euro, and this
would worsen the European capital account.

Hence the effects of an oil price increase depenthe share of Euro

in OPEC’s portfolio ¢), the share of European goods in OPEC’s
imports ), and the European share in world oil impocts(Ogla).
The short run effect depends on the comparisohealue ol and

a, while the long run effect depends on the one betw andc.



Firstly an oil price increase worsens the situatnAmerica and
Europe because of the rise of their import billhere is also an
improvement of OPEC investments in Dollars and Euro

The net effect for the dollar depends on if theugabf OPEC’s
investment in dollars is more than America’s cutraccount deficit.

In the long run OPEC stops investing abroad and wehianportant is

just the goods market.

The directions of the long run effect and the shart one can be
opposite as said.

It can be said that an oil price increase can f@atly to a dollar

appreciation, and later to an even greater defiecia

Putting on the model two complications, as theaftd oil prices in

oil consumption, and the effect of market antidmatof exchange
rate changes some changes are observed.

Imagine two demand curves for oil imports with maydifferent

elasticities, but surely less than one:

O =0a(R)
O =0 (P, LV)

This changes both of the effects, because of thagsin the share of
the marginal burden of an oil price increase.

The share variable becomes:

e [0 @-¢.)]
[OE (1_£E) +OA(1_£A)]

Considering market expectations the long run eféext the short run
one don't have a big distinction as before. So reators can
dominate both effects.

In fact if V is initially expected to fall, the s path will have an
initial discrete devaluation of the dollar, follodieby a greater

depreciation.



If V it's expected to rise, the rate’s path wilsei then fall, even with
different values in respect of the case considbefdre.

Eventually it's possible to conclude that the efffe€ an oil price

increase depends on if the negative effect on &tenlbe of payments
of the industrial countries is offset by the impeavent of OPEC’s
imports and investments. In the long run what mateae the real

factors, for the falling of the importance of OPE@ivestments.



4. OIL AND THE MIDDLE EAST

Most of the oil producing countries are locatedthe Middle East
region. Although they are rich of a fundamentalotgse they
experienced a lower growth than resource poor c@msnt

As these countries have completely oil based ec@w®ithey are
starting to move toward new sources of growth lier évidence of the

coming oil depletion.

4.2 The resource curse.

Stijns has developed an analysis on the econor@srich countries
to show the fundamental characteristics preseihese economies. It
shows that oil rich countries present better edocsatmore market
oriented economic policies, and more favourableestment-saving
characteristic than other developing countries.

He investigates different explications of this @nde. He argues that
it may be that resource rents allow the countryhtive better
education and all the positive effects mentionedoree On the
contrary it could be that countries with a highemtan level have
facilitation on discovering and exploiting theirtagl resources.

This is one side of the coin.

Many researchers sustain the thesis that natusaluree abundance
has adverse consequences on economic growth. Llgokinthe
evidence indeed, since the 1960s, countries wih é&ndowment of
natural resources have outperformed the ones witabaindance of
them.

This phenomenon has been named the resource curse.

Different models investigate the relationship betwebundance and

growth for oil rich countries.



4.2.1 The Dutch disease view

One possible explanation given to the evidencéheflow growth of
oil rich countries is the one that considers thesgulity that olil
extraction crowds out manufacturing activities dieg to violent and
inefficient political behaviours. This hypothesss dalled the “Dutch
disease”.

Firstly Sachs and Warner dealt with Dutch diseastha explanation
of the curse. They empirically demonstrated thedewte of an
inverse statistical relationship between naturabvece based exports
and growth rate, during the period of 1970-1990.

To sustain their hypothesis they start observirg ¢hsual fact that
there is no coincidence between countries withelargtural resource
endowments and high levels of GDP. Even more, cmmtvith the
highest endowment, as the ones of the Persian @aolijt have
sustained rapid economic growth.

The regression shows the trade off that occurs dmtvihigh resource
intensity and low growth. The result keeps the sawen adding a lot

of different variables.
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Figure 10-Growth and natural resource abundance 1970-1989. (Sachs-Warner)

With the exceptions of Mauritius, Malaysia, andldcel, the resource

poorer countries are the ones that have develo@stl m



To improve their analysis Sachs and Warner havesidered the
presence of another variable, constant during titmat, could affect
growth, for example the country’s geography.

The outcome of the analysis is that there is noetation between
geography and the endowment of resources. Theatedega of the
analysis is that through time countries with faale geographic
conditions will grow for a while reaching a highcome. Hence the
share of natural resources in the economy will appe be modest,
because the rest of the economy has grown. Thetr@eginwith no
favourable geographic conditions instead will apgeshave a bigger
share of the resource, because their economiesnwd\gown. Hence
they will appear to be rich resource countries. 8&eang growth and
natural resources as a share of GDP, we would &indegative
relationship between the two variables. But thisldde due to the
presence of the geographic variable not considered.

To investigate this Sachs and Warner present tifereint ways.

In the first method previous growth is used as axyprfor the
geographic variable, if there is not the possiilif measuring it
directly.

Then it's important to note if the natural resouvegiable still stays in
the regression.

The second method controls the variable directthéregression.
Using the two tests Sachs and Warner have demtecstthat the
result stays the same, the evidence of the resaurse keeps present
in the regression.

One explanation of the curse given by the two augth® that natural
resources crowd out an important activity that $thobas drown
growth, as traded-manufacturing activity, actudyming growth.
They sustain that a positive wealth shock in thenahresource sector
creates an excess of demand of non-traded goaatsdtives up the
non-traded goods prices (i.e. wages).

But these non-traded goods are used as inputseim#émufacturing
sector that still sells its goods at fixed interoadl prices.



Hence this mechanism leads to a decline in the faatwring sector
that harms growth.

To test this hypothesis the authors checked tHepreaence of higher
non-traded prices in resource abundant countries.

The instrument is the general price level, whicbusth be higher in
resource abundant countries. It would depend ohitdteer non-traded
prices in resource abundant countries and the aonhstaded prices
across countries.

The national price level is usually positively asated with levels of
income across countries. In the regression Saah$\&arne have used
the ratio of the country’s purchasing power paeghange rate to its
nominal exchange rate, and the result that follmathat there indeed
is the presence of higher price levels for resoatnendant countries.
Hence other sectors in these economies front trablgm of
competitiveness.

This could lead to impede exports growth. Resourcle countries
show a scarce contribution from export growth ofnofactures. It
could depend on the promotion activity too. Heriee is not export-
led growth in these countries.

Another activity that should be a part of the erpl#on of the curse
could be education, as investigated by Gylfasor0@20The model
presented by Sachs and Warner stands in this plarticase, and for

other activities too, instead of the manufactusgegtor.

4.2.2 The role of institutions: rent-seeking and pdical

competition

Another factor considered by authors are the utstims. In fact the
evidence shows that the curse doesn’t occur forthal resource
abundant countries, so the explanation could Werdiit from the one
proposed above. Countries as Australia, Canada, Realand, the
U.S., Iceland and the Scandinavian countries hayserenced a
resource-led growth.



Hence the different performance can be explainedpdilitical and
institutional differences.

There are three different visions of the interacti@tween economic
growth, resource abundance, and institutional tuali

The first one is the one from Sachs and Warnereptes above. It
sees institutions as an intermediate casual litkédxn resources and
economic performance. The main explanation usetheysustainers
of this view is that oil dependency tends to hindemocracy. By
more, resource booms can lead politicians to digleamstitutions in
order to obtain private gains from the extraction.

Although the observation of evidence agrees with pinesence of
these kinds of problems in institutions, therel ilthe doubt of the
grade of the curse.

Another hypothesis considers institutions havingeatral role on the
curse.

The last one is the one that sees institutions @Esburces co-
operating in generating the curse.

The model developed by Mehlum, Moene and TorvikO@)Otakes
into account the relationship between producticsh r@mt seeking.

If the most effective rent seeking is outside thedpctivity part of the
economy, the two activities are competing. They @amplementary
activities instead when there are producer friefuyitutions.

In the first case the presence of rent seekingenhtands of “grabber-
friendly” institutions leads to corruption, crimeBauds, extortions,
warlordism, and so on.

So there is a disadvantage from being produceiseirompetition for
natural resource rents.

When institutions are “producer friendly” it's nesary to be a
producer for being a rent seeker.

The consequences of a good quality of institutiemgslow corruption,
high bureaucratic quality, and so on.

In the presence of grabber-friendly institutionstrepreneurs find
higher gains going into unproductive activitiessAsning that there is

a defined number of entrepreneurs, that can chimobe producers or



rent-grabbers, they move in the two directionsluhg return in both
activities is equal. Grabbers are better off whezytare a low number
because they take advantages from the higher nuofbgroducers.
Producers instead have higher returns the higheir thumber,
because the return for a producer depends on thkeingcome of the

economy.

Profits Profits

Producers +—— Grabbers

Figure 11-The Allocation of Entrepreneurs. Mehlum, Moene, Torvik)

Another advantage for producers of their high nunid¢hat having a
fixed number of entrepreneurs the presence of gralib low.

The grabbers’ profit curve is steeper than the oheproducers,
because an increase of the number of the formemsoie damaging
themselves than producers. It is due to the lowenber of the latter
that would be present and to the higher competiggs.

Point & is a stable equilibrium, as there is no incentioe &ny

entrepreneur to move from his position.

The dashed line in the figure indicates a movemewards more
producer friendly institutions that make less paidfle being a
grabber.

The new equilibrium shown has got higher profitsidoth parts of the

game.
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Figure 12- Resource Rents with Grabber-friendly Institutions. (Mehlum,

Moene, Torvik)

In the presence of grabber friendly institutionst@ad resource is a
new source of income for grabbers, and their poafive shifts up.
The new equilibrium has got lower returns for b#é tactors.

Here it comes the resource curse, where higheruresoincome
reduces the total one.

There is a reduction of the opportunity cost ofbdpiag; entrepreneurs
move to grabbing and producers’ income lowers, imgshmore
producers to move into grabbing.

Hence there is the evidence that grabbers genemnagative
externalities, and producers positive externalities

In the presence of completely producer friendlytiingons instead,
natural resources are an additional source of iectamproducers, so

that their profit curve shifts up.



Profits Profits

Producers — +«—— Grabbers

Figure 13-Resource Rents with Producer-friendly Instutions. (Mehlum,

Moene, Torvik)

Here it's possible to see the beneficial effecths resource, as the
total income is higher than the one of the resaurce

In both cases the authors show that the resounmmi@ has got an
amplified effect on the total income.

An institutional quality index has been added ttadased by Sachs
and Warner. Rule of law, bureaucratic quality, gption in
government, risk of expropriation, and risk of gowaent repudiation
of contracts are the indices involved in the coeatof the quality
index.

The index runs from zero (low quality of institut®) to one (high
guality of institutions).

The growth impact of an increase in resources teswggative for
more countries, and even more, the magnitude oeffext depends
on the quality of institutions.

This result is stronger in the case of mineral delpat economies.

In the sample of 87 countries taken by Mehlum, Moand Torvik
just 33 countries show a sufficient institutionalatity to avoid the

curse.



A detailed examination of the political foundatiof the resource
curse is given by Robinson, Torvik, and VerdierQ@pD

They developed the model especially for resourdes/och rents
accrue to the public sector, as oil.

The model considers two politicians, one is theimbent, and one is
the competitor. Clearly both want to be elected.

There are two periods, with the election occurratighe end of the
first one.

The incumbent has to take the decision of how mafctine resource
extract in the first period, and how much in thess®l one.

He can decide if consume the income of the resourcistribute it to
influence the election, in the form of offering pickemployment.

This kind of offer is credible because employmean ®e given in
advance and is costly to reverse.

The model leads to four main results that aret,fipsliticians care
about the future stock of resources just if thely be still in power, so
they tend to over-extract them relative to theceffit extraction path.
Their evaluation of future stocks is lead by thebability of being in
power later. Second, permanent resource booms vmprihe
efficiency of the extraction path, because the eatibeing in power
later is higher. Third, permanent resource boomesresse the
misallocation of resources in the rest of the econdoo; politicians
indeed tend to improve public employment to stapanver, leading
the sector to a higher inefficiency.

Fourth, resource booms can lead to a beneficitd staa negative one
due to the kind of institutions.

In a voting model the politician takes in considera his own utility
and the one of his own group. The intertemporategmpath of the
resource is given.

