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CLI MATE CHANGE PCLI CI ES AND ENERGY USE | N DEVELCPI NG COUNTRI ES,
CENTRAL EURCPE AND THE COVMONWEALTH OF | NDEPENDENT STATES

Qi mat e Change: The Unwant ed Consequences

The concentrations of several atnospheric gases are increasing as
a result of human activities. These gases [note 1] affect the

gl obal energy bal ance by partially absorbing outgoing infrared
radi ation, resulting in increased global surface tenperatures.
This is the basic mechani smcomonly called the greenhouse
effect.

There is no question that the greenhouse effect is real. Wthout
carbon dioxide in the atnosphere, the planet would be cold and
lifeless with average atnospheric tenperatures 33 degrees Cel sius
col der than today. The real concern is what will happen as
concentrations of key greenhouse gases increase. Venus is the
extreme exanple as nore than 90% of its atnosphere is carbon
dioxide; its surface tenperature is 477 degrees Cel sius.

On earth, atnospheric concentrations of carbon di oxi de began

i ncreasing during the Industrial Revolution, beginning in 1860,
from270 ppm (parts per mllion) to the current 353 ppm For a
doubl i ng of carbon dioxide over preindustrial |evels (540 ppm,
scientists predict a warm ng of 1.5-4.5 degrees Cel sius. At
current rates, this doubling will occur sonetine around the

m ddl e of the next century.

Sonme countries may well adapt to these changes, while for others
the changes will |ikely cause massive hardship. Unfortunately,
those countries with the fewest resources and who have
contributed the least to the problem are the ones who may suffer
t he nost.

Countries such as Egypt and Bangl adesh will not find it easy to
escape the damage of rising oceans. But countries with nore
resources may find it possible to adapt by using technol ogy or by
rel ocati ng popul ati on and econonic activity. Al so higher
tenperatures and | ower soil noisture will nmake it even nore
difficult to grow crops in drought-ravaged Africa where thousands
starve every year (see box 1).

Box 1. Effects of Increasing Tenperatures:
An increase in the nunber of extrenme weather events, such as
droughts, extended hot periods, hurricanes, and tropical storns.

A sea-level rise brought about by the nelting of the polar ice
packs and thermal expansion of the oceans.

Changes in soil tenmperatures and soil noisture requiring major
adjustnments in current agricultural practices.



Det ecting evidence of increasing gl obal atnospheric tenperatures
is conplex and is difficult because these tenperature changes do
not occur imediately. The huge thermal nmass of the oceans

del ays the tenperature change fromthe tinme that carbon di oxi de
enters the atnosphere.

Thus, we often refer to this expected tenperature change as a

t enper at ure change commi tnent, neaning that the future gl oba
tenperature will increase as a result of past carbon em ssions.
Esti mates of the magnitude of these |ags range fromone to
several decades. Fierce debate rages over whether or not we can
detect a signal that tenperatures are rising because of carbon
di oxi de accunul ation in the atnosphere.

The National Acadeny of Sciences reports that tenperature has
increased fromO0.3 to 0.6 degrees Cel sius over the |last 100 years
but stops short of blam ng the change on the greenhouse effect:
"This tenperature rise could be attributable to greenhouse
warmng or to natural climate variability..." [note 2].

VWhat Causes O imate Change?

VWil e several gases are responsible for altering the planet s
climate, the largest single source is carbon dioxide.

The primary source for carbon dioxide is the conmbustion of fossi
fuels. As oil, gas, and coal burn, they rel ease carbon that has
been in the earth for thousands of years. The continued buil dup
of carbon dioxide in the atnosphere ties directly into the use of
fossil fuels for transportation, generating electricity, and
other industrial and consumer uses. A secondary source is
deforestation; forests act as a | arge carbon sink. Renoving
trees eventually results in the rel ease of their carbon, either

t hr ough deconposition or burning.

The i nportance of the individual gases as contributors to climte
change depends on three factors: the quantity of emi ssions, their
absorption capacity, and their atnospheric lifetinme. Cbviously,
the greater the em ssions of any one gas, the larger a
contributor it is.

The absorption capability of the gases refers to the ability to
change the gl obal sol ar bal ance by trappi ng outgoing infrared
radiation [note 3]. By this neasure, the CFCs are nost
effective, and carbon dioxide the | east. Because of this
capability, very small quantities of CFCs can have the sanme
effect as large quantities of carbon dioxide.

Finally, atnospheric lifetime is an inportant, but often
over | ooked, factor. Methane has a short atnospheric duration
(10-14 years) compared to CFC-12 (130 years) and carbon dioxide
(50-200 years). So while nethane may have greater absorption
capability, it does not last as long as some other gases. This
reduces its overall inpact.

Many suggest that any action to limt clinmate change shoul d



i nclude all gases. Under a conprehensive approach, such action
m ght include weighting different gases by some neasure of their
ef fecti veness. Then each country woul d have to decide how to
reduce its total greenhouse em ssions. However, we may have to
[imt upcoming action to controlling carbon di oxi de em ssions for
several reasons.

