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Abstract

Unlike studies on Environmental Kuznets Curve faogi®n the levels of COemissions, | deal
with the dynamics of COemissions by analyzing their growth rate. BasingHausmaret al.
(2005), | develop a filter to identify episodes@D, emissions growth acceleration. In a context
of fight against global warming, | also try to idiéyn episodes of C@Qemissions degrowth. Both
filters are composed of three conditions on thelle¥ growth rate, its change and post-episode
emissions. | apply these filters on a dataset caegof 124 countries over the period 1950-
2004: 285 episodes of growth acceleration are ifieshtand 78 degrowth episodes. | also
present a robust econometric analysis explainiogdlepisodes. Note unobserved heterogeneity
between nations and endogeneity issue are takematbunt in the estimations. Results shows
that the Kaya factors are not all significant anfluence more the probability of degrowth
episodes. Other important explanatory variablest@epenness of nations and the growth rate
of urban and active population. The estimationsndb provide any evidence in favour of a
positive effect of national environmental conscitess, despite the increasing awareness of the

issue of environmental protection and climate cleang
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1. Introduction

Based on the hypothesis of the environmental Kiszoarve (Grossman and
Krueger 1995), various studies examine the relahgnbetween economic growth and
per capita C@emissions (Shafik 1994; Selden and Song 1994 zHkdkin and Selden
1995; Schmalensest al. 1998; Richmond and Kaufmann 2006; Lantz and F&Q$HP
However, the idea that the link between incomeiadd/idual levels of CQ@ emissions
can be represented by an inverted-U curve hase®st borroborated by those empirical
analyses. Indeed, the majority of them show aneasing curve between the level of
individual income and COemissions per capita. Recent papers also strasg SO
econometric problems (Dijkgraaf and Vollebergh 2008&iller-Furstenberger and
Wagner 2007; Romero-Avila 2008), which weaken erogirresults of environmental
Kuznets curve studies. Note that these analysastprovide any precise information
on the growth rate of CQemissions since they are mainly interested irtréred of CQ
emissions according to economic growth. Even so, papers use their econometric
model to provide global annual G@missions forecasts over the 1986-2100 period
(Holtz-Eakin and Selden 1995) and the 1990-205@@dSchmalenseet al. 1998). In
a context of acceleration of G@&missions and fight against global warning, infaiiora
on the growth rate of COemissions, and so on future emissions levels,uite q
essential. Indeed, data on &€nissions from fossil-fuel burning and industriebgess
shows an acceleration at the global scale, withoavilp rate increasing from 1.3% for
the period 1990-1999 to more than 3% for 2000-2(@&nadellet al. 2007). This is
really worrying since "the emissions growth ratecei 2000 was greater than for the
most fossil-fuel intensive of the IntergovernmerRahel on Climate Change emissions
scenarios developed in the late 1990s" (Raupaeth 2007). In this context, global GO
emissions will continue to grow, which will lead sowarming of at least 0.2°C per
decade in the next two decades (IPCC 2007). Thexetbe fight against climate
change becomes more and more topinabrder to limit their negative impacts on

ecosystems and health.

Building on the work of Hausmaret al. (2005), in this paper, | try to identify
national episodes of GQOemissions growth acceleration. Note that Hausmetnal.

(2005) study the existence of growth acceleratio@ P per capita over an unbalanced



panel of 106 countries between 1950 and 1999.i¢natticle, the panel is composed of
124 countries over the period 1950-2004. Moreoasrpollutant emissions reductions
are important in a context of fight against glolwakrming, | also try to identify episodes
of CO, emissions degrowth. As far as | know, this is fist attempt to analyze
precisely the dynamics of G@missions in term of growth rate. After havingntieed
episodes of growth accelerations and degrowth,almeme the determinants of those
episodes in an econometric model. This secondddttye study is essential since it can
give some ideas on the drivers of £€émnissions accelerations and also on the factors
explaining degrowth episodes. The latter is crutiatause it could provide some
information on the economic, political and insiibuial conditions that accompany €0
emissions reductions. As countries attempt to lohihate change, it can be very useful
to know the variables influencing emissions grouatter, in order to implement

suitable economic or institutional policies.

The plan of the paper is as follows. In sectioh @velop a filter, based on the
work of Hausmanret al. (2005), to identify the growth acceleration andyrdevth
episodes and | present empirical results. | alsivige a sensitivity analysis of the
results to the parameters of the filter. Sectiotedls with the econometric model and
the determinants of the growth acceleration andradeifp episodes. Section 4

concludes.

2. Identifying growth acceleration and degrowth episoés

2.1.Methodology

To estimate the timing of growth accelerations dedrowth episodes, | firstly
obtain a measure of the average annual per cafitee@issions growth rate between
timet andt+n, denoted g.n. | define this growth rate; g, at timet over horizom to be
the least squares growth rate of gnissions (E) front to t+n defined implicitly by
the following equation:

IN(E) =a+0 ., ¥, i=0,.,n. (1)



The change in the growth rate at time simply the growth over horizon
across this period:

Agt,n =0¢ten = Gionit (2)

2.1.1.Growth Acceleration episodes

The way in which I identify growth acceleratiorssentially follows Hausmann
et al. (2005). However, the filter was adjusted to LCéhnissions growth dynamics.
Basing on Hausmaaet al's conditions for a GDP growth acceleration, | itffgnCO,
emissions growth accelerations by looking for ragidwth episodes that satisfy the
following three conditions:

() 9¢n = 275%peryear,
(i) Ag,, = 2% peryear,
(i) E,,, = maxE },iOft-10:t].

As in Hausmaret al. (2005), | set the relevant time horizon to be eigtars (i.en=7).

Note that the first and third conditions diffeorin those of Hausmaet al's. The
first condition requires the level of the growtheraxceeds some threshold to qualify
for a growth acceleration. Hausmanal. (2005) require that average growth rate must
be at least 3.5% during the acceleration episotles [Evel could be too high for GO
emissions since the highest growth rate in the gomns scenarios published in 2000 by
the Intergovernmental Panel on Climate Changed5 % (Nakicenovicet al. 2000).
Therefore, it is relevant to lower the level fosalute growth at 2.75 % to identify more
episodes of growth acceleration. The second camdiguarantees that the change in
pollutant growth rate exceeds a certain thresheld¢ch | assume to be 2 %. Therefore,
note that the key element in the filter is the comabon of both a high level of growth
and a significant acceleration of growth. The last not the least condition deals with
emissions level after a growth acceleration episdédeHausmanet al. (2005), this
condition requires that post-growth output excestipre-episode peaks. This condition
serves to exclude phases of growth simply resultiogn economic recovery after a
substantial destruction of the economy (wars, @hatastrophes, recession). Applying
this condition to C® emissions growth will prevent the identificatiorf some

acceleration episodes. For example, if a countrgeegnces rapid growth at the



beginning of the period of study followed by a d=ge in emissions, a rise of the
growth rate at the end of the period will be idieti as an acceleration episode only if
post-growth emissions are superior to all previemsssions. If post-growth emissions
remains smaller than all past emissions, this pewsitl not be qualify as an acceleration
episode. Therefore, | used a less stringent fiiterthis study, post-growth emissions
must be higher than the past ten annual emissi@iereb the initiation of the

acceleration.

2.1.2.Degrowth episodes

As | underline in the introduction, identifying neds of decrease in GO
emissions, in other words episodes of negative tirow also interesting in the current
context of fight against climate change.

The way in which | identify degrowth episodesirnispired by Hausmanat al.
(2005) and Arbache and Page (2007) papers. | fge@D, emissions degrowth
episodes by looking for negative growth periodst teatisfy the following three
conditions:

(1) 9y sn S -1%peryear,

(i) Ag,, < -2% peryear,

(iii) Ei.,

As for growth accelerations, | set the relevanetimorizon to be eight years (ne7).

IN

min{E, },i0[t-5;t].

The first condition requires the level of the gtbwate is negative and inferior
to -1 %. | chose this threshold to exclude episodesegative but feeble (and
insignificant) level of growth rate. The second dition guarantees that the change in
pollutant growth rate is smaller than a certaireshiold, which | assume to be -2 %.
Therefore, as for acceleration episodes, the keyenht in the filter is the combination
of both a high level of negative growth and a digant reduction of growth. Finally,
the third and last condition ensures that postaletr emissions are inferior to the past

five annual emissions before the initiation of tleerease in emissiohs

! Note that the third condition of a degrowth episdsiless stringent than the one of an episodeasfth

acceleration. This adjustment has been developétktdify all significant episodes of negative gthw



Before presenting empirical results, note thahé aforementioned filters show
that the three criteria are met in a particulamtoufor a number of consecutive years, |
select the start of the growth acceleration (oroleth episode) by choosing the year
for which the F-statistic of a linear spline regies with a break at this year is
maximized. More precisely, for all candidate yedmgk:.;) is regressed on a constant
and a trend "broken" at timgfor i=-n, ..., n). The timing of the initiation of the growth
acceleration is then selected by finding the maxmiustatistic of a test for equality of
the two trend slopés

Finally, countries can have more than one ingamicgrowth acceleration as
long as the dates are more than 5 years apart ¢sardry could accelerate from 0 to
3.5% in 1967 and then accelerate from 3.5 to 6%®if2 as two distinct episodes).

2.2.Data and Empirical results

2.2.1.Data

Data for CQ emissions are taken from Marlamed al. (2007). This database
provides global, regional and national estimatiohannual fossil-fuel C@emissions
for the period 1751-2003. Fossil-fuel g@missions include gas, liquid and solid fuels,
gas flaring and cement production. Fuel data camm fenergy statistics published by
the United Nations, while data on gas flaring awerf the U.S. Department of Energy
and cement production from the U.S. Departmenntdrior's Geological Survey. This
database omits natural carbon emissions (eruptivegetal, animal and human
breathing, organic matter decomposition), repraésgnat most 30 % of total GO
emissions. The Marland's database is interestimgesi provides emissions data for a
relative large number of countries and years coetpmtith the same methodology. In

this context, my (balanced) dataset is composd@éfcountries from 1950 to 2004 (cf.

even if the decrease in G@missions is not sustained. Indeed, by applyiegsgimmetric third condition

< min{Ei},iD[t -10;t]), some interesting periods of negative growth weseidentified (e.g.

(i.e By <
Colombia, Kenya, Venezuela).

2 This methodology was firstly developed by Hausnetnal. (2005). Other studies on growth
accelerations also applied this procedure (Doveh ldunnenkamp 2007; Jong-A-Ping and De Haan

2008).



appendix 1), representing 92 % of global L&issions in 2000. Note that my dataset
allow me to search for growth accelerations andaleth episodes for a total of 124

countries during the 41-year period between 19%71897.

2.2.2.C0O, emissions growth accelerations: First Results

The three conditions of a G@missions growth acceleration are satisfied by 285
episodes. Aside from the important number of acagtms, the magnitude of the
average acceleration is also interesting. Condition a growth acceleration of at least

2 ppa, the average acceleration is 10.14 % (mei&81%).

| estimate the (unconditional) probability of amission growth acceleration by
dividing the number of episode (285) by the numbkrcountry-years in which an
episode could have occurred (3944). The latteromputed by summing up all the
country-years in our sample and eliminating a 4-yei@mdow after the occurrence of
each episode, since my filter takes the period @sniging to the same episode
(3944=124*41-285*4). Therefore, the average prdidglnf a growth transition is our
sample is about 7.23 % per year. This means tbatiatry would have more than 85 %
chance of experiencing a growth acceleration atespomnt in any given decade.

The proportion of countries that experience astl@@e growth acceleration also
underlines the high rate of occurrence of such trospisode. Over my sample, 114
countries (or 91.13 %) have experienced at least gmowth acceleration, 87 (or

70.16%) two and more, and 61 (or 49.19 %) threenanié accelerations.

Table 1 presents the number and probability ofvtiicaccelerations by region
and decade. Nevertheless, note the decades of 36@sland 1990s have fewer
observations than the thirty intervening yearghi case of the 1950s, the reason is the
lack of pre-transition growth rates, which means first feasible date is 1957. As for
the 1990s, the absence is due to the fact thatltay fequires the calculation of post-
transition growth rates, as so my last feasible ¢a1997.

With these limits on the 1950s and 1990s, the agivdity of a growth
acceleration was important during the 1960s and4 %t declined in the 1970s and
1990s. When looking by regions, the largest nundbegrowth acceleration is in Latin
America, but the highest probability of such ansede appears in Middle East



countries. With over-average probabilities of avgio acceleration, Africa and Asia

follow Middle East and Latin America. Note that thprobability of a growth

acceleration in Asia and Middle East was the largesing the 1980s. Finally, other

countries, North America and Europe have the lowastbabilities of a growth
acceleration, 6.61 %, 6.06 % and 3.65 % respegtivel

Table 1: Probability of a growth acceleration per egion and decade

Asia Africa | Middle | Europe Aanaetir?ca A’;lncc)errt'iréa Other -I;f,)/i?l slf)%iés \(/)att)i?)?]rs-
1950s 15.38 13.21 28.57 11.11 13.11 50 15.4 1441 34 236
1960s 8.65 13.79 6.25 6.25 13.37 16.7 11.5 10.39 o1 876
1970s 4.17 5.96 6.25 1.21 3.28 0 32| 3.70 40 1080
1980s 11.46 6.54 16.67 351 10.55 6.3 7.4/ 7.84 74 944
1990s 4.17 10.53 6.25 2.08 7.98 0 3| 569 46 808
Total -% 7.47 9.12 9.39 3.65 8.69 6.06 661 723 528 3944
Episodes 33 74 28 34 82 4 30 285
Obs. 442 811 298 930 943 66 454 3944

Note: Number of growth episodes divided by numbearatid datapoints in that decade and region.

To know whether episodes of rapid growth wereanet, growth rates starting
eight years after the initiation of the episode examined. Table 2 presents the growth
acceleration episodes by their growth rate in thes years preceding the increase in
emissions (g) and in the seven years following their episoderapbid growth
(gu71+19°. To classify the remaining 243 episodes, | chomselistinguish between
negative and (slow and rapid) positive growth.

After the end of the episode, 150 had positivedrgpowth, 50 slow growth and
43 negative growth rates. In other words, 61.7 %eméodes were sustained into the
longer term by rapid growth and 20.6 % by slow gtowlherefore, the majority of
growth accelerations continue with an increase @ €missions. Indeed, only 17.7 %
of episodes were followed by negative growth, am@ slecrease in G@missions. By
looking at results by regions, note that more thaf% of episodes are sustained in Asia
and Africa whereas in Europe and other countriespectively 58 % and 50 % of

episodes, are followed by rapid growth.

% Since post-acceleration episodes growth rateseeeled, some episodes are lost. In this part of the

article, no episode can occur after 1990.



Table 2: Episodes of rapid growth classified by growth fa¢éore and after the episode

Growth rate befor¢he episodey,_;,
Positive Growth
Negative Growth
[ 0:275] >2.75
AUT67 MALSS
BAH69 MAR67
BER82 BAR84 BERG68 MEX74
DEN89 BRU64 BOL90 MONS84
GIB73 EGY57 BRU69 NWZ69
ICE72 KEN70 CAM75 PAR90
Negative Growth KUW77 MYA78 CPV72 SIE63
LUX85 SAL70 CZE75 SVGES
MOZz67 SAU87 ECU75 SUD64
SLA76 SLA64 GUT71 SWEG2
VENG63 SPM84 IRA72
UGA62
LEB67 VENSS
LYB63
< -
5 ANGS9 IRE84 ALG69-81 JOR77
= BLZ84 ARG64 ISR81 BARG62 KOR87
. ECU89 CcuB69 NOR62-74
AUS86 KOR82
8’ Slow ICE83 DJI78 PAR72
5 CAN63-89 MALG62
3 [0. 275] JAM88 CPV67 MEX87 DOM66-90 SAL89
K% v JAP85 CZE58 MORS6 FGU88 SLUGB3
g— NWC63 EQUS2 MYAB5 GAM75 SAM74
o NWz81 FlI76 TTO69 GRN65 SAF78
£ ZAl62 FGUS3 USA62 HAI73 TOG74
q&_-’ IRE66 TON87
< ALB66
Q ANG61 GUY59-64  NIG59-67
< BAH58 HONG7 PANS57-64
E B:gﬁg?s HONS86 gl(_)?_gg MAL79 BLZ61 HGH58 PAP64
g Positive IRA82 MAUS5 BRAG67 IND72 PER59
2 Growth BRA84 IRE58 CAM64 ' oR61 BUL58  IDN71-84-89  PHI6L
o rowt BRU59 IRN83 CAN58 NICSS CSR64-89 IRAG4 QUAS7
o CPV62 KENST CHL82 PARBS CHL58 IRN89 REU61-72
CHLS7 CHN64 CHN69-82  ISR59-88 SAL62
LEB80 POR88 CYP64 ITAG0 SAM69
CSR84 80 CSR59 P
Rapid CUB64 MAR CYP86 REU85 DJI59 JAP59 SAU66
>2 75 Domgl MAUB3-80 o\ o SLU86 DOM61 KUW83-90 SLUSS
. PANS7 SLA59 ECU63 LEB87 SVG83
EGY71 DJI71 _ ESP64 LIB57 SUR61
PHI86 SVG59-78
EQU71 QUAG2-87 FAO63 SUD85 F1J58-63 LYB58 SwWi58
ESP85 SALga | GHAG9-87 L o0 FIN62 MAD61 SYR75
GIBs4 GRN58 FGU61-75 MAL74 THA61-85
SAU57 TON59-69  GHasa MARG2 TOG59
GRN76 HAI63
GUTS5 SLA89 IDN66 TTOG60 GIB89 MEX66 TON64
HAIGS VEN75 JOR72  TUN62-74  GAMS6S MON73 TUNS57
GRES57-62 MORG67 TUR61-80
GRNB83 NET58 URUS3
GUA57-74

2.2.3.CO, emissions degrowth episodes: First Results

Concerning periods of negative €@missions growth rate, only 78 episodes
satisfy the three conditions of a degrowth episddigte that conditional on a growth

reduction of at least 2 ppa, the average decrsa$e7i % (median -5.4 %)

Even if the number of degrowth episode is sigatiity smaller than the one of

growth accelerations, nearly half of the countireshe sample experience a reduction



in CO, emissions during the period 1950-2004, precisélycbuntries representing
47.48 % of the total dataset.

As for growth acceleration episodes, | also edemthe (unconditional)
probability of an emission degrowth episode by diiwg the number of episode (78) by
the number of country-years in which an episodddcbave occurred (4772=124*41-
4*78). Therefore, the average probability of a @egh transition is our sample is about
1.63% per year. This means that a country wouldeharound 15 % chance of

experiencing a reduction in G@missions at some point in any given decade.

