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Abstract

Given a panel of oil producing countries, we shdvatta higher oil concentration is
associated with an increase in economic growth ugtocapital efficiency in: (i) countries
with medium and low income per head from East &sRacific and Latin America & the
Caribbean, classified as followers in terms of teabgy-convergence clubs; (ii) countries
with high income inequality. In our view, the oJerasults reflect the broader scope for
factor efficiency increases in less developed amsarising from the oil industry, which is

characterised by a highly globalised know-how.
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1. Introduction

In this paper we examine the effect of geograplilicancentration on economic growth
bearing in mind the findings of Torred al (2009), who re-evaluate the impact of natural
resources on growth through a panel-data analysiedresource curse”

The afore-mentioned panel study dismisses the hgsa of a “resource curse”
proposed by a series of cross-section studiesatiit by Sachs and Warner (1995), as it
shows a positive effect on growth, through capgféiciency, in the case of geographically-
concentrated resources (such as oil and ores).iF kisactly the type of resources that causes
the curse, by hindering institutional quality, ecent cross-section studiesy(, Sala-i-Martin
and Subramanian, 2003; Ishatal, 2005). Thus, Torrest al. (2009) argue that geographic
concentration of resources may favour growth.

Results in Torre®t al. (2009) are in line with studies that explore timgact of more
direct measures of mining production or reserveavi® (1995), for example, showed that
countries with a high share of minerals in expartd GDP performed relatively well from
1970 to 1989. The mining share in GDP is also aisbgrowth regressor in Sala-i-Mart
al (2004). Recently, Nunn (2008) found a positivatieh betweerper capitaproduction of
gold, oil, and diamonds and GD#er capitag and Brunnschweiler (2008) showed tipat
capitamineral and fuel production in 1970 benefited vgiroduring 1970-2000.

In this paper, we disaggregate the proxy used meget al. (2009) for geographically-
concentrated natural-resource abundance and feudthie positive effect on growth arises
from mineral fuel abundance. However, the impaabaslonger significant, narrowing the
panel to oil producing countries. Therefore, wepmse a more precise measure of geographic
concentration to estimate the effect of oil on esort growth through factor efficiency. Due

to data limitations, we focus on oil resources, \idrich we have a single reliable source



(OPEC). The geographic concentration of oil carsben as a measure of its abundance, in
line with Law (1957) and Grace (2005).

We must also consider that the geographic condemraf oil-proved reserves is
fundamental in terms of investment flows. Muchlwé tnternational investment in productive
capacity has been undertaken in countries whereigiordirect investment has serious
restrictions or faces considerable political risk.prospective terms, this means that, unless
there is a full change in policies, political itngtions and attitudes, a greater proportion of the
cash flow of producing countries will be neededdibre-investment (Greenspan, 2005).

During the last few years prior to the recent eocoigodownturn, production among
international oil (and gas) companies was stagnd@spite an increase in global energy
demand, both in OECD and emerging economies. allitisk and serious concerns about
security of supply are among the main causes dadcl bf investment in oil (and gas)
exploration and production recognized by the lragamal Energy Agency (Osmundseh
al., 2006). While OPEC’s market share and influenas been increasing, the production
growth among major Western oil (and gas) compahasremained low. Since 1990 there
has been a strong reduction in Exploration and itiah (E&P) investmenisand according
to certain authors (Stein, 2003; Bertrand and Nhdidnan, 2005; Dobbst al, 2006), an
increasing share of oil investment has been dided¢tavards short and medium term
development projects rather than long-term reséevelopment.

Therefore, poor institutional quality may reduce flow of international oil investment
and, indirectly, the total amount (and compositi@f) national investment, and this is
especially relevant in the case of high oil concmn countries. The value of institutions
and policies in growth is supported by a vast nunatbempirical studiese(g., Acemoglu and
Robinson, 2006; Acemoglet al, 2005), the same being the case with investmenqt, (

Englander and Gurney, 1994; Barro and Sala-i-Ma2004).



In this study, the effect of geographic oil concatibn on growth is estimated and
analyzed in a final panel of 21 countries from 19802003, taking into account national
investment, institutional quality and other growdsterminants, such as trade, infra-structures
and R&D activities. We use panel analysis as itdaases estimation efficiency and allows the
control of unobserved country and time effects @hhiif not considered, can lead to
inconsistent estimateseg., Wooldridge, 2002).

The oil concentration measure, our proxy for abmedais crude oil productioper rig
(rig productivity). Our approach differs from thiassic production function with exhaustible
resources presented by Dasgupta and Heal (1988keabh of proven reserves, we use
production as a numerator to analyse the ratiofsachon factor efficiency. Since a single rig
can explore more than one well, we prefer righasienominator of the ratio.

