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Natural factors and carbon dioxide emissions Bnealicy

This articles examines what role natural factoraypin explaining cross-country

differences in carbon dioxide emissions. Naturatdes mean here differences in the

climatic conditions, the availability of renewabdéad fossil fuel resources and the

transportation requirements of countries. Whileome remains the main variable,

regression results show that natural factors dautiei significantly to an explanation of

cross-country differences in carbon dioxide emissid-urthermore, drastic differences

in natural conditions can lead to substantial défifices in predicted emission

requirements for individual countries at approxiehathe same level of income.

Short title: Natural factors and carbon dioxide emissions

Key words: temperature, renewable and fossil resources,poatagion

1. Introduction

Many studies have examined the empirical relatigmbletween carbon dioxide (GO
emissions and income, as traditionally measuredrogs national product (GNP) or
gross domestic product (GDP). These studies diff¢he functional form as well as in
the independent variables employed to explain ecossitry differences in CO
emissions. For example, while the early pioneemshigdies such as Grossman and

Krueger (1995), Shafik (1994) and Holtz-Eakin aneld®n (1995) concentrated on



Natural factors and carbon dioxide emissions Bnealicy

income as the explaining variable and used staneigtichation techniques, later studies
have taken into account additional explanatorydiacsuch as, for example, income
inequality (Ravallion, Heil and Jalan 2000) or haeenployed more complex
econometric estimation techniques (see, for exangiemalensee, Stoker and Judson
1998; Galeotti and Lanza 1999).

What has been somewhat neglected so far is thetiguds what extent natural
factors can explain any cross-country differenage<CO, emissions. Natural factors
mean here differences in the climatic conditiohs, dvailability of renewable and fossil
energy resources and the transportation requiresmidiat could explain such cross-
country differences even after controlling for tbiect of income. Theoretically, we
would expect cold countries to have greater heatgirements and hot countries to
have greater cooling requirements, all other thiegmal. We would expect big
countries with higher transportation requirementhave higher emissions than small
countries. Similarly, we would expect countriestthave access to domestic renewable
energy resources to have lower emissions than gesnthat lack such resources.
Finally, countries without major fossil fuel resesvshould have lower G@missions
than countries that are rich in such reserves. iBhier two reasons: First, because of
the emissions generated in the extraction and lplgssifor example, in the case of oil —
processing of such resources. Second, and probaige importantly, because
countries that have lacked historically major dotce®ossil fuel reserves have had
strong incentives to develop in a less fossil fognsive way in order to cut down on
energy import costs. The classical example forithfessil fuel poor Japan.

This short article tries to examine these issuepariA from a better positive
understanding of what determines cross-countryefices in COemissions, this

study is also motivated by the role natural factaase played in normative discussions
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on an internationally just distribution of G@mission rights (see, more generally, also
Neumayer 2000). For example, Grubb et al. (199318) examine, without endorsing,
“reasonable emissions” as one criterion for anrivatonally just allocation rule. They
define a ‘reasonable level of emissions for eacunty’ as the ‘level that would
support a consistent, modest standard of livgigen the national climatic and other
conditions [emphasis added]. Permits would be granted fosgions at this level, but
not for those “luxury” emissions in excess of thisount’. The Intergovernmental Panel
on Climate Change (IPCC 1995, p. 104) contemplat@milar allocation rule under the
heading “basic needs”. Such a rule would allow toes ‘the right to emit the
minimum levels of greenhouse gases needed to rheebasic needs of their citizens
(...). It would perhaps be close to the allocationeafission permits according to
population, although basic needs could vary fromntxy to countrydepending on
climate and other matters [emphasis added]’. As a final example, considerdtiempt
by Benestad (1994) to construct a formula for migication of CQ emission rights
according to energy needs, including such thinga @suntry’s heating and cooling
requirements, transportation needs as well as raplevenergy sources potential. Since
this study examines the relative importance of mlmer of natural factors explaining
cross-country differences in G@&missions, it can also shed some light on theaelee

of normative allocation rules that refer to suctura factors.

2. Methodology and data

Variants of the following basic model were estindéte

Ei = Bo + BoYi + BaAYi)? + Bali + BaHi + BsAi + BeR + BrFi+ BeT, + &
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E are logged COemissions per capitd,is logged income per capitia,is the lowest
average minimum temperatuié,is the highest average maximum temperatiiris,the
log of the percentage of total land area impactgdhbman activities,R is the
percentage of renewable energy sources of totayjgnese F is the log of combined oil
and gas reserves,is a time trend andis a stochastic error term.