Table 3 presents the number and probability ofatieg growth by region and
decade. Remind that results for the decades 19%@s1990s are limited given their
small numbers of observations.

Table 3: Probability of a degrowth episode per regin and decade

Asia Africa | Middle | Europe Aanaetir?ca A’;lncc)errt'iréa Other I&S’“ s%pc)jiés \(/)akt)ii?\r;
1950s 0 274 385 0 0 0 o | 083 3 360
1960s 0 0.38 1.04 0 0.33 0 16.67 0-33 4 1224
1970s 1.52 3.85 0 4.02 2.10 6.25 3.22 2.78 31 1116
1980s 0.74 2.89 1.04 4.02 1.72 0 151 2.19 25 1140
1990s 3.00 0.47 0 3.89 1.27 0 092 153 15 932
Total-% | 1.09 1.95 0.76 2.59 1.24 1.28 148  1.63
Episodes 6 20 3 25 15 1 8 78
Obs. 550 1027 394 966 1210 78 542 4772

Note: Number of degrowth episodes divided by nundfesalid datapoints in that decade and region.

The most striking results is that the probabiliya degrowth episode is the
highest during the 1970s and 1980s. During thosedecades, a country would have
more than 20 % chance of experiencing a degrowtioghel ooking at the experience
by regions, Europe and Africa are the regions \hin largest probability of negative
growth, 2.59 % and 1.95 % respectively. Note thasé episodes of G@missions
reductions began in the 1970s for Europe and wameentrated in the 1970s and 1980s
for Africa. Concerning Europe, my results showsirgrresting result: it is the region

experiencing the smallest probability of growthelecation but the highest probability
of a degrowth period.



Table 4: Episodes of negative growth classified by groveite before and after the episode

Growth rate beforéhe degrowth episodeg,_;,

Negative Positive
=0
<2 % Jo-2]
ALBS5 LIB76-81
POL89 BAH75 LUX71
<-2% SWE77 BUL85 MOZ74
3 CUBS6 ROMS6
5 Negative . GIB69 ZAI88
o SELyy  GUYT6 GERS8
= ]0 _2] BUloo  HUNSS NIG84
@ ' cypay POL84 PER78
o
a Censy  SPM7L USR88
=
S ﬁbﬁgg LIB8Y
3 MAD76
= BHR59
) MYA83
@ BOLS1
3 NET77
BRU75
® NORS5
2 CAMS3
o CPV76 NWC74
& N BAHS0 EQUSS PAN78
© Positive MOZ79 GIB78 o PHI7S
% >0 LUX76 FINT7 SAL77
o URU78 FRA7G SIE83
S SuD74
S GRL69
SUR77
3 GUYS1
= USA76
15 HAIS7
UGAT2
JAMT79
VEN69
KEN79 A5y
KUW68-85

Note that the filter does not distinguish betwdemporary and sustained
reductions in C@emissions. In order to examine whether or not @letir episodes are
sustained, as for growth acceleration episodexK at growth rates starting eight years
after the initiation of the episode. Table 4 préseahe degrowth episodes by their

growth rate in the seven years preceding the deergaemissions {g;) and in the

seven years following their episode of degrowthy(g4*. To classify the remaining 65
episodes, | choose to distinguish between (slowrapidl) negative and positive growth
rates. After the end of the episode, 39 had peasigrowth rates and 26 negative (13
between 0 and 2 % and the other half superiorts).ZT'herefore, 40 % of the identified
episodes of degrowth are sustained but 60 % arpaery. As can be seen, European

countries represent 50% of sustained degrowth dpssand only 18 % of temporary

episodes.

* Since post degrowth episodes growth rates areedesdme episodes are lost. In this part of theleyrt

no episode can occur after 1990.
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2.3.Sensitivity analysis

Before launching into further analysis of the driv of (de)growth episodes, a
discussion on the definition of a (de)growth epesodarticularly the various
parameters, is developed. Indeed, concerning graetteleration, using an 8-year
period and the thresholds of 2.75 % growth and@Ep& increase are defensible, but
admittedly arbitrary. This is the same with theiiéibn of a negative growth episode.
Therefore, it is necessary to study the effectthefvariation of the parameters of the
filter to assess the robustness of the method. eMpected effects on the number of

identified episodes are summed up in Table 5.

Table 5: Expected effects of the variation of the filtergraeters on the number of episodes

Growth Acceleration Degrowth
episodes episodes

Variation of the parameter

Tightening the growth threshold;(g,) Decrease

Tightening the acceleration/reduction
threshold Ag)

Relaxing the acceleration/reduction
threshold Ag)

Shortening the time horizon (n) Increase

Decrease

Increase

Tightening or relaxing the thresholds of the filtproduces the expected
aforementioned results, as shown in Appendix thdfthreshold for change is (-) 2 ppa
but the (negative) growth threshold is raised (dased) to 3.5 (-2) %, then 277 (69)
episodes are identified versus 285 (78). With tmesholds for absolute (negative)
growth at 2.75 (-1) %, increasing the accelerafr@auction) threshold to 3 % yields
237 episodes while relaxing it to 1 % (0 %) ideasf346 (88) episodes. It is also
obvious that shortening the time window, for whtble average growth are calculated,
from 8 to 5 years leads to a significant rise ia tlumber of identified episodes: ceteris
paribus, 490 versus 285 for growth accelerationd &7 versus 78 for degrowth
episodes. Yet, note that although variations offittex parameters have an effect on the
number of episodes, they influence very slightlye tharious features (average,

median...), especially for degrowth episodes.
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3. Determinants of growth accelerations and degrowth

episodes

In this section, | develop an econometric modehnalyze the probability of a
CO, emissions growth acceleration/degrowth episode.nibdel is the following:

Yi: =B'X, e, i=1,.. ,Nt=1,..T (3)

where the underlying latent variable; Y can be interpreted as the trend of a country to

experiment an episode of GEmissions growth acceleration/degrowth.

Let Y | =1 if countryi experiments an episode of acceleration/degrowth

= 0 otherwise.

ThereforeY, =1whenY, > OetY, =0whenY, <0. In equation(3), index i
represents the country and indethe year, with N the total number of countriegha
sample and T the total number of yeafgis the set of exogenous explanatory variables

specific to a country and/or to a ydgis the vector of associated parameters ands

the residual term.

Note that after the identification step, the datas composed of 124 countries
over 41 years (1957-1997). This sample has beeostadj for the econometric
analysis. Firstly, as there is some uncertainty on thertinof an acceleration/degrowth
episode, in the case of such an episode occuirsat,tthe dependent variable takes the
value 1 for the datetsl, t, t+1. Moreover, | drop all data pertaining to yet#2 to t+7
of an episode, as | am interested in predictingtitheng of accelerations and degrowth

episodes.

I would like to underline that four different econetric models have been
developed. | present firstly empirical results frguooling regressions (section 3.2).

Then, | improve the econometric analysis by takitig account heterogeneity (section

® In this context, | follow the methodology develdpey Hausmaret al. (2005) and used by Jong-A-Pin
and De Haan (2007, 2008) and by Dovern and NunmapK2007).
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3.3) and | also test the exogeneity assumptioramoexplanatory variable (section 3.4).
In the last sub-section, | extend the study bynesing a multinomial response model
(section 3.5). Before presenting the econometrithoudlogies and results, | begin by

describing the explanatory variables in the nektsection.

3.1 Explanatory Variables: Definitions and Data

| categorize the explanatory variableg,iXX equation3), under four headings:

(i) The Kaya factors.

The Kaya identity (1989, Yamagit al. 1991) is the traditional analytical tool
used to analyze the determinants of,&mnissions. More precisely, according to the
Kaya equation, C®emissions are decomposed in a product of four elesne
population, gross domestic product per capita, ggnémtensity of GDP and carbon
intensity of energy. For this econometric work,dl ot use the Kaya identity in level
but in growth rate since conditions for an acceélenddegrowth episode clearly refers to
growth rate. Therefore, four explanatory varialdes taken into account: the growth
rates of population, of GDP per capita, of the gpentensity of GDP and of the carbon

intensity of energy.

Data on population and GDP are taken from the Ndaads database (2008),
except for 6 countriésfor which information are provided by the datasétthe
"Conference Board and Groningen growth and devedmpnaentre” (2008). Data on
national CQ emissions are taken from the Marlagidal's database. To compute the
energy intensity of GDP, the carbon intensity ofergy and their growth rates,
unfortunately, | have not found data on primaryrggeconsumption for all the 124
countries over 1957-1997. | used three differenta deources defining three sub-
samples (cf. appendix 3 for a description of thee¢hdatasets). The first provides
information on total primary energy consumption && countries from 1965 to 1997

® Barbados, Dominican Republic, Cyprus, LuxemboMtaglta et Saint Lucia.

" Note that the three datasets are not based osathe definition of primary energy consumption. Data
from British Petroleum only take into account trddfiels whereas information from the Energy
Information Administration and the World Bank alswtegrate consumption from wind, solar and
geothermal energies.
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(British Petroleum, 2008) whereas the second gilaa for 76 countries between 1971
and 1997 (World Bank, 2007). Information from tleestl dataset is available for 83
nations between 1980 and 1991 (Energy Informatiomiistration, 2005).

In order to complete the analysis, | change twga<@actors to find more precise
determinants of acceleration or degrowth episoBiest of all, | replace the growth rate
of GDP per capita by the growth rates of the vadded per inhabitant of the three
main sectors (agriculture, industry and servicegjeed, if economic growth can have
an impact on the timing of a episode, it would bteiiesting to know which sector(s)
is(are) behind this effect. Data on sectorial vaddeed (in proportion of GDP) come
from the World Bank (2007). Then, following the @ef York et al. (2003) and Cole
and Neumayer (2004), | use additional demograpai@bles. | replace the growth rate
of population by the one of urban population. Téheai is that a higher urbanization rate
is likely to have a positive effect on G@missions "due to the typically more pollution
intensive behavioural patterns in urban areaslsd take into account the age structure
of the population. The intuition is that the actp@pulation (between 15- 64) is likely to
have a higher impact on emissions than the repmgalilation (65 and more) and than
the children and adolescents (below 15). Data barupopulation and the structure of
the population come from the World Bank (2007).

(i) Openness.

An important factor associated to pollution andiemmental degradation is
international trade, and so openness of nationsveder, free trade has contradictory
impacts on environment, both increasing pollutiord anotivating reductions in it.
Indeed, on one hand, trade leads to increase irsitee of the economy that raises
pollution (through the well-known scale effect). @re other hand, trade can make
easier specialization and technical transfers betweations, leading to less polluting
production methods. In this context, the effecopénness on the timing of episodes of
acceleration/degrowth is unclear. Neverthelesxpket that the scale effect is higher
that the composition and technique effects. Sonogss is likely to have a positive
impact on acceleration growth episodes and a negatie on degrowth episodes.

Two measures of openness have been used. Thes fingt openness ratio which
is the sum of exportations and importations dividgdGDP. Data on exchanges come

from the online World Trade Organization Statistidatabase (2008). The second
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measure is a binary variable taking the value 1nad@untryi is open. This index has
been created by Sachs and Warner (1995) and updgtédacziarg & Welch (2003).
Openness is met when none of five conditions igdlatdd. The conditions deals with
non-tariffs barriers, tariff rates, black markettkange rate, type of economic regime
and monopoly state on exports, which provide a reateustive view of openness than

the first measure.

(iii) Qil price.

In the estimations, | search if the growth ratéhef oil price has an influence on
the timing of an episode. It is possible that angsprice will lead to substitutions
between energies as oil becomes more and more Expein this context, the growth
rate of the oil price would have a negative impactCQ emissions, and so on the
timing of an acceleration episode. Concerning detreepisode, it is likely that a rising
oil price enables to slow GCemissions growth but it would not reverse the dren
Therefore, |1 do not expect the oil price growtrertd have an effect on the timing of a

degrowth episode. Data on oil price are taken fByitish Petroleum (2008).

(iv) Environmental consciousness.

The last but not the least category is composedaoiables describing the
environmental consciousness of nations. Firstlgrdate a binary variable for the
ratification of the Kyoto Protocol, taking the vald when country signs the protocol.
Then, | distinguish between countries belongingh® Annex I,i.e countries having
agreed to cap emissions, and countries belongintpgonon-Annex lj.e countries
without emissions reductions targets but vulnerableclimate change. Information
needed was taken from the UNFCC website (UnitedoNsitFramework Convention on
Climate Change). Finally, | add a variable représgnthe increasing awareness of
climate warming. To create this variable, | takeeasus of the major events which have
highlighted the issue of environmental protectiamd eclimate change. | take into
account nine events: the Earth Summit in Stockhatieh the report "Limits to Growth"
(1972), the T conference of United Nations on Climate Chang&9)9the Brundtland
Report (1987), the™ conference of United Nations on Climate Chang&9)9the
report of the Intergovernmental Panel on Climatar@e (1990), the®1Earth Summit
(1992), the T Conference of Parties (1995), tH€ €onference of Parties (1996), tHe 3
conference of United Nations on Climate Change thed?® Earth Summit (1997). |
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code the variable in the following way: it begirigfze value 0 and | add 1 if such an
event occurs at timé Therefore, the variable remains at 0 up to 1%&komes 1
between 1972 and 1978, 2 between 1979 and 198&aaad. Note that this variable is
the same for all countries, which is a drawbackesinations are not likely to share the
same environmental consciousness. Moreover, tlseeegap between awareness and
change in behaviours. In this context, it is likehat environmental consciousness
slows CQ emissions growth, and so has a negative impachameleration growth
episodes but no significant effect on degrowth @gbés. To sum up, this variable is an

original, yet imperfect, measure of environmentahgeness of the whole world.
A table in appendix sums up explanatory variabldgir names in the
estimations, sources and expected effects on thiegiof accelerations growth and

degrowth episodes (cf. appendix 4).

3.2 Empirical results for pooling regressions

3.2.1. CQ growth acceleration episodes

In this sub-section, let the theoretical econometrodel be:

Y. =p'X, +e,i=1,.,Nt=1,..,T @

where the underlying latent variab¥,, can be interpreted as the trend of a country to

experiment an episode of GEmissions growth acceleration.

Let Yi (= 1 if countryi experiments an episode of growth acceleration (Whe> 0).

= 0 otherwise (whe¥; < 0)

In this sub-section, note that specific-countrgets, describing the unobserved
heterogeneity between nations, are not integratedthe analysis. At this step of the
paper, | also assume that there is no endogenmitygm, especially on the GDP per

capita growth rate.
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In this context, | realize the standard Prbkistimation over the whole dataset
by the maximum likelihood method. Consequently, tlr@dom termg;, is assumed to
follow a normal distribution with a null mean anduait variance. Results of the
estimations for the three sub-samples, accordinigegsource of data of primary energy
consumption, are in appendix (appendix 5, tablég®d5.3) and are expressed in terms
of average partial effects

The baseline specification, shown in column (dyjudes the four Kaya factors
in growth rates. Note that empirical results difiecording to the dataset. However, the
growth rate of the energy intensity of GDP is thdyoKaya factor with statistically
significant coefficients in the three samples aad the expected positive effect. This
baseline specification is present in all the edioma (columns (2) to (6c)). In this
context, note that the growth rate of the energgnisity of GDP is also significant in
the majority of the regressions. As for the grovate of GDP per capita, this variable is
significant over the shorter samples (cf. tabledn@ 5.3) and has the expected positive
effect. In the next column, | replace the growtkeraf GDP per capita by the three
sectorial variables. Unfortunately, this modificatiis not relevant as a Wald test shows
that explanatory variables in a whole are not $icgmt to explain the probability of an
acceleration growth episode. In columns (3a) am), (Btest the effect of the openness
of nations. Note that the first continuous varialthe openness ratio, is not significant
contrary to the binary index of Sachs and Warnge [Rtter is significant in samples 2
and 3 and had a positive effect (cf. table 5.2 a8)l. In this context, the openness of a
nation leads to an increase in the probability xgpegiencing an acceleration growth
episode. In the following regressions, | keep thpenmess variable when it was

significant. Note that it remains significant irh mlodels.

® The choice of the Probit estimator for the pooliegression is linked to the econometric extensions
applied to this paper. Indeed, to take into accdhet unobserved heterogeneity, | choose to model
specific country effects as random effects andssaiProbit estimator with random effects. Morepiver
am also testing the endogeneity of the growth cit&DP per capita and so use the two-stage Probit
estimator, method developed by Rivers and Yuon§919n this context, | prefer to use a homogeneous
methodology all over the econometric work.

° Note that current applied research has many agijuits based, instead of marginal effects at thepka
mean, on “average partial effects” (Wooldridge, 200 The latter is the mean of all marginal effects
computed for each observation in the dataset. Tovexet provides the average effect of a partf@mge
in one explanatory variable on the probability o€sess (P(¥=1)). The formula for computing average
partial effects of a partial change in tHedxplanatory variable, is the following:
-1 iia Prob(Y, =1X )
S
NT 5= axk“
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Then, | replace the growth rate of population byenarecise demographic variables. In
column (4a), | use the growth rate of urban popaatwhich is significant and has a
positive average partial effect in the three subslas. | also use the structure by age of
the population (column (4b)). The most significaariable is the growth rate of the
active population. Note that the coefficient is ipwe, as expected, but also is
surprisingly high. This value suggests that thatieh between the probability of an
acceleration episode and the growth rate of agingulation is very non linear. This
idea is corroborated by the analysis of the graggnesenting the predicted probability
and the growth rate of active population (cf. agher®). Indeed, looking at this graph,
it is clear that a partial change in the growtle laads to important positive or negative
variations of the predicted probability. In this ntext, the interpretation of the
numerical value of average partial effects can eading. Therefore, it is preferable
to base conclusions only the sign of the margiffece To continue the estimations, |
choose to keep these three demographic variabtdsmn (5) shows the results of the
estimation with the growth rate of oil price. Fbetthree sub-samples, this variable is
not significant. To finish, | analyze the effect ¢iie variables describing the
environmental consciousness. The ratification & Kyoto protocol appears to be a
significant variable over the three dataset (colu(éa)) and more precisely the
membership to the Annex-1 of the protocol (colum@b)j. Unfortunately, the
coefficients are positive whereas | expect thembaonegative. In this context, the
ratification of the Kyoto protocol does not seemb® linked to slower emissions
growth. On the contrary, it is likely to raise theobability of an acceleration growth
emissions. The same contradictory effect appeatis thie variable representing the

global environmental consciousness (column (6¢cgy @amples 1 and 2.