The impact of oil concentration on growth is theralgsed through the use of several
dummy variables. In order to capture the most eeleaspects to explain the relationship, we
separate countries according to income, technabgitowledge clubs, geographical areas
and income inequality. Given our panel of oil proithg countries, we would expect different
impacts of oil concentration when comparing devetband developing countries, namely
because of differences in economic structures.

The paper is structured as follows. In section 2, derive and present the model
specification, including the proposed variable dfooncentration. In section 3, we present
and discuss the main results, analysing the oikeotnation impact on economic growth
through several multiplicative dummies, followed éstimated growth decompositions for

some representative countries. Finally, concludergarks are presented in section 4.

2. The effect of oil concentration on economic grav



This section presents the model specification wigezstimate the impact of oil concentration
on growth. The model is first derived for natur@dources (subsection 2.1) and then modified

to estimate and decompose the effect of oil comagoh on growth (subsection 2.2).

2.1 Growth accounting model
Production function with factor efficiency

We consider the following Cobb-Douglas productiondtion, at each time*

1-a

Y(t) = {L(t) f (t)HK(t)g(t)} , Where: (1)

() Yis the real aggregate output; (i)s the labour level; (iiiK is the aggregate capital stock
of the economy; (iv¥ is labour efficiency; (v)g is capital efficiency; (vi)a is the labour
share in production; and (vi)f andKg measure, respectively, labour and capital in iefficy
units. Thus, quality advances in physical inpuescaptured byandg in (1).

The Solow residual is decomposed in terms of im@noents to the efficiency of inputs,
which, in turn, are “explained” by a set of varieblrelated to natural resources. This means
that the contribution of natural resources to glovet measured through the estimation of
labour and capital efficiency gains along with tmest crucial growth determinants. To
estimate the unobserved levels of efficiency, we the duality qualities/prices of production

factors, which, as stressed by Barro (1999), is algital growth accounting result.

Specification for labour efficiency

The functional form of constant elasticity for lalefficiency, at each time is:

(1) = F(%j (%J el nere: )

! This is in line with Torrest al. (2009). We use their dataset starting in 1980fiteeyear for which we have

information from OPEPto calculate our oil concentration ratio (crudedarctionper rig).



(i) F is a scale factor; (i) is the investment; (i)} represents international traiéiy) 1Q is
the institutional-quality variable, evaluated by thudget balance as a percentage of DP;
(v) NresP conveys the geographically-concentrated natussdtneee abundance; (VNresD

conveys the diffuse natural-resource abundér(eé) a, anda, are (constant) elasticities of
f in relation to{ and {; and (viii) a;, a, and a5 are (constant) semi-elasticities fofn
relation tolQ, &£ and 9k, respectively. This set of variables is based eresl studies

(namely empirical) on the subjett.

Specification for capital efficiency

The functional form of constant elasticity for dapiefficiency, at each timg is:

b P2 (e sty )
g(t):G( RKEE?))J (IE(S)J oJ T where: ©

(i) G is a scale factor; (ilRD stands for R&D (iii) Inf is the variable infra-structurégiv)

b,and b, are (constant) elasticities gfin relation toRD andInf, respectively; and (vp,and

% This variable is measured by the sum of exportsiaports (total trade).

® The budget balance is a proxy for the qualityisédl policy €. g, Easterly and Rebelo, 1993; Burnside and
Dollar, 2000) and the quality of policies in gendthe correlation between the quality of differgmdlicies is
stressede.g, by Mauro, 1995, and Stein, 2005). Thus, the btidiglance measures institutional quality over
time, considering the interpretation of institutionsaaseflection of policy outcomes that are in a statélux
(e.g, Dodriket al, 2004; Brunnschweiler and Bulte, 2008).

* Sincef refers to the efficiency of each worker, the vialés were divided by the number of workers, exdept
the case ofQ; NresDandNresPare measured by the weight of fuels, ores andImatanerchandise exports
net of its proportion in imports.

® Among these studies, we stress:lf¢e.g., Englander and Gurney, 1994; Barro and Sala-itiMa2004); forT
(e.g., Frankel and Romer, 1999; Lewer and van den B#§3), forlQ (e.g., Acemogluet al, 2005, Acemoglu
and Robinson, 2006); fdtresPandNresD (e.g., Sala-i-Martin and Subramanian, 2003; Istetial., 2005).