The data consisted of a panel covering 1960-198@. [atter date was chosen in
order to avoid biases introduced by either awal@puwlicy responses to combat global
warming or by the collapse of the Communist systm the drastic falls in GO
emission in these countries. Emission and incont@ \@are available for 148 countries
with a total of 3673 observations. However, therpaailability of data on renewable
and fossil energy resources meant that the estinsatiould use only 106 countries with
2647 observations. Data are missing mainly for \semall countries, but also for a few
poor developing countries particularly in Sub-Sahaifrica. Note that not all countries
have observations over the whole time period.

A fixed effects model could not be estimated a®fthe explanatory variables apart
from income do not vary over time and would haverdfore been dropped. A random
effects model avoids this problem, but a Hausmaecifipation test rejected it.
Variations of equation (1) were therefore estimatiedordinary least squares (OLS). It
is unlikely that more complex estimation techniquesild lead to drastically different
results. Since Cook-Weisberg tests rejected theothgsis of constant variance,
heteroscedasticity robust standard errors were tiisedghout.

Per capita COemissions from fossil fuel burning and cement nfacturing, the
dependent variable, is based on the data set ys8tdiik (1994). Where necessary, it

has been extended using data in Marland, Boden Aamdtes (2000). Income is
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measured as real per capita GDP in purchasing poavéy taken from the Penn World
Table 5.6 (an earlier version of which is describe@ummers and Heston 1991). As a
proxy for heating requirements a country’s lowegtrage minimum temperature was
taken from Harding (1998). Similarly, a country’siglmest average maximum
temperature was taken from the same source asxg foocooling requirements. For
most country’s this source states the climatic dovs in the capital city. For the
bigger countries and the ones attractive to tarigmperatures are given for several
cities. In these cases, the simple average was.télsean alternative proxy for heating
requirements, the average number of frost daysimewmonths as listed in Masters
and McMillan (2000) could have been taken as wWébwever, the absolute value of the
Pearson correlation coefficient between a countriosvest average minimum
temperature and its average number of frost daysrig high (.88). This together with
the fact that minimum temperatures were available mhore countries made it the
preferred choice.

Big countries have higher transportation requireihiesls goods and people are
typically moved over longer distances. Howevewauld be misleading to simply take
a country’s total land area as a proxy for its $partation requirements. This is because
often huge parts of big countries are sparsely hited, if at all. CIESIN (2001)
provides data on the percentage of total land emgacted by human beings, that is
either urbanized (as indicated by lights at nigintused for agriculture. This provides a
good proxy to the share of total land area inhddg human beings, the idea being that
people live in urban areas or where agriculturesalace. The proxy for a country’s
transportation requirements is then the share @l tand area impacted by human

activities (data for land area taken from World B2000)?
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Renewable resource use was measured in per céstabénergy consumption from
all sources in 1997, taken from WRI (2000). Ideaitywould have been desirable to
employ panel data for the sample period. Unfortelyatsuch data are unavailable so
that the 1997 data, the only ones available, wamnplg taken for the whole period
1960-1989. While this leads to biased estimateshimgp can be done about it.
Renewable resources encompass hydroelectric, gewhesolar and wind resources as
well as “fuel and waste”, which comprise biomassl amimal products, gas/liquids
from biomass, industrial waste, and municipal waBteel and waste renewable energy
sources in the form of biomass are much used by geweloping countries. While
“fuel and waste” partly create GQand other greenhouse gas) emissions, they are
usually not included in CQOemission data, which derive exclusively from esties of
fossil fuel burning and cement manufacturing. Inmasch as fuel and waste substitute
for fossil fuels, which would have otherwise beesed their consumption should lead
to lower CQ emissions thus measured. In this respect, thegadaliffer from other
substitute renewable energy sources that entail fé@ emissions, such as
hydroelectricity. It is therefore correct to inceuthem for the purposes of explaining
cross-country C@emissions here.

Fossil fuel reserves were measured as the log isBMhermal Units (BTUS) per
capita proven crude oil and natural gas reservd9@38, taken from Gallup and Sachs
(1999), with WRI (1996) as the original source. #wg&h the renewable resource
variable, it would have been desirable to use pdat from the period 1960 to 1988,

but such data are not readily available.

3. Results
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Table 1 shows the results of OLS estimation, stgrivith a model that includes only
income as explanatory variables. This model is amged by each of the additional
explanatory variables in isolation. Finally, thél fmodel is estimated, excluding thé

variable for reasons explained further below.