To sum up, the growth rates of GDP per capitaenargy intensity of GDP, of
urban population, of active population and the ogss of nations are significant
variables influencing positively the probability @iCQ acceleration growth episode.

3.2.2. Empirical Results for G@egrowth episodes

As for accelerations growth episodes, the binommablel is estimated by the
Probit methodology. The theoretical econometric ehagl unchanged (cf. equati¢h))
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but, in this sub-section, the underlying latentiatale, Y; , can be interpreted as the
trend of a country to experiment an episode of @@issions degrowth.

Let Yy [ = 1 if countnyi experiments an episode of degrowth (wh@n>Y0).

= 0 otherwise (When;Y< 0)

Results of the estimations for the three sub-sasy@ccording to the source of
data of primary energy consumption, are in appeabpendix 7, tables 7.1 to 7.3) and

are expressed in terms of average partial effects.

| follow the same procedure as for accelerati@mwgin episodes. | begin with the
baseline specification with the four Kaya factansgrowth rate. The striking result is
that the Kaya factors are significant and havenégative expected coefficients, except
for the growth rate of carbon intensity of enerGpmpared to the acceleration episodes’
results, the Kaya factors are likely to have a s&arigl influence on the probability of a
degrowth episode. This baseline specification es@nt in all the estimations (columns
(2) to (6¢)). In this context, note that the thfiest Kaya factors are also significant in
almost all the regressions. In column (2), | repldte growth rate of GDP per capita by
the three sectorial variables. The interestingifigds that the growth rate of the per
capita value added in industry is a significantialdle and has a negative effect in the
three datasets. Then, in columns (3a) and (3kgstl the effect of the openness of
nations. As for acceleration episodes' resultsfiteecontinuous variable, the openness
ratio, is not significant contrary to the binarylex of Sachs and Warner. The latter is
significant in all samples and had the expectedhtinag effect. Therefore, the openness
of a nation leads to a decrease in the probahlitgxperiencing an episode of €0
emissions reduction. Then, | replace the growtle &t population by more precise
demographic variables. In column (4a), | use tlwavijn rate of urban population, which
is significant and has a negative average pafffiattein the three datasets. | also use the
structure by age of the population (column (4b)he Tgrowth rate of the active
population is the most significant variable. Nokattthe coefficient is negative, as
expected. Therefore, the probability of a degroepisode will decrease after a partial
increase in the growth rate of active populatioonlu@in (5) shows the results of the
estimation with the oil price growth rate. For tiheee sub-samples, this variable is not

significant, like acceleration episodes' results. finish, | analyze the effect of the
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variables representing the environmental consciessnOver samples 1 and 2 (cf.
tables 7.1 and 7.2), variables describing the meshige to the Kyoto protocol are not
significant. Note that the benchmark situation iecent in sample 3 as countries
which have not sign the Kyoto protocol did not engrece a degrowth episode over the
temporal dataset. In this context, | drop these émuntries and analyze the effect of the
membership to Annex-1 of the Kyoto protocol (cbla7.3). The reference situation is
here the members of the non-Annex-1. Empirical ltssshow a significant and negative
effect. This is quite surprising as | expect thamhership to Annex-I, i.e the agreement
to cap CQemissions, to have a positive effect on the prditglof a degrowth episode.
It seems that such countries have not already mmghe policies leading to a reduction
of CO, emissions. This result questions the successhiewng the Kyoto's targets in
terms of CQ emissions reductions. As for the variable reprissgnthe global
environmental consciousness (column (6c¢)), it issngnificant, except in sample 2 and
has a striking negative effect.

In a nutshell, the probability of a G@egrowth episode is significantly and
negatively linked to the growth rates of three Kéaetors (GDP per capita, population,
energy intensity of GDP), more precisely to thewglorate of the urban and active

population and to the openness of nations.

3.3 Taking into Account Heterogeneity

The interest of my database lies in the exista@icgrious annual observations
for each country. So, it is possible to control fanobserved heterogeneity by
integrating fixed or random country-effects. Theads the following: it may exist some
variables specific to each country, unobservedHhgy économetrician, but having an
influence on pollutant emissions dynamics. Thesebsarved features are likely to
biase previous results from pooling regressionsiséquently, my data enable to obtain
unbiaised estimators by using individual effectsnlyions, as for traditional panel data

regressions.
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Two specifications for specific country effectsidae implemented: either fixed
or random effects. In this context, the model, espnted by equatiqd), becomes the

following:
- with fixed effects:Y, =a, +p'X; +v,,i=1,..,Nt=1,..,T (5)
- with random effectsY, =p'X, +u; +v,,i=1,..,Nt=1,..,T (6)

In equation(b), o; represents a parameter specific to coumtryhis effect can be
estimated and correlated to explanatory variabigsOn the contrary, in equatidB),

i is a random error term specific to counitbut independent of exogenous explanatory
variables, X. In this article, the random effects model is predd to the fixed effects
model for two reasons. Firstly, note that the cbodal logit estimator with fixed
effects, developed by Chamberlain (1980), takes atcount countries which have
already experienced one episode of accelerationtgfdegrowth only. In this context,
information from countries which have not knownlsan episode is not integrated into
the estimation, whereas all countries are presetita random-effects probit regression
(Wooldridge, 2002). Secondly, unvarying variablegerotime are dropped of the
estimation with a fixed-effects logit regressor.efédfore, it is not possible to estimate
the influence of the ratification of the Kyoto Rvobl, and the type of membership, on
CO, emissions dynamics. This is not the case with ralom-effects probit model.
Nevertheless, even if the random-effects probitregbr has attractive features, it lies
on the assumption of independence between couffagt@nd explanatory variablés
contrary to the conditional fixed effects logit.idta strong assumption but, contrary to
linear models it can't be tested by a Hausmanstese residuals from both estimations

do not follow the same distribution.

3.3.1. CQ growth acceleration episodes

In this sub-section, let the underlying latentiatate, Y; , be interpreted as the

trend of a country to experiment an episode of &0issions growth acceleration.

"% Note also that it is assumed error termsandv,, , are distributed according to a normal law with a
null mean and a variance, respectiveif( and 1. Under theses hypotheses, it is possiblstimate the

B parameters by maximizing a conditional log likebkcfunction (Wooldridge, 2002).
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Let Yi [ =1 if countryi experiments an episode of growth acceleration fhe> 0).

= 0 otherwise (Whe¥i; < 0)

. Results of the estimations for the three subpdasnaccording to the source of
data of primary energy consumption, are in appeabpendix 8, tables 8.1 to 8.3) and

are expressed in terms of average partial effects.

To begin with, | would like to underline that thetegration of unobserved

specific country-effects is supported by the regecbf the test on the paramete(cf.

Appendix 8). The latter measures the relative irtgpare of the unobserved effects

2
n

2
+
Gy

since:p = with cﬁ the variance of the random country-specific eteom, . in

equation(6).

On one hand, note that the results from the ranreffects probit estimator are
the same as those from the pooling regressionhéopenness variables (columns (3a)
and (3b), the growth rate of oil price (column Bdahe environmental consciousness
variable (column 6c¢). Indeed, the binary index et and Warner is significant in
samples 2 and 3 and had a positive effect (cfetaBl2 and 8.3). In this context, the
idea that the openness of a nation leads to amdeerin the probability of experiencing
an acceleration growth episode is supported by erapresults. For the growth rate of
oil price and the environmental consciousness, batlables are not significant, as in
the pooling estimations. On the other hand, sorfferdnces appear. Firstly, one Kaya
factor, the growth rate of energy intensity of gtiows significant on the longer sample
only (cf. table 8.1) whereas it is significant iangples 1 and 3 in the pooling
regressions. Moreover, the detailed demographi@bias (columns (4a) and (4b)) are
less significant when heterogeneity is taken intooant. Indeed, the growth rate of
urban population is significant in sample 3 onlf; (able 8.3); contrary to the pooling
results where it was always significant. As for tteucture of the population, the
growth rate of the active population is now sigraft in samples 2 and 3 (cf. table 8.2
and 8.3). Finally, the ratification of the Kyotoopocol, and more precisely the

membership to Annexe-l, seems to be a significamtatsle in previous estimations.
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Once specific country-effects have been integratbdse variables are no longer
significant (columns (6a) and (6Db)).

To sum up, the integration of specific countryeeté reduces the significance of
the growth rates of GDP per capita, of energy sitgrof GDP, of urban population and
of active population. However, it validates thensigance of the openness of nations
and the non-significance of the growth rate of price and the environmental

consciousness.

3.3.2. CQ degrowth episodes

In this sub-section, let the underlying latentiaale, Y; , be interpreted as the

trend of a country to experiment an episode of @@issions degrowth.

Let Yy | = 1 if countryi experiments an episode of degrowth (wigr> 0).

= 0 otherwise (whe¥; < 0)

Results of the estimations for the three sub-sesy@ccording to the source of
data of primary energy consumption, are in appeabpendix 9, tables 9.1 to 9.3) and

are expressed in terms of average partial effects.

As for growth acceleration episodes, the integratof unobserved specific

country-effects is supported by the rejection oé ttest on the parametpi(cf.

Appendix 9).

Concerning the Kaya factors, the pooling regressj@ovide strong evidence in
favour of their significance, especially for threethem (the growth rates of GDP per
capita, of population and of energy intensity of 3D Empirical results from the
random-effects probit change this conclusion. lddeehereas the growth rate of GDP
per capita remains significant (except in samplarf) has the negative expected effect;
the growth rate of population and energy intensft¢iDP are no longer significant. On
the contrary, the growth rate of carbon intensitgmmergy appears now as a significant
variable and has the expected negative effect.répkacement of the growth rate of

GDP per inhabitant is inconclusive as a Wald tesins that explanatory variables are
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not jointly significant to explain the probabiligf a degrowth episode (column (2)).
Concerning the openness variables, the binary imfeSachs and Warner is still
significant (except in the longer sample, cf. taBlg¢) and has the negative expected
influence. A substantial modification of the corsthns appears when detailed
demographic variables are integrated into the edtim. In the pooling regressions,
those variables were significant in the three sasigDnce specific country-effects have
been implemented, note that the growth rate of nurpapulation (column (4a)) is
significant over the longer sample only (cf. ta®d). As for the structure of the
population, the growth rate of active populatiorsignificant over sample 3 only (cf.
Table 9.3). The last four columns provides simiésults as the growth rate of oil price,
the ratification of the Kyoto Protocol and the ea@sing environmental awareness

appear to be non-significant.

In a nutshell, the integration of specific coungffect reduces the significance
of two Kaya factors, precisely the growth ratepopulation and of energy intensity of
GDP, and of demographic variables, more precisaygrowth rates of urban and active
population. However, the probability of a €@egrowth episode remains significantly
and negatively linked to the growth rates of GDP ¢apita and of carbon intensity of

energy and to the openness of nations.

3.4 Correcting for Endogeneity

In addition to the integration of heterogeneityween nations, the issue of
endogeneity must be dealt with to improve the bdiig of the estimations. Above all,
the endogeneity problem can touch the growth rate@P per capita, so far supposed
exogenous. It is possible that explanatory factmase not been considered in the
regressions yet. It is even likely that such vdaalrould also have an impact on the
growth rate of GDP per capita. For example, thaeasing awareness of climate
warning can influence both pollutant emissions ayica and economic growth. If the
phenomenon of endogeneity is not taken into accouggressions are biased.
Consequently, in this fourth sub-section, the eoawetoic analysis is completed by the

use of the two-stage approach of Rivers and Vud8gg). This methodology enables
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to correct the endogeneity bias in the nonlineadehdut also enables to test the
endogeneity of the explanatory variable.

In this sub-section, the econometric model, represd by equatio(6), becomes
the following (with Y; equals 1 when > 0 and ¥; equals O otherwise):

Y, =B X, YW, +p, +v,,i =1, ,Nt=1,.T (7)
where Y, is the underlying latent variable,Xs the set of exogenous explanatory
variables specific to a country and/or to a ygais the vector of associated parameters,
W, is the endogenous explanatory variable (i.e tlogvtr rate of GDP per capita),its

associated parametaer,is the random country effect angthe residual term.

Due to omitted variables in the estimations, passible that the growth rate of
GDP per capita is an endogenous variabIdE(aA;{it ,nit)i 0. To test the endogeneity of
this variable, |1 use the method of Rivers and Vu¢h@88) and extend it to a panel
framework, as Elbadawi and Sambanis (2002). Firstlyeduced model with random
effects for the endogenous variable is estimategdmeralized least squares:

W, =8'X, +0'Z; +o, +1, (8)

This model takes into account the set of explagat@riables from the non linear
model, %, and also the set of instrumental variableZ;. The latter must satisfies two
conditions: (1) the instrument(s) must be strongtyrelated with the endogenous
variable, W (2) and must be correlated neither with the binaagiable, ¥, nor the
error term, vi. Once equation(8) has been estimated, predicted value for the

endogenous variablé/, , and residualsg,, , are computed:

W, =5'X, +0'Z, (9)

™ The choice of the instrumental variables for thewgh rate of GDP per capita will be presentedhia t
next sub-section after the description of the medhagy.
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0~ Wy (10)
The second stage of the methodology is to estithateandom-effects Probit model by

adding the residualg,, , as an explanatory variable:
Yi: =BiXy YW, +BLT, iy o, (11)

A nice feature of this methodology is that the ligrabit t-statistics or, is a valid
test of the null hypothesis thati\W exogenous, that is, H8,= 0. If B, # 0, the usual

probit standard errors and test-statistics, i.eim@dtons not corrected for the
endogeneity phenomenon, are substantially biasede dlso that it is possible to
consistently estimate the average partial effeftisr dhe two-stage estimation (see
Wooldridge, 2002, p. 474-475 for a detailed deginiy).

3.4.1 The choice of the instrumental variables

To find instruments for the growth rate of GDP mapita, | tried different
variables coming from the literature on the deteanis of economic growth.
Therefore, following Barro and Sala-i-Martin (199%)used the 10-years lagged log
value of the level of GDP per capita (Maddison, 0Qhe level of educational
attainment (Barro and Lee, 2001), two indexes faitipal democratic rights and civil
liberties (Marschall and Jaggers, 2007; Vanhan@@lpand the life expectancy at birth
(United Nations, 2007). | also used the 10-yeaygéd value of the growth rate of GDP
per capita. The choice of those factors is suppdstethe following arguments. For the
lagged value of GDP per capita, the idea is basedthe notion of conditional
convergence; i.e the farther an economy locatey &wen its long-run (or steady-state)
level, the higher is its economic growth. So, aateg relation between the growth rate
of GDP per capita and its initial level is expect€bncerning the level of educational
attainment, a positive link is supposed since ghothieories emphasize human capital
as a key factor to drive the long-term growth afome. To measure the human capital
stock of a country, | use the average years ofdoi of total population aged of 25
years and more estimated by Barro and Lee (200Bisd take into account the
existence of democracy as economic performancebeamfluenced by altering the

extent of democratic rights. In this context, twdexes have been separately used: the
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polity IV index of Marshall and Jaggers (2007) ahd Vanhanen's measure (2001) (cf.
appendix 10 for a description of these indiceske Tst but not the least instrumental
variable implemented is the life expectancy athbitndeed, "it is likely that life
expectancy at birth has such a strong, positivatiogl with growth because it proxies
for features other than good health that refledirdble performance for a society”
(Barro and Sala-i-Matrtin, 1995).

| estimated equatioi8) using those various instruments. Note that differe
versions of this estimation have been done. Indedxdgan by introducing the four
instruments (lagged level or growth rate of GDP papita, education attainment,
democratic rights and life expectancy at birth) fdstunately, the variables weren't all
significant individually. As the instrumental vabias must be strongly correlated with
the endogenous variable, | dropped the lagged vaiube growth rate of GDP per
capita since it always was non-significant. Sophtued the estimations of the four
possible combinations with three instrumental \Hed®. But, over the three sub-
samples, the three variables were not always signif, except the lagged value of
GDP per capita. Therefore, | estimated the thressipe combinations with two
instruments (the past value of income per capithamther variablé. | found that the
life expectancy at birth and the lagged log valt&DBP per capita were individually
significant over the three datasets. | kept thos&riments to implement the two-stage

Probit model on panel data.

However, note that instrumental variables are gbagubject to close scrutiny.
Indeed, in linear models, weak correlation between the instruments ancttilwgenous
variable may make the two-stage estimation teclnigat to be superior to a simple
regression where there is no attempt to controlttier endogeneity biaBoundet al,
1995; Staiger and Stock, 1997; Statkal, 2002). In this context, the instruments must
not be weak, i.e. they must be sufficiently coredlawith the endogenous regressor.

Following the criterion developed for the linearotstage least squares model (Staiger

2 The four combinations are the following: (i) laggkevel of GDP per capita, education attainment,
democratic rights, (ii) lagged level of GDP per itapeducation attainment, life expectancy at biiif)
lagged level of GDP per capita, democratic riglifis,expectancy at birth and (iv) education attaémt)
democratic rights, life expectancy at birth.

3 The three combinations are the following: (i) laddevel of GDP per capita, education attainmeht (i
lagged level of GDP per capita, life expectancybith, and (iii) lagged level of GDP per capita,
democratic rights.
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and Stock, 1997), | report the value of the F-stiatiof a test of joint significance of
instruments in the first stage regression. | alsmpute the partial R-squared from the
including instruments in order to provide an idéshe additional explanatory power of

instrumental variables.
3.4.2 CQ acceleration growth episode

Results of the estimations for the three sub-sasnpte in appendix (appendix

11, tables 11.1 to 11.3) and are expressed in tefrangerage partial effects.

In the first part of the tables, | report the miséresting results of the first-step
estimation (cf. equatio(B)), i.e the coefficients of the instrumental vareshbnd their
significance levels. It is clear that both instrumtseare always significant at the 1%
level and have the expected sign: negative folagged log value of GDP per capita
and positive for life expectancy at birth. Then, iastruments must not be weak, |
provide data on the F-statistic of a test of theint significance. Note that the null
hypothesis is always rejected and that the F-ftais always higher than 10. In this
context, the chosen instrumental variables ardikelly to be weak (Staiger and Stock,
1997). Moreover, including the instruments in thestfstage raises the R-squared,
especially in samples 1 and 3. Therefore, instrusmeseem to have substantial

explanatory power.