® TheRD variable is evaluated by the number of patentieapdns to national patent officesd. Jaffe, 1989).



b, are (constant) semi-elasticitiesgin relation toM=F and ML respectively. This set of

variables is also based on several (namely empistadies on growtf.
Expression (4) is derived from the first order atiod for maximising profit in relation
to L, whereW represents real wage grovghr worker and also productivity growth:
W) =(a - L) +a f )+ @-a)K(t) + @L-a) §(t), (4)
resulting in the following estimation form aftermstituting f and §:
NresRHt) ) NresXt)

L(t) ° L)

NresHt) ‘5 NresD(t) +u(t), where (5)
K (t) K@) ’ '

W) =5, ) - Lo+ &,[F ) - Lo+ 8,10 + 5, +a,[R)-Ly+

+5,[RB®) - R+ &, [nf ) -K ()] + 5,

o,=aaif j= 1,2345; o,=(1-0a); ,=(-a)b_,if j= 7,8910; u(t) is a white noise.

To some extent, wages reflect human-capital adwantleus, the inclusion of wages
through the use of the profit-maximising conditifox L justifies the exclusion of human
capital in determining.’® The capital elasticity is given by the coefficierf{K —I:] in (5),

while the other coefficients represent the impd¢he associated variables on growth.

Denotingy = {[f— EMf - E} 1e) NrfsP, N“ESD,(R _ I:),[Rf) _ KMlnf _ }2}, NrEsP' erisD} ,

the wage equation (5) in a panel data formulatigh & constant ternd, is:

" This variable is measured by the number of telaphines and subscriptions for mobile telephoneises
(e.g., Roller and Waverman, 2001).

8 Among these studies, we highlight D the seminal works of Coe and Helpman (1995) anuicBand Sala-i-
Martin (2004), and fomf the prominent works of Argiméet al. (1997) and Roller and Waverman (2001).

° The circumflex accent conveys the growth ratéhefrespective variable.

% This is in line with theoretical endogenous growtldels €.g, Lucas, 1988, and Romer, 1990), and the
empirical studies supported by these modelg,(Barro, 1991; Benhabib and Spiegel, 1994; Englarahd

Gurney, 1994).



() i, =d,+3.8,(%,), +4,. ©)

for Pooled OLS and Random Effect Model (REM) witiné and country effects, where

¢, =c +d, +a, (i being the country; the country effect thet effect anday a white noise);
L 10
(ii) Wi = Py +25J (Xj )it Ty (7)
j=1

for the Fixed Effects Model (FEM) with time and oy effects, where, =5, +¢ +d, .

Each of these models assumes a different hypotlesiserning the possibility of an

unobserved element, which, in our case, can beiatigoeffect and/or a time effect.

2.2 The impact of oil concentration

In order to determine the origin of the positivéeef of concentrated resources on growth, by

capital efficiency (Torrest al, 2009), we decompose the variaB#& between mineral
fuels (MeFF) and ores/metalse™ ) in (3), and thus in (6) and (7).

Using the variables®® and MePM jnstead of™MeF, we re-estimate (6) and (@nd

as will become clear in section 3 below, find tbaly ¥ benefits growth. Sincé™ s s

unexpectedly insignificant when the panel is nagdvo oil producer$: we build a more
precise measure of geographic concentration ofsfu€he measure is confined to oil
resources due to data availability.

We have named the variable Oil Concentration REIGR), calculated as crude oil
productionper rig (rig productivity). In line with Law (1957) @ahGrace (2005), this can be
seen as a proxy for oil abundance. As already meed, we choose oil production as a
numerator, instead of proven reserVebecause we are explaining factor efficiency. This

differs from the classic production function witkhaustible resources presented by Dasgupta

1 These results are not shown in this paper, byttha be made available upon request.
12 This has the advantage of allowing a higher nurobebservations.



and Heal (1980). The use of rigs as a denominatw pveferred to wells since a single rig
can explore several wells. The data used to bhédratio was obtained from a single source,
OPEC, covering 46 countries since 1980 (OPEC, 2007)

The variableOCRis introduced in both labour and capital efficigrspecifications in

the same way as the resource variables in thequesubsectioft thus, (6) and (7) become:
o 8
M) W, =5, +Y5,(X,), + 40 ®)
=1
in the case of the Pooled OLS and the REM with tameé country effects;
. A 8
(”) Wit :pit +Zéj (Xj )it +a)it ! (9)
=1

for the FEM with time and country effects, with

x,={[T- €] [F- ] 10,9 (R -} [m6-K | [nf -k . O,
Finally, we decompose the coefficient 8% using several multiplicative dummy

variables to explain its significant positive impaa growth (see section 3):

