The Changing Face of World Oil Markets

James D. Hamilton
jhamilton@ucsd.edu
Department of Economics
University of California, San Diego
July 20, 2014



This year the oil industry celebrated its #56rthday, continuing a rich history of
booms, busts and dramatic technological changemyMld hands in the oil patch may
view recent developments as a continuation of #imeesold story, wondering if the high
prices of the last decade will prove to be anotrarsient cycle with which technological
advances will again eventually catch up. But theree been some dramatic changes
over the last decade that could mark a major tgrpmint in the history of the world’s
use of this key energy source. In this articleview five of the ways in which the world

of energy may have changed forever.

1. World oil demand is now driven by the
emerging economies.

For most of the twentieth century, the major depetbeconomies were the
primary consumers of oil, and their annual consuonpgrew at a very predictable rate.
Figure 1 plots the combined oil consumption ofth8., Canada, Europe and Japan since
1984. The annual growth in these countries’ comdion over 1984-2005 can barely be
distinguished from a deterministic linear trenayréasing each year by about 440,000
barrels a day. But the last decade brought arastenishing reversal in that trend. Oil
consumption in the developed countries has falteaverage of 700,000 b/d every year
since 2005, reaching a level as of the end of 204®is 8 mb/d lower than one would
have predicted in 2005 on the basis of a simplepgtation of the historical trend.

One factor slowing growth in oil demand from thexeloped countries was the
significant loss in income associated with the GRecession. Figure 2 shows that U.S.

real GDP fell significantly in 2008-2009, and h&s to return to its historical trend.



However, since 2009 U.S. GDP has been growing &iistorical rate even as U.S. oil
consumption continued to decline. The primarydagt the latter was the doubling in
the price of oil since 2005. It was higher oilga$, not slower income growth, that was
most important in forcing reductions in fuel useNiarth America, Europe, and Japan.

The story for the world’s emerging economies hesnbquite different, as seen in
Figure 3. Although these countries accounteaidy 40% of the world total in 1984,
their trend line grew at 650,000 b/d annually 01@84-2005. And whereas consumption
in the developed economies fell significantly si2é85, that in the emerging economies
grew even faster than it had over the period fr@&412005. China alone accounted for
57% of the global increase in consumption sinces20lhe last decade has brought an
astonishing improvement in income to people in @rand a number of other countries,
one side effect of which was a big increase indlessintries’ consumption of petroleum.
In 1980, the emerging economies accounted for adpthutd of global oil consumption.
Today the figure is 55%.

These breaks in consumption trends also call fmeak in thinking from the
framework that many analysts traditionally usedke long-run energy forecasts. The
dominant approach used by most analysts in 2003avaoject forward the historically
stable trends seen in plots like Figure 1 and asghat somehow the world would find a
way to continue to increase production to fultiletprojected growth in demand. For
example, Figure 4 (reproduced from Benes, et2@lL2) shows in different colors the
projections for world oil consumption through 20P@de each year over 2001-2010 by
the U.S. Energy Information Administration (EIA)The actual path (in black) fell far

short of those projections, because supply didrmooéase at the historically predicted



pace. | next discuss some of the reasons whyihigthe case.

2. Growth in production since 2005 has
come from lower-quality hydrocarbons.

Before going further it is worth focusing on exgailhat we are referring to by
the total quantity of oil produced or consumed.e Tigures produced above all used the
concept of “total oil supply” employed by the El&igure 5 summarizes how the 84.6
mb/d in total liquids produced globally in 2005 keadown in terms of its various
components. Eighty-seven percent of this totalecénom field production of crude oil
and lease condensate, which are essentially liqalds directly out of the ground. A
minor contribution came from natural gas liquid€<5Il. These are hydrocarbons that
are in gaseous form at ambient temperature andymesout require less cooling and
pressure to liquefy than single-carbon methanecdingponent of pure natural gas.
Because these are more valuable products than negtii@resent in sufficient quantities
(so-called “wet gas”), it pays natural gas prodsderseparate these products out and
their liquid volume is counted as part of the measf total liquids production used
above. Other even less-important factors histthyiga “total liquids production” were
refinery process gain (a consequence of the fattfie volume of refined products
exceeds the volume of the starting crude oil) asttiér liquids”, which chiefly refers to
biofuels.

