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This article explores historic carbon dioxide (CO2) emission trends from road
and air transportation of the United States and 26 developing and industrial-
izing nations. It is argued that environmental trends in the newest industrial-
izing countries do not follow the more sequential and long-term shifts experi-
enced by the United States. The empirical analysis demonstrates that all
rapidly developing countries analyzed exhibit comparable transportation CO2
emissions per capita levels at lower levels of income per capita, or sooner, than
the United States. For some developing countries (the most rapidly growing),
these emissions also grow faster over time. Last, there is clear evidence that
emissions from road and air sources are occurring more simultaneously com-
pared to the United States. This pattern of changes is in contrast with the com-
mon interpretation of environmental Kuznets curves, which suggest that
countries follow similar patterns of environmental impacts over time as they
develop economically.
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1.0. Introduction

It is often suggested that the path by which developing countries
experience environmental challenges will match those of the developed
world. For example, a 1998 Economist article on development and the
environment started out with a description of the environmental prob-
lems in English cities of the mid-1800s written by Friedrich Engels and
suggested that conditions in developing cities now are similar to those of
Manchester, United Kingdom, in the 19th century (Litvin, 1998). This
viewpoint implicitly suggests that developing nations will grow out of
their environmental problems, as did many rich nations before them.
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The environmental Kuznets curve (EKC) theory posits a positive corre-
lation between a society’s environmental impact and economic growth
in the early stages of development and the reverse relationship (i.e., a
negative correlation) in later stages. As one EKC scholar has put it, “cet-
eris paribus, in their process of development, individual countries experi-
ence income and emission situations lying on one and the same EKC”
(Dinda, 2004, p. 434). The simplicity of this relationship, often described
as an inverted-U shape, has spawned a large and growing literature. As
the number of EKC studies grows, however, the debate continues as to
whether the relationship represents a real pattern within growing econ-
omies and what drives the outcomes (for reviews, see Dinda, 2004;
Ekins, 1997; Panayotou, 2000; Stern, 1998, 2004). It is often assumed that
economic growth itself will bring vast improvements to the environ-
ment. Although this view is not highly accepted by EKC experts, it still
retains influence in both theoretical and policy circles (e.g., see Lomborg,
2001).

This study explores a set of little-studied effects that have come to
define the development-environment relationship in rapidly develop-
ing countries. Specifically, it examines the impacts of shifting time- and
space-related effects on carbon dioxide (CO2) emissions of develop-
ing countries. Time-space telescoping theory suggests that the current
development context has caused developing countries to experience
environmental challenges (in this case, road- and air-transportation CO2

emissions) at lower levels of income with faster growth and in a more
simultaneous fashion than those of a developed country. We compare
historic transportation CO2 emissions in the United States, an example of
a developed country with a history of high motor vehicle and air trans-
portation fuel consumption, with those in a set of developing countries
from different parts of the world. We argue that if the hypotheses hold
true for comparison with the United States, then they will probably hold
for other industrialized countries. Our study focuses on fuel consump-
tion by three transportation technologies: passenger vehicles (including
automobiles, motorbikes, motorcycles, etc.), heavy-duty trucks, and
airplanes.

In the following sections we (a) elaborate on our theory, (b) frame the
specific case study that reflects the theory, (c) describe the data collection
and analyses, (d) describe our results in the context of our hypotheses,
and (e) discuss implications of the findings and suggest directions for
future work.

2.0. Theoretical Background: Time-Space Effects

Recent EKC studies conclude both that there is a more diverse set of
effects defining the development-environment relationship than origi-
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nally understood and that these effects change over time. For example,
countries that industrialize later in time may leapfrog over more
advanced countries by purchasing technologies that are newer and
cleaner than those found in nations that industrialized previously
(Lindmark, 2004; Stern, 2004). The result of these effects helps to explain
the convergence of CO2 emission intensities between developed and
developing countries (Lindmark, 2004). Moreover, these studies suggest
that although synchronic cross-sectional comparisons of nations display
EKC-type behavior, the processes creating the relationships change over
time thus making them contingent upon history and therefore necessi-
tating research into comparative long-term trends (Lekakis, 2000;
Lindmark, 2002, 2004).