—Income: HIC=1(0) andLIC=0(1) for High (Low and Middle) Income Countries ¢vid
Bank classification, 2007). This dummy evaluatetivbr the impact of oil concentration
differs between rich and middle/low-income courgrigVe can expect a higher impact in
less developed countries, where efficiency levedd@ver;

—Technology ClubsA=1(0) andFM=0(1) for Advanced (Follower/Marginalised) counsrie
The empirical analysis of Castelacci (2008) idesdif the three technology clubs
aforementioned, all showing markedly different leveof technological-knowledge
development. The impact of oil concentration onitedpefficiency should be higher in

countries with low levels of technological-knowleddevelopment;

13 Since we are no longer analysing the “resourceeduthe natural-resource abundance variablesare)(left

out. All the other growth determinants of the anggjimodel remain in the specification.



— Geographic groupsEAPECALAC/MNA/ISASSSA=1(0) if countryi is from East Asia &

Pacific/Europe & Central Asia/Latin America & theafibbean/Middle East & North

Africa/South Asia/Sub-Saharan Africa (otherwisehisTdummy follows the World Bank

(2007) geographic classification faiC, but we also apply it t&M countries. Thus, our

area dummies identify differences in oil concembratwhich can result from variations in

income, technological-knowledge levels, and alstirtit exploration conditions associated

with varied local crude oil characteristiesy;, Law, 1957; Grace, 2005);

- Inequality: GL=1(0) andGH=0(1) if Gini Index <(>)40. We can expect a higher impact of

oil concentration in countries where the oil seatan induce wage inequality due to a

productivity advantage over the rest of the econdypically in developing countrie&.(.,

Sachs and Warner, 2001). We consider an usualhtticesf 40 to separate high from low

and medium inequality countrié$.

Consequently, the vecto; in our panel specification (8) and (9) is redefined

include the multiplicative dummy variables (whiale @ombined as shown in section 3):

OCR

OCR

OCR

OCR

OCR
X

[f—lﬁ},[f—[}|Q,—,(R—E),[Fa5—k}[|nf“—”} HICX— LICX—— A ,
L K K K K
X, = H|c><OER,|_|c><Ofo[EARECALAcMNASAsss,]a
HIcx CSR Emx OCRX[EARECALAG MNASASSSAGLx OCR 1< OCR
K K K K
3. Results

FM X—OCR;
K

Table 1 presents the results of the panel estimdtions (6) and (7) with the disaggregated

concentrated-resource variables. The estimates doone a FEM with Group and Time

effects, chosen according to the test statistibg. ifisignificance of¥**™™ (at 10%) and the

positive estimate of®*= (significant at 5%) show that the effect of cortcated resources

% Data from the World Bank (2007).
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on capital efficiency arises from mineral fudls.Perhaps the average geographic
concentration and economic impact of ore explonatsonot high enough to justify a positive

impact on growth. The other estimates are simdardrreset al. (2009).

Table 1 — Wage equation with disaggregated conceiatied-resource variables (1976-2005)

Panel model FEM G&T @
F® 3.851
Test Statistics LM © 8.69
Hausmar® 60.24
Dependent variablejy
Constant’ 2.254" (0.091)
(-0 0.118 (0.000)
(T -0) 0.117 (0.000)
IQ 0.148" (0.012)
L -0.004(0.791)
LleEEE -0.038(0.224)
L 0.042(0.944)
e 1.590" (0.011)
s (=) -1.101(0.350)
(K -10) 0.299 (0.000)
(Inf - K) 0.157 (0.000)
(RD - K) -0.006(0.389)
(RD - K)_, 0.011" (0.099)
(RD - K)_, 0.003(0.691)
Observations 1005
R? 0.497
Adjusted R 0.428

Notes: T-ratios appear below the coefficients'mates.’, ™ and™ mean that the coefficient is significant at 1%, &8l
10%, respectively® G&T stands for a joint Group (country) and Timéeef. ® The F test determines the choice between
thePooledOLS Model and the FENf The LM test determines the choice betweerPtbeledOLS Model and the REM?
The Hausman test determines the choice betweeREMeand the REM. In the F, LM and Hausman tests wedep the
joint time and country effect model to models wathly one of those effects whenever the G&T tegtsdies are significant;

® To avoid values close to zero, ratios withvere multiplied by 1®and ratios withk by 1, expressing in all cases
indices of export abundanper unit of factor; estimates obtained with Limdep 8dftware.

In Table 2, we show some descriptive statisticihaf data available for the main
variables in our unbalanced panel of 46 oil prodaidem 1980 to 2005, using Torresal.