CFC Phaseout

There is international agreement to phase out CFC use by 2000
[note 4] but not because of the threat of climate change. Instead
we realize that when CFCs break down in the upper atnosphere,
their chlorine nol ecul es destroy ozone nolecules. And this
results in increased levels of ultraviolet radiation reaching the
earth.

The di scovery of the ozone hole over Antarctica in 1987
dramatically exposed the pace of this destruction. Recent
satellite data indicates |evels of chlorine high enough to result
in springtime ozone | osses of 30 to 40% over the Arctic in the
next few years [note 5]. The area affected would reach popul ated
regi ons over northern Europe. This has led to calls for an even
faster phase-out of the ozone-depl eting substances [note 6].

Al t hough substitutes al so may prove to be greenhouse gases, their
greenhouse effect is now uncertain.

Uncertainty: the Possible Inportance of Agriculture

VWil e the sources and sinks of carbon are fairly well-known, this
is not true for many of the other gases, particularly methane and
nitrous oxides. There are various sources of nethane. These

i ncl ude coal mning, transm ssion of natural gas, deconposing
garbage in landfills as well as frombiotic sources such as
swanps, termtes, cattle, and rice paddies.

There are rough estimates of how nmuch met hane these sources

rel ease; however, nuch uncertainty exists. Further, recent
research shows that we have overestimated the inportance of

bi ol ogi cal met hane sources since previous estimtes have ignored
the recycling of carbon. For example, to calculate the
greenhouse inpact of nmethane emtted fromcattle, one al so nust
consi der the carbon dioxide that their feed-grow ng process
renoves fromthe atnosphere [note 7].

The primary source of nitrous oxides is the deconposition of
nitrogen fertilizers. Future em ssions depend not only on future
agricultural practices, but also on the rates of deconposition
Sonme studi es suggest that it will take hundreds of years for the
full nitrogen rel ease to occur [note 8].



The Rol e of Central Europe and the Conmonweal th States

Future actions of this region are a | arge unknown in figuring
future climate. The forner Soviet Union and Eastern European
countries were notoriously inefficient users of fossil fuels,
using far greater quantities per unit of GNP than the

i ndustrialized countries. In the short term the economc
decline of this region may result in |lowered enmi ssions. Future
em ssions will depend on a variety of factors.

If the region reached Western-style GNP | evel s wi thout inproving
overall energy efficiency |levels, emssions would be vastly

| arger than those fromthe West. It is nore likely that, as fue
subsi di es di sappear, awareness of past inefficiencies wll
increase. This would nmake it possible for this region to achieve
hi gh | evel s of econom c growh w thout increasing overal

em ssions. This should be the goal for these countries.

The Response of Devel oping Countries to Cimate Change

Cimate change is clearly a global problem Several questions
ari se about devel oping countries role inlimting climte
change.

Is Their Role Inportant?

Hi storically, em ssions of carbon di oxide from devel opi ng
countries have been relatively uninportant (Figure 1). The U S
foll owed by the forner USSR (now the Commonweal th of | ndependent
States [CIS]) and the European Conmunity (EC) were the |argest
contributors from 1950 to 1988. However, devel oping countries
will play a nore inportant role over tine because of their

proj ected popul ation growh rates (Figure 2) [note 9]. A
secondary cause will be their increased demand for energy
products as their inconme |levels increase [note 10].

Figure 1: Historical Em ssions of Carbon D oxide from Fossi
Fuel s, 1950-1988

Fi gures cannot be shown in the gopher fornat

Figure 2: Current and Projected Carbon D oxi de Em ssions
(Billions of Tons Carbon)

Fi gures cannot be shown in the gopher fornat



Citizens of the industrialized world are responsible for emtting
11.9 tons of carbon di oxi de per capita per year, 10 tines nore
than their counterparts in devel oping countries (1.1 tons) [note
11]. And 50 years from now, projections show that people in

i ndustrialized countries will be emtting 15 tons per capita.

But, even with optim stic assunptions of income growh, it is
unlikely that per capita enmissions in devel oping countries will
be greater than 2.2 tons per capita.

However, because of expected popul ation increases, emn ssions of
carbon di oxide fromthe devel opi ng world, including China, wll
exceed those of the industrialized world. So while per capita
em ssions may be |low, total em ssions will become very inportant.

The inplication is that we need gl obal action. Unilateral action
by any one group or country will be ineffectual

VWhere Shoul d the Carbon Di oxi de Reducti ons Cone Fronf

To be fair and effective, industrialized countries nust take the
| ead in reducing enmi ssions. These countries have created the
probl em and al so can greatly reduce per capita em ssions, a task
not so sinple in many subsistence-level countries. Two exanples
help clarify this point.