The context under which national economies expand now is different
from that of the past in several ways. The speed of economic develop-
ment is faster (Crafts, 2000; see also Table 11). The relationship between
many sociodemographic drivers and the environment is also different
(e.g., see Millennium Ecosystem Assessment, 2003, chapter 4). For exam-
ple, although population growth has been a significant driving force in
environmental change over the past 200 years, many scholars suggest
that the end of world population growth is now on the horizon (Lutz,
Sanderson, & Scherbov, 2004). Global population growth peaked at 2.1%
in the late 1960s, has since fallen to 1.35%, and is expected to continue
falling. Moreover, the efficiency and effectiveness of the transmission
of goods, services, and knowledge across geographical space has im-
proved, thereby making these items available at lower costs, in greater
quantities, and across a larger geographic span than ever before
(Drucker, 1986).

This study is underpinned by the perception that current develop-
ment conditions are significantly different from those of that past and
that countries undergoing contemporary development have distinctly
different sets of environmental challenges than their predecessors. Such
differences can be attributed to time-related and space-related effects.
Time-related effects include technological improvements with associ-
ated decreases in environmental impacts. Some have suggested that
technological improvements drive the downward turn in the inverted-U
shape of the EKC: Mature economies slow down in growth thereby
allowing technology-driven reductions in environmental intensity to
overcome scale effects (Stern, 2004).

Space-related effects include processes that concentrate increasingly
diverse phenomena in geographically uneven patterns. This concentra-
tion may be of economic activity, people (in cities), or specific types of
people (e.g., poor people in slums). Globalization, for example, has
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space-related effects by concentrating certain types of infrastructure
(communication, transportation, financial and business services, head-
quarters of transnational companies) in specific locations around the
world (e.g., world cities; Friedmann, 1986; Friedmann & Wolff, 1982; Lo
& Yeung, 1998; Sassen, 1991) and through new transportation and com-
munications technologies that have transformed the ability of informa-
tion, goods, and services to move across space (e.g., see Dicken, 1998).

Previous studies examining a combination of these two effects sug-
gest changes in the constraints placed upon human activities by both
time and space and thus how human activities affect the environment.
Janelle (1968, 1969), for example, identified the increasing speed at
which people move across space and its effects on economic activity and
social relations. His term, time-space convergence, defined the process of
decreasing the friction of distance between places resulting in decreas-
ing average amounts of time needed to travel between them. Processes
creating time-space convergence have not only made the world smaller
but also have increased our ability to affect a larger number of different
environments around the world at a more intense rate. Harvey (1989)
focused on what he called time-space compression as underpinning the
emergence of the postmodern condition. Time-space compression
includes processes that revolutionize the objective qualities of space and
time and alter, sometimes in quite radical ways, how we represent the
world to ourselves. Smith (1990) and Smith and Lee (1993) have identi-
fied changing patterns of risk over time, as traditional risks (e.g., those
associated with local indoor air pollution) have now combined with
more modern risks (e.g., those associated with inhaling pesticides) gen-
erating a new genre of mixed risks in low-income countries. These
notions demonstrate changes in the speed and location of activities over
time, which have thus transformed human behaviors and their resultant
environmental impacts.

This article suggests another time-space effect that shapes the con-
temporary relationship between development and the environment in
the developing world. We note a collapsing, compression, and telescop-
ing of previously experienced sequential development patterns so that
they occur sooner, faster, and more simultaneously (Marcotullio, 2004a). We
call the processes that create these shifts time-space telescoping.

The three effects related to time-space telescoping can be explained as
follows. Because of the availability of new technologies, environmental
impacts are experienced at lower levels of income in developing coun-
tries than in developed countries. This is largely because advanced tech-
nology was not available to the developed world at the time. As the price
of the technology falls and becomes more accessible, it spreads faster.
The concentration of high-income subpopulations within developing
cities further facilitates the spread of technology. Increasingly, develop-
ing countries face a greater diversity of environmental challenges within
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concentrated geographic spaces. For example, within almost any city or
large urban area of the rapidly developing world, it is not uncommon to
have populations without running water, sanitation, and solid waste
disposal living close to modern high-rise apartments with all of the latest
conveniences.