(2009) dataset and information from OPEC regardiugle production and rid§.

!> This effect is no longer significant when we narrthe panel to oil producers, as aforementioneds th

justifying the use of a more precise measure ofgigahic concentration of fuels (rig productivity).
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Table 2 — descriptive statistics of main variablefor oil producers (1980-2005)

Mean S.D.

GDPpcgrowth 1.587 7.483

W 0.783 7.971

(I -0) 1.994 15.084
(T -0 4.256 12.022

IQ -2.282 5.749
OCR 139.523 366.807

L 1.876 4.329

K 3.861 4.223
(Inf - K) 8.879 13.093
(RD - K) -2.725 24.541

Notes: percent values (of growth rates and ragasgpt in the case of OCR, which conveys thousantaroéls of crude oil
a dayperrig; results based on non-missing observations.

We stress the high standard deviations of the abwariables, namelfYDCR expressing a
variety of situations among oil producers. In congmn with the full dataset of 208

countries, we observe smaller average valuesifand (inf - K), and higher values for the

rest of the variables (apart fro®CR) in oil producers. The averag&DP pcgrowth is only
slightly higher (1.587% and 1.491%, respectivelplit the averagewv is much smaller
(0.783% and 1.379%), reflecting a higher progressioother income sources.

The estimation results are shown in Table 3. Te iako account the deferred impact
of policies on growth and avoid potential endoggnproblems, we first instrument ol®
proxy with a two-period lag of the variable andrthein the main regressions using a 2SLS
approach, which means that the years 2004 and aB9Hot estimatet. Since the panel
estimation only considers the years with data fbwariables in each country, we obtained
just over 280 observations in the regressions alitlariables, corresponding to 21 countries
from 1980 to 2003. In Appendix 1, we present thenber of years with complete data for

each of the 46 oil producing countries togethehlite corresponding categori@s view of

8 Our panel excludes oil producers from former USSR Yugoslavia because they are aggregated in OPEC
data, and the same does not happen in the remalatag

" The instrumentation results are not shown herethay can be made available upon request.
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our dummy variables. An inspection of the estinrapanel shows enough variability to carry

our estimation and exclude selectivity bias prolsémmost case.

Table 3 — Wage equations (1980-2003)

Regressions 1 2 3 4 5 6 7
Dummies None None Income LSElaitS LS, i Inequality
Geogr.(LIC)  Clubs  Geogr.(FM)
1Q Present Absent Present Present Present Present Present
Model REM G&T
Hausman 5.55 7.94 5.76 9.73 6.53 10.81 5.91
S;;:ttics LM 1529  21.19 15.44 15.08 15.12 14.94 15.58
F 2.883  2.598 2.869 3.036 2.916 3.097 2.861
Dependent variable W
Constant 0.405  1.000 0.443 0.173 0.272 -0.079 0.459
(0.343) (0.094) (0.376) (0.100) (0.223) (-0.046) (0.389)
(0 -0 0.064° 0.0717  0.063 0.067° 0.065° 0.069 0.063"
(2.353) (3.154) (2.314) (2.493) (2.399) (2.587) (2.311)
- D0) 0.069 -0.009  0.070 0.075 0.070 0.075 0.070
(0.991) (-0.166)  (1.000) (1.076) (1.002) (1.081) (1.000)
0 0.420" 0.431" 0.417" 0.402" 0.401" 0.432
(1.944) (1.983) (1.866) (1.845) (1.785) (1.989)
OCR (b -0.006 -0.017  -0.002 -0.001 0.034 0.046 -0.001
L (-0.355) (-1.138) (-0.090) (-0.078) (0.754) (0.977) (-0.070)
OCR (b) 0.1427 0.168
K (1.833) (2.277)
HIC x OCR 0.105 0.138
Income K (1.089) (1.228)
Dummies OCR 0.192"
LIC > (1.771)
Ax OCR -0.230 -0.306
Tech.Clubs K (-0.572)  (-0.731)
Dummies OCR 0.091
FMPK 0.948)
Geogr.  papx.OCR 32.758 32.906
Dummies K (3.097) (3.116)
for LAC x OCR 0.1937 0.103
LIC; FM K (1.731) (1.012)
OCR -0.461 -0.416
MNA> (-0.228) (-0.205)
OCR 6.271 7.511
SASK (0.204) (0.244)

18 Considering our dummies, only Sub-Saharan comn(8SA) are not estimated in our regressions duaata
constraints. Middle East countries are also cleanigrepresented in our dummy MNA (only one obséovat

from Iraqg) due to data availability.
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11.253