The decision for the incumbent is whether consurimasélf the
resource rents, transfer them to citizens, or eyngeople in the
public sector. He also can put tax on incomes.

Voters of each group have linear preferences iir theome, where
Z'iis the income of the member. The utility of the ificibn V', is



given by the income of himself [Xand the weight of the concern for

the members of his own grougp)(
Vi =X/ +afz'd

With a that varies between zero and one.

Per period income of the voters is given by
Zti :a)ti +Tti _Tti

Wherea'; is the wage income, Tis the transfer to the voter, ardgis
the lump sum taxes paid.

Productivity is higher in the private sector, atid assumed that the
difference, considering productivity equal to zerdhe public sector,
between the productivity in the two sectors is lijttalso represents
the private productivity.

W, is the wage in the public sector, ahgs the maximum tax that can
be paid by the agent. Ha can indeed hide all inctyora taxation at
his cost.

Gtis the number of workers in the public sector, anc are the ones
employed in the private one.

F is the cost for the citizen to be fired.

For calculating the probability of a re-electionr the incumbent the
model considers also the ideological inclinatieh With density s>0)
in favour of the incumbent named A.

The competitor is named B.

The voter would support incumbent just if
Z/(N+0' +6>Z/(B )

Where 6 is a popularity shock in favour of the incumbeAfter

winning the elections there is the possibility lné renegotiation of the



wages of the employers of the first period, andpbesibility of firing
too.

Analyzing the behaviour of politicians it's poss&hio predict which
policies could be credible. A promise of lower tsvige not, because
the politician would set taxes in order to maximize revenues.

A promise of transfer is not credible too, becaw$ethe higher
evaluation of his income by the politician. Becaudethe higher
importance of his income there won'’t be hiring Ive tpublic sector
after the election, because this sector is ineffici and there is not
enough production.

There are two different kinds of wage renegotigiaime one with a
member of his own group, and the one with a menalbe¢he other
group.

The first case is

ma{(-W +aW) ~a(-F +H)|W - (-F + H)]

(-W+aW) is the utility for the politician of hiring thenember of his
own group at a wage Wy(-F +H) is the utility of firing the same
member, and W-(-F +H) is the surplus relative ® $kecond period of
employment for the member. This kind of renegatiativould take
place if F>H.

The negotiations with the member of another groopld/be

mWax{—W][W -(-F+H )]

It's simply to say that the negotiation between pioditician and the
member of this group would never take place, bexfitugg is always
better for the politician.

Members of the group B already know that they Wdlfired after the
elections if the incumbent wins, and they will b# if the competitor
wins. There is not hiring of members of group B d&ese of the

knowledge of this situation of the incumbent.



The model shows that the re-election probability tfee incumbent
depends on the number of public and private empsogé group A

that support him, and on the share of voters oftigrB that support
the incumbent.

Deriving the re-election probability equation, taaethors show that
hiring public sector workers from people of incumbte group

increases the probability of staying in power.

Hence clientelism has a good consequence on hispigy of re-

election.

This model reaches the conclusion that the optmoahber of public
employees after the election equals the numbeefairé.

The authors have developed a similar model in thsecof a
dictatorship. In fact the dictator would have tocdaa similar
probability, adding as variables the loss in poptyladue to be a
dictator, the size of the group necessary to suppon, and the
heterogeneity in ideals of the population.

The socially optimal extraction of the resourcehe first of the two

periods considered is:

maxp,e+ p,R(e)

So
p,+p,R(€)= 0

Where e is the physical quantity of resource ekddn the first

period, R(e) is the quantity left to the second,@mel p and p are the

prices at the different periods.

In the situation described resources are over eeainefficiently,

such that e > % as the politician discounts the future stock lud t
resource by the probability of his re-election, awdit is lower than
zero, the incumbent will over-extract the resouimsethe current

period.



Developing this kind of model Robinson, Torvik avérdier reach
the conclusions that a permanent resource boomcesdtesource
extraction, leading the extraction path closer he efficient one.
Through history it's clear that the rate of oilestraction tends to rise
when oil prices are lower, and vice versa. It cobll due to the
OPEC’s behaviour, to push oil price up, but thipgens also in
countries that are not part of OPEC, and in susinall countries that
cannot influence oil price in the market too.

This happens in the presence of an anticipateddutsource boom.
When the resource boom is temporary instead resoextraction
increases moving away from the efficient path.

Another consequence of a permanent resource baoam, anticipated
future resource boom, is the increase of the pualator employment,
and so the decrease of the private sector one.

It happens because the incumbent has a highertimedn remain in
power, for the perspective of having higher rents.

So there is the contemporary presence of a beakéffect that is the
efficiency of the extraction path, and a negativee,othat is the
decrease in the efficiency of the economy due ¢ontisallocation of
labour.

When the boom is temporary instead, the incumbastriot so a high
incentive to stay in power later, so he doesn’t lergo more citizens
in the public sector.

The effects that can have all three types of boawer the all
economy are ambiguous. In fact, for example in dtase of a
permanent boom, the three effects of a boom, thectdincrease in
income, the indirect one by the extraction pathd dne indirect
decrease by the misallocation of Ilabour, can havkerent
magnitudes, and so lead to different outcomes theetotal economy.
A similar reasoning can be done in the case ofrdibems.

One consideration that can be made is that incem®ore likely to go
down the higher is the power of the incumbent diluéamcing the

probability of his re-election, so a resource CUSeurs.



Hence with the presence of meritocratic institusicesource curse
could be avoided.

The problem of the misallocation of resource redi® to public
wages and salaries is reflected by the analysiblarhilton (1998)
about the level of genuine saving rates on a wadge of countries.
Genuine saving represents the net saving rate dgedleto include
technological changes, human resources, exhaustifbeirce exports,
resource discoveries and critical natural capéasuring negative
rates of genuine saving implies non-sustainabdityhe path, so the
decline of the per capita welfare, and the one BPGoo. Genuine
savings rates are calculated as the net savingmiatigs the value of
resource depletion. Hamilton shows that a lot ofidlie East countries
are continually characterized by negative savingsta

His analysis shows that resource rich countrieg tirasent high
government consumption too, have on average lovwseEmamic
growth, so current government expenditure, andnisallocation of
rents, could be an explanation for the curse.

The quality of institutions is also involved agaio explain the
efficiency or not of savings and investments. Ict fa good quality of
them would grant a transformation of the liquidatiof resource
wealth into additional genuine saving, althoughhhguality leads
resource abundant countries greater savings anestments at a

declining rate.

4.2.3 Rent-seeking in Iran: a particular case

Rent seeking has been shown as a source of thercesturse. When
it occurs in fractionalized countries there are e¢hr main

consequences: the competition for rents wastesiress, there is less
private investments due to the lack of intellectpabperty rights,

there is a distortion in the allocation of inveshihdéounds due to
imbalances in the distribution of political poweetlween different
factions.



Models of rent seeking state that increased doromanf a faction
improve efficiency, lowering competition on renekang.

It's not always like that. In fact in the preserafehigh subsidies on
capital or other factors of production, the lowi@éncy of the
investment can over-perform the reduction in calsis to the lower
competition. This is the case of Iran.

Oil revenues in Iran are about 34% of GDP and ale®% of all
government revenues. Earnings of oil export areentioat the 80% of
the country’s earnings with foreign exchanges.

Iran is characterized by four factions fighting fmswer and rents, so
it is highly fractionalized.

The market of savings and investment is controbgdState banks,
although there is the presence of few private bahks are heavily
regulated by government.

Interest rates are set politically and Iran facemgative real interest
rate.

Even more the concession of credit is done byipaliteasons, so it is
often not efficient.

Another inefficiency is that Iranian industry ope® a waste of
energy, and wrong energy management. Even morpricg in the
domestic market is lower than the one on intermafionarkets, so
there is an implicit subsidy of about 10% of GDP.

Iranian income is realized from productive actastitoo, but the lack
of property rights on income leads to lower investis, because
firms know that a part of their income will be taxey extortion.
Bjorvatn and Selvik (2005) developed a model shgwihat “the
gualitative effect of changes in the relative paodit influence between
groups on overall economic efficiency depends oe bavel of
subsidies on factors of production like credit aedergy. With
substantial subsidies, as in Iran today, a biashe allocation of
capital between the groups is the dominating soafgeefficiency in
the economy, and aggregate welfare is at its higleen groups are
equally strong. When subsidies are relatively lgsportant, rent-

seeking is the most serious source of inefficienagd a more



imbalanced distribution of political power betwee groups is likely
to improve aggregate welfaré”.

The authors assume that there are two differenipgr@,b. They have
commercial interest and take firstly a decisiomekestment, then take
the decision of the amount of rent seeking.

Investment creates income that is redistributed/éen firms because
of the low definition of property rights.

Taxation reduces the profitability of investmentdaefficiency is lead
down by the use of resources for grabbing.

So the contest of rent seeking is the one thaiviai

0
P =
qa + qb
Where pis the share of the total income for the group isdhe rent
seeking effort by the group i. R(K) is the sizer@ft in the economy,
due to the total investments in the economy kkl. The influence
of the groups isitap=1.

The objective function guiding the rent seeking#ffs:
v, =a,pRK) - q
The total rent seeking effort is:
d, + 0, = a,a,R(K )
That is the highest when=a,=0.5.
The model investigates investment decisions consigle the

production function. International price of capitshigher or equal to

the price of capital in the country.

2 Destructive competition: Factionalism and rentkgegin Iran. (Bjorvatn, Selvik)



The optimal investment of the firm increases withiacrease of the
technology parameter), decreases by the cost of capital r, and
increases with political influence.

Considering welfare a function of the politicallugnce of the groups

for different levels of subsidies:

0.25 0.375 05 0.625 0.75

Relative influence

Figure 14-Relative influence and welfare. (BjorvatnSelvik)

With low subsidies welfare is at its minimum wher0.5, but with
high levels of subsidies the same point represéms maximum
welfare, because of investment efficiency.

Because of the high presence of subsidies in faabproduction in
Iran, as said, a political shift to the favour aeogroup will lower the

whole efficiency in the economy.

4.2 Middle East countries beyond oil

4.2.1 The rate of openness of Middle East countries

During the last decade of the previous century Néidglast countries
have attempted at diversifying their economies, réduce their

dependence on ail.



In fact by 1998 the share of manufactured expartetal merchandise
exports more than doubled in the entire region.

But this is not enough to grant growth. There &sleed of substantial
change on the commercial policies applied, and rieed of an

increase of FDI from foreign, in order to devel@wnsectors.

4.2.1.1 The role of protection.

Integration is a basic issue for all developing rddes, concerning
with welfare, growth and job creation.

As seen in the previous part, Middle East counwiesxporters don’t

have a developed manufacturing sector most oftedltd the resource
curse.

As Sachs and Warner demonstrated the presence oétburce make
other markets non-competitive they can developghainternal form

neither.

Oil countries use the revenues of their exportbup almost all their

needs for consumption, intermediate and capitaldgoand labour
services.

In the lack of growth of these sectors of productio the countries
also trade barriers are involved. For that thesent@es are trying to
diversify their structure of trade.

It's interesting to note that they were more operitbdn other

developing countries years ago, through 1960s,4and 1980s.

In 1975 the trade share of oil exporting countriésthis area was
about 90%.

These countries’ share has fallen from the mid-$9#%0 the mid-

1980s, and then again in the 1990s.
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Figure 15- Imports plus Exports as Share of GDP: MNAvs. the Rest of the
Developing World (GDP-Weighted Averages). (Salehi€ahan, Squire)

The drop of the oil prices during the 1990s madmuece revenues
diminishing, so that oil producing countries weid able to expand
their imports as before.

Trade barriers have been used mainly as a secatghdlecy, because
of the market failures present in these countriesst of all the
failures of credit and insurance market.

I've already explained resource rents are not mashag the correct
way. So it was easier for institutions to folloveecond best policy, in
order to maintain interests of government in rents.

In order to measure the actual integration intowloeld economy of
the oil producer countries, it's considered theuemness of trade,
regarding to the importance that barriers (tarifinon tariff) assume
in these economies.

It is well know that the use of tariffs and impguotas reduces trade
as well as standard of living.

In all the region of Middle East trade volumes lang, as trade related
services, there is a lack of trade information, ¢ixestence of tariffs
and non-trade barriers, and the trade structuresept do not serve
well for trade development.