Recent work has explored the notion of collapsed, compressed, and
telescoped transitions within developing countries and their cities
(Marcotullio, 2002, 2004b; Marcotullio & Lee, 2003; Marcotullio,
Rothenberg, & Nakahari, 2003). Further empirical work, such as the
analyses in this article, is necessary to confirm, refine, or refute these
concepts.

3.0. Case Study: Comparing Historical U.S. Road and Air
Transport CO2 Emissions With Recent Experience in the

Developing/Industrializing World

This study compares per capita CO2 emissions2 from road and air
transportation technologies (passenger vehicles, trucks, and airplanes)
in developing and developed nations (in this case, the United States). We
have three hypotheses:

Hypothesis 1: Sooner: Road and air fuel transportation CO2 emissions in rap-
idly developing countries appear at lower levels of gross domestic prod-
uct (GDP) per capita than in the United States. That is, considering all his-
toric values of GDP in a developing country and in the United States
(denoted as GDPDC and GDPUS, respectively) and all historic values of CO2
emissions in a developing country and in the United States (EDC and EUS,
respectively), there exist times when EDC = EUS and GDPDC < GDPUS.

Hypothesis 2: Faster: Road and air transportation CO2 emissions from rapidly
developing countries demonstrate a steeper slope representing growth
over time than that of the United States at similar ranges of income. That is,
when GDPUS, Time X = GDPDC, Time M and GDPUS, Time Y = GDPDC, Time N, then
during the period from year M to year N for developing countries and dur-
ing the period year X to year Y for the United States, the rates of emissions
growth (as determined by least squares) obey dEDC/dt > dEUS/dt.

Hypothesis 3: More simultaneously: Road and air CO2 emissions are shared
more evenly among technologies in rapidly developing countries at simi-
lar levels of GDP per capita than in the United States. That is, the adoption
of various transportation technologies has happened more simulta-
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2. The choice of pollutant affects the analysis. CO2 emissions mirror fuel consumption:
Only changes in the number of vehicles, the average distance traveled per vehicle per year,
and the average fuel efficiency affect CO2 emissions. In contrast to other vehicle pollutants,
such as nitrogen oxides (NOx), lead, organic compounds, and particulate matter, there are
not extant emission reduction technologies for CO2. An analysis of a pollutant other than
CO2 might yield results that differ from those presented in this article.



neously in rapidly developing nations than in the United States. Quantita-
tively, we express this hypothesis via a scalar fuel diversity index, I
(defined in detail in § 4.4) that increases from 0 to 1 as the mix of fuel
used becomes more varied. The more simultaneously condition holds if
IDC > IUS.

Clearly, other choices of hypotheses are possible to demonstrate these
phenomena. For instance, the empirical data could be expanded to
include rail transport so as to cover the entire transportation sector. We
do not address this technology in the current analysis because (a) this is
technically challenging given data availability and the need to charac-
terize time trends in the CO2 intensity of electricity for 27 nations and (b)
it is not necessary to include rail transport for the current purpose of ini-
tial demonstration of sooner, faster, and more simultaneously. To whit,
considering one sector, air, in addition to road transport is sufficient to
establish more simultaneous adoption of transport technologies. Also, it
could be more appropriate to frame the hypotheses in terms of the aver-
age experience of rich industrialized countries (i.e., include Europe).
However, collecting and estimating these historical data is challenging
and beyond the scope of the current research and also, in this case, is not
required to address our intended point. The United States is clearly an
extreme case of historically rapid adoption of road and air transport. If
the hypotheses work for the United States, the contrast should be even
more extreme if the European experience is considered. Lastly, the rates
of change for the faster hypothesis could alternatively be defined via
endpoint differences instead of least squares (i.e., EDC, Time Y – EDC, Time X/
(Year Y – Year X) > EUS, Time N – EDC, Time M/(Year N – Year M)). However, we
found that the inequality relationship we are testing is not sensitive to
which definition is used and proceed with the least squares version.