In the second part of the tables, | report reduti the second-step estimation
(cf. equation(11)). As | underline before, the methodology of Rivar&l Vuong (1988)
IS interesting since it enables to test the hymthef exogeneity of an explanatory
variable by looking at the significance of the desils of the first stage. From table 11.1
(cf. appendix 11), since residuals are never sianf, the growth rate of GDP per
capita appears to be exogenous over the longerlsairierefore, there is no need to
correct for the endogeneity problem and empirieautts from the Probit model with
random effects are reliable (cf. appendix 8, tableand sub-section 3.3.1). The same
result appears for sample 2 as residuals are guafisant, except for the first regression
with Kaya factors only (cf. appendix 11, table 3112 this context, over this dataset,
conclusions can be based on the results of theitRraimel with random effects (cf.
appendix 8, table 8.2 and sub-section 3.3.1). Hewdwr the last and shorter sample,
residuals are significant for regressions (1) ta) (@nd non significant otherwise (cf.

28



appendix 11, table 11.3). For the latter estimati¢eolumns (4b) to (6¢)), empirical
results from the Probit model with random effeats eeliable (cf. appendix 8, table
8.3). On the contrary, regressions (1) to (4a) nibgstcorrected for the endogeneity
problem and so results from the two-stage Probilehare reliable. Comparing them
with uncorrected results, it appears that growttesaof Kaya factors are more

significant but openness becomes non-significant.

To sum up, for the study of acceleration growtliseges, the hypothesis of
exogeneity of the growth rate of GDP per capitalvgays accepted over samples 1 and
2. Therefore, uncorrected estimations from a Praidel with random effects are
reliable. On the contrary, over the shorter sampgeme regressions reject the
exogeneity assumption. In this context, the tw@-$eobit model is used to correct for
the endogeneity problem. To conclude, the proligthilf a CQ acceleration episode
remains significantly and positively linked to tgeowth rates of GDP per capita, of
energy intensity of GDP, of carbon intensity of gye of active population and to the
openness of nations. The growth rate of oil pricé the environmental consciousness

do not seem to influence the dynamic pattern o @@issions.
3.4.3 CQ degrowth episodes

Results of the estimations for the three sub-sasnpte in appendix (appendix

12, tables 12.1 to 12.3) and are expressed in tefrangerage partial effects.

Looking at the first part of the tables, both instents are significant and have
the expected sign: negative for the lagged logevaluGDP per capita and positive for
life expectancy at birth. Note however that the Bxpectancy at birth is significant at
the 10 % only for some regressions. Nevertheles® dn the F-statistic of a test of
joint significance of instruments show that the Inypothesis is always rejected.
Moreover, including the instruments in the firsige raises the R-squared, especially in
samples 1 and 3. In this context, the chosen im&ntial variables are not likely to be

weak.

In the second part of the tables, results from gbeond-step estimation (cf.
equation(11)) are reported. From table 12.1 (cf. appendix B)ce residuals are
always significant, the growth rate of GDP per tapppears to be endogenous over the
longer sample. Therefore, results must be correfciethe endogeneity problem thanks

29



to the two-step Probit model. Comparing then witlsarrected results, the main change
appears on the significance of the growth rateKafa factors. The four factors are
now significant, once the endogeneity issue has liaken into account. The other
modification is the significance of the environmantconsciousness variable.
Unfortunately, it has a surprising negative sigrereas it was expected to be positive.
Concerning openness of nations, demographic vasabil price and ratification of the
Kyoto protocol, results are unchanged. As for sas@ and 3 (cf. tables 12. 2 and
12.3), as residuals are not significant, empiriedults from the Probit model with

random effects are reliable (cf. appendix 9, taBl@sand 9.3, and sub-section 3.3.2).

To conclude on the analysis of degrowth episodesey the longer temporal
sample, the growth rate of GDP per capita is endoge whereas it appears to be
exogenous over the shorter samples. In this cgntbgt probability of a degrowth
episode is significantly and negatively linked be tgrowth rates of the Kaya factors in
the long-term. Over shorter periods, the growtlesaif GDP per capita and of carbon
intensity of energy are still significant. Opennedsnations is also significant and

negative over shorter datasets.

3.5 Extension with a multinomial logit model

In this last sub-section, | present the empirreslults of the multinomial logit
model. | am now interesting in how ceteris paribbianges in the elements of the vector
of the explanatory variablesX,( with first-element unity) affect the response

probabilities, P(Y=j| X), j=0,1,2. The theoretieaonometric model is the following:
expiXp. ]
> HXP ) =12

1+ exp(XB,) (12)
h=1

Therefore, in the same estimation, | analyze dmnelously the probability of a

P(Y = j|X)=

CO, acceleration episode and the one of a degrowtoegtf.

4 Note that specific-country effects are not intégmlainto the analysis and the GDP per capita growth
rate is assumed to be exogenous.
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So, let Y;[ = 2 if countryi experiments an episode of degrowth,
= 1 if country experiments an episode of acceleration growth,

= 0 otherwise.

Note also that the explanatory variables are idehtbetween the various
situations but the associated paramet@rsre different according to the alternatives.
Therefore, the effects of a partial change in dabde can have a different impact

according to the situation analyzed.

Before presenting and interpreting empirical ressul underline that the
multinomial logit model is based on the assumptadnindependence of irrelevant
alternatives (IAA). This means that "the relativelpabilities for any two alternatives
depend only on the attributes of those two altéveat [...] (Therefore), adding another
alternative or changing the characteristics of iadtlalternative does not affect the
relative probabilities between alternativesand h" (Wooldridge, 2002). The IAA
property can impose very strong restrictions inrthdtinomial logit model. In order to
obtain robust and relevant estimations, | testA#fe assumption in each regressionl
follow the methodology of Hausman and McFadden 4)98ccording to them, if the
multinomial logit model is true, thg parameters can be consistently estimated by a
multinomial logit focusing on any subset of altdives. The Hausman principle
comparing the estimate gfusing all alternative to the one using a subseapied. |
use this test for each estimation and empiricallte$ead to the acceptance of the I1AA
hypothesis for all regressions as the statisti¢hef test was always lower than the

theoretical value of a limited chi-squared disttibn.

Results of the multinomial estimations for theethisub-samples, according to
the source of data of primary energy consumptionjraappendix (appendix 13, tables

13.1to 13.3) and are expressed in terms of avegragel effects.

!> The other possibility was to estimate a multindrRiobit model (MPM). As the test of the existente
the IAA assumption was accepted, | prefer to kéepestimation of the multinomial Logit model (MLM)
as it is difficult to obtain the partial effects tme response probabilities in a MPM. Moreover, Daowd
Endersby (2004) demonstrate that when used to stathr choice in multiparty candidate elections,
MNL performs at least as well as MNP. For this ozagiven the similarities in the levels of statiat
significance in the two different methods heregdlfcomfortable using the results of the MLM.
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Concerning the Kaya factors (column (1)), it isketg that the growth rate of
GDP per capita is significant and negative in timee¢ samples for degrowth episodes
but non significant and positive for accelerati@msodes. The latter result is contrary
to empirical results from the binomial probit model the probability of an acceleration
episode. Note also that the growth rate of enargnsity of GDP remains a significant
variable for degrowth episodes but its level ohdigance is lower than in the binomial
pooling model. As for the growth rate of carboremgity of energy, significant variable
for both types of episodes when heterogeneity addgeneity are taken into account, it
does not appear as a substantial explanatory Variakthe multinomial model. The
decomposition of the growth of GDP per capita wsibctorial variables does not
provide any relevant conclusions, as in previousle®(column (2)). Next estimations
clearly support previous results. Indeed, as wittaty response models, the openness
of nations is a significant variable with a posgtieffect on the probability of an
acceleration growth episode but a negative ondemtobability of a degrowth episode
(columns (3a) and (3b)). Note this relation appeary with the index of openness
developed by Sachs and Warner (1995). In this &gntee openness of a country to
global trade leads to a "polluting" size effect epr to the "less-polluting”
composition and technique effects. Concerning deapigc variables, results from the
multinomial logit models underline the significantpact of the growth rates of urban
and active population (columns (4a) and (4b)) dherthree samples. These variables
have a negative effect on the probability of a degn episode and a positive one on the
probability of an acceleration episode. Thereftines analysis corroborates the studies
of York et al. (2003) and Cole and Neumayer (2004) on the impoetaf demographic
variables on pollutant emissions patterns. Notedwawthat significance levels of these
variables are lower in the binary model, with coymandom effects, corrected for
endogeneity. Column (5) presents the results oégienation with the oil price growth
rate. For degrowth episodes, it is significantl@t6) on the longer sample only, as in
binary models (cf. table 13.3). As for acceleratigrowth events, this variable is
significant in the first and second samples at 16 and had the expected negative
effect whereas it was non-significant in the binalnmnodels. The three last estimations
deals with the environmental consciousness of nati®ver the three sampli&sthe

ratification of the Kyoto protocol, and more predisthe membership to Annex-I, is a

' Remind that, in the third sample, the referentieation is the members of the non-Annex-I.
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significant variable for acceleration episodes {owh (6a) and (6b)), contrary to results
from the corrected binomial models with countryeefs. Unfortunately, it has an
unexpected positive effect. Results from the mattiral logit model support the idea
that countries of the Annex-I have not yet implemaolicies leading to a reduction of
CO, emissions and so an achievement of Kyoto targétsicerning the variable
describing the global environmental consciousnessis always significant for
acceleration growth episodes (column (6¢)). Biitais a surprising positive effect over
the longer periods (cf. table 13.1 and 13.2) anéxgected negative effect over on the
shorter sample (cf. table 13.3). According to theseflicting results, the relevance of
this variable is in question. An interesting extensof the study would be to develop
national measures of environmental consciousnests iategrate them into the

econometric analysis.

To sum up, the multinomial logit model supports tdonclusions of the binomial
models. All the Kaya factors are not significantlanfluence more the probability of
degrowth episodes. Other important explanatoryaldes seem to be the openness of
nations and the growth rates of urban and actiyauladion. The estimations do not
provide any evidence in favour of a positive effeaft national environmental
consciousness, despite the increasing awarendise sisue of environmental protection

and climate change.

4. Conclusion

The goal of this paper was to analyze precidetydynamics of C®emissions
in term of growth rate. In the first part of thdiee, basing on Hausmaet al. (2005), a
filter to identify episodes of COemissions growth acceleration is developed. In a
context of fight against global warming, episodé<®, emissions degrowth are also
identified. Both filters are composed of three atods on the level of growth rate, its
change and post-episode emissions. | apply thiésesfon a dataset composed of 124
countries over the period 1950-2004: 285 episofiggaavth acceleration are identified
and 78 degrowth episodes. After having identifipcs@des of growth accelerations and
degrowth, | examine the determinants of those épisdn an econometric analysis

described in the second part of the paper. Ths alt¢he study is essential since it can
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give some ideas on the drivers of £€émissions accelerations and also on the factors
explaining degrowth episodes. After estimating puaplregressions, | introduce
specific-country random effects to control for usetved heterogeneity between
nations. In order to obtain unbiased and relevaohemetric results, | also correct for
the endogeneity problem by implementing the twg@-$eobit estimator on panel data.
Finally, | extend the econometric analysis by eating a multinomial logit model and |
compare its results to the ones of binomial esionat To sum up, empirical results
show that the Kaya factors are not all significantdl influence more the probability of
degrowth episodes. Indeed, the growth rates of @BPcapita, of population and of
carbon intensity of energy has a significant negatffect on the probability of a
degrowth episode. For both types of episodes, pemmess of nations and the growth
rates of urban and active population are also figmt explanatory variables, having a
positive (negative) effect on the probability of aaceleration growth (degrowth)
episode. Finally, the expected positive effectational environmental consciousness is

not corroborated by these estimations.
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Appendix

Appendix 1.List of countries in the sample (N=124, T=1950-200

Regions

List of countries

Asia
(N=14)

Africa
(N=27)

Middle
(N=10)

Europe
(N=26)

Latin America
(N=31)

North America
(N=2)

Other
(N=14)

Brunei, China, Dem. of Korea, Hong-Kong, Japan,idndndonesia,
Mongolia, Myanmar, Philippines, Rep. of Korea, %mnka, Taiwan,
Thailand.

Algeria, Angola, Cameroon, Capa Verde, Dijibouti,ygyg Equatorial
Guinea, French Guinea, Gambia, Ghana, Gibraltany&el iberia, Libyan
Arabia, Madagascar, Mauritius, Morocco, Mozambiguigeria, Reunion,
Sierra Leone, South Africa, Sudan, Togo, Tunisigahda, Zaire.

Bahrain, Iraq, Iran, Israel, Jordan, Kuwait, Leb@n@Qatar, Saudi Arabia,
Syrian Arab Republic.

Albania, Austria, Belgium, Bulgaria, Cyprus, Czeslwakia, Denmark,
Faroe Islands, Finland, France, Germany, Greecaga&fy, Italy, Ireland,
Luxembourg, Malta, Netherlands, Norway, Poland,ti®@, Romania,
Spain, Sweden, Switzerland, U.K.

Argentina, Bolivia, Brazil, Barbados, Belize, Chifleolombia, Costa Rica,
Cuba, Dominican Rep., Ecuador, El Salvador, Grenddaadeloupe,
Guatemala, Guyana, Honduras, Haiti, Jamaica, Maqu& Mexico,
Nicaragua, Panama, Paraguay, Peru, Saint Luciai Saicent and the
Grenadines, Suriname, Trinidad and Tobago, Urugdagezuela.

Canada, U.S.A.
Australia, Bahamas, Bermuda, Fiji, Greenland, lweaNew-Caledonia,

New-Zealand, Papua New Guinea, Samoa, Saint Parde Miquelon,
Tonga, Turkey, U.S.S.R.
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Appendix 2:Empirical Results of the variations of the filters

O Growth Accelerations

Ot,t+n

2.75%

3.5

%

n

8 years

5 years

8 years

5 years
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1%

2%
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1%
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1%

2%

3%

1%

2%

3%

Number of
episodes

346

285

237

535

490

437

327

277

225

521

47|

Probability

9.35%

7.23%

5.73%

14.519

12.679

10.71%

8.07%

(%

5.4

9%3.91%

12.24%

10.57%

Average
growth rate
acceleration

9.46%

10.14%

10.87%

10.83%

11.35

b 12.14

%  9.84

.50% 10%.,

11.11%

11.519

12.214

o

Median
growth rate
acceleration

7.81%

8.68%

9.17%

8.83%

9.369

10.04]

/o

8.30P0

%

9.39% 0698.

9.57%

10.049

Number of

countries
with 1

episode or
more

120
96.77%

114
91.93%

109
87.90%

123
99.19%

123
99.19%

120
96.77%

117
94.35%

114
91.93%

109
87.90%

123
99.19%

123
99.19%

120
96.77%

Number of
countries
with 3
episodes or

more

76
61.29%

61
49.19%

42
33.87%

114
91.93%

106
85.48%

98
79.03%

74
59.67%

60
48.39%

37
29.84%

108
87.10%

102
82.26%

104
83.87%

Conditional
Average of
episode per

country

291

251

2.18

4.35

3.98

3.64

2.79

2.43

2.7

4.2

89 613

Conditional
Median of
episode pe

country

Note: The grey column corresponds to the benchhedfikition of a growth acceleration.
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® Degrowth episodes
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1.75%
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60
48.39%

60
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59
47.58%

76
61.29%
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61.29%
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54
43.55%

54
43.55%
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42.74%
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countries
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or more

20
16.13%

18
14.52%

16
12.90%

27
21.77%

27
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22
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16
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22
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Note: The grey column corresponds to the benchhedikition of a degrowth episode.
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Appendix 3:List of countries in the three sub-samples

Name of the Source of data Temporal

sample for energy Dataset
consumption

Number of countries

Sample 1 British Petroleum 1965-1997 48

List of countries:

Czechoslovakia, Denmark, Ecuador, Egypt, Finlandnée, Germany, Greece, Hungary, India, Indon
Iran, Ireland, Italy, Japan, Korea, Kuwait, Mexiddetherlands, Norway, New Zealand, Peru, Philipgi
Poland, Portugal, Romania, Spain, South Africa, dme Switzerland, Taiwan, Thailand, Turkey, U
U.SA,, U.R.S.S, Venezuela.

List of countries:
Algeria, Argentina, Australia, Austria, Bahrain,|§&m, Bolivia, Brazil, Bulgaria, Cameroon, Canatile,
China, Colombia, Costa Rica, Cuba, Cyprus, Czeokagia, Denmark, Dominican Republic, Ecuag

Israel, Indonesia, Iraq, Iran, Ireland, Italy, &@ca, Japan, Jordan, Kenya, Korea, Kuwait, MeX

Mozambique, Myanmar, Netherlands, Nicaragua, Norwdew Zealand, Panama, Paraguay, H

Philippines, Poland, Portugal, Romania, Spain, I$ddtica, Sri Lanka, Sudan, Sweden, Switzerlandije

Thailand, Togo, Trinidad & Tobago, Tunisia, TurkéyK, Uruguay, U.SA., Venezuela, Zaire.