The average U.S. auto emits 1 I b of carbon dioxide for every nile
driven. In one year, each car will contribute as much to gl oba
warm ng as does the total energy use of five people in a

devel opi ng country. Simlarly three normal 100 watt |ight bul bs
us ed for a year result in em ssions of carbon dioxide equal to
that of the energy use of one person in a devel oping country
[note 12]. Various options exist for reducing the em ssions from
these two sources, including efficiency inprovenents, fue
swi t ching, conservation, and car pooling.

For devel oping countries, limting future em ssions may require
using efficient energy products, reducing popul ati on grow h
rates, and slowing the rate of deforestation

Efficient use of energy products requires that devel opi ng
countries begin using the nost efficient technol ogies avail abl e
for lighting, cooking, transport, and other daily uses. It also
requires that countries end subsidies of such energy products as
gasoline and electricity. Subsidies give an artificial stimnulus
to their use. Renmpbving subsidies |essens growh in demand and

i ncreases econom c efficiency.

Popul ati on growm h rates have an inportant connection wth

envi ronnent al degradation. Even if countries nmanage to reduce
current per capita emssion levels significantly, projected
increases in world population will nore than offset the effect of
t hese reducti ons.

Sl owi ng deforestation is inmportant for reduci ng carbon dioxide
em ssions. Estinmates of carbon rel eased from deforestation for



the top 10 countries show that nost of the world' s deforestation
occurs in the developing regions, Table 1. Slowing this rate is
highly desirable since the world's forests are a huge source of
carbon, and deforestation em ssions account for 20 to 25% of
total world-w de em ssions. Em ssions of carbon dioxide from
Amazon forests were the largest single deforestation source in
1988, producing about 1.6 billion tons of carbon di oxi de, or
about 2.3 tines the anmount fromU. S. cars [note 13].

VWho Shoul d Pay?

Shoul d African nations make cash paynments to the U S. to produce
| ess carbon dioxide? That's not fair. But what about paynents
in the other direction? The rationale is that since the

i ndustrialized countries created the problem they should pay the
costs of fixing it. Is this still a valid argunment given that

i ndustrialized nations were unaware of the effect of their
actions until only recently?

Devel opi ng countries will require assistance if they are to
reduce their em ssions. This assistance could either be in the
formof direct paynents or technology transfer. Direct paynents
woul d al | ow devel opi ng countries nore |latitude on spending the
nmoney but woul d not ensure that noney would go to the intended
purpose. If aid included transfer of technol ogy, there would be
nore control over spending and a |larger portion would remain in
t he donor countries.

Financial aid could cone frominternational taxes on fossil fuels
and i nclude such itens as:

* Providing conpact fluorescent |ight bulbs to devel opi ng
countries. An 18 watt conpact fluorescent conpares favorably
with a 75 watt incandescent in |light output but costs a fraction
to operate. But devel oping countries will not begin using them
because they cost about $20 per bul b.

* Hel pi ng devel op energy systens that rel ease no carbon di oxi de.
Exanmpl es i ncl ude biomass fuels, wood-fired el ectrical generation,
hydro facilities, solar power, and nucl ear energy.

* Providing technol ogy and funding for mass transit and for
i ncreasing the overall efficiency of notor fleets.

* Financing reforestation projects or efforts to sl ow
def orestati on.

WIIl These Measures Stop dimate Change?

The I ntergovernnmental Panel on Cimte Change (I PCC) says that we
need to reduce carbon dioxide enm ssions by at |east 60%to
stabilize the atnosphere at the current concentration [note 14].
G ven estimates of future emissions it will be very difficult to
sl ow t he onset of global warm ng significantly wi thout radica



changes in energy consunption and popul ation growh rates (Figure
2).

Table 1: Estimates of carbon rel eased fromdeforestation for top
10 countries, 1989, in mllions of tons carbon. (Source
Andr asko)

Brazil 454
| ndonesi a 124
Bur ma 83
Mexi co 64
Thai | and 62
Col onbi a 59
Ni geri a 57
Zaire 57
Mal aysi a 50
I ndi a 41

Are such radi cal changes likely? A recent National Acadeny of
Sci ences report shows that the United States has technol ogy to
cut its emssions by 1/3 at very low costs [note 15]. dearly,
if the U S. undertook such a program there would be a diffusion
of technol ogy and political enthusiasmaround the world. The
results would likely have a major inpact on future worldw de

emi ssi ons.

A Model to Analyze Policy

Conparing policies for slowing climate change is a difficult
process. Several conputer-based nodel s have been devel oped to do
this. A sinulation nodel for the PC has been tested at Cornel
University. This Mdel of Econom c Devel opnent and Cimate
Change [note 16]. is designed for easy interactive use. It
allows the user to explore the conplex rel ati onshi ps between
energy use, forestation, technol ogi cal change, econom c growt h,
and climate change. |In addition, the nodel allows the user to
see what inpact international agreenents, such as em ssion
freezes or reductions, or enission trading schenes may have on
future climate. The nodel is ideal for classroomuse, providing
det ail ed graphic output summarizing the results of user-defined
simulati ons. The nodel is available fromthe authors.
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