Although these other components made a relatiwaipr contribution to the total
in 2005, they account for more than half of the@ase in total liquids production since

2005, as seen in Figure 6. Does it make sensgdtoaural gas liquids to barrels of



crude oil in arriving at a total measure of totijppoduction? Of the NGL currently
being produced in the United States, about 70%esgmts two-carbon ethane or three-
carbon propané.A barrel of crude oil typically contains abou8 Bnillion British
Thermal Units (BTU), while a barrel of propane Ba836 mBTU and ethane only
3.082? Sometimes private oil companies even add prooicif methane (on an
equivalent BTU basis) to their liquid oil produatito report their production in units of
“barrel of oil equivalents.”

For some purposes, these various hydrocarbong migdged be viewed as
equivalent or close substitutes. For example,rabgas can replace fuel oil for heating,
ethane provides a useful petrochemical feedstoukpeopane is even used in some
specialized transportation settings. But if thgeotive is to produce a liquid fuel for cars
or planes, natural gas or natural gas liquids greoa substitute. From an economic
point of view, summarizing the substitutability Wween different energy sources has a
very clear answer—we only have to look at the ptaceee how close substitutes
different fuels really are.

The black line in Figure 7 plots the dollar prafea barrel of West Texas
Intermediate crude oil. The red line shows thegdf natural gas on an equivalent BTU
basis (that is, the dollar price of a million BT®r@atural gas multiplied by 5.8). These
two tracked each other reasonably closely up @o0l, after which oil began to pull
away. Today you’'d pay four times as much to bB7#& in the form of oil compared to
natural gas. This reflects the fact that U.S. pobidn of gas and wet gas increased much
faster relative to their respective demands thachade oil. An energy-producing

company that reports its natural gas productioa timarrel of oil equivalent” basis is



clearly doing a disservice to shareholders who ahoeit how profitable the company
actually is.

The blue and green lines in Figure 7 plot theepdtpropane and ethane,
respectively, again on a relative BTU basis comghéwecrude oil. These stayed fairly
close to crude oil during the big price run-up 008, but ethane has since pulled away,
and now sells for about the same price as natasal éfter a brief spike from heating
use during the unusually cold North American winte013-2014, propane is now back
to selling at a 40% discount to crude. Clearlgineconomic sense, a barrel of natural
gas liquids is not nearly as valuable today asreebaf crude oil.

Adding biofuels as equivalent to field product@incrude oil is even more
problematic. About 40% of U.S. corn productiorusrently devoted to producing
ethanol (Wisener, 2014), purely as a result ofresitee mandates and subsidies. While
some have argued that more energy is used in tvess of growing the crops and
producing the product than is actually containethenethanol, there does appear to be
some modest net energy gain (Hill, 2006). But agdiiofuels to a measure of total
liquids production seems to be motivated more Hitipal considerations than by

€conomics or science.

3. Stagnating world production of crude
oil meant significantly higher prices.

If one looks only at field production of crude,dhe picture becomes quite stark.
Field production increased worldwide by only 2.3/dhbetween 2005 and 2013. That

compares with a predicted increase of 8.7 mb/d ®e&trapolating the pre-2005 trends in



consumption growth for developed and emerging ecoes, and that’s without even
taking account of the dramatic acceleration in detrfeom the emerging economies. It's
also instructive to relate these numbers to glgbaith of real GDP. According to the
2014 IMF World Economic Outlook databaseprld real income increased by 27.7%
between 2005 and 2013. If we assume an incomeoghasf 0.7, for which Csereklyei,
Rubio, and Stern (2014) provide abundant empisagbort, we would have expected
that in the face of a stable price of oil, prodoctshould have increased by 19.4%. The
actual increase in field production of crude oikvamly 3.1%, consistent with a shortfall
of 12 mb/d.

The story behind the doubling of real oil pricasce 2005 is thus quite simple—if
prices had not risen, growth in demand, particyldrat coming from the emerging
economies, would have outstripped production. g\drice increase was necessary to
reverse the trend of growing consumption in theettgyed economies. In the following
sections | explore some of the reasons why wotlgroduction stagnated during this

period of strong demand.