Energy Information
Administration

List of countries:

Algeria, Argentina, Australia, Austria, Bahrain,|B&m, Bolivia, Brazil, Bulgaria, Cameroon, Canaile,
China, Colombia, Costa Rica, Cuba, Cyprus, Czeolakia, Denmark, Dominican Republic, Ecuad
Egypt, El Salvador, Finland, France, Gambia, Geymabhana, Greece, Guatemala, Haiti, Hondd
Hungary, India, Israel, Indonesia, Iraq, Iran, drel, Italy, Jamaica, Japan, Jordan, Kenya, Kdfaaait,

Sample 3 1980-1991 83

Panama, Paraguay, Peru, Philippines, Poland, RortBpmania, Sierra Leone, Spain, South Africa,
Lanka, Sudan, Sweden, Switzerland, Syria, TaiWdmjiland, Togo, Trinidad & Tobago, Tunisia, Turk

Egypt, El Salvador, Finland, France, Germany, Gh&raece, Guatemala, Haiti, Honduras, Hungary aljpdi

Algeria, Argentina, Australia, Austria, Belgium, a&uil, Bulgaria, Canada, Chile, China, Colombia,

psia,
he
K!

or,

ICO,
eru,

or,
ras,

Liberia, Mauritius, Mexico, Mozambique, Myanmar, tNerlands, Nicaragua, Norway, New Zealgnd,

Sri
By,

Uganda, U.K, Uruguay, U.SA., U.R.S.S., VenezuetireZ
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Appendix 4:Explanatory Variables: Sources and Expected Efect

Name in Expected effects on
Explanatory Variables Estimation Source Acceleration  Degrowth
Tables episodes episodes
GDP per capita growth rate gGDP + -
Maddison
Population growth rate gPOP + -
1- British Petroleum
. . i 2- Energy Information i
Energy intensity growth rate | gENER-INT Administration +
3- World Bank
Carbon intensity growth rate | gCARB-INT Marland + -
Grovvth rate pf per capita valye gVA-AGR + i
added in agriculture
Grovvth rate of per capita vale gVA-IND World Bank + i
added in industry
Grovvth rate o_f per capita valje gVA-SERV i +
added in services
Openness Ratio Openness 1 \(/)Vorld _Tra_de + -
rganization
Sachs & Warner

Sachs and Warner Index Openness 2 Wacziarg & Welch + -
Urban population growth rate] gURB-POP + -
Grovvth.rate of young gPOP-y i +
population
G h  acti World Bank

rowth rate of active gPOP-a + i
population
Grovvth_rate of retired gPOP-r i +
population
Growth rate of oil price gOIL British Petroleum - 0
Ratification of the Kyoto Protocol i +
Protocol
Member of the Annex | of the Protocoll UNECC i +
Kyoto Protocol
Member of the non-Annex | of
the Kyoto Protocol Protocol2 i *
Environmental consciousnes$ Consciousnes From the author - 0
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Appendix 5 Predicting growth accelerations episodes forthinee sub-samples

Table 5.1 Sample 1 - 1966-1997
1) (2 (3a) (3b) (4a) (4b) (5) (6a) (6b) (6¢)
GDP 0.334 0.299 0.156 0.161 0.480** 0.486** 0.478 ** 0.209 0.531 **
9 (1.36) (1.14) (0.65) (0.70) (1.92) (1.95) (1.93) (0.99) (2.08)
POP 0.298 0.291 0.264 7.484%
9 (0.28) (0.03) (0.25) (6.58)
ENER-INT 0.60%** 0.744%+ 0.571 ** 0.375 * 0.412 * 0.588%*+ 0.585%** 0.579 *** 0.439 ** 0.619 ***
9 (2.59) (2.94) (2.43) (1.63) (1.73) (2.51) (2.49) (2.51) (2.01) (2.62)
CARB-INT 0.389** 0.384** 0.374 ** 0.365 ** 0.375 ** 0.405* 0.407* 0.399 ** 0.399 *** 0.402 **
9 (2.23) (2.02) (2.12) (2.05) (2.18) (2.38) (2.40) (2.39) (2.67) (2.39)
-0.018
gVA-AGR (0.17)
0.335**
gVA-IND (2.10)
0.171
gVA-SERV 0.:83)
-0.263
Openness 1 (-1.46)
0.029
Openness 2 (1.30)
0.037 ***
gURB-POP (6.79)
POP- -0.876 -0.821 -0.865 -0.949 -0.785
9 Y (-1.18) (-1.12) (-1.18) (-1.30) (-1.06)
POP-a 3.504 *x* 3.54 wx* 3.619 *** 1.454 3.635 ***
9 (3.06) (3.03) (3.11) (1.35) (3.03)
POP-r -2.343 #x* -2.317 *** -2.360 *** -1.035 -2.416 ***
9 (-2.61) (-2.59) (-2.65) (-1.33) (-2.64)
-0.031
goIL (-1.27)
0.0863 **
Protocol (1.88)
0.210 ***
Protocoll (3.11)
0.029
Protocol2 (0.52)
Consciousness 0.005
(1.26)
Observations/Groups 1200/48 976/47 1174/47 1181/47 1174/47 1174/47 r74 1174/47 1174/47 1174/47
Number of episodes 55 50 55 53 52 52 52 52 52 52
Log-likelihod -475.004 -407.79 -463.62 -429.97 -443.18 -457.93 5688 -45597 -431.28 -457.18
Pseudo-R? 1.51 2.22 1.97 7.11 6.30 3.18 3.41 3.59 8.81 3.33

Note: Estimated by Probit. Coefficients shown average partial effects, i.e the mean of nationatgnal effects. Numbers in parenthesis are robust t
statistics. Significance levels are indicated hgmsks in the following way: 1% (***), 5% (**) and0% (*).



Table 5.2

Sample 2 - 1972-1997

1) (2) (3a) (3b) (4a) (4b) (5) (6a) (6b) (6¢c)
cDP 0.561 ** 0.575 ** 0.503 ** 0.319 0.489 * 0.529 ** 0.486 ** 0.407 * 0.552 **
9 (2.36) (2.37) (2.10) (1.35) (2.07) (2.23) 2.06) (1.81) (2.33)
boP 1.730 1.265 1.736 8.710 **
9 (1.14) (0.84) (1.14) (9.13)
ENERLINT 0.281 * 0.210 0.292 * 0.186 0.129 0.208 0.212 0.224 0.168 0.223
9 (1.60) (0.91) (1.62) (0.94) (0.74) (1.07) (1.07) (1.14) (0.89) (1.17)
CARBLINT 0.101 0.101 0.101 0.054 0.053 0.051 0.0509 0.048 0.043 0.043
9 (1.40) (1.30) (1.38) (0.80) (0.79) (0.80) (0.80) (0.76) (0.70) (0.68)
0.004
gVA-AGR 0.0
0.303 **
gVA-IND (2.56)
gVA-SERV %0582%
Openness 1 600%24%
0.059 *+ 0.043 ** 0.066 *** 0.063 *** 0.067 *+ 0.094 *++ 0.051 **
Openness 2 (2.60) (1.97) (2.83) 2.72) (2.87) (3.83) (2.10)
0.049 ***
gURB-POP 6.41)
POP. 1.362 * 1.417 * 1.393 * 1.11 1.381*
grory (1.80) (1.89) (1.85) (1.48) (1.84)
POP-a 7.459 ** 7.40 *** 7.497 5.27 7.545 **
9 (6.96) (6.87) (7.03) (4.81) (6.90)
bOP.r -0.619 -0.633 -0.632 -1.037 -0.793
9 (-0.74) (-0.76) (-0.76) (-1.21) (-0.94)
-0.031
golL (-1.53)
*
Protocol O(log)
Protocoll 0&0{33;*
Protocol2 60002195)
*kk
Consciousness 0'?21615 4)
Observations/Groups 1480/76 1257/71 1477/76 1429/73 1429/73  1429/73 1429/73 1429/73 1429/73 1429/73
Number of episodes 91 82 91 86 86 86 86 86 86 86
Log-likelihod -696.03 -608.52 -695.16 -620.15 -631.67 -613.62 2/ -612.27 -604.72 -610.60
Pseudo-R? 1.63 1.63 1.67 7.68 5.97 8.66 8.87 8.86 9.98 9.11

See the notes to Table 5.1.
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Table 5.3

Sample 3 - 1981-1997

(1) (2) (3a) (3b) (4a) (4b) (5) (6a) (6b) (6¢c)
cDP 1.058 ** 1.053 *** 1.005 *** 0.832 *+ 0.754 * 0.753 * 0.741 * 0.654 ** 0.77 *
9 (3.22) (3.16) (2.99) 2.72) (2.34) (2.34) (2.28) (2.08) (2.35)
boP 1.682 0.921 1.689 9.213 ¥+
9 (1.15) (0.72) (1.16) (8.52)
ENERLINT 0.359 *+ 0.259 ** 0.351 ** 0.313 * 0.304 ** 0.313 * 0.314 * 0.320 ** 0.276 * 0.320 *
9 (2.55) (1.67) (2.49) (2.56) (2.28) (2.28) (2.29) (2.34) (2.07) (2.32)
CARBLINT 0.074 0.041 0.068 0.055 0.036 0.056 0.055 0.052 0.047 0.061
9 (0.97) (0.53) (0.89) (0.77) (0.51) (0.84) (0.82) (0.78) (0.72) (0.90)
0.101
gVA-AGR 0.83)
0.059
gVA-IND 0.6
gVA-SERV %058;
Openness 1 0('_(;09*;;
0.098 *+* 0.090 *** 0.101 ** 0.101 ** 0.103 ** 0.123 ** 0.109 **
Openness 2 (3.56) (3.28) (3.63) (3.63) (3.73) (4.33) (3.76)
0.054 ***
gURB-POP 6.21)
POP. 2173 ** 2.179 ** 2.115 ** -2.36 -2.136 **
grory (-2.43) (-2.43) (-2.38) (-2.64) (-2.37)
POP-a 11.576 *+ 11.586 ** 11.68 *** 9.897 *** 11.403 *+*
9 (7.86) (7.83) (7.98) (6.42) (7.69)
bOP.r 0.991 0.985 0.943 0.357 1.176
9 (1.00) (0.99) (0.96) (0.34) (1.14)
0.007
golL (0.12)
0.125 *+
Protocol (2.22)
Protocoll 0&%7:'2)
Protocol2 ?009773)
. -0.069
Consciousness (-1.20)
Observations/Groups 1055/83 930/77 1044/82 1008/79 997/78 997/78 997/78  997/78 997/ 997/78
Number of episodes 76 69 75 71 70 70 70 70 70 70
Log-likelihod -535.44 -486.96 -528.88 -417.17 -474.91 -441.47 14 -438.57 -435.07 -440.71
Pseudo--R2 2.30 0.01 2.23 9.13 7.23 13.76 13.76 14.33 15.01 o113

See the notes to Table 5.1.

46



Appendix 6 Predicted Probability and the growth rate of\aecpopulation

Sample 1(column 4b)

wy

A4
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2

predicted probability

0 ; 05
growth rate of active population

Sample 2(column 4b)

—

predicted probahility

05
growth rate of active population

Sample 3(column 4b)

— o

predicted probability

15

05
growth rate of active population
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Appendix 7 Predicting degrowth episodes for the three subpsas

Table 7.1  |Sample 1 - 1966-1997
1) (2 (3a) (3b) (4a) (4b) (%) (6a) (6b) (6c)
ooP -0.788** -0.773"* -0.613% -0.469%* -0.566%* -0.613** -0.616% -0.618** -0.627%
9 (-5.74) (-5.42) (-4.66) (-3.23) (-4.01) (-4.66) (-4.65) (-4.62) (-4.65)
POP -0.945 -0.884 -0.903 -4.304%% 4. 25w -4.34%* -3.873%* -4.31%*
9 (-1.27) (-1.08) (-1.20) (-4.87) (-4.86) (-4.75) (-3.45) (-4.89)
ENERLINT -0.45%* -0.405* -0.449% -0.345* -0.295* -0.337* -0.359% -0.345* -0.346% 0.348**

9 (-3.25) (-2.54) (-3.17) (-2.44) (-2.03) (-2.35) (-2.50) (-2.43) (-2.44) (-2.43)
CARBLINT -0.132 0117 -0.133 -0.152 -0.136 -0.162 -0.155 -0.153 -0.155 -0.154

9 (-1.38) (-1.12) (-1.37) (-1.50) (-1.27) (-1.58) (-1.54) (-1.50) (-1.51) (-1.50)

0.055

gVA-AGR 6.75

-0.382%*
gVA-IND (4.33)
0.178

gVA-SERV L21)

Openness 1 ?i%%%

Openness 2 -0.039%* -0.054%* -0.035* -0.04% -0.04* -0.041%* -0.037%
P (-2.85) (-3.68) (-2.59) (-2.88) (-2.89) (-2.86) (-2.64)
URB-POP -0.037

9 (-5..81)

-0.562
gPOP-y (-1.42)
-2.35g%
gPOP-a (-3.74)
-1.183%
gPOP-r (-2.74)
-0.017
golL (-1.53)
-0.008
Protocol (-0.29)
-0.014
Protocoll (-0.55)
-0.0027
Protocol2 (-0.09)
Consciousness -0.0015
(-0.6)
Observations/Groups 1398/48 1127/47 1366/47 1378/47 1346/46 1346146 8137 1378/47 1378/47 1378/47
Number of episodes 27 23 26 25 25 25 25 25 25 25
Log-likelihod -294.08 243.71 -292.36 -260.94 -252.76 -258.68 0.0B -260.89 -260.76 -270.77
Pseudo-R? 4.93 5.11 4.89 10.40 12.67 10.62 10.70 10.42 1046  10.46

Note: Estimated by Probit. Coefficients shown average partial effects, i.e the mean of nationatgnal effects. Numbers in parenthesis are robust t
statistics. Significance levels are indicated hgmsks in the following way: 1% (***), 5% (**) and0% (*). 48



Table 7.2

Sample 2 - 1972-1997

) ) (3a) (3b) (42) (4b) () (62) (6b) (6c)
GDP -0.723%* -0.756*** -0.622%** -0.553*** -0.613*** -0.618** -0.623*** -0.6192*+* -0.6521*+*
9 (-5.30) (-5.42) (-4.65) (-3.90) (-4.57) (-4.63) (-4.64) (-4.51) (-4.85)
POP -1.799%** -1.453** -1.796*** -2.928*** -2.699%** -2.907** -1.848*** -2.828***
9 (-3.63) (-2.50) (-5.71) (-4.97) (-5.25) (-4.93) (-3.27) (-4.81)
ENER-INT -0.342%* -0.082 -0.360*** -0.325*** -0.268*** -0.332%+* -0.332** -0.318*** -0.299%** -0.325***
9 (-3.46) (-0.58) (-3.61) (-3.30) (-2.56) (-3.39) (-3.36) (-3.18) (-2.95) (-3.32)
CARB-INT -0.0722 -0.082 -0.074 -0.1026 -0.092 -0.098 -0.107 -0.102 -0.0801 -0.099
9 (-1.15) (1.10) (-1.19) (-1.60) (-1.57) (-1.53) (-1.67) (-1.60) (-1.25) (-1.49)
0.0032
gVA-AGR (-0.05)
-0.155**
gVA-IND (-2.34)
gVA-SERV (011375‘;
Openness 1 ((?L%:g
Openness 2 -0.055** -0.0447++* -0.0543*+* -0.0571%+* -0.0546*** -0.0744*+* -0.0422%+*
P (-4.28) (-3.62) (-4.01) (-4.52) (-4.29) (-5.48) (-3.15)
URB-POP -0.011
g (-2.48)
0.294
gPOP-y (-0.67)
-2.134%*
gPOP-a (-3.82)
-0.671*
gPOP-r (-1.65)
-0.015
goIL (-1.48)
-0.015
Protocol (-0.46)
-0.002
Protocoll (-0.06)
0.059
Protocol2 (1.33)
: -0.007**
Consciousness (-2.55)
Observations/Groups 1767176 1503/71 1764/76 1705/73 1705/73 1705/73 5/A0 1705/73 1705/73 1705/73
Number of episodes 40 30 40 38 38 38 38 38 38 38
Log-likelihod -419.17 -331.44 -417.98 -387.50 -398.76 -383.72 6.5B -387.38 -381.91 -384.22
Pseudo-R? 4.43 2.70 4.65 7.40 4.71 8.31 7.64 7.43 8.74 8.19

See the notes to Table 7.1.
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Table 7.3 Sample 3 - 1981- 1997
1) (2) (3a) (3b) (4a) (4b) (5) (6) (6")
GDP -0.665** -0.654%+* -0.385+ -0.357* -0.317* -0.386%** -0.491+x -0.392%x
9 (-4.17) (-4.04) (-2.58) (-2.34) (-2.19) (-2.59) (-3.02) (-2.63)
POP -1.979%* -1.049% -1.967%%* -3.687** -3.693%** -1.964%% -3.679
9 (-3.44) (-1.95) (-3.40) (-5.86) (-5.88) (-2.82) (-5.84)
ENER-INT -0.262% -0.202* -0.257% -0.23 -0.169 -0.235% -0.231% -0.112 -0.228*
g (-2.13) (-1.70) (-2.08) (-2.01) (-1.44) (-2.31) (-2.03) (-1.00) (-1.99)
CARB-INT -0.173* -0.129* -0.172% -0.197* -0.146* -0.198%+* -0.199* -0.129 -0.195*
9 (-2.33) (-1.80) (-2.27) (-2.51) (-2.03) (-2.68) (-2.53) (-1.45) (-2.47)
-0.814
gVA-AGR (1.09)
-0.182%
gVA-IND (2.21)
-0.262%
gVA-SERV (2.11)
0.003
Openness 1 (1.02)
-0.104%* -0.104% -0.094%+* -0.104%+* -0.133x -0.096**
Openness 2 (-6.37) (-6.50) (-5.45) (-6.46) (-5.98) (-6.39)
URB-POP -0.0257
9 (-3.85)
0.998*
gPOP-y (1.81)
-4.105%+*
gPOP-a (-5.01)
-0.639
gPOP-r (-1.54)
0.0153
goIL (0.47)
-0.094x
Protocoll (-3.79)
Consciousness -0.003
(-1.18)
Observations/Groups 1218/83 1081/77 1201/82 1168/79 1151/78 1151/78 81 1103/75 1168/79
Number of Episodes 26 19 26 23 23 23 23 23 23
Log-likelihod -266.16 -203.78 -264.83 -219.34 -221.15 -206.58 9. 23 -207.09 -218.82
Pseudo-R2 6.42 6.26 6.42 15.42 14.39 20.03 15.47 18.89 15.63

See the notes to Table 7.1.
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Appendix 8 Predicting accelerations growth episodes whitentainto account heterogeneity