ECAx 9CR
K (0.399)
L x OCR 0.101
Inequality K (1.051)
Dummies OCR 0.197"
GHx (1.815)
K -D) 0.304 0.317  0.302 0.300 0.303 0.302 0.302
(5.855) (6.433)  (5.799) (5.841) (5.845)  (5.892) (5.795)
(nf - K) 0.143  0.040  0.135 0.127 0.146 0.135 0.134
(2.803) (1.008)  (2.588) (2.423) (2.851)  (2.634) (2.567)
(RB - K) 0.022 0.019  0.023 0.023 0.021 0.022 0.023
(1.550) (1.409) (1.623) (1.575) (1.514)  (1.524) (1.627)
(RO-K), 0.014  0.004  0.017 0.017 0.014 0.015 0.017
(1.001) (0.336) (1.121) (1.146) (0.989)  (1.047) (1.138)
(RO-K)_, -0.014 -0.016  -0.013 -0.014 -0.013 -0.015 -0.013
(-0.864) (-1.078) (-0.829)  (-0.891)  (-0.832)  (-0.913)  (-0.821)
Observations 284 327 284 284 284 284 284
R*® 0.518 0.466  0.518 0.546 0.522 0.551 0.518
Adjusted R © 0.407 0353  0.404 0.432 0.409 0.435 0.404

Notes: the estimation period was determined bylabia data for the oil concentration proxy (from80%o 2006) and for
the remaining variables (from 1976 to 2003 withnstiumentedQ); see notes in Table ? From the FEM G&T® To
avoid values close to zero, the ratic@ERto L was multiplied by 1®and the ratio o©CRto K by 10°, expressing indices

of oil concentratiorper unit of factor; see notes in Table 1.
According to test statistics, the REM with Groum dhme Effects is the adequate model for
all regressions in Table 3 — estimation form (8).

In the first regression, we can see a positive ohp# oil concentration org

(coefficient of%{), significant at 10%, and a negative but not digant effect througH.

The variabled, 1Q andInf also benefit growth in oil producers, with sigo#nce levels of
10%, 5% and 1% respectively, whileandRD are not significant at 1098.The estimate of
capital elasticity is 30.4% (significant at 1%)ghktly below the usual reference of one third.

In the second regression, we show that the implotl @oncentration on growth is

higher (and significant at 5%) when we excludel@evariable. Thus, it seems that a higher

9 As in Torreset al. (2009), we also add the first two lagsRiD to capture a (deferred) positive impact of R&D.
However, neither of the associated coefficients sigaificant at 10% in our regressions, maybe dusame
limitations of our proxy (number of patent applioas to national patent offices), namely the exolisof

applications to regional patent offices, which @srgrotection in the respective areas.
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budget balance reduces the effect of oil concaatrabn growth, perhaps because of less
public re-investment in the oil sector, althougte @hould expect higher foreign investment in
risky countries associated with the correspondirtgease in institutional quality.

The other regressions in Table 3 decompose thecinah&cE using the multiplicative

dummy variables selected in section 2. Regressishdvs that a higher oil concentration

increases growth by, only in low and middle income countries (the dént of LIC x 3R
is positive and significant at 10%, while the estien for GLx S is insignificant), as

expected. This positive effect originates in EasiaA& Pacific and Latin America & low and
middle-income Caribbean countries, as we can sékeirfourth regression (the coefficients
for EAP andLAC are significant at 1% and 10%, respectively).Ha tase oEAP, the only
country represented is Malaysia, which presentsifleest contribution of oil concentration
to growth in the estimated panel (an average 03%2.despite the low levels @CR (an

average of 4.374 in the estimated period, muchlemthian sample value) arf§® 20
In regression 5, the impact &£ is decomposed between technological-knowledge

clubs, but neitheA nor FM groups are significant. When we apply the geogcabldummies
to FM countries in regression 6, we find that oBKP is significant (again, only Malaysia is
represented), at 1%. TheAC group is not significant foFM countries due to the inclusion
of Trinidad and Tobago, a high income country. édtimated countries in these two area
groups are followers in terms of technological-kienige convergence.

Finally, in regression 7 we find that an increaseil concentration benefits growth by

g only in countries with high inequality (the coeféint ofGH x SR is positive and significant

2% We found a mild positive correlation between teeesOCR (and alsé®¢® ) and oil concentration estimated

growth contribution.