4. Geopolitical disturbances held back
growth in oil production.

One factor holding back production in a numberociltions today is geopolitical
unrest. The biggest single contributor over tts¢ tlaree years has been Libya. A civil
war in 2011 led to the overthrow of Qadhafi andrreessation of exports. The
subsequent peace proved to be temporary, and giodibas recently again been sharply

curtailed as a result of labor disputes and casfletween warring militias. Sanctions



continue to reduce Iran’s production, and attacksibinfrastructure keep Nigeria’s
production below its potential. About 400,000 l¥durrently lost as a result of open
conflict in Sudan and Syria. All told, the EIA iséates that these and other unplanned
disruptions reduced world oil production by 3.3 thi' June 2014 (see Figure 8).

If all of this production were to return next yeinvould eliminate a third to a
half of the shortfall calculated above. In thiaseone could argue that geopolitical
disruptions are a major part of the story. Howeitas misleading to view geopolitical
events such as those tabulated in Figure 8 as tanypaberrations. An examination of
the history of some of the key oil-producing regi@mould remind us that much bigger
disruptions than these are fairly common and ugtnale quite long-lasting effects. For
example, the top panel of Figure 9 plots crudgatuction from Iraq since 1973. Iraq’s
war with Iran, which began in September of 1980s wssociated with an immediate
drop in Irag’s oil production of 3 mb/d. But thewmwent on (and continued to exert a
negative effect on production) until 1988. It veady two years later that Iraq invaded
Kuwait. Again the loss in production was dramadied although this war was resolved
relatively quickly, sanctions continued until thelGWar of 2003, which brought its own
set of new disruptions. Irag’'s geological potdigd Maugeri (2012) to expect it to
make a major contribution to world oil productioveo the next five years. But recent
geopolitical events in that country make it cldsats not going to happen.

The history of Iran (second panel in Figure 9)tedaa similar lesson. Although
the revolution of 1978 resulted in an immediateslosover 5 mb/d, the country also lost
many of its engineers and organizational infrastme Iranian production has never

returned to levels of the early 1970s, and we s@# when (if ever) production returns to



its levels from before the recent sanctions. Anthe case of Libya (bottom panel of
Figure 9), the overthrow of Qadhafi occurred in 20dut we are still discussing its
“temporary” consequences three years later. Os@hly to read the most recent news
from Iraq and Israel to conclude that perhaps veeishconsider ourselves fortunate that
production from the Middle East is as high as firissently. A big new drop in oll
production rather than a sudden increase seemsalikely next outcome of the current
political turmoil.

Moreover, the initial big run-up in oil prices canmme2008, well before the latest
events in Libya, Iran, or Syria. Global field prmtion of crude was flat between 2005
and 2008, despite the absence of a major idengfigéopolitical disruption, and despite
the strong growth in demand from emerging countri@srthermore, blaming the
ongoing production shortfall on geopolitical evemtates the more fundamental
guestion of why the only sources of supply areuichsunstable parts of the world. Why
weren’t supplies found elsewhere to make up thermiice? | turn to this question in the

next section.

5. Geological limitations are another
reason that world oil production
stagnated.

The top panel of Figure 10 plots monthly oil protioie for all of OPEC, of which
Saudi Arabia (bottom panel) accounts for abouird il by itself. Whereas the
dramatic changes in production in the countrigSigure 9 often resulted from

geopolitical events, most of the swings in Sauddpiction were the result of deliberate



calculations, with the kingdom decreasing produrctidien the market was weak and
increasing production when the market was strdtiigtorically Saudi Arabia acted as
the world’s primary swing producer and maintaingdess production capacity in order
to be able to play that role. Projections sucthase in Figure 4 assumed that the
kingdom would continue to do so, with an assumptibaver-increasing Saudi and
OPEC production filling the gaps between projectechand and supply.

But the bottom panel of Figure 10 shows that thigtiwhat happened. Saudi
Arabia has continued to some extent to make maihestges in production in response
to demand, decreasing production for example imghessions of 2001 and 2007-2009.
But apart from these minor adjustments, Saudi prbolo has been remarkably flat for
over a decade.