The hypotheses are tested by comparing the experiences of 26 devel-
oping/industrializing nations to that of the United States. This article
evaluates emission trends with respect to the three hypotheses, leaving
for future work an exploration of the specific factors inducing the
sooner, faster, and more simultaneously conditions.

4.0. Data and Methods

Our analyses incorporate three main types of data: (a) historic (1905-
2000) road and air CO2 emissions in the United States, (b) recent (1960-
2000) road and air CO2 emissions in developing and other countries,
and (c) per capita income (Geary-Khamis international dollars) for all
countries analyzed. Below, we describe our data sources and analyses
methods.
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4.1. EMISSIONS IN THE UNITED STATES

CO2 emissions are estimated based on an emission factor (U.S.
Department of Energy & Energy Information Agency, 2004) and the
quantity of fuel consumed. This approach provides actual estimates of
emissions rather than values that are proxies for emissions. Readily
available estimates of disaggregated transportation CO2 emissions for
these fuels begin with year 1949 (U.S. Department of Energy, 2002). For
our analysis, we needed pre-1949 emission estimates, because current
and recent levels of wealth in the developing world compare to those
of the Unites States before 1949. The appendix3 provides details of how
we estimated these pre-1949 CO2 emissions in the United States. For
all three technologies (gasoline-powered passenger vehicles, diesel-
powered heavy-duty trucks, and airplanes), our CO2 emission estimates
for the United States begin approximately when the technology ceased
to be a novelty and entered the mainstream marketplace. For vehicles,
this year was in 1905; for airplanes, the year was 1926. The automobile
was invented in the late 1800s. The Ford Model A came out in 1903, and
the first Ford Model T sold in 1908. Airplanes were invented in Decem-
ber 1903. Commercial airlines for passenger transportation began in the
United States from 1925 to 1930, and in the 1930s, they became a
mainstream industry.

4.2. EMISSIONS IN RAPIDLY DEVELOPING AND OTHER NATIONS

The next set of data collected was for rapidly developing and other
countries. Here, two questions were raised: (a) What countries should be
characterized as rapidly developing? and (b) How could their experi-
ence be differentiated from nonrapidly developing nations?

There is a wide literature on high-growth countries (e.g., see World
Bank, 1993). In this article, rapid developers are defined as those with
GDP growth between 1970 and 2000 of more than 116%, which is twice
the world average growth of 58% during this period. Intermediate
developers are defined as countries having GDP growth during 1970
and 2000 of between 58% and 116%. Nonrapid developers are defined as
countries with GDP growth during the same period of less than 58%.
Countries corresponding to these labels4 are listed in Table 2. These three
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4. Nonrapid developing countries included Albania, Argentina, Czechoslovakia,
Hungary, Philippines, Poland, Romania, and Yugoslavia. Note that two of these countries,
Argentina and the Philippines, are usually considered rapid developers within their
regions—Latin America and Southeast Asia, respectively. Therefore, these two were
included with their regional groups but separated later to test for differences in their expe-
riences from the rapidly developing countries.



groups provide samples to further test the hypotheses that rapid devel-
opers are special cases.

Our analysis of transportation CO2 emissions includes gasoline, die-
sel, and aviation fuels for use in different vehicles (which we shorthand
as passenger vehicles, trucks, and airplanes) in the above set of coun-
tries. CO2 emissions are calculated in the same manner for developing
countries as for the United States from emission factors (U.S. Depart-
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Table 2
Country Gross Domestic Product (GDP) Per Capita Descriptive Statistics

(Over Period 1971-2000, in 1990 Geary-Khamis International $)