2L Algeria, Egypt INA) and India $AS are the only marginalized countries includedtn estimated panel.
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at 10%, while the estimate afLxSR is insignificant). We stress that all high inedyal

countries in our estimated panel belong tolthe group with the notable exception of the

United States, which probably reduces the sigmifieaof GH xS . The decomposition of
GH xSER according to area groups did not produce sigmificasults®

No major differences were found concerning the nesties of the other growth

determinants in comparison with the first regressio

Estimated growth decomposition

Based on the fourth regression in Table 2, wheredrea dummies are significant, we now
analyse the evolution of real GDP growth and themeged GDP growth decomposition for
some representative countries, taking into accdhat highest contributions arising from
OCR We chose Malaysia and Colombia because they sh@wighest contributions iIBAP
and LAC, the two significantLIC area groups, respectively. Despite the insigmtica
coefficients associated witOCR in HIC, we also found important contributions in New
Zealand and NorwayThus we included these countries in our growth dgmusitions. In

Appendix 2, we explain in detail how the first deqmosition chart is interpreted.

(i) Malaysia

Figure 1 shows the decomposition for Malaysia frit®81 to 1995. The impact &iCRby g

in the column of Total Factor productivity (TFP)pt&ins most estimated growth, followed by
K andL contributions. We also stress the positive imgdct and| (by f), andInf (by g).
Apart from the year 1992, estimated GDP growth wagst relatively well the magnitude and

evolution of actual product growth.

2 This is why we don’t present these results in @ahlbut they can be made available upon request.
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Figure 1 - Malaysia real GDP growth (%) and estimated growth decomposition
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(i) Colombia
In Figure 2, we can see thiatandK are gradually replaced b%,%R as the most important

growth factors of Colombia during the estimatiomiqe (1980-2002). The contribution bff,

by g, is also important and contrasts with the negagitect of1Q.

Figure 2 - Colombia GDP growth (%) and estimated growth decomposition
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In the case of Norway, we have a more balancedndegsition (from 1980 to 2003), with
varied contributions in TFP. We stress the pos#itadle contributions dhf andOCR (by g),

and also the important impactsIQf, T andRD, despite negative values in some years.

Figure 3 - Norway real GDP growth (%) and estimated growth decomposition
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(iv) New Zealand

We also find varied contributions in the case oiviN&ealand, but the impact o?KQR IS much

more predominant than in the previous case, expimost of the estimated growth,
especially before 1993, whénK andIQ showed negative contributiof$We also observe a

steady positive impact df, and in some years, good contributions fieBandinf.

% Notice that Norway and New Zealand belong to theaaced technological-knowledge club, which is
reflected inRD contribution. TheRD effect is less visible in the case of Malaysia &udombia, both follower

countries.
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Figure 4 - New Zealand real GDP growth (%) and estimated growth decomposition
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4. Concluding remarks

In this study, we have examined the impact of gaplgic concentration of oil on economic
growth through panel analysis, taking into consatien the positive effect of geographically-
concentrated natural-resource abundance foundnedet al. (2009).

We show that the above-mentioned positive effegimates in mineral fuels, justifying
a deeper analysis in a panel of oil producing ceesit but this could only be done with a
refined measure of geographic concentration andddnce of oil. The choice was crude oil
productionper rig. We then estimated the impact of oil concdamraon growth through
labour and capital efficiency and decomposed therl@ffect using an original combination
of dummies.

Our results show that an increase in geographiccaiicentration benefits growth
through capital efficiency. However, this only happ in countries with low and middle
incomes (from East Asia & the Pacific and Latin Aioa & the Caribbean, all followers in
terms of technological-knowledge convergence), simlwing high-income inequality. This

happens because only in developing countries canoth sector induce a productivity
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advantage over the rest of the economy, drivingvtitaand inducing wage inequalite.d.,
Sachs and Warner, 2001). Distinct oil exploratiomditions may explain why only two of
our area groups for low and middle-income counts@®w significant impacts of oil
concentration by capital efficiency. In our viewgtoverall results reflect the broader scope
for factor-efficiency increases in less-developedntries arising from the oil industry, which
is characterised by a highly globalised know-how.

Finally, we present the estimated growth decomjostfor countries with the highest
oil concentrations in view of our income/area categs. We stress the high importance of the
oil concentration effect in Malaysia (the countnjthwthe highest contribution of oil
concentration to growth in the estimated panel lespe low levels of concentration) and
Colombia decompositions, in contrast to the baldrecomposition of Norway, where we
also find impacts from important growth factorssas trade, institutional quality and R&D,
as expected in a high-income and advanced techicaldghowledge country. New Zealand,
however, is also an advanced high-income and téagical-knowledge country, and shows a
high predominance of oil concentration contributiéwllowed by trade and, in some years,
R&D and Infrastructures, highlighting the diversitlysituations among oil producers.