Some analysts maintain that this again represetéditzerate market decision,
and that most OPEC members could achieve big isessia production any time they
wanted. This view is hard to reconcile with evidemsuch as that in Figure 11, which
shows that stagnant production from the Middle Bastcoincided with a dramatic
increase in drilling effort in the region. Thesea temporary drop in the reported number
of drilling rigs in January 2006 because Baker Hrggtiecided to no longer include Iran
in their count after that date. There was alsamdest decline during the Great
Recession, consistent with the observation notegethat the decline in OPEC
production in 2008-2009 was very much a deliberasponse to market conditions. But
the overall picture is that the Middle East cowegrave been devoting ever increasing
resources to upstream development and yet havditteryadditional oil production to

show for it.
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In the case of oil produced by the major intermaiacompanies that conclusion
is even more compelling. Figure 12 shows that éoetbproduction from the 11 largest
publicly-traded oil companies has fallen by 2.5 dnihce 2005, despite a tripling of
their capital expenditures.

Depletion of older reservoirs and the high cosl@feloping new resources are
unquestionably part of the explanation. For exanptoduction in the North Sea has
moved increasingly north since the 1960s in seafchore oil, but total production from
the area has nevertheless been declining for ghd Bayears, as seen in the top panel of
Figure 13. Production from Mexico’s Cantarell, erthe world’s second-largest
producing oil field, has also been declining sigraiftly since 2004. The earlier growth
in Mexican and North Sea production had made afgignt contribution globally,
accounting for 12% of the world total in 2003 ($lee bottom panel of Figure 13). But
between 2005 and 2013, the combined production Momvay, U.K., and Mexico fell
by 2.9 mb/d. The contribution from these threentnas alone is at least as important as
the geopolitical considerations noted in the preggdection.

It is also interesting to take a look at the higtoir production in individual U.S.
states, which is summarized in Figures 14-15 ardeTA Production from Pennsylvania,
where the oil industry began in 1859, peaked inl1&8d in 2013 was at a level only 1/6
of that achieved in 1891. But despite falling proiibn from Pennsylvania after 1891,
U.S. production continued to increase, becauskeo&tided boost from Ohio (which
peaked in 1896) and West Virginia (which peakeii960). And so the story continued,
with increases in overall U.S. production despéelicies from the areas first exploited,

for nearly a century. Looking at the United States whole, production continued to
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climb every year through 1970, although producfrom many individual states was
well into decline before that date.

Alternatively, one can summarize U.S. productioterms of broader categories.
Field production from the lower 48 states (not dongproduction obtained from tight
geologic formations using the now-popular horizbfrcturing drilling methods) was
5.5 mb/d lower in 2013 than it had been in 197@ (Sgure 16). The decline in
production was only partially offset by developmehflaska’s supergiant Prudhoe Bay
field and other resources (which peaked in 1988)adfshore production (which peaked
in 2003).

More recently, the decline in U.S. production hasé¢d around dramatically with
the exploitation of tight oil formations, whose 2x®/d increase since 2005 more than
offset the combined 0.6 mb/d drop in conventiooaldr 48, Alaska, and offshore
production. Indeed, the net gain in U.S. productb2.3 mb/d since 2005 by itself
accounts forll of the increase in field production worldwide dissed in Section 3
above. Tight oil plays in the Bakken in North D&kand the Niobrara in Colorado have
brought production in those states to all-time kighable 1). Many analysts are
optimistic that the trend of growing productionrfrahis resource will continue for the
next several years, with the ElA%nual Energy Outlook 2014 predicting that tight oll
could bring total U.S. oil production back neamabove the 1970 peak before resuming
its long-term decline.