GDP Per Capita

Percentage
Change

Minimum Maximum Range Average 1971-2000

Nonrapid developers
Albania 1,451 2,660 1,209 2,132 27
Argentina 6,436 9,123 2,688 7,774 13
Czech Republic 7,819 9,047 1,228 8,451 2
Former Yugoslavia 2,437 6,559 4,122 4,541 3
Hungary 3,649 7,138 3,488 5,721 36
Philippines 1,808 2,425 618 2,182 32
Poland 3,215 7,215 4,000 5,176 53
Romania 1,844 4,215 2,371 3,284 –7

Intermediate developers
Brazil 3,279 5,556 2,277 4,819 69
Chile 4,323 9,841 5,518 6,436 74
Japan 3,986 21,069 17,083 13,342 110
Mexico 4,363 7,218 2,856 5,955 65

Rapid developers
China 799 3,425 2,627 1,710 329
Egypt 1,283 2,920 1,637 2,187 128
Hong Kong 5,968 21,503 15,535 14,089 260
India 834 1,910 1,076 1,197 123
Indonesia 1,235 3,655 2,419 2,272 159
Ireland 4,282 22,015 17,733 9,388 246
Korea 2,522 14,343 11,821 7,120 461
Malaysia 2,180 7,874 5,694 4,677 353
Portugal 2,956 14,022 11,067 7,962 139
Singapore 4,909 22,207 17,298 12,405 353
Taiwan 3,324 16,642 13,318 8,811 267
Thailand 1,725 6,877 5,152 3,836 401
Tunisia 1,982 4,538 2,556 3,166 129
Vietnam 710 1,790 1,080 1,048 137

United States 4,561 28,129 23,569 12,405 58

Source: Calculated from data provided by Maddison (2001).



ment of Energy & Energy Information Agency, 2004) and the quantity of
fuel consumed. Fuel consumption is available for the three transporta-
tion uses (on-road gasoline, on-road diesel, and aviation fuel5) begin-
ning in 1960 or 1970 for each country (International Energy Agency,
2002a, 2002b).

Consumption of alternative transportation fuels such as bio-fuels,
electricity, heavy oils, natural gas, and liquid petroleum gas were
excluded from the analysis. For most countries, gasoline, diesel, and avi-
ation fuels describe air and road transport closely. For the United States,
only 0.14% of fuels come from other sources. Argentina and Brazil have
an average contribution of alternative fuels over the interval of 1970 to
2000 of approximately 1.8% and 2.1%, respectively. This is not enough to
change their rates of growth to be faster than those experienced by the
United States across comparable income ranges. Korea and Japan, on the
other hand, have an average 6.4% and 2.9% contribution from alterna-
tive fuels over the interval from 1960 to 2000—mainly liquid petroleum
gas used in taxis. For these two countries, our estimation should be
thought of as a lower bound. Assertions regarding the sooner, faster, and
more simultaneously conditions holding for the lower bound also apply
to the full sum; thus, the omission of alternative fuels for these countries
also does not affect our main conclusions.

4.3. PER CAPITA INCOME

Our analysis requires converting the CO2 emissions estimates from
time series (i.e., indexed by calendar year) to development-level series
(i.e., indexed by constant-dollar per capita GDP). Maddison (2001; see
also Maddison, 2004) provides GDP in 1990 Geary-Khamis international
dollars.6 These data were chosen for several reasons. First, data sets typi-
cally used for international comparative analyses (e.g., World Bank and
Penn World Tables) do not include information before 1950 and there-
fore are inadequate for our analyses, which use comparative data begin-
ning in 1905. Second, although an alternate purchasing power parity
(PPP) method exists (the Eleto-Köves-Szulc method), the U.S. Bureau of
Labor Statistics, which has been preparing comparative analysis tables
for many years, states that “there appear to be no compelling reasons to
select one set of PPPs as preferable to another” (International Labour
Office, 2004, ¶ 2). Third, the Maddison (1995, 2001) data have already
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5. Aviation fuel includes aviation gasoline, gasoline-type jet fuel, and kerosene-type
jet fuel.