One indicator to measure the grade of integrationoontries is the
share of countries’ merchandise export in their GDP



Clearly oil producers have a big share of exportheir GDP, about
39,8% with a peak of 44,6% during recent years.

But this not exactly indicates that they are rg@roeconomies.

It is also important to note the structure andadiom of actual trade of
these countries. In fact if one economy sells oy bwst of the
products to few countries, such an economy coulsh&t@ble because
of what may happen in its partner countries.

Although with some differences, most of oil produceuntries export
around 50% of their merchandise to their three nuaistomers, so
they are highly depending on them. The big excepsoBahrain that
has got a percentage of 9,8% of export to the tim&@e customers.
On the side of imports there is more differentiatiiith a range of
percentage of goods imported from the three mantnees, going
from 24,6% of UAE, to 51,7% of Oman.

There would be relevant consequences on oil pradutéheir three
main customers would decide to stop buying for @ason.

It would lead to less capacity of import, and tgher pressure on
consumers’ consumption, because of the reductidhedf income.
Considering the issue of trade barriers and anadyzhe level of
tariffs, oil producers countries seem to have ghitgh protection for
primary goods, and less for manufacturing gooddy @an and Saudi
Arabia have lower tariffs on primary goods thamaanufacturing.
Oman has got a tariff for primary goods of 31,6%isTlevel of tariffs
on primary goods could reflect the importance ofi@dture in this
country due to the lack of development of manufactusectors.
Comparing these tariffs with the ones imposed b$.UEurope, and
Japan, it's possible to see that oil producing toes are rather far
from their grade of integration, and it is notidédt only Iran has got
a level of tariff lower than 5% for both kinds adags.

Hence trade liberalisation seems to be a diffimdtie to manage. In
fact the high level of tariffs imposes an importaffort to correctly

determine the way to offset budget losses of govwents due to their

3 Data of 2002. SESRTCIC (2005)



elimination. A movement toward a change, in theedion of
lowering tariffs, has been led by the raise ofgites during recent
years.

What impedes the complete integration of these ttmsnis not only
the presence of trade barriers. An even more irapblissue in this
region is the presence of inefficiencies relatechdo-trade barriers.
Improvements to trade facilitation would lower destion price of
the goods.

In many of these countries customs procedure asablEsome
because of the requirements of several documehts,need for
approval from different agencies for an author@atiand a subjective
application of the procedures.

There are also indirect trading costs due to theuption of public
sector, the product standards and certificatidres régulation, and the
impossibility for some business visitor to enteregé countries,
because of visa problems.

Also the transportation system is inefficient amidisacosts and delay
to the trading environment.

A signal of the consciousness by oil producing ¢oes of the need to
go forward a larger integration into the world egoty is that almost
all of them are members of WTO (not Iran and Iraq).

The accession to WTO imposes these countries tmgehan a
significant way their policies, reducing tariffscanon-tariffs barrier.
Although WTO regulation imposes to the countriesnijg the
organization to behave in the same way with alleotbountries
participating, Middle Eastern members also pardt@pto regional
trade agreements (RTAS).

This is considered as an exception to the non-digtation principle
of WTO, considering regional agreements complemgntto
multilateral agreements, in order to promote thiegration of national
economies at a regional level.

The Greater Arab Free Trade Agreement (GAFTA) 8 ohthe most
important RTAs of all the Middle East and North is& region.



It involves Iran, Irag, Bahrain, Oman, Qatar, Safithbia and UAE
with other Middle Eastern and North African coues; and it was
signed on 1997.

Its main goal is the full implementation of a freade area: the dead
line was 2005 for the higher income Arab countraeyj 2010 for the
less developed members. It requires a minimum vadlaed to goods
by the countries participating of at least 40%.

GAFTA hosts other free trade regional agreememis,ad these is the
Gulf Co-operation Council (GCC).

GCC was created on 1981 by Bahrain, Kuwait, Omaataf) Saudi
Arabia and UAE, and by 1983 had been created atfegle area for
agricultural and non-agricultural goods.

Goods had to possess a value added of at leastb§08te council
countries, and the producing plant has to be owatekast for the
51% by GCC nationals.

GCC became a custom union on 2003, with an exteéand of 5%,
and the goal of a common currency expected for 2010

Some agreement with other big free trade areasystom unions, as
EU would lead an increase in welfare and GDP of ¢bantries
enjoying, although it wouldn’'t be so heavy for afl Middle Eastern
countries.

It would be essential for the ones which alreadyeha bigger trade
expansion with the custom union.

The expansion of trade and the consequent higlezase on welfare
would lead to a higher employment and higher wages firstly for
unskilled workers, that represent the largest partvorkers of oil

producing countries.

4.2.1.2 FDI and economic growth.

Another fundamental aspect to encourage the groWithl producing
countries is the development of FDI.
The central role of FDI in developing economies hasn shown by

evidence.



They can have direct and indirect effects on ecooayrowth. The
direct effect is the one concerning the higher teddormation, a
fundamental aspect for the evolution of sectorsnypeople think
that FDI could have the effect of crowding out dstieinvestments,
but this is not a necessary condition, both kinflsheestments can
take place together, and in the case that FDI stpp@ativities that
wouldn’t develop otherwise, the effect is clearbsitive.

The indirect effect of FDI is characterized by #dffciency gains.
These are correlated mostly with technology trangfeat positively
affects total factor productivity, and competitioreated; indeed what
is needed most for the development of new secfigosoaluction is an
improvement of technologies, as global economy sedm be
technology-driven.

FDI can generate technology spillovers by labounduer from
multinational firms to domestic ones, by techniaakistance and by
the consequences on management environment they hav

The spillovers of technology transfers are highlestmore is the gap
between technology equipment of domestic and faréigns.

The capacity of absorbing new technologies hasngwoitant role,
accompanied by the structure of trade, that shdodd export
orientated.

Hence it is important to analyze the flow of FDlathnterest oil
exporters in order to complete the idea about thesgration.

During the 1990s while a huge movement of capitalvé has
occurred toward developing countries, the most fritma private
sector, all Middle East countries have experientel@® flows of
foreign investment.

The lack of FDI to these countries has preventedhtto live the rapid
growth of other developing countries as the ondsatih America and
East Asia.

Observing the evidence until 2000 it's clear tha {ink between

capital flows and the real economy of Middle Easirdries is weak.



To attract more FDI a substantial issue is the amsitipn of the host
countries policies, institutions, and the genecaln®mic environment.
As said before the actual situation of economidremwnent in Middle
East countries still has many problems, in factoésn’t supports the
improvement of trade and investments.

Generally the most FDI to developing countrieseffieiency seeking
and vertical. The oil countries are not often imeal in the chain of
production of the major direct investors mainly &ese of the
composition of their labour force. In fact labosmiot cheap here, and
not high skilled, because of the low grade of etlana

Now traditional patterns of FDI flow are changing.

They have increased a lot in oil producing coustiie the last few
years. In fact after the bad performance of thed$3thd the first years
of 2000s, between 2004 and 2006 some of these geoglbhave seen a
big push on their investments. The region has teda 25.5 per cent
increase in FDI during 2006, with a flow of $43iBibn.

The countries that have attracted more are Saudbidr Bahrain,
United Arab Emirates, and in part Qatar, while Onaa Iran have
had a medium grade of increase. United Arab Ensratee seen FDI
inflows drop by around 24%, from 10.9% billions 8005 to 8,3%
billion of 2006. Despite the fall, the UAE stillnks as one of the top
recipients of FDI inflows and sources of FDI outiky ranking third
and second respectively out of the 14 economi¥gdst Asia.

The big push in FDI to the Gulf region is due te thuge liquidity in
the Gulf due to strong oil prices that attractseign investors. In fact
although oil prices are supposed to drop agaiis tlear from the
actual situation that they won't reach again the levels of the
previous years.

Saudi Arabia figures as the second largest FDletargth a 51%
growth in FDI over 2005 to $18 billion. The Saudiahian General
Investment Authority (Sagia) stated that the mad3it Were directed to
energy-related industries and its derivatives.



The growth on investments in Saudi Arabia comemfan increase
by the three main investors (U.S., EU; and Japdaut)also to a higher
interest demonstrated from other countries.

Clearly the access to WTO has lead countries likeds Arabia
toward a liberalization of the financial sectodpaling more foreign
investments.

In fact the access to WTO would allow economies Baudi Arabia
to exploit new growth path. Mainly small and mediwenterprises
(SMEs) should closely interact with the WTO throughkir chambers
of commerce and industry to know how they can benef

What Saudi economy needs most is more market atcessilise its
full potential.

Although the Kingdom is the world's major expord@d importer, the
business sector hasn’t a real complete participatdhe whole world
trade yet.

The kingdom is still largely restricted to Sauddaaulf residents and
institutions. So far foreign access to the Tadaviag only stock
exchange in Saudi Arabia, has been limited to a $&audi mutual
funds.

But this is changing. The Saudi stock market regulannounced that
a launch of exchange traded funds that will be ssibée to external
investors, in order to eliminate the Saudi lack io§titutional
investors.

According to a survey of UNCTAD the surge in FDItime region
doesn't affect only the oil sector; there is theerast of investors in
participating to the booming domestic market oftheountries.

The service sector is the one that has attracee@datest volume of
investment. Hence it seems that the efforts of Gudf countries to
diversify their production mainly toward bankingdareal estate are
an important tool to attract investments into thgion.

Although FDI are not supposed to continue this dretiis is an
important signal, and a push for the developmenn®i sectors
beyond oil.



On the side of the banking sector there have begmessive new
investment players, such as Dubai newcomer Noamiisl Bank, that
keeps the aim to create the world’'s largest Islabank within five
years, spending between $500m and $1bn on indivakguisitions
in countries as far apart as Indonesia, Egypt aedUK. But this is
not the only case.

Doha Bank will open offices in the United Arab Eatgs (UAE),
Kuwait, China and elsewhere. The expectation is ignifecant
proportion of Doha Bank’s expansion to revolve auhe Sukuk
(Islamic bond) market, which is growing at aboud20a year.

The big example of the new idea of business ofGhé# is the UAE
economy.

It grew 7.4 per cent in 2007 on the expansion ef timnufacturing
and construction sectors, as well as oil and gad, ron-oil sectors
accounted for 65 per cent of the gross domestidymio(GDP).

The effort of UAE to diversify its economy away finoa dependence
on energy exports passes by pouring windfall oflereies into real
estate, financial services and infrastructure.

The share of manufacturing sector to economic drawse to 13 per
cent in 2007 from 12.2 per cent in 2006, and thddimg and
construction sector's share rose to 8 per cent #d&nper cent, while
Crude oil production accounted for 35 per centhd GDP, down
from 37.3 per cent in 2006.

4.2.2 The Masdar Project: the state of the art.

The importance of going beyond oil for Middle Eastuntries is
clearly shown by a giant step of innovation in tiee of renewable
sources: the Masdar project.

This project implies the construction of the fic#tly of the world with
zero carbon emissions, and zero waste.

It is a green community in the heart of Abu DhalBE, which will
recycle all of its waste into usable products @rgy.



The city will be totally car free, with a maximunsthnce of 200m to
the nearest transport link and amenities. This wi#ate a walker
friendly environment and will be complemented bypersonalized
rapid transport system. The city will be entirelglfsustaining
exploiting wind, photovoltaic farms, research feeldnd plantations,
and solar-powered cooling systems.

This project should demonstrate that combininglakbest technologies
with the optimum use of local natural resourcesl \pilovide for
sustainable development.

The central role to eliminate carbon emissions Wwi#l played by
Carbon capture and storage (CCS) method.

CCS is an approach that captures carbon dioxide)(@0m large
point sources such as fossil fuel power plants stoces it instead of
releasing it into the atmosphere. By this methathaa dioxide would
be injected directly into oil fields, or other umgeund geological
formations.

The physical and geochemical characteristics ofdhmations would
prevent the C@from escaping to the surface.

The injection into the oil fields could be usefw tncrease oll
recovery, maintaining pressure although plans priodu by that
mechanism produce less efficient energy. Hence ltsst has to be
offset by policy makers, in order to be an attracfor investors.
Long-term liability is, however, a significant issu

In fact the long term storage and its security haoebeen tested yet,
as no large scale power plant have operated sa faidl carbon
capture and storage system.