But even if this forecast proves accurate, it isralantly clear that it would not
return real oil prices to their values of a decage. One reason is that it is much more

costly to produce oil with these methods. Althoegtimates of the break-even cost
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vary, we do know that the most of the companieslpeing from the tight oil formations
have a negative cash flow (Sandrea, 2014)—theg@erding more than they are
bringing in at current prices. Although comparaes presumably doing so in order to
acquire an asset that will be productive in thereitit's also well documented that
production from typical tight-oil wells falls to 20 of peak production within two yeats.
So far development of oil from tight formations leesurred almost exclusively
in the United States, though other countries indgdRussia, China, Argentina, and
Libya also have promising geological potentidBut separate logistical obstacles may
make it difficult to replicate the U.S. succes®wlsere on a near-term basis. U.S.
advantages include exploration and drilling asgetscan be quickly moved,
infrastructure to transport the product, minerghts, ability to raise capital quickly, and
political stability. That other countries can liepte the U.S. success at lower cost seems
doubtful. Rather than a force pushing oil pricaskbto historical lows, it seems more
accurate to view the emerging tight-oil plays dacior that can mitigate for a while what
would otherwise be a tendency for prices to comtitaurise in the face of growing

demand from emerging economies and stagnant sagpdi® conventional sources.

6. Conclusions.

Although the oil industry has a long history of {onary booms followed by
busts, | do not expect the current episode to sraha more chapter in that familiar
story. The run-up of oil prices over the last dkreesulted from strong growth of
demand from emerging economies confronting limghegsical potential to increase

production from conventional sources. Certainghange in those fundamentals could
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shift the equation dramatically. If China werddoe a financial crisis, or if peace and
stability were suddenly to break out in the MidEkst and North Africa, a sharp drop in
oil prices would be expected. But even if suchnés@vere to occur, the emerging
economies would surely subsequently resume thewtty; in which case any gains in
production from Libya or Iraq would only buy a femore years. If the oil industry does
experience another price cycle arising from sualelb@ments, any collapse in oil prices
would be short-lived.

My conclusion is that hundred-dollar oil is herestay.
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State Date of
peak
Pennsylvania 1891
Ohio 1896
West Virginia 1900
Arkansas 1925
Oklahoma 1927
New York 1937
[llinois 1940
Indiana 1953
Kansas 1956
Washington 1957
Kentucky 1959
Nebraska 1962
Arizona 1968
Montana 1968
New Mexico 1969
Mississippi 1970
Wyoming 1970
Louisiana and 1971
Gulf of Mexico
Texas 1972
Utah 1975
Florida 1978
Michigan 1979
Alabama 1980
Tennessee 1982
Virginia 1983
Missouri 1984
California 1985
Alaska 1988
Nevada 1990
Colorado 2013
North Dakota 2013
South Dakota 2013
U.S. total 1970

Table 1. Year of peak crude oil field production for U.S. oil-producing states. Federal offshore
production included in California and Louisiana totals. Calculated from an updated version of the
database developed in Hamilton (2013).
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Petroleum consumption in advanced economies
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Figure 1. Petroleum consumption in the U.S., CapBdeope and Japan, 1984-2012, in
millions of barrels per day. Black: linear trerstimated 1984-2005. Data source: EIA
(http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.&tiu=5&pid=5&aid=2.
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U.S. real GDP
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Figure 2. U.S. real GDP, 1984-2013, in billionb&ined 2009 dollars per year. Black:
linear trend estimated 1984-2005. Data source:FRE
(http://research.stlouisfed.org/fred2/series/GDPCA
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Petroleum consumption in emerging economies
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Figure 3. World petroleum consumption outside efthS., Canada, Europe and Japan,
1984-2012, in millions of barrels per day. Blalikear trend estimated 1984-2005. Data
source: EIA

(http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.&tiu=5&pid=5&aid=2.
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Figure 4. Projections of world oil consumptiontédiquids in mb/d) made by EIA in
each year 2001-2010, along with actual historiedhp Source: Benes, et. al. (2012).
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World liquids production in 2005
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Figure 5. Total liquids production in 2005. Dataurce: EIA
(http://www.eia.gov/cfapps/ipdbproject/I[EDIndex3.¢fm
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Change in world liquids production 2005-2013
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m field production other liquids w ngl refinery gain