6. The Geary-Khamis dollar results from an aggregation method in which interna-
tional prices (reflecting relative category values) and country purchasing power parity
(depicting relative country price levels) are estimated simultaneously from a system of lin-
ear equations. It has the properties of base-country invariance, matrix consistency, and
transitivity (see United Nations, 2003).



been used in a number of studies including those comparing the devel-
opment patterns between developing and developed countries (Crafts,
2000) and in EKC studies (e.g., see Lindmark, 2004).

Using the Geary-Khamis data set, the U.S. per capita income was
approximately $4,500 from 1905 to 1908, roughly $10,000 in 1950, and
about $28,000 in 2000 (all GDP and per capita GDP values presented in
this work are in Geary-Khamis 1990 international dollars). The analyses
for Hypothesis 2, faster, was restricted to countries with a minimum cur-
rent income of more than $4,500 because of the necessity of making
valid comparisons with the United States’ experiences (see Table 2 for
the countries and their range of incomes). For some countries (e.g.,
Japan, Ireland, and Portugal), there are several decades of overlapping
incomes. For some countries (e.g., Thailand), income levels reach about
$4,500 only during the late 1980s. For these countries, there is little more
than a decade of data points for which to perform analyses. Finally, some
countries (e.g., China, India, and Vietnam) do not yet have income levels
of $4,500. These countries could not be included in the faster analysis.

4.4. TESTING THE HYPOTHESES

Figure 1 illustrates how results confirming the hypotheses would
appear in graphical form. As shown in the first graph, sooner means that
a country exhibits transportation CO2 emissions to the left of (i.e., at
lower levels of GDP per capita than) the United States’s curve, at least in
early stages of development. In the second graph, faster is illustrated by
the regression line for the developing country’s hypothetical history of
CO2 emissions having a steeper slope than the slope for the comparable
regression line for the United States comparing similar GDP per capita
ranges.7 The third graph illustrates the more simultaneously condition
when the Marshall Fuel Diversity Index is higher for the developing
country than for the United States (see below for the definition of
this index). Our analyses include tests for individual countries and
country groupings based upon similar development characteristics.8

These groups facilitated the presentation of material in figures. Tables
include all nations used in the analyses.
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7. The residuals for time-series data tend to be highly correlated, and therefore, the
coefficients may be biased. However, as mentioned in Section 3, less sophisticated analy-
ses (e.g., simple rates of change over the respective periods of time and between highest
and lowest values over the time period) demonstrate similar results.

8. Groupings consisted of four members of the Association of Southeast Nations
(ASEAN: Indonesia, Malaysia, the Philippines, and Thailand), the four Asian Tigers (Hong
Kong, Singapore, South Korea, and Taiwan–Chinese Taipei), Latin American nations
(Argentina, Brazil, Chile, and Mexico), North African nations (Egypt and Tunisia), Euro-
pean peripheral rapid developers (Ireland and Portugal), and Central and Eastern Euro-
pean countries (Albania, Czech Republic, the former Yugoslavia, Hungary, Poland, and
Romania).



We test the sooner hypothesis by identifying whether the nations in
our database experienced CO2 emissions at lower development levels
than those of the United States. We used a binary test by recording
whether there were CO2 emissions at income levels less than those of the
United States when its transportation systems began to consume quanti-
ties of petroleum-based fuels.

To test the second hypothesis, we compare rates of change (over time)
in transportation CO2 emissions. We make these comparisons at similar
income ranges between individual countries and the United States to
adequately compare histories.

To test the third hypothesis, we developed an index that combines
CO2 emissions data for the three fuels in a way that indicates the extent to
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Figure 1: Graphical Illustration of Sooner, Faster, and More Simultaneously
Hypotheses



which one or two fuels dominate the overall source of emissions. The
Marshall Fuel Diversity Index, which is adapted from the Herfindhal
measure of market concentration, is defined as:

Marshall Fuel Diversity I
x y z

x y z
= + +

+ +
−

⎛
⎝
⎜

⎞
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1
2

1
2

2 2 2

( )
.