This way of operate needs an appropriate regulategyme in the
Middle East, as has been done in other countriéias

The main issues are if it's legal or not to injearbon dioxide into
geological structures, if it is profitable, and taealysis of the long
term problem.

Not only the use of CCS, but also the implementatd the other
energies applied in Masdar requires a huge amducamtal, as the

development of solar energy plants.



Hence a big effort to canalize investments fromdagital market has
to be operated to reach the goal of the developofehis city.
Large-scale demonstrations of renewable technolagly play a
significant role in encouraging investment and @asing cost-

efficiency.



5. THE PRICE OF OIL REACHES 100%: THE CALL ON
OPEC, AND THE HOPE ON SAUDI ARABIA

5.1 One of the main causes of the high price of Jaary 2008: the

“Theoretical limits of OPEC Members’ oil production” report .

OPEC provides by itself to the 40% of world oil plyp Saudi Arabia
behaves as a swing producer within the OPEC.

The oil price has reached the 100$ at the beginoing008, and
OPEC president Chakib Khelil said he expected ditgs to keep
rising during the first quarter of this year befatbilising in the
following quarter.

One of the main reasons for that raise has beeriotieeast of the
impossibility for OPEC to respect its quota of protion for the year
2024.

This thought hangs on Ayoub Kazim'’s report of Deben2007.
Global oil demand is supposed to increase at anamate of 1% or
2% up to 2020. In this model the production rateeath member is
based on its share in OPEC in the past 25 years.

The author investigates the limit of supply thatEQPcould have in
three different scenarios.

The first one considers an OPEC’s average annuaitbrrate of
2,7% in the past 25 years; the second one an amgnoath rate of
5%, that seems to be more realistic because ofbtbeincrease
expected in oil demand.

The last one considers an individual growth rate dach member,
based on its oil production in the past 25 years.

The model presented by Kazim is developed as fallow

E = E, exfa(t - 2004)]



E Represents the estimation of OPEC’s oil productig is the initial
OPEC'’s ail production. The estimation is an expdiatriunction of
time (t), and the annual growth rate).(

The share of production of each member (S) is:

P
n=11

P

n

S=

(%)

n=1

Where P represents the contribution to the ovepadduction of
OPEC by each member, n represents the oil producerd the
denominator is the whole OPEC production, such that

n=11
DS, =100%

n=1

Each year each member sees its reserves (R) redudbd amount of

oil produced in the previous year:

R=R4-PF.

Every year this process is repeated. Once thatrab@ehas depleted
its reserves, the others will have the respongibith produce their
own shares of production, more the share of the Imeerthat fails to
produce, until all the members will have completdipleted their
reserves.

So the adjusted share for each member would be:

F)
S, =—¢

a m

2P

m=1




Where R is the expected oil production of the member, @mel
denominator represents the total expected produadio members
excluding the one that has failed to produce. Thenber of the
members still producing is represented by m.

The oil production of each member is:

P=P + mPe (S4E) =P, +S,(S,E)

2Py

m=1

So it is a function of its expected oil productiplus the expected oil
production of an OPEC member which failed to predits share.
In the third scenario the estimation of oil prodoictdepends on an

annual growth rateBj of oil production different for each member:
P = P, exd B(t - 2003]

The following part of the model is the same presémtbove.

The results on production for the first scenariovghvhat follows:

il production x 107 (i)
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Figure 16- Future production of OPEC Members at OPEC’saverage annual
growth rate. (Kazim)



The complete depletion of oil reserves is suppdeeaccur in 2048,
and Irag and Kuwait are supposed to be the lasptaducers.

In the second scenario the rate of failure is greand the global
production would fail in 2037. Again the two lagsbgucers are Iraq
and Kuwait.

Oil production x lliim {Bv)
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Figure 17- Future production of OPEC Members at annuhgrowth rate of five
per cent. (Kazim)

In the third scenario instead, global oil productigould fail in 2024,
with Saudi Arabia, Iran, Irag and UAE as last proghs.



il production x l[Jr" (B4v)
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Figure 18- Future production of OPEC Members at indivdual annual growth

rates. (Kazim)

It is the idea presented in this last scenariohlatdriven the big push

in oil prices.

5.2 The general asking for an increase of oil prodiion: the role
of Saudi Arabia.

As said the oil price at the beginning of 2008 hemtthe “limit” value

of 100%.

On November 2007 there had been the first signateenincoming

situation, generating fear for consumption, andipgton movement
discussions about the need of an increase in pglgu

In that occasion OPEC didn’'t seem to want to ineeeproduction,
talking about their long-term strategies, and thHmstief in a better
situation of the oil price.

Seen the actual situation of oil prices, the mastehstarted asking for
an increase in OPEC production, in order to lowecgs, although
most OPEC members are currently producing at aglacity, so they

wouldn’t be able to increase their production cayamyway.



OPEC had an extraordinary meeting on the first elbriary of this
year, and the decision the members made out wagnntrease oll
production, due to the general idea of the memtbexisoil prices will
reach a new equilibrium in the second quarter.

The share of production of all the Middle-East doies has dropped
since 1970s, because the growth of other supmié®ver the world
as Russia.

But Middle East oil production is supposed to regain, mainly
because of the presence of their high reserves.

About a third of the increase in global productioyn 2010 that is
assumed in the EIA's reference case forecast gosegd to come from
Saudi Arabia.

Saudi Arabia possesses the world’s largest onshitireld, Ghawarr,
and the world’s largest offshore oilfield, Safaniya

Ghawar is the world’s largest and most importarfiedd. It was
founded on 1948, with a declared quantity of 10Qioni barrels of
oil, and its production is of about 4,5 million bels per day.

This country declares to possess the world’s higlodsreserves,
about 262,300 billion barrels on 2007.

Saudi Arabia is the swing producer within OPEChwis 30% of the
total production of the Organization.

It produces more than the 10% of global oil produgtand almost a
quarter of the oil globally available for export.

Although Saudi Arabia presents vulnerability in #&zim’s report, it
has been supposed by the most to be the only gotlnatr could really
be able to increase oil supply in the short-medierm, because of its
high declared reserves.

In the first two scenarios presented by Kazim havewt fails to
produce right before the complete failure of prdgucof OPEC.

It is due to its high rate of production, such ttie time lag derived
from its reserves-to-production ratio becomes lothan the ones of
other countries.

This country has always played a significant ralethe control of

short-term spikes, increasing or decreasing oipsup



Its cost of oil production is one of the lowesttive world: indeed it
costs to Saudi Arabia 1,5% per barrel, while tordst of the world, oil
production costs about 5% per barrel.

Even more the cost of current production, and efdevelopment of
it, is probably one of the lowest in the world.

It has always had “a card” in the game no othemtguhas: spare
capacity. This spare capacity has had differer¢rmetation from
researchers: the most sustain it keeps a quaritigserves that has to
be exploited as a last resort in the presencecaé in the oil market.
Others simply justify the presence of this spangaciy as the result
of miscalculations about future demand by Saudiminhetween the
end of 1970s and 1980s.

The history of Saudi Arabia behaviour shows it algays played in
the direction of maintaining stable reasonablepaites. In fact, it is
one of the OPEC countries that are more concerntd lang-term
strategies in order to maximize oil revenues anthtam its share of
production. Given its huge production it has alwaysded OPEC
production and pricing policies.

Also in recent years Saudi Arabia has worked tontaa stability in
oil prices. Since 2003 it's pumping more than Olionl barrels per
day in order to offset cuts in production of Venglauand U.S., and
for the lower supply due to the Iraq war, as it gidhe case of the
Gulf war of 1991.

Hence it is possible to say that in the situatibthe oil price at 100 $
there has been a call on Saudi Arabia more thaDREC.

Mr. Ali Al-Naimi, the Saudi oil minister declaredWe live in one
world whose geographical and economic blocks aterriglated and
affect each other. Excessively high prices couldeha negative
impact on the world economy, which in turn weakdemand in the
long run and causes producing countries to lose ¢hedibility.”*

But now the answer of Saudis to those who are gstiem for a

substantial increase in production, is that they mot inclined to

“Bahgat G. (2003), “The New Geopolitics of Qil: Thaitéd States, Saudi Arabia,
and Russia”, Orbis, Vol. 47, 3, pp. 447-461.



rapidly exhaust their resource, so they won’t putiduction in order
to contain prices.

Actually Saudi Arabia's production declined 8% 008.
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Figure 19- Saudi Arabian oil production, Jan 2006-Ja 2007, from four
different sources. Linear trends fitted to each sees. Graph is not zero-scaled to
better show changes. Click to enlarge. Source: USA International Petroleum
Monthly Table 1.1, IEA Oil Market Report Table 3, Joint Oil Data Initiative,
OPEC Monthly Oil Market Report, Table 17 (or similar) on OPEC Supply.
(Staniford)

Saudi data about real reserves and real producioail are not

available, so there are different estimations abwerm.

Although there are differences on the absolutel lef/production, due
to the different sources utilized, it is ratheracl¢hat during the year
going from January of 2006 to January of 2007 tHeas been an
important decline in production.

But Saudi Arabia is not the only OPEC member thed bperated

production cuts.



In fact on October 2006 and on December 2006 thexee two
announcement of OPEC for production cuts.

These were the projections of the announcements:

Country Oct Dec Total Actual
announced | announced | announced decline

Algeria 59 25 84 30

Indonesia 39 16 55 10
Iran 176 73 249 50
Kuwait 100 42 142 130

Libya 72 30 102 20
Nigeria 100 42 142 130
Qatar 35 15 50 60

Saudi 380 158 538 200
U.A.E. 101 42 143 100

Venezuela 138 57 195 50
Total 1200 500 1700 780

Table 5- Cuts in production ceiling determined by ®@EC on October 20 and
December 14, and actual cumulative production decle between October 2006

and April 2007, in thousand barrels per day. (Hamilon)

From those declarations Saudi Arabia was supposedut its
production of about five hundreds thousand bapeftsday, but reality
has seen Saudi Arabia cutting its production ofualmne million
barrels per day. So it has almost doubled its cuts.

This has had different interpretations: some reseas sustain that
Saudi Arabia is actually not able to increase rtedpction, not really
having so high reserves, with its oilfield, mair®hawar, already in
decline.

Others state that Saudi Arabia doesn’t want toeiaee production, for
several reasons.

A first taught is that production cuts are duehte kack of willingness
of Saudis. Indeed they would still be able to pumgre oil than they
actually do, but they put more value on maintaeirtispare capacity

to assure future production than produce at fypacéty now to satisfy



world high demand; this would enforce their powknfiggotiation

position, and they would gain extra profit in theure.

5.2.1 The physical depreciation of Saudi oil.

Another point of view still not purposed of thigugtion could be the
one that considers natural consequences of thelrabBanks.

In fact, as Banks shows, the ratio linking ressera@d production
should be kept around a particular value, and pomape oil than the
efficient level, would damage the oil basin, leadito a physical
depreciation of it, having actually less oil torext.

So it wouldn't be in the interest of Saudis to sase actual
production, as their reserves have declined inntgoeriods.

Following the model of Banks, it's impossible toekethe same level
of production on a plateau over time, because ®fetlident decrease
of reserves.

This is actually what Saudi Arabia has done.

Not only Saudis kept the same level of productitrey have also
increased production in order to satisfy a higlesel of demand, due
to global growth, and to internal growth from sevaillion to more
than ten million people since 1980s.

This performance has been impossible for each gidfneld in all
other countries.

So it leads to the though that Saudis have already-exploited their
fields, maybe in order to keep their position witOPEC, and a
stability in OPEC oil production, and now they trgt to depreciate
even more their sources.

There is also the evidence of a bad managemeheakesource in the
internal market.

In fact some oil producing countries, also SaudibAa, have suffered
an energy use growth rate far more than econonuwthr It seems
due to implicit generous subsidies for energy, las price of the
resource in the domestic market is lower than tbeaj one.



Saudi Arabian growth is more dependent on energy the one of
other oil producing countries.

The direction of the influence between energy abdP@oes from the
first to the second, in the short-run as well &sltmg-run.

It is a big difference with other oil exporting cdties, as Iran and
Kuwait, that see their direction going on the otivay.

In these countries is the growth of GDP which affepositively
energy consumption. On the contrary in the casBanfdi Arabia it's
energy consumption affecting positively GDP growdbch that the
elimination of subsidies could cause a fall in G2P.