< Insert table 1 here >

Regression 1 reproduces the typical Environmentaniéts Curve (EKC) result. GO
emissions per capita rise first with higher GDP gegpita, but at a decreasing rate, until
a threshold is reached after which emissions Kdite that in accordance with earlier
studies (for example, Shafik 1994) the turning pawhile theoretically existent, is way
beyond the relevant range of GDP per capita sotkimatighout the sample per capita
CO, emissions are predicted to increase with highasrre levels.

Regression 2 adds to the explanatory variables. It has the expesigd and is
highly statistically significant. The lower is th@wvest average minimum temperatures
the higher are CCemissions per capita. Regression 3 ddidisstead. Unexpectedly, the
estimated coefficient is significantly negative icating that the higher is the highest
average maximum temperatures the lower are €@ssions per capita. Regressions 4
to 6 addA, R andF respectively. All estimates have the expectedssagrd are strongly
significant. A larger land area impacted by humativdies leads to higher CO
emissions per capita. A higher share of renewaféegy sources and lower per capita
reserves of oil and gas lead to lower,@@issions per capita.

The estimated coefficient fdfl presents a puzzle. Hotter countries are estimated
have lower instead of higher emissions. How cas ltkei explained? Probably the reason

for this counter-intuitive result is a combinatioh hotter countries being poorer on
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average than less hot countries and the demancb@iding being a luxury good. That
the hot countries close to the equator on averaye hower GDP per capita than
countries in more temperate climate zones is a eéallmented fact (see, for example,
Gallup and Sachs 1999; Masters and McMillan 2008hle 2 lists the partial Pearson
correlation coefficients of the variables used, cihtonfirms this result. It can be seen
that logged GDP per capita is highly negativelyrelated to the lowest average
minimum temperature (-.52) and to the highest ayemmaximum temperature (-.41),
indicating that colder and less hot countries Haigher incomes. Furthermore, whereas
heating represents a necessity good in cold clenatgh consumers having few
alternatives if they do not want to freeze to deatwling is likely to be a luxury good
in hot climates. Those who can afford will have einditioning and other cooling
devices, those who cannot will not. Supportivehid tiypothesis is the fact that the sign
of the coefficient oH changes to positive in regression 3 if the sanglestricted to
observations with a GDP per capita greater than308@ (results not reported). The
small relevance of adding the maximum average testyre as an explanatory variable
can also be appreciated by the fact thatriBes only from .7657 to .7738 after

becomes included in the estimated equation.

<Insert Table 2 here>

Because of the unexpected sign of kheariable in the full sample, regression 6 in
table 1 estimates the full model excludiHg As can be seen, all variables keep their
expected signs and remain statistically significaAtso, coefficients and their
significance do not change dramatically in compmanagression 6 with the other five

regressions. This might be interpreted to meanhaticollinearity, which could be a
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problem looking at the partial correlation coeféigis in table 2, is actually not so much
of a problem.

How relevant are natural factors in explaining srosuntry differences in
emissions? The results in table 1 suggest that #ineyof relevance, but limited so.
There are two ways to see this. First, note thatiiprovement in Rdue to including
the natural factor variables is relatively smatlrites from .7657 to .8349, that is by
about 9 per cent. Second, to allow comparison efestimated coefficients, which are
held in different units, the last column in tableeports standardised coefficients. These
indicate by how many standard deviations the empthivariable changes for a one
standard deviation increase in one of the explapatariables. It can be seen that the
standardised coefficients for the income variablesmuch higher than the ones for the
natural factor variables. In other words, incomeisnuch more potent predictor of
cross-country differences in emissions than nattaelors are. Income is the main
explanatory variable to which natural factors mgeeld some explanatory power.

Belsley, Kuh and Welsch (1980) suggest excludirgeolations as outliers that have
both high residuals and a high leverage. Applyingirt criterion together with their
suggested cutoff point would exclude another 188eplations. Table 3 repeats the
estimation of the pure income and the full modehgighe restricted sample. It can be
seen that the estimated coefficients in regressicasd 8 do not change dramatically in
comparison to regressions 1 and 6. ORlpecomes insignificant, which sheds some
doubt on whether cross-country differences in fdssl reserves have any impact on
differences in emissions. Importantly, the majosufe that income is the main
explanatory variable of cross-country differenae€<i0, emissions remains valid if the

outliers are excluded.