Table 8.1 Sample 1 - 1966-1997
1) (2) (3a) (3b) (4a) (4b) (5) (62) (6b) (6¢)
GDP per capita arowth 0.157 0.154 0.115 0.240 0.181 0.161 0.159 0.168 0.181
percapita g (0.94) (0.79) (0.44) (1.37) (0.86) (0.80) (0.83) (0.96) (0.97)
Population Growth -0.917 -0.663 -0.892 1.448 -0.827 -0.901 -2.996 -0.785
P (-0.44) (-0.31) (-0.42) (0.48) (-0.35) (-0.35) (-1.32) (-0.31)
. . 0.443 *+* 0.344 ** 0.405 ** 0.312 ** 0.361 ** 0.426 ** 0.450 *** 0.443 *** 0.425 *** 0.459 ***
Energy intensity growth (3.14) (2.45) (2.04) (2.04) (2.12) (2.08) (2.74) (2.87) (2.53) (2.66)
. . 0.339 *** 0.244 *** 0.314 *** 0.277 ** 0.277 *** 0.317 ** 0.336 *** 0.338 *** 0.338 *** 0.338 ***
Carbon intensity growth (3.59) (3.36) (3.00) (2.43) 2.77) (2.39) (3.79) (3.45) (3.37) (2.86)
) -0.013
Agriculture VA growth (-0.27)
0.094
Industry VA growth (1.25)
. 0.069
Services VA growth (0.59)
0.114
Openness 1 (-0.95)
0.021
Openness 2 (0.41)
) -0.004
Urban population growth (-0.25)
. -1.085
Young population growth (-0.61)
. . -0.193
Active population growth (-0.12)
) 0.702
Old population growth (-0.34)
I -0.032
Oil price growth (-1.31)
0.038
Kyoto Protocol (0.16)
0.202
Protocol-1 (0.52)
-0.066
Protocol-2 (-0.21)
Environmental consciousness 0.003
(0.58)
Observations/Groups 1200/48/55 976/47/47 1174/47/147 1181/47/47 1174187/ 1174/47/47 1200/48/55  1200/48/55 1200/48/55 1200/48/55
Log-likelihod -389.03 -344.42 -377.71 -376.77 -381.12 -377.70 738 -388.93 -380.36 -388.58
Pseudo-R? 1.81 1.78 2.05 1.11 1.17 2.05 2.27 1.83 3.99 1.92
Wald Test (Prob baccepted) 12.44 (0.014)  16.30 (0.012) 14.88(0.011) 10.5660) 16.25(0.002) 16.95(0.009) 18.82 (0.002) &1(B036)  43.69 (0.00)  17.29 (0.004)
Rho (Prob Rho = 0 accepted) 0.565 (0.00) 0.545 (0.00) 0.575 (0.00) 0.507 (0.00) 0.561 (0.00) 0.587 (0.00) 0.566 (0.00) 0.562 (.00 0.496 (0.00) 0.563 (0.00)

Note: Estimated by Probit with specific countrydam effects. Coefficients shown are average pastfatts, i.e the mean of national marginal effeldismbers
in parenthesis are robust t-statistic. Significalesels are indicated by asterisks in the followimay: 1% (***), 5% (**) and 10 % (*).
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Table 8.2 Sample 2 - 1972-1997
(2) (2 (39) (3b) (4a) (4b) (5) (6a) (6b) (6¢)
. 0.481 ** 0.485 ** 0.395 0.296 0.431 * 0.475 * 0.431 * 0.353 * 0.485
GDP per capita growth 2.11) (1.92) (1.26) (1.31) (1.86) (1.91) (1.89) (1.63) (1.50)
. 0.206 -0.003 0.247 4.54 %
Population Growth (0.11) (-0.001) (0.15) 2.11)
Eneray intensity arowth 0.118 0.024 0.119 0.162 0.077 0.193 0.199 0.197 0.116 0.218

ay Y9 (0.75) (0.17) (0.90) (0.92) (0.60) (1.36) (1.13) (1.23) (0.73) (1.33)

o 0.085 0.072 0.083 0.049 0.056 0.046 0.044 0.045 0.041 0.038
Carbon intensity growth (0.99) (0.70) (0.90) (0.54) (0.67) (0.51) (0.65) (0.74) (0.44) (0.58)

: -0.024

Agriculture VA growth (-0.32)
0.200 **
Industry VA growth (3.04)
. 0.066
Services VA growth (0.49)
-0.052
Openness 1 (-0.58)
0.092 ** 0.094 ** 0.089 ** 0.085 * 0.089 * 0.114 ** 0.060
Openness 2 (2.28) (2.50) (2.18) (1.83) (1.67) (3.19) (1.40)
. 0.026
Urban population growth (1.49)
Vouna bobulation arowth 0.489 0.620 0.509 0.035 0.741
g pop 9 (0.28) (0.35) (0.30) (0.02) (0.50)

. . 4.681* 4.696 ** 4,730 ** 2.629 4.881
Active population growth (1.89) (1.91) (2.02) (1.37) (1.77)
o1d population arowth -0.432 -0.497 -0.432 -0.804 -0.707

pop 9 (-0.30) (-0.26) (-0.24) (-0.45) (-0.35)

. -0.030
Oil price growth (-1.56)
0.052
Kyoto Protocol (0.58)
0.111
Protocol-1 (0.33)
0.114
Protocol-2 (-0.36)

) . 0.010 *
Environmental consciousness (1.66)
Observations/Groups 1480/76/91 1257/71/82 1477/76/91 1429/73/86 1470673  1429/73/86  1429/73/86  1429/73/86  1429/73/86  1429/73/86
Log-likelihod -619.42 -544.87 -618.64 -578.83 -580.65 -576.53 585 -576.37 -565.07 -574.16
Pseudo-R? 0.005 0.006 0.006 2.03 1.73 2.42 2.67 2.45 4.36 228
Wald Test (Prob kaccepted) 4.80(0.308) 13.52(0.035)  5.60(0.347)  18.25 )00 10.18 (0.070)  12.91 (0.074) 20.71(0.008) 120072)  34.69 (0.001)  25.02 (0.015)
Rho (Prob Rho = 0 accepted) 0.428 (0.00)  0.414 (0.00)  0.427 (0.00)  0.370 (0.00)0.399 (0.00)  0.343 (0.00)  0.339 (0.00)  0.338 (D.00 0.326 (0.00)  0.325 (0.00)

See the notes to Tal8.1.

52



Table 8.3

Sample 3 - 1981-1997

(1) (2) (3a) (3b) (4a) (4b) (5) (6a) (6b) (6¢c)
. 0.898 *** 0.883 ** 0.684 0.602 * 0.591 * 0.591 0.591 0.542 0.639
GDP per capita growth (2.64) (2.03) (1.60) (1.67) (1.63) (1.56) (1.47) (1.53) (1.47)
. 0.995 0.363 1.003 6.929 ***
Population Growth (0.35) (0.14) (0.44) (2.58)
Eneray intensity arowth 0.263 * 0.193 0.247 * 0.237 * 0.202 0.242 0.242 0.244 0.213 0.258
9y Y9 (1.62) (1.05) (1.73) (1.82) (1.49) (1.47) (1.48) (1.43) (1.07) (1.26)
o 0.100 0.082 0.088 0.096 0.084 0.091 0.091 0.089 0.086 0.099
Carbon intensity growth (1.03) (1.01) (1.43) (1.48) (1.12) (1.07) (1.12) (1.17) (0.98) (1.42)
Agriculture VA growth (%18077)
Industry VA growth (8'22)
Services VA growth (%17112)
Openness 1 (__%03242;
0.137 ** 0.138 *+ 0.116 ** 0.116 * 0.116 ** 0.138 * 0.127 *
Openness 2 (2.54) (3.60) (2.24) (2.36) (1.89) (2.37) (1.62)
Urban population growth 0&24132)
Vound bobulation arowth -2.748 -2.749 -2.695 -3.297 -2.931
9 pop 9 (-1.23) (-1.09) (-1.36) (-1.38) (1.04)

: . 10.910 *** 10.912 *+* 10.977 * 9.353 *++ 11.459 ***
Active population growth (3.17) (3.48) (3.52) (2.86) (3.19)
old pobulation arowth 0.491 0.489 0.497 -0.132 0.626

pop 9 (0.22) (0.21) (0.24) (-0.05) (0.28)
Oil price growth (%%031)
Kyoto Protocol (%130;;
Protocol-1 (%15766;
Protocol-2 (__%%2;5
Environmental consciousness (%02073;
Observations/Groups 1055/83/76 930/77/69 1044/82/75 1008/79/71 997(¥8/7 997/78/70  997/78/70 997/78/70 997/78/70 997/78/70
Log-likelihod -446.18 -405.98 -438.33 -409.58 -407.08 -386.63 638 -386.07 -381.29 -386.49
Pseudo-R? 1.36 0.006 1.44 4.89 3.78 8.61 8.61 8.74 0.87 8.65
Wald Test (Prob kaccepted) 497 (0.290)  2.47(0.872)  5.44(0.360)  19.20 (0)00217.47 (0.004) ~ 13.31 (0.065)  30.00 (0.002) 23(MAA24) 36.56 (0/000)  18.97 (0.015)
Rho (Prob Rho = 0 accepted) | 0.567 (0.00)  0.573(0.00)  0.571(0.00)  0.508 (0.00)0.528 (0.00)  0.484 (0.00)  0.484 (0.00)  0.474 (D.00 0.477 (0.00)  0.485 (0.00)

See the notes to Tat8.1.
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Appendix 9 Predicting degrowth episodes while taking intoamt heterogeneity

Table 9.1 Sample 1 - 1966-1997
(1) (2) (3a) (3b) (4a) (4b) (5) (62) (6b) (6¢)
GDP per capita arowth -0.354 % -0.362*** -0.405 *** -0.346%** -0.387 *** -0.422 *** -0.423 *** -0.431 *** -0.447 ***
percapita g (-3.71) (-3.20) (-3.70) (-2.95) (-3.46) (-2.99) (-2.98) (-3.10) (-3.68)
Population Growth -0.681 -0.017 -0.663 -3.823 *** -2.941 * -3.042 -2.822 -3.247 **
P (-0.43) (-0.02) (-0.52) (-2.72) (-1.80) (-1.58) (-1.29) (-2.22)
. . -0.249%** -0.119 * -0.255%** -0.213 -0.158 * -0.191 -0.214 -0.198 -0.201 -0.207
Energy intensity growth (2.77) (-1.82) (-2.80) (-1.50) (-1.67) (-1.59) (-1.48) (-1.86) (-1.41) (-1.58)
. . -0.084** -0.053 -0.086 * -0.104 -0.085 -0.106** -0.099 ** -0.097 -0.099 -0.098
Carbon intensity growth (-2.03) (-1.46) (-1.83) (-1.52) (-1.28) (-2.15) (-1.65) (-1.17) (-1.48) (-1.45)
) 0.0182
Agriculture VA growth (-0.61)
-0.119 **
Industry VA growth (-2.20)
. -0.003
Services VA growth (-0.06)
0.001
Openness 1 (0.06)
-0.035
Openness 2 (-1.34)
: -0.027 ***
Urban population growth (-2.69)
. 0.651
Young population growth (-0.88)
. . -1.387
Active population growth (-1.04)
) -0.971*
Old population growth (-1.71)
I -0.014
Oil price growth (-1.55)
0.005
Kyoto Protocol (0.15)
0.001
Protocol-1 (0.00)
0.01
Protocol-2 (0.03)
Environmental consciousness ~0.002
(-0.65)
Observations/Groups/Episodes 1398/48/27 1127/47/23 1366/47/26 1378/47/25 134886  1346/46/25 1378/47/25 1378/47/25 1378/47/25 8137725
Log-likelihod -270.82 -211.51 -269.77 -248.08 -242.53 -248.24 943 -250.48 -250.48 -250.04
Pseudo-R? 3.12 2.21 3.23 6.64 8.20 6.25 5.75 5.40 5.45 5.62
Wald Test (Prob khaccepted) 17.53 (0.001) 7.51 (0.276) 10.54 (0.061) 14.361®)0 17.93(0.001) 22.13(0.001) 22.75 (0.009) 1§00a0) 13.74 (0.01) 19.31 (0.001)
Rho (Prob Rho = 0 accepted) 0.403 (0.00) 0.577 (0.00) 0.394 (0.00) 0.319 (0.00) 0.368 (0.00) 0.324 (0.00) 0.331 (0.00) 0.326 (D.00 0.328 (0.00) 0.327 (0.00)

Note: Estimated by Probit with specific countrydam effects. Coefficients shown are average paetiatts, i.e the mean of national marginal effeliismbers
in parenthesis are robust t-statistic. Significalesels are indicated by asterisks in the followimay: 1% (***), 5% (**) and 10 % (*).
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Table 9.2

Sample 2 - 1972-1997

(1) (2) (3a) (3b) (4a) (4b) (5) (6a) (6b) (6¢c)

: -0.298 *** -0.301 -0.246 *** -0.216 ** -0.244 ** -0.242 ** -0.250 ** -0.333 ** -0.268 ***
GDP per capita growth (-3.18) (-2.90) (-3.29) (-2.18) (-2.44) (-2.19) (2.12) (-2.33) (-2.84)
bonulation Growth -0.528 -0.204 -0.526 -0.762 -0.758 * -0.767 -0.471 -0.756
P (-1.29) (-0.41) (-1.20) (-1.03) (-1.70) (-1.40) (-0.72) (-1.35)
Eneray intensity arowth -0.108 ** 0.012 -0.111 ** -0.076 -0.045 -0.075 -0.078 -0.074 -0.09 -0.0802
9y Y9 (-1.96) (-0.23) (-2.03) (-1.11) (-0.68) (-1.07) (-1.25) (-1.09) (-0.90) (-1.17)
o -0.047 * -0.034 -0.046 * -0.050 ** -0.045 ** -0.049 ** -0.054 -0.050 ** -0.059 * -0.048 **
Carbon intensity growth (-1.78) (-1.54) (-1.88) (-2.07) (-2.13) (-2.07) (-2.60) (-2.32) (-1.82) (-2.18)

. -0.002

Agriculture VA growth (-0.06)
-0.025
Industry VA growth (-0.81)
Services VA growth ((2)'01025)
Openness 1 ((2)0107‘;
-0.038 ** -0.041 ** -0.042 ** -0.041 ** -0.038 ** -0.059 * -0.024
Openness 2 (-2.10) (-1.94) (-2.24) (-2.49) (2.23) (-1.93) (-1.31)
. -0.005
Urban population growth (-0.74)
Young population growth (%59027)
. . -0.201
Active population growth (-0.38)
. -0.120
Old population growth (-0.37)
. -0.009 *
Oil price growth (-1.86)
Kyoto Protocol 85001!32)
-0.05
Protocol-1 (-0.01)
0.72
Protocol-2 (-0.11)

. . -0.003
Environmental consciousness (-1.36)
Observations/Groups/Episodes| 1767/76/40 1503/71/30 1764/76/40 1705/73/38 1703&3 1705/73/38  1705/73/38  1705/73/38  1705/73/38  1705/73/38
Log-likelihod -379.07 -290.45 -378.90 -351.17 -351.04 -349.35 9.2 -351.07 -346.69 -348.91
Pseudo-R? 1.94 0.65 1.97 9.14 9.17 9.62 9.60 9.17 10.30 9.73
Wald Test (Prob kaccepted) 28.03(0.00)  2.07(0.91)  14;27 (0.01)  32.49 (0.00) 24.32 (0.00)  24.80 (0.00)  19.96 (0.00)  26.76 (D.00 36.79 (0.00)  17.42 (0.00)
Rho(Prob Rho = 0 accepted) | 0.470(0.00)  0.571(0.00)  0.466 (0.00)  0.501 (0.00)0.548 (0.00)  0.507 (0.00)  0.510 (0.00)  0.501 (D.00 0.476 (0.00)  0.487 (0.00)

See the notes to Table 9.1.
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Table 9.3

Sample 3 - 1981-1997

1) 2 (3a) (3b) (4a) (4b) ) (6) (6")
. -0.021 -0.021 -0.048 -0.05 -0.036 -0.048 -0.132 -0.049
GDP per capita growth (-1.24) (-1.19) (-1.09) (-1.33) (-0.55) (-1.13) (-1.40) (-1.34)
Population Growth -0.079 0.009 -0.082 -0.326 -0.334 0.006 -0.327
P (-0.70) (0.23) (-1.02) (-1.08) (-1.49) (0.01) (-1.00)
Eneragy intensity arowth -0.005 -0.003 -0.005 -0.015 -0.014 -0.018 -0.016 -0.024 -0.014
ay Y9 (-0.71) (-0.22) (-0.79) (-0.87) (-0.78) (-0.83) (-1.47) (-0.70) (-0.70)
. . -0.009 -0.002 * -0.009 ** -0.025 ** -0.02 ** -0.035 *** -0.026 *** -0.045 ** -0.024 **
Carbon intensity growth (-1.48) (1.77) (-2.37) (-2.04) (-1.95) (-2.44) (-2.86) (-2.44) (-2.06)
Agriculture VA growth (%%212)
Industry VA growth (:222)
Services VA growth ((30082))2
Openness 1 ((2)'00%01]5
-0.021 * -0.023 ** -0.309 * -0.023 ** -0.049 ** -0.191 **
Openness 2 (-1.89) (-1.94) (-1.82) (-1.97) (-1.99) (-2.23)
Urban population growth (%%%2)
Young population growth 853%%
- *kk
Active population growth 1('_42825)
Old population growth 0{:1[1978;*
Oil price growth (01'0101(;
o *%
Protocol-1 ?;87313)
Environmental consciousness -0.022
(-0.18)
Observations/Groups 1218/83/26 1081/77/19 1201/82/26 1168/79/23 1132878 1151/78/23 1168/79/23 1103/75/23 1168/79/23
Log-likelihod -201.11 -150.17 -200.73 -180.84 -180.54 -167.46 048 -174.50 -180.77
Pseudo-R?2 1.50 2.83 152 4.22 4.22 11.16 441 6.91 4.26
Wald Test (Prob baccepted) 7.01(0.13) 6.48 (0.26) 4.02 (0.55) 17.57 (0.00) 1780.15) 32.35 (0.00) 19.87 (0.00) 18.16 (0.00) (a.08)
Rho (Prob Rho = 0 accepted) 0.758 (0.00) 0.791 (0.00) 0.756 (0.00) 0.663 (0.00) 0.676 (0.00) 0.689 (0.00) 0.664 (0.00) 0.624 (.00 0.661 (0.00)

See the notes to Tabl.1.
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Appendix 10 The indexes of democratic political rights andldiberties

() The Vanhanen's measure

Index of democratization = [(Index of Competitionjindex of Participation)] / 10d

with Index of Competition: 100 - the percentagevofes won by the largest
party in parliamentary and/or presidential election
Index of Participation: the percentage of total ydapon which actually
voted in the same election.