So this could be part of the causes of the oveoditgpion of oilfields
by Saudi Arabia so far, causing the physical deaten of the
basins.

Big oil producers countries have energy consumpdiomost equal to
the consumption of developed countries, which tease higher GDP.
So Saudi Arabia with its production has faced tteemgh of the global
demand and the internal one without adding relexesdgrves.

Saudi Arabia hasn't experimented relevant new disdes in recent
years indeed. Actually big investments have maderdsearch and
exploration in other parts of the world, as in A#ior Asia.

Hence the substantial quantity of oil reservesqmes the country is
related to oilfield discovered a long time ago.

Even more, Saudis have started to involve in prodacn oil field
(Manifa oilfield) that was discovered in the 1950sit wasn't
exploited so far, because of the lower qualityhef oil present.

With a lack of new discoveries, another instrumémat affects
reserves is the oil price.

In fact estimations of reserves are often revisitedl the price of olil
in the moment of the estimation plays an importatg. As reserves
do not represent the whole quantity of oil preserthe basin, but the
guantity that is economically feasible to recoveithwthe current
technology, the changes in oil prices affect thehtelogy, which
could be developed, and so the feasible quantityloHence could be

argued that high oil prices that characterize tlagket at the moment



could lead to a major quantity of oil recoveragth the possibility
to produce at a higher rate, without damaging #rb By the way it
has to be considered that big steps in improvewietgichnology have
already been done, so it rather difficult that éhevill be a big
difference in the recovery factor from now. Evenrenthere is the
evidence of a trend dbw expenditures on scientific research and
technological development in the entire Arab regasunderlined by
a United Nations report of the beginning of 200@sinly probably
depending on politics problems, as said before.

The change in oil quality could be a sign of thggital depreciation
of oil in Saudi fields.

There is the evidence of a lowering in the quatitySaudi oil. As
Hamilton writes in one of his articles “China cadted to buy
500,000 bpd of Saudi crude in 2006, but cut thakley 10 percent in
the second quarter after refiners ill-equipped dadte the kingdom's
mainly heavy-sour oil were forced to slow productiafter running
the grades...”.

The oil actually extracted presents itself so heanost in a solid
form, and with a high concentration of sulphur.

Because of their lower quality Saudis operate diston the sale of
these barrels.

Most of the spare capacity of Saudi Arabia is cosegloby lower-
quality oil with high sulphur content, which can pecessed just by
few refineries in the world.

Most investments of Saudi Aramco, Saudi Arabia’smadl producer,
have been made to develop new refineries in ordebet able to
process the low-quality oil. It seems to be a digfidhe predominant
presence of this kind of oil.

The only high-quality oil that Saudi Arabia stilbgsesses is the one
extracted from Saybah oilfield, which was discodena 1968 but that

> “Saudi oil production cuts”, available from
http://www.econbrowser.com/archives/2007/02/saudipoodu_1.html. (Hamilton)



has been started to be exploited just 30 years, latgh the
technological advances that permit oil rigs to purogzontally.

The Simmons and Company International, a privatestments bank
specialized in middle-eastern energy, states that geological
formations Saudi Arabia owns, are not able to andwea so high
continuative production keeping high quality.

The main problem caused by over-extraction is tdigle it causes to
reservoir pressure.

Saudi Arabia faced this problem in its oilfieldsaimly in Ghawar.
Using the technique of water injection Saudi Arabas stimulated
production, and reduced the cost of extractions Ty of extraction
would guarantee a constant rate of production fanger time than
with traditional technologies.

The global recovery factor average keeps around, 28% Saudi
Arabia declared it owns a recovery factor of 51%.

However the improvement of new technologies fromd#aseems to
be so difficult to reach a higher recovery factortheir basins in the
short term. So the only possibility would be totatlsmore oil rigs in
order to pump more without expanding reserves.

This could be the reason of the difficulty of thsuntry on answering
to the ask for a higher production.

The installation of a major number of oil rigs vatit expanding

reserves could be the wrong answer to the probtesail.
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Figure 20- Saudi Arabian oil production (left scale)and oil rigs in country
(right scale), Jan 2000-Jan 2007. Source: US EIA tarnational Petroleum
Monthly Table 1.1, IEA Oil Market Report Table 3, and Joint Oil Data

Initiative for oil supply. Baker Hughes for rig counts. (Staniford)

From that figure it's easy to see that the yeawlich there have been
the most oil rigs installed on the Saudi Basinthés one when Saudi
production has declined the most.

It shows exactly the consequences forecasted bgahks’ model.
Concluding, maybe would be incorrect to say thatdsérabia is not
able to increase its oil supply right now becaus$ethe steady
depletion of its oilfield.

Clearly a sort of depletion has occurred, and gdrgbanost of the
oilfields are in decline.

What has to be underlined is that Saudi Arabiatils r&ot as other
OPEC member producing at full capacity, so unableréduce more.
Probably the change on behaviour of this countrmgBaon the
consciousness of the consequences a push up ingbiedcould have

in the future.



Saudis know that they have already overexploited thasins, due to
different reasons, as internal and global growtaylme laying on the
thought of new technologies, actually undiscoverad,order to

increase their reserves.

At the actual evidence they face an inter-tempohnalice: to produce
now, or to produce later.

Facts have shown Saudis that is improbable theytil new

technologies to expand their reserves, and theovexy factor with

actual technologies has already reached a so lalyle \that doesn’t
give the hope for an even greater improvement.

Maybe their bad management of oilfields so farl$® alue to wrong
expectations of new findings of oil, as can be adghy their effort to
look for oil also abroad.

Following Banks’ model, Saudi Arabian bad managenantheir

precious resource has led to a physical depreniaifothe basins,
forcing Saudis to look out of their habitual sowae order to keep
production.

Saudi Arabia has tried to do something that norbhas could done
so far: keep, and even increase, production gumtas time without
expanding reserves.

The decrease of Saudi production during the ye@6 2@hich is also
the period the biggest number of oil rigs has bestalled, shows
coherence with Banks’ model. Probably the R/q rafi®audi basins
has reached a heavy low value, as the lowest igale of the ratio,
the faster is the decline in production.

Hence Saudis’ strategy should be not to push ugduatamn, in order
to maintain the possibility of producing oil as ¢mm as possible,
without lower the final oil flow available in theailfields.

They have to manage their resource in a more cemsgus way than
they have done so far, also considering that tgeswth on GDP
depends even more than other oil producing countoe oil

consumption, so the need of maintaining a long teroduction takes
heavy importance not only considering the expate sbut also the

internal side of demand.



Hence a push up in Saudi production wouldn’t beofmable for the
entire world, as an even higher rate of producivonld be destructive

as | have said.



6. CONCLUSIONS.
6.1 The development of an hydrogen economy with theelp of

nuclear and renewable energy.

As said the world is going to face a moment of ¢eaim the energy
field. Hence it's important to know which are thergpectives of
energy sources.

A lot of alternative energy sources have been d@ezl some way,
but the most important competitor to oil as enesgpplier seems to
be hydrogen, as it is one of the elements mosteptesm nature,
although it is not properly a source of energyduarrier.

It is not often available in its proper natural diaion, but it is present
mainly in water, fossils, and all living organisms.

Although most of the hydrogen produced so far leenlderived by a
process of steam reforming from natural gas, thipkibout future the
most interesting method of production seems toédrelysis.

Two electrodes are introduced in water and throtingh continuous
passing of electricity, the molecule of water istsand hydrogen and
oxygen are separated.

As it's shown by an analysis driven by Leven, Mammargolis,
Milbrandt (2007), the main component of the productcost of
hydrogen is the cost of electricity derived by #lelysis. This cost
includes capital, operating, and maintenance costs.

The three different primary energy supply systenad tan be used to
the hydrogen production are fossil fuels, nucleeactors, and
renewable sources first of all solar energy.

Although sources as solar energy, or wind energy salpposed to
reduce their costs of production, the main sourcenergy for the
electricity needed it's supposed to be nucleargner

In fact the cost of photovoltaic (PV) to convertetlsunlight to
electricity is still is too high to be competitivalthough is important
to underline that from the 1960s so far the cod®éfhas declined of

about 95%, and is supposed to decline even more tu



technological advantages and economies of scakn #le costs of
wind energy have declined heavily since the 1980s.

In the point of view of competitiveness of costglear energy plays a
central role as it is possible to use the small tmst reserves of hi
grade uranium.

The main problem of both, solar (or generally realele resources)
and nuclear energy, is that they are charactebyddgh capital costs,
and low operating costs. Hence the minimizatiorthe&f consumer’s
cost derives from the full capacity productionlodése energy systems.
But there is high oscillation of consumers’ enerdggmand. The
incongruence between energy production and eneggyadd can be
solved by the storage of hydrogen in undergrourdlitias, that
allows for weekly and seasonal storage, in orden¢et demand.

The only low cost method of storage is using theeséechnology of
natural gas, as hydrogen is stored as compressed T main
constraints that have been observed are the neesiyfarge capacity
facilities, and the importance of the site. In fagtrogen produced in
nuclear plants sited near a geological formatioat thllows the
storage, permits lower costs of production becatise lack of
transport costs.

The cost of nuclear energy is independent of locatiwhile
renewable resources are highly dependent on it.

Nuclear power plays an important role also as apatitor of oil by
itself.

It plays direct and indirect competition: in thewss generation for
the first, and in the end use markets.

Although searches (Toth and Rogner, 2006) showether no
relationship between the share of nuclear energyimer generation
and the share of electricity in final energy infeliént countries.
Hence the actual market structure seems to inditd@e nuclear
energy is not going to undermine the position dfsales for power
generation by itself, putting again attention orditmgen as future

energy supplier.



6.2 Concluding remarks.

Following the projection of many researchers, astlji predicted by
M. King Hubbert, the world is running out of oil.

This is not happening in the literary sense, asrwtr@duction of oll
will end the resource will be still present in #i@und, but it won’t be
economically convenient to extract.

In fact although there are economists and energyna@gs that state
the contrary, it seems that their bases of criticése not supported by
reality and data.

King Hubbert had a precise projection of the pefagilgproduction in
the U.S. of 1970.

Now he and other researchers have developed the sadel used
for U.S. adapting it to the entire world. Hubbeevdloped a logistic
curve showing the relationship between annual ol and the
guantity of oil that remains to be produced.

As world discovery curve peaked in 1962, and caersig the effects
on production of the two Arab embargoes, reseaschave fixed the
peak of oil production between 2006-2012.

Facing this projections the correct managementefresources left
becomes a fundamental activity. The model usuadlduto describe
economics, production and consumption of all nomeveable
resources, is the Hotelling model, developed byskifrin 1931.

The fundamental concepts presented are the “sgaetit”, that is the
excess of market price over the marginal extraatmst, and the “user
cost”, which represents the opportunity cost ofamtion.

This model serves well the most of non renewabdeurces, but not
for oil, as it implies the price of the resourcewglhl grow over time,
and consumption should remain constant.

Empirical evidence instead demonstrates that grasa’t grown over
time, but the path has been characterize by peabdse and periods
of fall, and in real terms the fall on price haseaken the rise for a

long time.



Hence, here | have presented another approach roomgeoil
management, the Banks model.

This model takes into account the importance of Reserves-to-
Production ratio, showing its influence on the enmath, starting from
the Hotelling rule, and stressing the importancehi$ ratio in the
resource management.

In fact Banks states that this ratio should be kapund a critical
value, which is often set at ten, avoiding the ptgisdepreciation of
the basin that would occur for overworking it.

The overexploitation of the oilfield would lower ehflow finally
available, because of the impossibility of extmagtit with current
technologies, and the damage of the basin couldubl heavy that
could lead to the impossibility of extracting théale quantity of olil
present.

As oil is the third factor of the aggregate productfunction of
developed countries, with labour and capital, feetfiations on its
prices have been often considered causes of rensssaand of the
movement of other economic variables. Analyzing ttelationship
instead spikes in oil prices seems to have a derntfa only on
inflation.

The volatility of oil market prices are one of tteo main goals of
OPEC. The oil market is represented by a dominamt inodel, with
the presence of OPEC as a cartel, and a fringethadr oroducers
taking price as given.

The game takes place in two parts: in the first teecartel and the
fringe operate together enjoying a higher pricenttiee one that could
take place in a perfect competitive market, growaigthe rate of
interest.