10
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<Insert Table 3 here>

4. Implications and concluding observations

Can natural factors explain any cross-country tifiees in CQemissions? Yes, they
can, but only to some limited extent. A countryisome level is and remains the main
explanatory variable. Countries with, for examplmlder climates or a lower
availability of renewable resources can claim thia¢y have higher fossil fuel
requirements than comparable countries with warcherates or higher availability of
renewable resources. However, given that an intiema allocation of emission rights
will have to deal with the fact that countries hduegely different income levels and
that countries at different income levels have hugkfferent emissions per capita,
natural factors are bound to play a minor role only

This does not mean that for individual countriesure factors cannot play an
important role in determining their G@missions. The cold, big, fossil fuel rich, but
renewable resource poor Soviet Union had of cohigiger emission requirements than
warm, comparatively small, fossil fuel poor, buhee/able resource rich Ethiopia, for
example. To see the impact of natural factors,rassior a moment that both countries
were at the same income level, say, the sample med®97, which is US$5233. The
Soviet Union would then have predicted per capita €missions of 2.97 metric tons,
whereas Ethiopia would have .53 metric tons pert&agmissions. The Soviet Union
emissions would therefore be almost six times highan Ethiopia’s emissions. This
dramatic difference would entirely be due to défeces in natural factors. Countries

with drastically disadvantageous natural conditiomdl therefore demand higher

11
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emission rights than countries at roughly the sameme levels and rightly so if one

thinks that natural factors should impact uponsa @llocation of such rights.
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NOTES

! Inclusion of logged income in cubic form was triad well. However, it was left out because its

inclusion rendered all income variables insignificen some estimations due to strong multicollintgar

2 A country’s total length of road network, both pdvand unpaved (taken from International Road

Federation 2000), failed as an alternative proxyabde because of strong positive correlation @thP

per capita: rich countries tend to have more roldsthere is no reason why richer countries shbalck

higher natural transport requirements.

® The criterion is to exclude an observation ifstscalled DFITS is greater than twice the squact ob

(k/n), wherek is the number of independent variables atkde number of observations. DFITS is defined

as the square root ofi{(1-h)), whereh; is an observation’'s leverage, multiplied by itadsntized

residual.
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Table 1. Regression results, full sample.
Regression 1 2 3 4 5 6 7 Stand.
coeff.
Constant -11.19 -20.50 -13.63 -14.44 -15.17 -15.17 -22.28
(2.65) (5.55) (3.24) (3.79) (3.75) (3.75) (6.54)
Y (InGDP) 2.47 2.72 2.52 1.36 2.85 2.85 201 1.20
(8.74) (10.60) (7.78) (4.64) (10.57) (10.57) (8.13)
Y? -.06 -.09 -.07 -.01 -.07 -.09 -.06 -.53
(3.65) (5.88) (3.94) (51) (4.15 (5.31) (3.79
L (mintemp) -.04 -03 -.16
(16.56) (11.83)
H (maxtemp) -.02
(8.11)
R (renewable) -.01 -01 -19
(16.10) (13.04)
F (Infossil) .03 .01 .04
(9.06) (3.80)
A (Inarea) A1 .06 .06
(10.40) (6.48)
T (time trend) -.003 .002 -.001 .002 -.002 -.002 .004 .02
(1.41) (1.25) (59 (@.07) (1.14) (1.11) (2.80)
N 2647 2647 2647 2647 2647 2647 2647
R? .7657  .8083 .7738 .8083 .7762 .7862  .8349

Dependent variable is E (InG OLS estimation 1960-1988 panel; absolute t-v@lue parentheses;

heteroscedasticity-robust standard errors

16
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Table 2. Pearson correlation coefficients.

E(nCQ) Y L H R F
Y (InGDP) .88
L (mintemp) -.62 -.52
H (maxtemp) -.42 -41 48
R (renewable) -.68 -.59 .50 .20
F (Infossil) .28 .23 -.15 A2 -.24
A (Inarea) .10 -.02 -.26 -.06 -.04 .36

17
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Table 3. Regression results, restricted samplaudia outliers.

Regression 7 8 Standar dised
coefficients
Constant -12.59 -22.37
(3.77)  (8.86)
Y (InGDP) 2.20 1.39 .87
(10.38) (7.81)
Y? -.05 -02 -20
(3.55) (1.83)
L (mintemp) -02 -14
(17.38)
R (renewable) -01 -01
(20.85)
F (Infossil) .00 .00
(.31)
A (Inarea) .09 .09
(12.86)
T (time trend) -.001 .006 .03
(.91) (4.92)
N 2459 2459
R? .8350 .9021

Dependent variable is E (InG OLS estimation 1960-1988 panel; absolute t-value parentheses;
heteroscedasticity-robust standard errors
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