Source: Vanhanen, 2000.
(i) The Polity IV index of Marshall and Jaggers

Polity Score = Democracy - Autocrady

with - Democracy is an additive eleven-point sq@l¢o 10) derived from four
essential elements:

a- Competitiveness of Executive Recruitment
Election (+2)
Transitional (+1)

b- Openness of Executive Recruitmamly if () is Election or Transitional
Dual/election (+1)
Election (+1)

c- Constraint on Chief Executive
Executive parity or subordination (+4)
Intermediate category (+3)
Substantial limitations (+2)
Intermediate category (+1)

d- Competitiveness of Political Participation
Competitive (+3)
Transitional (+2)
Factional (+1)

- Autocracy is an additive eleven-point scaleq@0) derived from five
essential elements:

a- Competitiveness of Executive Recruitment
Selection (+2)
b- Openness of Executive Recruitmamly if (a) is coded Selection
Closed (+1)
Dual/designation (+1)
c- Constraints on Chief Executive
Unlimited authority (+3)
Intermediate category (+2)
Slight to moderate limitations (+1)
d- Regulation of participation
Restricted (+2)
Sectarian (+1)
e- Competitiveness of Participation
Repressed (+2)
Suppressed (41

Source: Marshall and Jaggers, 2007
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Appendix 11:Predicting accelerations episodes with a two-Btgit model with random effects

Table 11.1 Sample 1 - 1966-1997
1) (3a) (3b) (4a) (4b) (5) (6a) (6b) (6¢)
Observations/Groups/Episodes 1200/48/55 1174/47/47 1181/47/47 1174/47/47 1177418 1200/48/55 1200/48/55 1200/48/55 1200/48/55
1 Stage
-0.031 *** -0.028 *** -0.0308 *** -0.0307 *** -0.0298 *** -0.0309 *** -0.0303 *** -0.0312 *** -0.0301 ***
Lagged GDP per capita (-7.19) (-6.71) (-9.84) (-6.22) (-7.00) (-7.22) (-7.29) (-7.16) (-7.27)
Life expectancy at birth 0.0017 *** 0.0015 *** 0.0017 *** 0.002 *** 0.0017 *** 0.0017 *** 0.0017 *** 0.0015 *** 0.0024 ***
P y (3.46) (3.11) (4.01) (5.08) (3.34) (3.41) (3.56) (2.92) (4.68)
R2 (4R? from instruments) 19.72 (0.868)  19.50 (0.645) 19.57 (1.398) 18.4B00) 19.44 (0.745) 19.68 (0.864)  20.92 (0.789) @QU6645)  22.29 (0.673)

F-Stat on joint significance of

imstruments (Prob baecoptet) 83.09 (0.00)  75.85(0.00)  107.80 (0.00)  39.36 (D.00 81.35(0.00)  84.34 (0.00)  83.91(0.00)  60.91GD.0 57.47 (0.00)

2" Stage

GDP per capita arowth -0.974 -1.18 -1.43 0.335 -0.493 -0.816 -0.967 -2.329 -0.579
percapita g (-0.61) (-0.54) (-0.80) (0.21) (-0.29) (-0.55) (-0.53) (-1.15) (-0.27)

. -1.1332 -1.498 2.06 -1.19 -1.33 -4.076 -1.082
Population Growth (-0.50) (-0.63) (0.60) (-0.44) (-0.47) (-1.17) (-0.34)
Energy intensity arowth 0.105 0.002 -0.02 0.395 0.227 0.163 0.110 -0.322 0.278

ay Y9 (0.19) (0.00) (-0.04) (0.68) (0.39) (0.32) (0.19) (-0.47) (0.33)
Carbon intensity arowth 0.265 * 0.224 0.266 ** 0.281 * 0.277 * 0.276 * 0.266 0.168 0.294

v (1.84) (1.12) (2.35) (1.74) (1.79) (1.90) (1.55) (0.95) (1.55)

-0.139

Openness 1 (-0.96)

Openness 2 ((2)%472;

Urban population growth (__%02%3)

Young population growth (1007011)

Active population growth (%62187)

Old population growth 8)74%8

Qil price growth (0103322)

Kyoto Protocol (%0026]5

Protocol-1 ((2)15‘;%

Protocol-2 (% 1631%

. . 0.001
Environmental consciousness (0.16)
Resid from ¥ Stage 1.19 1.388 1.621 -0.997 0.702 1.021 1.17 2.62 0.784

9 (0.70) (0.61) (0.88) (-0.06) (0.40) (0.68) (0.63) (1.25) (0.35)
Log-likelihod -388.41 -377.08 -375.72 -381.13 -377.51 -386.73 838 -377.01 -388.32
Pseudo-R? 1.96 2.21 1.37 1.16 2.10 2.39 1.98 4.84 1.99
Wald Test (Prob khaccepted) 19.14 (0.00)  15.01(0.02)  13.74 (0.03)  21.23 (0.00)15.15 (0.03)  14.13 (0.03)  14.46 (0.02)  26.64 (D.00 14.99 (0.02)
Rho (Prob Rho = 0 accepted) 0.587 (0.00)  0.598 (0.00)  0.544 (0.00)  0.558 (0.00)0.596 (0.00)  0.583 (0.00)  0.583 (0.00)  0.505 (D.00 0.570 (0.00)

Notes: Estimated by two-stage Probit model withntpurandom effects. Coefficients shown are avepmgéial effects, i.e the mean of national marginal
effects. Numbers in parenthesis are robust t-gtatiSignificance levels are indicated by asteriskthe following way: 1% (***), 5% (**) and 10 9%*].
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Table 11.2

Sample 2 - 1972-1997

1) (3a) (3b) (4a) (4b) ) (62) (6b) (6¢)
Observations/Groups/Episodes 1480/76/91 1477/76/91 1429/73/86 1429/73/86 1429/73/86 1429/73/86 1429/73/86 1429/73/86 1429/73/86
1 Stage
-0.014 *** -0.015 *** -0.013 *** -0.010 *** -0.014 *** -0.014 *** -0.015 *** -0.015 *** -0.015 ***
Lagged GDP per capita (-3.44) (-3.63) (-3.89) (-2.84) (-3.96) (-3.94) (-4.13) (-4.27) (-4.19)
Life expectancy at birth 0.001 *** 0.001 *** 0.001 *** 0.001 *** 0.001 *** 0.001 *** 0.001 *** 0.001 *** 0.001 ***
p y (2.98) (2.69) (2.78) (3.79) (2.99) (3.07) (3.15) (3.15) (3.58)
R (UR? from instruments) 27.63 (0.055) 28.34 (0.050) 31.88 (0.048) 32.9666) 31.99 (0.043) 32.38(0.044) 32.06 (0.045) B200040)  33.29 (0.048)

F-Stat on joint significance of

instruments (Prob baccepted) 11.86 (00)  14.10(0.00)  15.16 (0.00)  15.28 (0.00)15.69 (0.00)  15.52 (0.00)  17.09 (0.00)  18.27 (0.00) 17.83 (0.00)
2" Stage
) 8.127 * 7.468 * 6.623 531 5.690 5.629 5.353 1.810 4.841
GDP per capita growth (1.77) (1.69) (1.55) (1.47) (1.23) (1.30) (1.38) (0.53) (1.28)
. 4.058 3.892 5.341 *
Population Growth (1.53) (1.32) (1.90)
Eneray intensity arowth 2.844 2.654 * 2.651 2.079 2.29 2.246 2.169 0.701 1.945
ay Y9 (1.76) (1.71) (1.55) (0.48) (1.24) (1.30) (1.40) (0.53) (1.31)
o 0.288 ** 0.264 ** 0.039 0.049 0.037 0.035 0.037 0.040 0.024
Carbon intensity growth (2.22) (2.25) (0.36) (0.74) (0.43) (0.41) (0.48) (0.53) (0.32)
-0.151
Openness 1 (-1.40)
-0.007 -0.0003 -0.004 0.0003 0.0101 0.094 * -0.029
Openness 2 (-0.11) (-0.001) (0.06) (0.00) (0.14) (1.63) (-0.31)
. 0.011
Urban population growth (0.45)
Vouna bobulation arowth 0.167 0.326 0.198 -0.033 0.409
g pop 9 (0.10) (0.15) (0.10) (-0.02) (0.19)
. . 6.154 ** 6.111 * 6.128 *** 3.170 6.242 *
Active population growth (2.49) (2.24) (2.50) (1.21) (2.31)
. -1.367 -1.361 -1.303 -1.067 -1.676
Old population growth (-0.68) (-0.81) (-0.56) (-0.61) (-0.86)
. -0.057 **
Oil price growth (-2.09)
Kyoto Protocol (%0153‘;
Protocol-1 (%14171)
Protocol-2 (__% :El150)
*%
Environmental consciousness 0(529%)

. ) 7.68% -7.03 -6.260 -5.01 -5.294 -5.185 -4.95 -1.454 -4.378
Resid from 1 Stage (-1.66) (-1.58) (-1.42) (-1.37) (-1.15) (-1.19) (-1.25) (-0.43) (-1.15)
Log-iikelihod 61511 614.63 576.02 578,91 574.24 572.83 457 -564.89 572.34
Pseudo-R? 1.22 1.21 2.51 2.02 2.81 3.05 2.81 4.39 3.13
Wald Test (Prob kaccepted) 8.64 (0.12)  11.42(0.08)  18.19(0.01)  14.84 (0.02)18.24 (0.02)  18.80(0.03)  18.91(0.03)  34.91 (0.00)20.26 (0.02)
Rho (Prob Rho = 0 accepted) 0432 (0.00)  0.421(0.00)  0.337(0.00)  0.395(0.00)0.322 (0.00)  0.320 (0.00)  0.321(0.00)  0.323 (D.00 0.12 (0.00)

See the notes to Table 11.1
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Table 11.3

Sample 3 - 1981-1997

1) (3a) (3b) (4a) (4b) (5) (6a) (6b) (6¢)
Observations/Groups/Episodes 1055/83/76  1044/82/75  1008/79/71 997/78/70 997078/ 997/78/70 997/78/70 997/78/70 997/78/70
1 Stage
-0.018 ** ~0.017 ** -0.018 ** -0.016 ** -0.017 ** -0.017 ** -0.017 ** -0.014 ** -0.017 **
Lagged GDP per capita (-3.99) (-3.88) (-4.25) (-3.38) (-3.71) (-3.73) (-3.74) (-3.05) (-3.67)
Life expectancy at birth 0.002 *** 0.002 *** 0.002 ** 0.002 *** 0.002 ** 0.002 *** 0.002 ** 0.002 *** 0.002 **
P y (4.93) (4.82) (4.50) (4.73) (4.35) (4.36) (4.69) (4.60) (4.28)
R2 (4R? from instruments) 24.86 (0.254)  25(0.230) 2522 (0.211) 24.92 (0)21424.77 (0.165)  24.78 (0.164)  24.77 (0.158)  25(@250)  24.77 (0.166)
F-Stat on joint significance of
instruments (Prob baccepted) 24.85(0.00)  2.77(0.00)  22.69 (0.00)  22.35(0.00)19.46 (0.00)  19.63 (0.00)  22.69(0.00)  21.25 (0.00)18.83 (0.00)
2" Stage
. 8.08 8.504 ** 6.94 * 6.781 ** 4.865 4.893 4.597 3.757 5.141
GDP per capita growth (2.36) (2.07) (2.14) (2.16) (1.54) (1.55) (1.39) (0.93) (1.35)
. 4.373 4.594 7.679 ***
Population Growth (1.24) (1.20) (3.08)
Eneray intensity arowth 1.679 ** 1.745 ** 1.443 ** 1.396 ** 1.065 * 1.069 * 1.015 0.832 1.116
ay Y9 (2.28) (2.11) (2.26) (2.29) (1.71) (1.78) (1.52) (1.04) (1.40)
o 0.443 ** 0.448 ** 0.361 ** 0.346 *** 0.271* 0.273* 0.258 0.220 0.285
Carbon intensity growth (2.26) (2.61) (2.17) (2.86) (1.70) (1.69) (1.44) (1.13) (1.45)
Openness 1 -0.045
(-0.43)
-0.012 -0.006 0.025 0.025 0.031 0.057 0.031
Openness 2 (-0.12) (-0.06) (0.29) (0.29) (0.33) (0.58) (0.36)
*
Urban population growth 0(10#)
Vouna bobulation arowth -2.00 -1.99 -2.019 -2.484 -1.99
g pop 9 (-0.93) (-0.87) (-0.75) (-0.83) (-0.84)
. : 10.81 *** 10.783 **  10.893 *** 9.068 *** 10.636 ***
Active population growth (3.88) (3.52) (3.29) (2.85) (3.46)
. 0.331 0.379 0.395 -0.114 0.514
Old population growth (0.18) (0.19) (0.16) (-0.05) (0.24)
Oil price growth (__%03175)
Kyoto Protocol (%0283
Protocol-1 ((())133;31)
Protocol-2 (_%(1%(;
Environmental consciousness (%03%‘;

. . -7.332 7747 % -6.301 * -6.231 * -4.281 -4.309 -4.012 -3.247 -4.539
Resid from 1 Stage (-2.04) (-1.79) (-1.85) (-1.93) (-1.34) (-1.35) (-1.14) (-0.79) (-1.14)
Log-iikelihod -440.24 -432.42 -405.31 -402.95 "384.74 38473 ) -380.18 -384.42
Pseudo-R? 2.68 2.77 5.88 4.75 9.06 9.06 9.13 10.14 9.13
Wald Test (Prob kaccepted) 14.11 (0.01) 1567 (0.02)  21.07 (0.02)  22.82(0.00)30.90 (0.00)  35.60 (0.00)  26.86 (0.01)  32.76 (D.00 22.72 (0.07)
Rho (Prob Rho = 0 accepted) 0.580 (0.00)  0.586 (0.00)  0.478 (0.00)  0.498 (0.00)0.469 (0.00)  0.469 (0.00)  0.463 (0.00)  0.469 (D.00 0.471 (0.00)

See the notes to Table 11.1
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Appendix 12:Predicting degrowth episodes with a two-step Rnoioidel with random effects

Table 12.1 Sample 1 - 1966-1997
1) (3a) (3b) (4a) (4b) (5) (6a) (6b) (6¢)
Observations/Groups/Episodes 1398/48/27 1366/47/26 1378/47/25 1346/46/25 1%eK  1378/47/25 1378/47/25 1378/47/25 1378/47/25
1 Stage
-0.029 *** -0.028 *** -0.023 *** -0.025 *** -0.024 *** -0.028 *** -0.027 *** -0.029 *** -0.027 ***
Lagged GDP per capita (-8.52) (-7.99) (-10.71) (-7.20) (-7.78) (-8.74) (-8.82) (-9.14) (-8.72)
Life expectancy at birth 0.001% 0.00L* sy 0-001% 0.001 * 0.001 ** 0.001 ** 0.001 ** 0.001 **
P y (2.85) (2.47) 9 (3.65) (1.87) (2.26) (2.42) (2.34) (2.99)
R2 (R? from instruments) 19.25 (1.25)  19.05(1.10)  20.67 (1.55)  14.06 (0.69) 15.84 (1.06)  15.68 (1.58)  17.10 (1.43)  17.33 (.41 16.81 (1.24)
F-Stat on joint significance of
instruments (Prob kaccepted) 95.85 (0.00)  89.28 (0.00) X 54.41 (0.00)  82.94QP.0 98.42 (0.00)  98.65(0.00)  106.27 (0.00)  85.40QP
2" Stage
. -3.025 ** -3.173 * -2.387 * -2.887 ** -2.541 ** -2.279 ** -2.562 ** -2.393 ** -4.299 *
GDP per capita growth (-4.07) (-3.91) (-2.61) (-2.03) (-2.13) (-2.20) (-2.00) (-2.23) (-2.84)
Ponulation Growth -2.156 * -2.235 * -4.035 *** -3.276 -3.538 * -3.287 -5.008 **
P (-1.78) (-1.63) (-2.91) (-2.84) (-1.83) (-1.58) (-2.12)
Eneray intensitv arowth -0.908 *** -0.944 *x -0.647 ** -0.703 ** -0.633* -0.598 ** -0.639 ** -0.603 ** -1.034 ***
ay Y9 (-3.44) (-3.67) (-2.29) (-1.92) (-1.78) (-1.99) (-2.24) (-2.01) (-2.73)
. . -0.184 * -0.187 * -0.164 * -0.158 * -0.156 * -0.149 ** -0.153 -0.146 * -0.200 **
Carbon intensity growth (-3.18) (-3.18) (-2.57) (-1.87) (-1.72) (-2.21) (-1.56) (-1.93) (-2.35)
Openness 1 -0.0009
P (0.00)
-0.017
Openness 2 (-0.64)
. -0.022 *
Urban population growth (-1.73)
. -0.927
Young population growth (-1.53)
. . -1.825*
Active population growth (-1.78)
. -0.283
Old population growth (-0.40)
. -0.016
Oil price growth (-1.52)
-0.011
Kyoto Protocol (-0.05)
-0.007
Protocol-1 (-0.02)
-0.003
Protocol-2 (-0.01)
o *
Environmental consciousness ?loég)

. " 2.798 *x 2.937 * 2.079 ** 2.634* 2.234* 1.962 * 2.256 * 2.102 * 3.950 ***
Resid from 1 Stage (3.53) (3.42) (2.14) (1.73) @.77) (1.83) 1.74) (1.85) (2.55)
Log-likelihod -257.72 -257.40 -242.12 -238.04 -24391 24411 420 -244.41 -239.63
Pseudo-R2 7.80 7.66 8.61 10.10 7.88 7.86 7.78 7.74 9.55
Wald Test (Prob kaccepted) 31.76 (0.00)  20.45(0.00)  27.31(0.00)  34.61(0.00)35.75 (0.00)  25.17 (0.00)  27.36 (0.00)  25.20 (D.00 21.67 (0.00)
Rho (Prob Rho = 0 accepted) 0.440 (0.00)  0.430 (0.00)  0.341(0.00)  0.473(0.00)0.413 (0.00)  0.418 (0.00)  0.427 (0.00)  0.418 (D.00 0.488 (0.00)

Notes: Estimated by two-stage Probit model withntpurandom effects. Coefficients shown are avepagéial effects, i.e the mean of national marginal
effects. Numbers in parenthesis are robust t-ttatBignificance levels are indicated by asteriskihe following way: 1% (***), 5% (**) and 10 %*}.
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Table 12.2