In the second part the cartel is the only produaed the price here
grows more slowly than the rate of interest.

The second goal for these developing countrieseésdevelopment of
their economies due to output stability. In theecaba country more
concerned in this goal, the government would decioieto join the



cartel, preferring stability in output, and consegily also in
employment.

Spikes in the price of oil affect the exchange ratarket. The
consequence on a currency in the short run angeitong run can be
opposite.

In fact in the short run the increase of investrsesit OPEC could
offset the loss in the current account of the counkeading an
appreciation of the currency.

In the long run instead, the real factors, as tlamufacturing goods
market, take power. Hence there could be an amireci of the
currency first, followed by an even greater de@teon of it.

The world region most involved in this process df depletion is
clearly Middle East.

Middle East oil producers have completely oil basednomies, and
the new scenario could have even greater consegsi@mcthem than
on the rest of the world.

Although they are exporters of a so important resewMiddle East
countries haven’t shown high rates of growth. Tpiienomenon is
called resource curse, and it is explained by affeviews.

The first one is the Dutch disease view, which assithat oil rich
countries do not grow because of crowding out atose€.e.
manufacturing) that would be the one to lead growthe second
point of view is the one treating of rent seekimdnere institutions
have a central role. It's shown that with grabliEmidly institution the
general welfare of the country worsens. Generdfly increasing
dominance of a faction in a fractionalized countttyere rent seeking
takes place leads to an increase in efficiency, etowg the
competition. This is not always true, such thatauntries with high
subsidies on factors of production, as the cas&ani, the highest
welfare takes place when groups are equally strong.

The political inefficiency in Middle East countriégkes place mostly
on the too high salaries of public employers. Tisisdue to the
willingness of the incumbent to be elected agamréhasing” power

with public employment, such that the public secadnefficient.



With the lack of growth so far, and with the apmio®f the end of oll
era, Middle East countries are trying to updatdrteeonomies in
order to develop.

They are moving toward a higher integration in éadvith the
abolition of trade and non-trade barriers, andigpgting to WTO,
and to other regional agreements.

A big push to their economies cold surely derivenfrthe push on
FDI coming from foreign countries. Not only the alector is
interested by that flow of FDI, but a lot of coue$ are interested in
the growing manufacturing sector of the region, amen more to the
service sector.

Within the Middle East area and the OPEC count@esidi Arabia is
the one which has been addressed to when theiodl prached 100$
on January 2008.

Saudi Arabia has always played a central role ontaioing the
volatility of this market increasing its output. ke the world has
asked Saudi Arabia to increase its production meoto lower the
price, but the answer was negative.

There are different positions explaining this bebax What | have
proposed it's an explanation derived from the Bamkslel mentioned
before.

In fact, probably, Saudi Arabia would be able tor@ase its supply at
the moment, but as the decline on its productiofas@and the use of
old oilfields with lower oil quality seem to inditeg maybe their
production management so far has damaged the basins

In fact Saudi Arabia has not experimented a sigaifi expansion of
its reserves, but has kept its production for aylome, and has also
increased it in order to cover other countries’lidean production.
This is impossible as the model of Banks says.

Hence the general scenario presented shows thatefmirce on
which world has based its way of living is deplgtmow.

As evidence seems to agree with the models prebémte, what is
important to concentrate on is the correct managéewiethe quantity

of resource still feasible.



Thinking only in terms of the short run could makengs worsen,

leading to a situation as the one Saudi Arabiaagdrybalready is in.

Analyzing the Middle East countries behaviour,sitpossible to see
two opposite directions.

In the previous period they were more concerneti vatlucing price
volatility. Most of OPEC producers have used oufgubtas in order
to regulate oil prices, giving a sort of stabilitya so volatile market.
Some of them have overworked their basins in otdeegulate the
market, and to maintain their position within tlzetel.

Their behaviour was founded maybe mainly on theugho of the
possibility of new discoveries. What they seemtondtave considered
a lot is the development of technologies.

In fact this should be an area interested by humyesiments in
research, as the economies of these countrieoamngletely oil based.
But reality shows that this area has always beemwacherized by a
low grade of research in new technologies.

Hence these countries seem to have operated withimking about
the future, maybe laying on irrational thoughts aongdes.

Right now instead, with the actual situation, ths#haviour seems to
be rather rational.

In fact as said with the high price of oil of Janua008 the world has
started asking OPEC an increase in production.

The oil producing countries have maybe reachedjarmaareness of
what their previous behaviour has led to the presen

They are facing a heavy depletion of their badias ts in part due to
their behaviour of extraction.

The high price of oil of the actual period has nuwne consequences
on oil producing countries.

If a resource boom is supposed to last over tigagd to an extraction
path nearer to the efficient one, hence the lackwilingness to
overwork oil basins from OPEC could also indicdtattthought. But
following this view, also high prices of recent y@ahould have led to

a more efficient extraction path. So far instedthgn’t occurred.



On the other side, the permanent resource boonledsis to an even
higher inefficiency in the public sector, due to
the higher value for the actual political classrémain in power in
order to gain from higher rents.

Meanwhile the development of better institutionsisritical point to
improve, to facilitate the formation of a favoural@nvironment for
trade development.

With the actual high price of oil Middle East coues could reach a
higher quantity of feasible oil in the basins, aligh this
improvement seems not to have the possibility aidgpso heavy, not
to shift the point of peak of production in a siiggant way.

What is even more important for the development tioé oil
producers’ economies is that this level of pridevas them to have
huge liquidity, which is the main reason of theemcflow of FDI
toward this region.

Then their refuse of the suggestion of an increaseil production
allows them not to damage their basins overworlthegm, reducing
the total oil available, and even more, allows therkeep one of the
most interesting characteristics of the area fer ritost of countries
abroad.

As they have completely oil based economies these meached the
consciousness of the need of other sectors imprentsras show the
trends of banking and real estate sector.

To do that what is more convenient for them is &vehthe resource
available as longer as possible in order to peecesgource rents, that
with this price are even higher contributing toitltevelopment.

The willingness of attraction of FDI is also sholthe participation
to WTO of almost all oil producing countries of Mie East.

This is important in order to improve their rate agenness and to
create a more favourable environment for the dgwetnt of trade,
attracting FDI.

The actual production behaviour of Middle East ¢oea seems
rational also regarding the global scene. In facsad before a push

in production would lead to a decrease of the tqtentity available



of oil. Hence with an increase in production theveuld be a
reduction of price right now, but it wouldn’t beaisl in the long run,
as with the decrease of the quantity availableepwould rise again,
and even more there would be a shorter producttim p

As previously said the high oil price of JanuaryO20has been
attributed to the projection that OPEC could behlmdo cover its
output quota on 2024 due to oil depletion.

As fear seems to be the first driver of this jumpthe price of the
resource the facts occurred consequently couleéaser fear, and lead
to distorted behaviours.

As OPEC declares it won’t push up production ineortb decrease
price, whit the awareness of the increasing consiempof the
resource, due also to the development of developmgtries, and
looking at previous moments, where OPEC has alwagseased
production when needed, the general thinking i$ #téually OPEC
could have problems for covering its quota, addewy for a lack of
supply.

The negative answer of OPEC with regard to the em®e Iin
production, could lead to an even higher fear ierfuture scenario of
its supply, with the consequence of irrational héhars on the
demand side. There could be a shift on demand asioned before,
that could lead to an even higher increase inriileg propagating the
effects of the actual spike in oil prices.

Hence to avoid heavy consequences on macroecon@mables, as
inflation, countries should implement a monetaryigyoin order to
avoid the propagating of the oil shock.

In fact as spikes in oil prices strongly affectiation, countries could
be led to adopt a monetary policy in order to contlaat inflation. But
if this monetary policy results exaggerated somg,wet carefully
calibrated, it can lead the country to recessioendg¢ likely an
interventionist monetary policy would be necessalyo thinking that
probably the oil price is destined to rise agairt,ibhas to be properly
calculated not to damage the country more thanihelp



| have already treated the problem of the impobsitmf maintaining
the same quantity of oil production for long pesaf time.

After the first oil embargo of 1973 there has b#enacquisition of a
better management of the resource in the entireddwdut the
improvement reached is not enough.

As said in oil producing countries this resourctess of high grades
of waste, as these countries have rates of consum@gtjual or even
higher of some developed country.

In order to adopt the correct management of theureg is important
to eliminate the implicit subsidies present in thiernal markets of
the oil producing countries.

As said for Iran, the resource is sold at a lowgcepin the internal
market, and this creates different behaviours ofhsamption,
generating waste.

The elimination of the subsidies would finally kyia higher welfare
to the countries.

The low price that oil has in the internal markefsMiddle East
countries allows this behaviour, carrying heavyssmuences for the

global scene.

What seems to may occur with this scenario in #scending part of
the Hubbert curve is the redistribution of powethia world areas.

As Middle East region is the one which owns the amgj of oil
quantity, in the last part of the production pathgower will increase
over time.

Developed countries, and the entire world, have ptetaly based
their economies and their way of living on oil, berthe necessity of
the resource is clear.

At the beginning of the 2008, with the request lo¢ increase in
production and the negative answer of OPEC, theatsin that is
going to come has appeared evident.

The world is becoming more depending on Middle Easintries day

by day.



Managing the extraction of their resource, they dafluence
economies and behaviours of all countries all derworld.

Even more oil producing countries are developing thternal
consumption in a significant way, reducing the ditgnof olil
available for the rest of the world. As they argng to develop their
economies, it's rather possible they will firstlkteact quantities
necessary for the correct path of their developieating the rest of
the quantity available to foreign. With the constraf the reserves-
to-production ratio, this quantity available is alg less.

The redistribution of power has strong importanta political sense,
as the fight for the oil consumption could leadwars and other
political destabilizing events.

This is a critical issue for forecasting the timingof the end of oll
utilization. As said indeed, the descending part othe Hubbert
curve strongly depends on political events, and aimstable global
scenario could lead to a reduction of the productio path.

Another aspect that can bring even more power ¢orégion or to
some country of the region is the quality of oft.le

Taking into account the case of Saudi Arabia, ad bafore the
guality of oil has changed.

Now the majority of the quantity available has gdbwer quality than
before, and in some cases such low that becomesssifgpe for some
nations to refine it.

Saudi Arabia is investing in new refineries in arde easily utilize
this kind of oil.

This is another big tool of power. In fact therehie necessity of huge
investments for developing new refineries to wohle thew low-
guality oil. For that it is not convenient for @lbuntries to make this
investments to refine a resource they don’t owd, &hich quantity is
limited. In this case could be important to opeidd to the countries
with the development of these new refineries, ideorto be able to
work oil.

Hence a country like Saudi Arabia can become ndy dre main

owner of a depleting resource, but also the onbythiat can refine it.



This gives Saudi Arabia an incredible power ovérodl depending
countries.

What seems to take even more importance in thiggingesituation
is the presence, in the oil producing countriesnsfitutions that are
able to guide the country with its new kind of powe

In fact badly managing this situation not only damaforeign
countries, but also the oil producing country imeaal, impeding its
development and welfare.

The increase in the oil price should have positffects on the
possibility to recover more oil from the basins,veleping new
technologies.

Nevertheless investments in new technologies tease the feasible
oil don’t take place right now, and probably thepnik take place
later.

Also with the improvement in technology what seemmre
convenient to the Middle East area is to maintaitow rate of
production. As said before, the new technologiadctcaot be able to
increase reserves in a huge way, and probably éserves-to-
production ratio of these oil producing countriess Hallen so lower
the critical value.

By that, with the increase in reserves derivedhgyrtew technologies
applied, and containing production, they could lsce the reserves-
to-production ratio near the correct value, havihg possibility of
exploiting the resource as longer as possible, taaing the high
prices, and reaching always more liquidity to irtves

With the high rents deriving from oil what can als®increased is the
rate of savings of these countries.

This can happen only with the change in institwiofihe creation of
the new capital markets that seems to take place lot of these
countries is important to correctly canalize sasibg investments, in
order to develop other sectors, and hence the vduaromy.

This is a fundamental aspect, as well as the dpusat of
instruction. Almost all Middle East countries seeprgented to a

heavy effort on improving instruction. The posstgilof having high



investments and a high grade of instruction plagsraral role for the
development of these economies in all aspectsjrandw sectors, as
seems to have been for other developing countassthe High
Performing Asian Economies.