It is expected that future research will attempb¥ercome data constraints and include
data regarding natural gas and more countries. ileeps, we believe the above-mentioned

constraints are not crucial enough to alter theomapnclusions of this study.
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APPENDIX 1 — Estimated panel data

. Dummies
Oil producer B0 =T Geog.(for LIC; FM) Income Tech.Clubs Inequality
1 Algeria 1994 2000 7 MNA LIC FM GL40
2 Argentina 0 LAC LIC FM GH40
3 Australia 1980 2003 24 HIC A GL40
4 Bahrain 0 MNA HIC FM n/a
5 Brazil 0 LAC LIC FM GH40
6 Brunei 0 HIC n/a n/a
7 Cameroon 0 SSA LIC FM GH40
8 Canada 1980 2003 24 HIC A GL40
9 Chile 1980 2003 21 LAC LIC FM GH40
10 China 0 EAP LIC FM GH40
11 Colombia 1980 2002 10 LAC LIC FM GH40
12 Congo, Dem. Rep. 0 SSA LIC FM n/a
13 Denmark 0 HIC A GL40
14 Ecuador 1989 1994 2 LAC LIC FM GH40
15 Egypt, Arab Rep. 1991 2001 5 MNA LIC FM GL40
16 France 1980 2003 21 HIC A GL40
17 Gabon 0 SSA LIC FM n/a
18 Germany 1980 2003 24 HIC A GL40
19 Hungary 0 ECA LIC FM GL40
20 India 1995 1998 4 SAS LIC FM GL40
21 Indonesia 0 EAP LIC FM GL40
22 Iran, Islamic Rep. 2001 2001 1 MNA LIC FM GH40
23 Iraq 0 MNA LIC n/a n/a
24 Italy 1980 1985 6 HIC FM GL40
25 Kuwait 0 MNA HIC FM n/a
26 Libya 0 MNA LIC n/a n/a
27 Malaysia 1991 1995 5 EAP LIC FM GH40
28 Mexico 1992 2003 12 LAC LIC FM GH40
29 Netherlands 1980 2003 22 HIC A GL40
30 New Zealand 1987 2003 14 HIC A GL40
31 Nigeria 0 SSA LIC FM GH40
32 Norway 1980 2003 24 HIC A GL40
33 Oman 0 MNA LIC FM n/a
34 Peru 0 LAC LIC FM GH40
35 Qatar 0 HIC n/a n/a
36 Romania 0 ECA LIC FM GL40
37 Saudi Arabia 0 MNA HIC FM n/a
38 Syrian Arab Republis 0 MNA LIC FM n/a
39 Trinidad and Tobagc 1980 2002 3 LAC HIC FM GL40
40 Tunisia 0 MNA LIC FM GL40
41 Turkey 0 ECA LIC FM GH40
42  United Arab Emirate 0 MNA HIC FM n/a
43 United Kingdom 1980 2003 24 HIC A GL40
44 United States 1980 2003 20 HIC A GH40
45 Venezuela, RB 1980 1994 11 LAC LIC FM GH40
46 Yemen, Rep. 0 MNA LIC FM GL40
#=21 Estimation Panel 1980 2003 284 N=284 N=284 N=284

Data based on authdrswn estimations. Notes: we exclude oil producessnfthe former USSR and Yugoslavia because
they are aggregated in OPEC data, and the samendbbappen in the remaining dat;t, andt = T indicate the initial and
final years with information for all variables, pestively; and N corresponds to the number of yedits complete data for
each oil producer; n/a stands for non availabla.dat
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APPENDIX 2 — Malaysia growth decomposition explainé in detail

Figure 5 - Malaysia real GDP growth (%) and basic estimated growth decomposition
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In Figure 5, the blue line represents actual rdaP@rowth and the red line shows estimated growttich results from the
sum of the other components in the graph. The bhe yellow areas represent the physical contribatiof labour and

capital stocks to estimated GDP growth in each,yeapectively, while the columns’ net value canstis the TFP impact.

Figure 6 - Malaysia estimated TFP decomposition
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In Figure 6, we show in detail the estimated TF&gh decomposition: the rectangles in green, thestamt term of the
wage equation, constitute the share of GDP growthancountable by the explanatory variables; tletargles associated
with labour efficiency are illustrated with ascemgliines, while the ones related to capital efficie have descending lines;

the impacts of oil concentration ratio through laband capital efficiency are highlighted by annga background.
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