Sample 2 - 1972-1997

1) (3a) (3b) (4a) (4b) (5) (6a) (6b) (6¢)
Observations/Groups/Episodes 1767/76/40 1764/76/40 1705/73/38 1705/73/38 1705/73/38  1705/73/38  1705/73/38  1705/73/38  1705/73/38
1 Stage
-0.013 **+ -0.014 **+ -0.011 *** -0.010 ¥+ -0.014 ** -0.013 ¥+ -0.014 ** -0.014 **+ -0.014 **
Lagged GDP per capita (-4.13) (-4.39) (-5.17) (-3.08) (-4.56) (-4.51) (-4.76) (-4.81) (-4.75)
Life expectancy at birth 0.001 ** 0.00L** e 0.01 % 0.0006 * 0.0005 * 0.0005 * 0.0005 * 0.001 *
P y (2.81) (2.52) 9 (2.44) (1.63) (1.72) (1.63) (1.69) (2.10)
R (UR? from instruments) 29.44 (0.04)  30.42 (0.03)  30.30 (0.03)  30.75(0.04)30.73 (0.05)  31.03(0.05)  30.99 (0.06)  31.01 (p.03 31.73 (0.06)
F-Stat on joint significance of
instruments (Prob biccepted) 17.42 (0.00)  21.02 (0.00) X 10.43 (0.00)  29.18@.0 26.71(0.00)  29.60 (0.00)  27.76 (0.00)  27.10Gp.
2" Stage
. -3.04 * -2.324 -1.348 -4.468 ** -2.110 -2.070 * -2.147 * -1.171 -2.762 *
GDP per capita growth (-1.88) (-1.55) (-1.34) (-2.03) (-1.50) (-1.63) (-1.82) (-0.83) (1.63)
Ponulation Growth -1.53 * -1.207 * -1.218 * -1.398 -1.468 ** -0.781 -1.547 *
P (-2.06) (-1.65) (-1.72) (-1.58) (-2.31) (-0.86) (-2.33)
Eneray intensity arowth -1.18* -0.912 -0.505 -1.705 ** -0.802 -0.789 -0.814 * -0.421 -1.047 *
ay Y9 (-1.92) (-1.52) (-1.24) (-2.05) (-1.55) (-1.59) (-1.86) (-0.74) (-1.62)
o -0.03 -0.039 -0.051 * -0.027 -0.044 -0.049 ** -0.046 * -0.053 -0.035
Carbon intensity growth (-1.45) (-1.57) (-1.83) (-0.91) (-1.44) (-2.01) (-1.83) (-1.51) (-1.30)
Openness 1 0.030
(0.95)
-0.026 0.020 * -0.022 -0.019 -0.018 -0.045 0.012
Openness 2 (-1.46) (0.480) (-1.19) (-0.97) (-1.03) (-1.24) (0.37)
Urban population growth (%%025)
Young population growth ((162885)
Active population growth (0181815)
Old population growth (%1223
Oil price growth (_%23;
Kyoto Protocol (%00161)
Protocol-1 (%%02‘;
Protocol-2 (%01577)
| *
Environmental consciousness ?logg)

. . 2.770 * 2.045 1.072 4.222 % 1.845 1.813 1.874 0.852 2.467
Resid from T Stage (1.70) (1.34) (1.08) (1.95) (1.36) (1.40) (1.57) (0.61) 1.44
Log-iikelihod 375.25 -376.30 :350.34 ‘34654 “347.08 347.48 833 -346.38 34552
Pseudo-R? 2.92 2.64 4.44 5.47 5.33 5.22 4.88 5.52 5.75
Wald Test (Prob baiccepted) 16.50 (0.00)  16.06 (0.00)  28.43 (0.00)  17.74 (0.00)20.51 (0.00)  28.08 (0.00)  66.97 (0.00)  30.33 (.00 23.57 (0.00)
Rho (Prob Rho = 0 accepted) 0501 (0.00)  0.497 (0.00)  0.509 (0.00)  0.559 (0.00)0.532 (0.00)  0.521(0.00)  0.516 (0.00)  0.488 (D.00 0.531 (0.00)

See the notes to Table 12.1
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Table 12.3

Sample 3 - 1981-1997

1) (3a) (3b) (4a) (4b) (5) (67 (6")
Observations/Groups/Episodes 1218/83/26 1201/82/26 1168/79/23 1151/78/23 11528 1168/79/23 1103/75/23 1168/79/23
1 Stage
-0.025 *** -0.024 ** -0.022 *** -0.020 *** -0.019 *** -0.022 *** -0.020 *** -0.022 ***
Lagged GDP per capita (-5.41) (-5.32) (-5.80) (-4.43) (-4.49) (-5.48) (-4.29) (-5.50)
Life expectancy at birth 0.003 *** 0.003 *** 0.002 *** 0.002 *** 0.002 *** 0.002 *** 0.002 *** 0.002 ***
P y (5.15) (5.03) (3.87) (4.16) (3.41) (3.85) (4.10) (3.85)
R2 (R2 from instruments) 24.37 (0.35) 24.07 (0.34) 26.86 (0.25) 25.46 (0.25) 26.72 (0.16) 26.91 (0.25) 23.45 (0.22) 26.87 (.25
F-Stat on joint significance of
instruments (Prob baccepted) 31.42 (0.00) 30.22 (0.00) 30.27(0.00) 21.14 (0.0)  0.22(0.00) 29.99 (0.00) 20.99 (0.22) 30.23 (0.00)
2" Stage
. -0.303 -0.312 -0.286 -0.384 0.084 -0.289 -0.463 -0.281
GDP per capita growth (-1.32) (-1.43) (-0.82) (-0.82) (0.13) (-0.76) (-0.61) (-0.86)
Ponulation Growth -0.269 -0.277 -0.432 -0.441 -0.296 -0.433
P (-1.11) (-1.15) (-1.21) (-1.26) (-0.41) (-1.16)
Eneray intenstty growth -0.062 -0.064 -0.064 -0.082 0.006 -0.065 -0.069 -0.062
ay Y9 (-1.24) (-1.27) (-0.81) (-0.81) (0.04) (-0.83) (-0.55) (-0.89)
. . -0.028 * -0.028 * -0.039 * -0.044 -0.032 -0.046 * -0.049 -0.038 *
Carbon intensity growth (-1.74) (-1.82) (-1.84) (-1.58) (-1.12) (-1.66) (-1.58) (-1.85)
Openness 1 0.0009
(0.00)
-0.010 -0.012 -0.028 * -0.011 -0.036 -0.010
Openness 2 (-1.05) (-1.26) (-1.87) (-1.33) (-1.14) (-1.19)
Urban population growth (0101%‘;
Young population growth (-01'3191)
- *kk
Active population growth 1('?30(1)7)
*
Old population growth 0(1437)?)
Oil price growth 8_2105
_ *kk
Protocol-1 0('_02522)
Environmental consciousness (0 0028)3
Resid from & Stage 0.280 0.288 0.238 0.328 -0.124 0.241 0.353 0.232
9 (1.17) (1.25) (0.66) (0.70) (-0.20) (0.63) (0.45) (0.68)
Log-likelihod -199.51 -199.22 -180.46 -180.11 -167.45 -180.09 429 -180.40
Pseudo-R? 2.28 2.27 4.42 4.44 11.16 4.46 7.07 4.45
Wald Test (Prob kaccepted) 0.727 (0.00) 0.726 (0.00) 0.659 (0.00) 0.654 (0.00) 0.689 (0.00) 0.661 (0.00) 0.619 (0.00) 0.658 (.00
Rho (Prob Rho = 0 accepted) 4.81 (0.44) 6.58 (0.36) 12.65 (0.05) 14.9 (0.02) .43§0.00) 14.52 (0.04) 27.46 (0.00) 14.45 (0.04)

See the notes to Table 12.1
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Appendix 13 Predicting both accelerations growth episodesdamtowth episodes in a multinomial logit model

Table 13.1 |Sample 1 - 1966-1997
1) 2 (39) (3b) (4a) (4b) (5) (6a) (6b) (6¢)
A D A D A D A D A D A D A D A D A D A D
GDP 0.01 -0.79% 0.04 -0.77** 004 -0.67* -025 -0.54* 002 -0.62** -0.01 -0.62%* -0.02 -0.63** 006 -0.62**  0.07 -0.64"*
9 (0.42) (-4.92) (0.28) (457) (0.45) (-420) (111) (-2.98) (-0.34) (-3.47) (0.30) (3.48) (0.35) (-3.46) (0.49) (3.44) (0.01) (3.43)
POP 206  -443 179 005 213 040 7.48%* 534w«
9 (0.60) (0.98) (0.44) (0.35) (0.59) (:0.79) (5.33)  (-4.00)
ENER-INT 048 046" 062% 037 045 -0.46* 033 -035* 026  -0.33 031  -035* 031 038 030 035 029 -0.35* 033 -0.36*
9 (156) (2.14) (1.92) (1.35) (1.41) (-2.08) (1.16) (1.74) (0.83) (1.52) (1.04) (-1.66) (LO0) (-1.77) (L02) (1.64) (0.98) (-1.64) (L13) (-1.68)
CARB-INT 039* 015 035 -012 038 016 037* 009 035 007 036* 001 036 -011 036 011 036+ -011 035 -0.11
9 (181) (1.03) (L53) (0.73) (L.74) (105 (1.70) (0.43) (L55) (0.31) (L.70) (055 (L72) (0.54) (172) -0.56 (L69) (056) (L72) (-0.53)
2012 0.05
gVA-AGR (0.90) (0.37)
0.26 -0.41%+
gVA-IND (1.04) (-3.58)
005 -0.12
gVA-SERV 013  (067)
003  0.002
Openness 1 (-0.53)  (1.04)

Openness 2 003 -0.05% 002 -0.07% 003 -0.05% 003 -005% 003 -0.05% 004 -005% 002 -0.04%
p (1.03) (271) (0.41) (-3.42) (105 (-2.40) (L.04) (2.44) (L.16) (-2.57) (1.34) (237) (0.63) (-2.29)
0.04%*  -0.04%*

gURB-POP (5.14) (5.04)
POP- 061 062 065 -0.60 065 -065 0.4 065 071  -0.62
9 y (054) (-124) (059) (L13) (0.59) (-1.25) (0.33) (-1.24) (0.64) (1.23)
POP-a 5.6 3030 BEc 3130 Gt 312 4027 3145 6.069* -3.06%
9 (4.19) (2.98) (419) (3.03) (427) (-3.04) (2.24) (276) (4.09) (3.02)
POP-r 091 -143** 093 -1.29% 0093 -143% 069 -144* 076 -1.43
g (0.69) (274) (0.73) (2.45) (0.72) (2.74) (0.48) (272) (0.54) (2.78)
oL 0.04*  -0.02*
g 1.64)  (-1.72)
0.09*  -0.04
Protocol (1.83) (-0.61)
0.18%  -0.03
Protocoll (2.08)  (-0.63)
009  -0.03
Protocol2 (1.23)  (-0.57)
Consciousness (2'2(_)%;; i%%%l)
Observations/Groups 1086/48 865/47 1060/47 1072/47 1046/46 1046/46 @46 1046/46 1046/46 1046/46
Number of episodes 55-27 50-27 55-26 53-25 52-25 52-25 52-25 52-25 52-25 52-25
Log-likelihod -718.23 -604.07 -706.34 -660.01 -647.42 -644.67 168 -642.09 -640.71 -642.53
-R2
Pseudo-R 2.23 2.32 2.31 6.51 6.78 7.18 7.60 755 7.75 7.49

Note: Estimated by a multinomial Logit model wheéhe dependent variable takes the value 2 if a defrepisode occurs (column D), the value 1 if aoetgration
episodes occurs (column A) and the value 0 otherv@®efficients shown are average partial effétthe mean of national marginal effects. Numibensarenthesis af@4

robust t-statistics. Significance levels are intbdaby asterisks in the following way: 1% (***), 5¢%°) and 10% (*).



Table 13.2

Sample 2 - 1972-1997

1) 2 (3a) (3b) (4a) (4b) ) (62) (6b) (6c)
A D A D A D A D A D A D A D A D A D A D
GDP 0.28 -0.67** 029 -0.72%* 028 -0.60***  0.04 -0.54%* 028 -0.59*** 0.33 -059*** 028 -0.59** 018 -0.62*** 035 -0.62***
9 (0.49)  (-4.08) (0.49) (-4.19) (0.62) (-3.46) (-0.27) (-2.99) (0.64) (3.29) (0.80) (-3.29) (0.64) (-3.29) (0.27) (-3.41) (0.89) (-3.41)
POP 447  -0.98* 435  -0.64 455  -1¥  88lwr 363
9 (1.74) (-252) (1.39) (-0.89) (1.75) (-2.63) (7.47) (-3.64)
ENER-INT 015 -0.28*  0.07 0.01 0.16  -0.3* 0.07 -0.33** 001 -026* 010 -0.35** 011 -0.36*** 011 -0.33** 006 -0.33* 012 -0.35%
9 (0.44) (-2.42) (0.26) (0.10) (0.46) (-251) (0.05) (-2.73) (-0.25)  (-2.00) (0.16) (-2.84) (0.19) (-2.91) (0.25) (-2.63) (-0.01) (-2.55)  (0.27)  (-2.86)
CARB-INT 009 -007 008 008 009 -0.08 0.5 -0.04 0.04 -0.03 0.05 -0.05 004 -050 0.5 -0.05 0.03 -0.03 0.04 -0.05
9 (0.86) (-1.27) (0.71) (-0.92) (0.84) (-1.32) (0.52) (-0.57) (0.40)  (-0.43) (0.49) (0.61) (0.44) (0.63) (0.45) (-0.61) (0.36) (-0.45) (0.36) (-0.57)
-0.09 -0.02
gVA-AGR (-0.84) (-0.31)
027  -0.14
gVA-IND (1.75)  (-1.43)
-0.01 -0.16
gvA-SERV (0.24)  (-1.07)
-0.04 004
Openness 1 (-0.78)  (1.26)

Openness 2 0.06* -0.08***  0.04 -0.06*** 0.07* -0.08*** 0.07* -0.08*** 0.07* -0.08** 0.09%* -0.10**  0.05 -0.07**
p (1.91)  (-4.38) (1.26) (-3.14) (2.19) (-4.09) (2.06) (-4.16) (2.22) (-4.05) (3.17) (-4.48) (1.47) (-3.50)
0.50**  -0.01

gURB-POP 765  (0.85)
POP- 1.27 038 128 -0.36 1.31 -0.37 0.99 -0.29 1.26 -0.36
9 y (1.43) (-046) (1.45) (0.42) (1.47) (0.42) (1.14) (0.34) (142) (-0.41)
POP-a 8.13%*  2.48* 13 2.54% G15M* D45  5AGex ] 5D G2@W* 253w
9 (6.39) (-2.46) (6.31) (-251) (6.44) (2.42) (4.23) (-1.40) (6.33) (-2.55)
POP-r -1.35  -0.99* -1.37* -0.93* -1.36* -1.01* -1.87* -0.85* -1.60* -0.96**
9 (-1.60) (-2.13) (1.62) (-2.01) (-1.62) (2.14) (-2.06) (-2.03) (-1.83) (-2.05)
oL -0.04*  -0.01
g (-1.89) (-1.56)
0.07* 0.02
Protocol (1.60)  (0.63)
0.11* 0.01
Protocoll (2.04) (0.40)
-0.03 0.07
Protocol2 (-0.38)  (1.03)
Consciousness o(.gls*;)* i_ol'%lz*)
Observations/Groups 1317/76 1115/71 1314/76 1275/73 1275/73 1275/73 1275/73 1275/73 1275/73 1275/73
Number of episodes 91-40 82-30 91-40 86-38 86-38 86-38 86-38 86-38 86-38 86-38
Log-likelihod -1017.90 -854.71 -1015.37 -938.97 -953.67 -929.19 92614 -927/75 -917.90 -924.52
Pseudo-R? 2.24 1.98 2.39 5.77 4.29 6.75 7.06 6.90 7.88 7.22

See the notes to Table 13.1.
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Table 13.3

Sample 3 - 1981-1997

1) (3a) (3b) (4a) (4b) (5) (6) (6"
A D A D A D A D A D A D A D A D A D
gGDP 0.80*  -0.66%** 079  -0.62* 083  -0.33 0.57 -0.32 0.58 029  058*  -0.29 071 -045¢ 061 -0.31
(1.60)  (-3.28) (158)  (-3.14)  (1.96)  (-1.45)  (L44)  (-1.46)  (L.44)  (-1.33) (196)  (-1.34)  (1.59)  (-1.89)  (1.48)  (1.42)
POP 378  -081* 252 -0.37 377 -0.80% 913" 417w
9 (1.07)  (-1.80) (0.68)  (0.80)  (1.05)  (-1.78)  (6.69)  (-4.14)
ENER-INT 028  -0.29*  0.18 -0.27 026  -028 027 -0.21 0.23 -0.15 0.27 -0.23 0.27 -0.23 0.23 -0.11 0.29 -0.23

g (1.27) (175 (0.56)  (-1.60)  (1.18)  (-1.69)  (L.41)  (-1.34)  (1.21)  (-091) (1.45)  (-159)  (1.46)  (-1.60) (1.35)  (-0.75)  (L52)  (-1.59)

CARB-INT 007  -014* 003  -016* 006  -0.14* 006  -017*  0.03 -0.11 006  -0.19% 006  -0.20%  0.04 -0.12 070  -0.19%

9 (0.39)  (-114) (0.14) (-178) (0.30) (-1.76)  (0.28)  (-1.84)  (0.11)  (-1.36)  (0.30)  (-215)  (0.29)  (-2.17)  (0.27)  (-1.23)  (0.42)  (-2.14)

0.20 0.09
QVA-AGR ©030)  (0.89)
008  -0.21%
gVA-IND ©021)  (-1.98)
003  -0.28*
gvVA-SERV (0.23)  (-1.79)
001 0.001
Openness 1 (-0.12) (1.00)
Openness 2 0.10%  -0.13%*  0.08* -0.12%* 0100 -0.12%*  010%*  -0.12%% 013" 017 0110 .0.11%%*
p (2.21)  (-5.52)  (1.84)  (5.47)  (2.48)  (4.67) (247) (471  (3.36)  (5.20) (2.78)  (-4.60)
URB-POP .05 0037
9 (6.21)  (3.89)
POP- 2.80%* 106 281 106  -2.92% 140 278"  1.03
9 y (256)  (L09)  (257)  (L09) (258  (1.36)  (-251)  (L.05)
POP-a 13.01%%  -4.60%* 13.03%* -4.66%* 10.67%* -3.91%  12.82%*  -4.79%
9 (6.88)  (-3.21) (6.87)  (3.19) (5.34)  (-3.20) (6.75)  (-3.28)
POP-r 0.25 -0.70 0.25 074 077 0.27 0.54 -0.61
9 (0.11)  (121) (0.10) (1.27) (-0.58) (0.35)  (0.35)  (-0.99)
0.01 0.02
gOoIL ©020)  (0.37)
0.14%  -0.12%
Protocoll (2.50) (-3.10)

Consciousness £_01'0612*) i—ol.%%:i
Observations/Groups 901/83 795/77 890/82 865/79 854/78 854/78 854/78 4 854/78
Number of episodes 76-26 69-19 75-26 71-23 70-23 70-23 70-23 70-23 70-23
Log-likelihod -726.97 -622.21 718.72 -644.93 -645.54 -611.31 151 -582.70 -609.64
Pseudo-R? 2.02 1.92 2.16 7.85 6.78 11.72 11.74 13.56 11.96

See the notes to Table 13.1.

66