Another aspect that is influenced from the length
of the production path is the development of newrses of energy
economically competitive. The possibility of usiog for a longer
time could be important to let the costs of productof energy as
hydrogen lower, reaching an easier point of exchdejween the two
different sources.

What should make easier the management of thefodlliring the last
period of production could be the use of new resesiin some field
starting from now.

In fact there are sectors, as the one of trandpmrfdahat could be able
to utilize new resources as hydrogen. Developieguse of renewable
resources right now in these sectors, would cleledy to a lower
necessity of oil. This would help to maintain tleerect production in
order not to decrease the reserves-to-productito, nraot damaging
the basins, and letting the sectors where new ressucan't be
applied yet the time for develop a new use of gnerg

This would be useful also for reducing the strategower of the
Middle East area, so the political tensions tothaalgh maybe only in
a little sense.

What seems fundamental now is to invest in these nesources, in
order to play a significant role in this market.factt being a pivotal
player in the market of the new energy resourcadadvsurely be very
important for the economy of all the countries.

The Middle East area seems again to have this mussess more
than other developed countries. As mentioned beldAE are
implementing one of the most important projectstle field of
renewable resources. Also Iran is developing nuaeargy in order
to face the moment of the end of oil.

This leads to an even higher problem in the palitscene.



In fact as said before the more economically comrércompetitor of
oil, and the most probable substitute to the resmuin serving the
world scenario in the future is Hydrogen.

The most economic way of producing hydrogen is Bcteolysis
driven by nuclear energy.

Hence nuclear energy plays an important role bath the figure of
alone competitor, and as the tool for producingrogdn.

The proliferation of nuclear energy can be a damgeactivity, for the
whole world security. Even more it creates problemspolitical
relationship as in the case of Iran.

Hence maybe there would be the need of a contrtheofproduction
of nuclear energy, but in this case wouldn’'t beydasestablish who
would be the controller, creating probably confasi@and corruption.
Maybe there would be the need of the creation ofinéernational
organization including all countries, with the #lgilof controlling this

kind of production.



APPENDIX A: ATEST OF HUBBERT METHOD

Because of the different positions about the Hublmathod here it's
purposed a test of three of his assumptions deedldgy Adam R.
Brandt of the University of California Berkley, dhe base of a large
and publicly database.

The first assumption tested is that oil producfaiows a bell-shaped
curve, the second one is that production over tmeeregion tends to
be symmetric, and lastly that production is mork-&leaped in larger
regions than in smaller regions.

These assumptions are tested using data from §8sheethat produce
oil, and the regions are sub-national, nationad, mnlti-national.
Alternative models of oil depletion are present@di the one based
on the ratio R/P, so the quantity of current resgron current
production, but it is considered to not be abléat® the problem that
neither reserves, neither production are constaetr ¢dime, so it
couldn’t produce a real forecast.

Have been developed modified versions of Hubbethatetoo, as the
one of Hallock, where the curve peaks at 60%, arichh50% as the
one of Hubbert, drawing an asymmetric curve.

Exponential models are so used too, one was usétubgert himself
on 1956.

On the models of oil depletion projection there pr@blems about the
uncertainty and poorness of data, first of all tineertainty about the
remaining oil that still has to be found; a problei uncertainty
involves terminology and methodologies too, moiicause of the
unclearness of quantities predicted, and abouintip@rtance of the
guantity to predict itself.

Its known that the Hubbert model is based on aistag curve,
although sometimes a Gaussian curve it's proposed.

It presents the methodological difficult of the ude¢he Central Limit
Theorem.

CLT creates a bell-shaped distribution when therethe sum of

distributions that are independent one another.



Hence there is no possibility for the applicatidrCaT to the sum of

individual production curves, as they are not ireteent. In fact

production in different regions is affected by tldecisions of

producers, which are pressed by common stimuli.

Hence there is no expectation that the Gaussidiepfib all cases.

In the work presented data are collected for UnBeates state-level,

United States regional-level, national-level, andltirmational-level.

Data for smaller regions have been aggregated imgeafeologic

regions, to have a smoother spectrum of regioaaksi

By this method six different models are presenti@sie symmetric of

three parameters (the Hubbert model, the linear, aared the

exponential one), and three asymmetric with fourapeeters (the

asymmetric Hubbert model, asymmetric linear, angmasetric

exponential).

Model

Hubbert

Linear

Exponential

Asymmetrical
Hubbert

Asymmetrical
linear

Asymmetrical
exponential

Number of
parameters

Parameters fit by software

Maximum production, year of maximum
production, standard deviation of
production curve

Year of first production, year of maximurn
production, slope of increase and decrease

Year of first production, year of maximurn
production, rate of increase and decrease

Maximum production, year of maximum
production, standard deviation of
increasing side of production curve,
standard deviation of decreasing side of
production curve

Year of first production, year of maximurn
production, slope of increase, slope of
decrease

Year of first production, year of maximurn
production, rate of increase, and rate of
decrease

Table 6- Six studied models and their features. (Aain R. Brandt)



Figure 21 — Schematic illustrations of the six teste models: (a) Gaussian
Hubbert production curve, (b) linear production curve, (c) exponential
production curve, (d) asymmetric Hubbert production curve, (e) asymmetric
linear production curve, and (f) asymmetric exponetial production curve.
(Adam R. Brandt)

There is no a precise method to determine whicheinfitd well, but it
has been compared the non-linear fitting algorittitat determine the
best values of the model parameters. Not all tiggons are studied
because there are few that are not conform to dnéhe basic
assumption of the models tested, mostly the onas gresent a so
chaotic production, so 16 of the 139 regions asguhlified from the
three models comparison as well as the six modetgparison.

Six other regions have been considered borderline.

For the three model comparison firstly have beeslyaed the total
amount of error of overall points between the [figgtg curve of each
model and the data by SSE and the root mean squame— RMSE,
although they are not properly the best for the loens of parameters
in the models.

To compare models that are not nested and that k#ferent
complexity, in that work has been used the Akaikieirmation
Criterion (AIC); the AIC score corrected (to accodor errors that
can occur with AIC when the number of datapointsnsll) is given

as follows:



SSE

AIC, =N In[Tj+2K +2K(K+D)

N-K-1

AIC. is the corrected AIC score, N is the number o&gtints in data
series, SSE the sum of squared errors, and K tmb&uof the model
parameters.

The model that presents the smallest ACore should be the best
fitting one, and comparing the difference betwdenAlC; scores it's
possible to say how much better is one model ipe&isto another
one, lastly it's possible to determine the prolbgbthat one model is

correct when compared to another one, using thexolg equation:

-05AMAIC

Probability = —
1+

-05AAIC
e

AAIC is the (AIC of best fitting model)-(AIG of second best fitting

model).

When observed if the best fitting model didn’t havetrong evidence
(>99% probability to be correct) residuals have rbemmpared,

intending as a residual for each data point thierdihce between what
the best fitting model predicts and the actual @ahesiduals have to
be smaller in magnitude, more evenly spread araand, and have
fewer trends.

When there wasn't strong evidence for a model, ragither residuals
could tell more, the best fitting model of thes@ioas has been

declared undetermined. These are the resultsottmparison:



Regions Regions which Regions in
which AIC. | AIC. favors with which model is

favors strong evidence best fitting
Hubbert 63 48 59
Linear 36 23 26
Exponential 24 18 26
Undetermined | — - 12
Nonconforming| 16 - 16
Total 139 89 139

Table 7-Results of three-models comparison. (Adam.Brandt)

Here it is possible to see that Hubbert model gitsduction curves
more than other models, although it doesn’t seebetdominant.

In the six models comparison 49 regions in totateha&ot been
included for the missing of data relative to theeraf decline of the

production curve. The results are the ones below:



Regions Regions which Regions in
which AIC, | AIC,; favors with | which model is
favors strong evidence | best fitting
Hubbert 2 0 5
Linear 4 0 6
Exponential 7 1 7
Asymmetric
Hubbert 16 1 14
Asymmetric linear | 15 6 10
Asymmet.rlc 30 o4 o5
exponential
Undetermined - - 7
Nonconforming 16 16 16
Disqualified
because of lack of | 49 49 49

post-peak data

Table 8 — results of six-models comparison. (Adam.MBrandt)

Its clearly showed that no model dominates in thi@-model
comparison.

To test the assumption of Hubbert that oil productwould be
symmetric have been considered the 74 regionsdediun the six-
models comparison; firstly has been considerediigteibution of best
fitting rates of exponential increase and decreasie asymmetric
exponential model i and gec, secondly has been studied the
distribution of the rate difference, the differenbetween the best

fitting rates of exponential increase and decresach region:

ARexponentia] = r.inc - rdec

By that has been noted that the rate differences ighly
concentrated above zero, so the typical rate akase is higher in

each reason than the rate of decrease in thatregio



Lastly it has been tested the quality of the Hubbkacross regions
of different sizes, so the smoothing behaviourhaf turve, and the
test have been developed considering two diffedefihitions of size:
the squared Kilometres of the area, and the totadyztion to date,
expressed on cumulative bbl.

To compare the different areas has been used aafipeth RMSE, so
the RMSE of each region has been divided by thenrpeaduction of
that region.

By that it's possible to conclude that neither omgi with greater
cumulative production are really better describgdHubbert model
than the ones with a lower cumulative productiaor, the ones with a
larger area.

To end it seems important to underline that in thwk has been
shown the superiority of asymmetric models resp@the symmetric
ones in most cases, leading the conclusion of thesg of an
asymmetry of production, also because of the ewcelesf the rate
difference.



APPENDIX B: THE CRUDE OIL SUPPLY OUTLOOK OF THE
ENERGY WATCH GROUP.

The Energy Watch Group is a group of independergnsist and
experts who investigate sustainable concepts tajlenergy supply.
In the report of October 2007 they project the fatavailability of
crude oil up to 2030. They derivate the possiblenado by
aggregating projections for ten world regions dediras the regions
considered by the International Energy Agency (IBA)its World
Energy Outlook.

The regions are:

* OECD North America, including Canada, Mexico &mel USA.

« OECD Europe, including Austria, Belgium, Czech pRilic,

Denmark, Finland, France, Germany, Greece, Hunghlrgland,
Ireland, Italy, Luxembourg, The Netherlands, Norw@gland, Slovak
Republic, Spain, Sweden, Switzerland, Turkey aediK.

* OECD Pacific, including

— OECD Oceania with Australia and New Zealand,

— OECD Asia with Japan and Korea.

» Transition Economies, including Albania, Armeni&zerbaijan,
Belarus, Bosnia-Herzegovina, Bulgaria, Croatiaphist, Yugoslavia,
Macedonia, Georgia, Kazakhstan, Kyrgyzstan, Latdi&huania,

Moldova, Romania, Russia, Slovenia, Tajikistan, Khenistan,
Ukraine, Uzbekistan, Cyprus and Malta.

* China, including China and Hong Kong.

» East Asia, including Afghanistan, Bhutan, Brun€hinese Taipei,
Fiji, Polynesia, Indonesia, Kiribati, The DemoccatRepublic of
Korea, Malaysia, Maldives, Myanmar, New Caledoritapua New
Guinea, Philippines, Samoa, Singapore, Solomomdsl& hailand,
Vietnam and Vanuatu.

e South Asia, including Bangladesh, India, NepalkiBtan and Sri
Lanka.



e Latin America, including Antigua and Barbuda, Amgina,

Bahamas, Barbados, Belize, Bermuda, Bolivia, Brafihile,

Colombia, Costa Rica, Cuba, Dominic.Republic, EcwadEl

Salvador, French Guyana, Grenada, Guadeloupe, @akteGuyana,
Haiti, Honduras, Jamaica, Martinique, Netherlandstilkes,

Nicaragua, Panama, Paraguay, Peru, St. Kitts-Nevigjua, Saint
Lucia, St. Vincent Grenadines and Suriname, Triuhidad Tobago,
Uruguay and Venezuela.

» Middle East, including Bahrain, Iran, Iraq, Idragordan, Kuwait,
Lebanon, Oman, Qatar, Saudi Arabia, Syria, the ddnitArab

Emirates, Yemen, and the neutral zone between Saahia and
Irag.