Figure 6. Amount of increase total liquids prodorctbetween 2005 and 2013 that is
accounted for by various components. Data soliZe:
(http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.9fm
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Fuel prices (S per 5.8 mBTU)
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Figure 7. Prices of different fuels on a barrebdfBTU equivalent basis (end of week
values, Jan 10, 1997 to Jul 3, 2014). Oil: doltesbarrel of West Texas Intermediate,
from EIA (http://tonto.eia.gov/dnav/pet/hist/LeafHandler. AMXPET&S=RWTC&f=D).
Propane: FOB spot price in Mont Belvieu, TX [(dddiger gallon) x (1 gallon/42 barrels)
x (1 barrel/3.836 mBTU) x 5.8], from EIA
(http://tonto.eia.gov/dnav/pet/hist/LeafHandler.éAMXPET&S=EER_EPLLPA_PF4 Y4
4MB_DPG&f=D). Ethane: FOB spot price in Mont Belvieu, TX [(@ot per gallon) x (1
gallon/42 barrels) x (1 barrel/3.082 mBTU) x 58pm DataStream. Natural gas: Henry
Hub spot price [(dollars per mBTU) x 5.8], from EIA
(http://tonto.eia.gov/dnav/ng/hist/rngwhhdd.htm).
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Estimated Historical Unplanned OPEC 2

Crude Oil Production Outages €
million barrels per day
35

3.0 m Other
25 ‘ | B Syria
20 I m Sudan
s ! ||| ‘ “”“m “‘

= Nigeria
H

Libya

05 I H ran

0.0
Jan 2011 Jul 2011 Jan 2012 Jul 2012 Jan 2013 Jul 2013 Jan 2014 Jul 2014

Source: Short-Term Energy Outlook, July 2014.

Figure 8. Global oil supply disruptions, Jan 263 June 2014. Source: constructed by
the author from data provided in EIA, Short-Ternekyy Outlook
(http://lwww.eia.gov/forecasts/steo/report/global.cém).
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Figure 9. Field production of crude oil from Irdgn, and Libya, Jan 1973 to Mar 2014,
in thousands of barrels per day. Data source: Hidgthly Energy Review, Table 11.1a
(http://www.eia.gov/totalenergy/data/monthly/#imtetional).
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Figure 10. Field production of crude oil from OPBQ Saudi Arabia, Jan 1973 to Mar

2014, in thousands of barrels per day. Data so&iée Monthly Energy Review, Table
11.1a (http://www.eia.gov/totalenergy/data/mont#iyiernational).
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Middle East oil production and active drilling rigs

30 450
400
25
350
20 300
250
15
200
10 150
100
5
50
0 0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

e 0i| production e rig count

Figure 11. Middle East oil production and activélidg rigs, Jan 2001 to Dec 2013.
Black line: total liquids production from the MiddEast, in millions of barrels per day,
from EIA (http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.9frRed line: number of
drilling rigs active in the Middle East (right segl from Baker Hughes
(http://phx.corporate-ir.net/phoenix.zhtml?c=7968#&pl-rigcountsint).
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Figure 12. Total oil production and capital expé&mes for the major international oil
companies, 2004-2013. Includes XOM, RDS, BP, C8X0O, TOT, PBR, PTR, ENI,
REP, and BG. Source: updated from Kopits (2014).
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Figure 13. Qil production from the North Sea andkMe, Jan 1973 to March 2014. Top
panel: combined field production of Norway and theted Kingdom in thousands of

barrels per day, from ElAlonthly Energy Review, Table 11.1b. Bottom panel: sum of
Norway, U.K., and Mexico production as a percenwofld total.
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Figure 14. Annual production (in mb/d) from 18 UsSates that peaked earliest, 1860-

2013. Updated from data sources detailed in Hami{[2013).
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Figure 15. Annual oil production (in mb/d) frometh3 U.S. states with later peak dates.
Updated from data sources detailed in Hamilton 8201
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=
=]

L R R N N L LA = AT N R « N s

1860 1870 1880 1890 1900 1910 1920 15930 1940 1950 1960 1970 1980 1990 2000 2010

m lower 43 Alaska moffshore mtight oil

Figure 16. U.S. field production of crude oil, qurce, 1860-2013, in millions of barrels
per day. Data sources: Hamilton (2013) and B#nual Energy Review Table 5.2;

Crude Oil Productionhttp://www.eia.gov/dnav/pet/pet_crd_crpdn_adc_malhitn);
Annual Energy Outlook 2014.
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