* Africa, including Algeria, Angola, Benin, BotswanBurkina Faso,
Burundi, Cameroon, Cape Verde, the Central Afrieapublic, Chad,
Congo, the Democratic Republic of Congo, Céte dioDjibouti,

Egypt, Equatorial Guinea, Eritrea, Ethiopia, GabGambia, Ghana,
Guinea, Guinea-Bissau, Kenya, Lesotho, LiberiayajiMadagascar,
Malawi, Mali, Mauritania, Mauritius, Morocco, Mozdmqgue, Niger,
Nigeria, Rwanda, Sao Tome and Principe, Seneggth®ées, Sierra
Leone, Somalia, South Africa, Sudan, Swaziland ih&ed Republic
of Tanzania, Togo, Tunisia, Uganda, Zambia and Ziome.

The paper doesn’t base its analysis on the resdatas because of the
difficult already explained to find correct and eobnt data, as shown
primarily on the work of Campbell.

The analysis is based on production data and fgatatiscoveries.

It has been used an industry database for pasugtiod data and
partly for reserve data too, used for certain negidBecause of the
uncertainty of the reserves data the authors haadentheir own
reserves estimates based on various sources incases.

In the Industry database (HIS 2006) remaining @serves are
supposed to be about 1,255 Gb, but operating someations for the
projections about some key countries or regionthasMiddle East,

remaining reserves should be projected to 854 Gb.



Region Remaining reserves Production 2005  Consumption 2005

EWG HS onshore  offshore [Gb'yr
[Gh] [Gh] [Ghyr]  [Ghiyr]

QECD North America i 67 320 11 813
Canada 7 123 08¢ 012 082
SA 4 19 193 0.59 759
Mexico phi 04 0.3 100 072
QOECD Europe 55 35 01 194 i
Norway 11 115 (0 113 0.08
UK § [ 001 070 065
QECD Pacific 25 51 0.025 0.18 318
Australia 24 48 002 017 031
Transition Economies 154 1906 41 0.18 202
Russian Federation 105 128 34 013 100
Azethaian 92 4 0.01 0.15 0.04
Kazakhstan 33 3 047 0 008
China il Pl 11 022 25
South Asia 55 59 011 (.16 09
East Asia 165 241 03 (.65 1.75
Indonesia 68 85 021 0.11 043
Latin America 525 129 20 (.61 14
Brazi 132 2 0.075 (.55 075
Vengzuela 219 89 117 0 020
Middle East 362 678.5 647 197 209
Kuuwait 3 51 09 0 011
Iran 435 13 1.1 04 059
Irag 41 e 067 0

Saudi Arabia 161 Pl 28 (.86 069
UAE 39 il 046 045 0.4
Africa 125 1045 203 153 101
Algeria 14 135 072 0 009
Angola 19 145 0.01 045

Libya 13 a1 061 0.02

Nigera 4 3 (.39 (.52

World §54 1,255 19.94 9.15 303

Tabele 9-Oil reserves and annual oil production irdifferent regions and key
countries. (EWG)

In every region the largest fields are developetbrieethe smaller
ones.

The most of the largest fields that have been dyreiscovered show
declining production rates. Developing the smatlees it is observed
that they reach the peak much faster contributmgntrease the

production decline as a whole.



It also has to be observed that the evidence ofoihalepletion
problem is given also by the fact that the oil camps haven’t been
able to increase their production in the last teary, despite the big
rise in oil prices. Prices started to rise in 2088q it was attributed to
different reasons. Five years ago an oil price el&/$ per barrel was
unthinkable, now a price below that limit is coresield cheap, as it has
been reached the price of 100 $ per barrel today.

The pricing behaviour of OPEC has changed too 2680. In fact it
had been established a price corridor of 22-28r$peel before, but
when prices have moved over 40 $ per barrel OPEGayanything
about the corridor anymore. This is an indicatidntlee lack of
capacity for OPEC to control the maximum price hgreasing its
production.

In the supply projections of EWG are consideredveotional oil,
natural gas liquids and oil produced from tar sands

In this study crude oil is considered as consistfhigonventional oil
and non-conventional olil.

Conventional oil includes oil > 10°API, deep-se§ pblar oil and
condensate as well as NGL. Synthetic crude oil (& bitumen
from tar sands are treated explicitly as “non-caiemal oil”. Oil
shales are not considered.

There are some differences between the scope atibdadogy used
by EWG and other studies as the ones by ASPO, Rstahd IEA.
ASPO has got a time horizon that extends to 2198 cansiders quite
different kinds of oil. It bases the scenario orbblert curves, and has
got own databases derived from various open artbdesd sources.
The analysis of Robelius is based on reserves satlption of giant
fields.

The IEA has got a time horizon that extends to 2@3@d they project
the future oil demand based on an economic moddliteen supply is
supposed to equal demand. The estimation of tleves is given by
USGS, and the supply scenarios are the ones of EIA.

The situation of maturity of production of diffeteregions changes

from a region to another, and it's possible to seat the total



production of the countries outside the former Sbwnion and
OPEC has increased till 200, and then has stastdddline.

The major responsible for this decline is the pelgroduction of the
North Sea area, which occurred on 2000.

The decline of the onshore production that stactedhe mid 1990s
has been replaced by the growth on production e@foffshore fields,
but now this is not possible anymore.

The gap of these countries should be balanced bygtbwth on
production of OPEC and FSU, but the chances ofafeatmarginal.
Another problem related to the pass of the pedkatin the regions
where that has already occurred it's possible tocedhe degradation
of the quality of oil, pushing up the price of theod oil still present.
One of the big questions is if Saudi Arabia is @tlche or not.

Now there is a current decline in production instlarea, what is
important to establish is whether it is voluntary.

One interpretation is that Ghawar, the world’s éatgfield, is now in
terminal decline, so it would lead Saudi Arabia @fEC as a whole
to not still be a swing producer.

But Saudi Arabia declared that they would be ableatse production
in the next years to 12 Mb/d and even to 15Mb/d i§ necessary;
although it does not seem realistic, it is quitedo than the prediction
of US EIA and IEA that both project a production2®& Mb/d in 2030.
The projection of EWG is that Saudi Arabia won'tddde to increase
its production significantly for any meaningful pmet of time.

Today it's well known that three of the four biggéslds of the globe
are in decline, and perhaps the biggest one ofi®aabia too, as said
before.

In the EWG report then it's possible to find an wew of the
different scenarios of future oil supply for eadyion studied, till at
the end arrive at the scenario of future oil suppiythe world as a
whole.

Starting by the Middle East region it's importaatday that although
it is the main oil producer, oil production heresigected to decline in



the near future. The main problem to foresee thadyxtion in reality

is the real reserves present in this region.

The only country in this region that is supposediniorease its

production is Saudi Arabia, but there are a lotdoibts in this

possibility, also because the giant fields haveaaly peaked or are
near to peak. The projection for the decline rdt8audi Arabia is of

2% per year.
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Figure 22 - Qil production in the Middle East. (EWG)

In the region of OECD North America oil productipaaked in 1984,
and the conventional oil production is supposedécline by 80% up
to 2030. If it is included the production of nomeentional oil, as the
one deriving from tar sands in Canada, the dechrteis supposed to
be of about 50%.
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Figure 23 - Oil production in OECD North America. (EWG)

In the USA the conventional oil production is inctiee since 1970,
and offshore oil from the continental shelf turmei decline in 1995.

Deep water areas of the Gulf of Mexico have beereldped in the

late 1990s and early 2000, but they've peaked i@120his is a

problematic region, because of its hurricanes,sanidlis characterized
by high costs; the production of that region ispaged to decline at
the latest around 2010.
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Figure 24 - Oil production in the USA. (EWG)

In Canada conventional oil production peaked in 319then this
region developed the offshore production that caddchpensate the
decline of conventional oil production till 2003.



Now offshore production is in decline too. Since619Canada has
developed the production of oil from tar sands #red production of
synthetic crude oil and bitumen, and these kindgrofuction are
supposed to become the first resource for Canada 2@30.
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Figure 25 - Qil production in Canada. (EWG)

Transition economies are among the important oiddpcing and
exporting countries, firstly Russia and especiSilyeria.

At the end of 1980s production declined by 40% initfive years,
and because the small opportunities left, a sepeat of production
is projected around 2010.

Another oil region of the Former Soviet Union iseflzaijan, that is
the oldest industrial oil region in the world, uaw it's possible to
expect a growth just on offshore production in tieigion.

Another region of FSU is Kazakhstan that was carsid as a “new
Saudi Arabia” during some years, but now it's knawat this was an
exaggerated expectation; in fact only about 45 Gbilcare likely to
be recoverable in that region.

One problem of that region is that it is charaetdiby high costs and
difficult geological conditions.

In the best case Kazakhstan and Azerbaijan willreige their
production up to 2015 from 1,3 Mb/d to about 2,5/&1b
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Figure 26-0il production in Transition Economies. (BNG)

Oil production can increase in some regions of q&fribut it is
expected to decline in the whole between 2010 &i&.2
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Figure 27-0il production in Africa. (EWG)

Venezuela is the main oil producer of Latin Amerieand it has

reached a peak in 1970, then again in the mid 1@8@kthen again in
2000. However Venezuela won't be able to maintds gresent

production rate.

Brazil is the second oil supplier of Latin Ameri@nd has increased

its oil production , and the peak of productioneigpected to be
reached by the end of this decade.
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Oil production in OECD Europe has peaked around020énd

probably production in 2015 will be down by abo0®&& compared to
2005 production.

2006
10— -+ 10
| Legend ;

= B Rest Europe i
2 8+ Denmark ; 1g
= = UK ;
= B Norway cond e
£ g_ W Norway-NGL 1s
g ® Norway WEO 2004
=
3 4 1
2 4- WEQ 2006 | g
o
1= -
a
& 2 €

1970 1980 1990 2000 2010 2020 2030

Figure 29-Qil production in OECD Europe. (EWG)

The largest oil field in China is already in deelirOil production in
this region is expected to peak before 2010 andddwine rate is
supposed to be about 5 % per year until 2030.



2006

4.0 : - 4.0
_ 35+ ' e weoz006 | g
T .
S 30 1 3.0
a T
£ 25+ T 25
o=
L 90 -+ 2.0
©
8 15— 115
o
2 40+ 1.0
o

0.5 —

0.5

1960 1970 1980 1990 2000 2010 2020 2030

Figure 2-Oil production in China. (EWG)

In East Asia oil production is expected to pealolbef010. Indonesia
is the largest producer of this area, and it hanlaeclining since
1990 by around 30%.

Malaysia is the second largest producer of thia,a@ed it is close to
peak too. Oil production in Malaysia, Vietnam, aitlailand is
expected to peak before 2010, and a sharp fatbijeqted until 2030.
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Figure 3-Oil production in East Asia. (EWG)

India is the only oil producing in South Asia, abdeached a peak in

2006, followed by a steep decline.
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Figure 4-Oil production in South Asia. (EWG)

In the region of OECD Pacific the main oil produceAustralia, and
it has already reached the peak in 2000, with &rgerate of 10% per
year.

It is characterized by a steep decline becauseechggressive modern
extraction methods used in this region.

It's possible to see that every region’s productienexpected to
decline in the near future, or has already stadetkcline.

So for the world scenario it has been said thak melaoccurred in
2006 with a peak production of 81 Mb/d.

This scenario includes natural gas liquids andaads too.

Oil production is expected to decline by about 50p6to 2030, so
with a rate of 3% per year. This is a moderatequtipn because of
the big presence of offshore production, and they \aggressive
modern extraction methods utilized for it, that lcolead to decline

rate after peak of 10% per year or even more.
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Figure 33-0il production world summary. (EWG)

The conclusions of the EWG report are quite difiersom others
such as the one of IEA.

Starting from the point of 2006, the differencesha two projections
are the follows:

2020 EWG 58 Mb/d IEA 51®1b/d
2030 EWG 39 Mb/d IEA 61Mb/d

The IEA doesn’t foresee a peak of oil productionta@030 in its
report World Energy Outlook of 2006.

The scenario presented by EWG differs from the presented by
ASPO too.

ASPO foresees a peak for the year 2011 at abowi9d, and the
future projections differ as follow:

2020 EWG 58 Mb/d ASPG Mb/d
2030 EWG 39 Mb/d ASH5 Mb/do

So the main result of the EWG report is that globlproduction
peaked in 2006, and from that point, a big gapilsupply is growing
day by day.
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