Here, x, y, and z are the CO2 emissions from the three transportation
technologies, respectively. The Marshall Fuel Diversity Index takes on
values between 0 and 1. If only one fuel is being used (x > 0; y = z = 0), the
value of the index is 0. If two fuels have the same CO2 emissions and the
third fuel is not being used (x = y; z = 0), the index value is 0.5. If CO2

emissions from all three fuels are equal (x = y = z), the index value is 1.
The indices are averaged over the course of the sample years and com-
pared. Standard t tests demonstrate whether the differences between the
samples of each country are significantly different from those of the
United States.

5.0. Comparison of Rapidly Developing Countries
With the United States

In this section, we test the three hypotheses outlined in Section 3.
We find strong support for the first and third hypotheses (sooner and
more simultaneously). Results for the second hypothesis (faster) are
mixed.

5.1. SOONER

The evidence considered in this study supports the sooner hypothe-
sis. Figure 2 presents the levels of total CO2 emissions of the country
groupings and that of Japan compared with those of the United States.
The figure illustrates the emergence of transportation CO2 emissions at
lower GDP per capita levels in developing countries than in the United
States. Similar to Figure 2, the separate trends of each of the three trans-
portation technologies (passenger vehicles, trucks, and aviation technol-
ogies) also support the hypothesis (for country-level statistics, see
Table 39). Figure 2 and Table 3 demonstrate higher levels of CO2 emis-
sions from almost all countries in almost all fuels at similar or lower lev-
els of GDP than that of the United States.
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5.2 FASTER

Table 4 presents the rate of change in CO2 emissions over time, testing
the faster hypothesis. Rates of change were calculated by finding the
least squares slopes of emission increases over time intervals in the test
country and for the United States with the starting point and endpoint of
the same GDP per capita. Results are mixed in that only four of the eight
rapid developers demonstrated faster growth of total road and air trans-
portation CO2 emissions (Hong Kong, Malaysia, Singapore, and South
Korea). Two rapid developers came close to but remained below U.S.
rates of change (Taiwan and Thailand), and two experienced between
50% and 60% of U.S. speed in road and air transportation CO2 emission
growth (Ireland and Portugal). It is worth noting that only the most
rapid developers (all of which are Asian nations) demonstrated the
faster trend for total transportation CO2 emissions growth compared to
that of the United States. All other countries either from the intermediate
or nonrapid development group did not. For diesel and aviation fuel,
many of the developing countries demonstrate faster growth trends
than those of the United States. Gasoline consumption in the United
States, however, overwhelmed similar consumption in all other
countries.

Figure 3 demonstrates graphically the comparisons of total road and
air transportation CO2 emissions over time for those countries that
exhibited faster total growth rates: Hong Kong, Malaysia, Singapore,
and South Korea. These figures demonstrate some important findings.
First, the developing countries’ curves are always shorter than those of
the United States because they grew more rapidly and hence needed less
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time to achieve similar levels of GDP as the United States. Second, they
appear above the U.S. curve as a result of the sooner pattern (i.e., they
experienced higher levels of CO2 emissions at lower levels of income).
Third, the slopes of the curves for the rapidly developing countries are
slightly steeper than those of the United States.

The direct reasons for these differences vary between countries.
Malaysia and South Korea had increases in both aviation and road emis-
sions. Malaysia had strong increases in its gasoline consumption, where-
as South Korea had lower rates of increases in gasoline but had equal
rates of increases in diesel consumption. Hong Kong and Singapore had
extremely high rates of increases in their aviation-related fuel consump-
tion, and Hong Kong also experienced high growth in diesel fuel con-
sumption. Right behind these countries were Taiwan and Thailand, both
of which had fast rates of increases but not faster than the United States.
Taiwan’s growth was due in large part to increases in gasoline consump-
tion, whereas Thailand had higher rates of diesel consumption than
gasoline. These last countries also underwent rapid development (par-
ticularly over the last few decades) and have seen their motorized trans-
portation systems increase.

The rates of change for CO2 emissions over time for other countries
are significantly lower than those of the United States, as was expected
by the theory (only rapid developers are expected to experience time-
space telescoping). The fact that some rapidly developing countries
have faster growth of CO2 emissions is notable considering that the
United States may have shown the fastest growth in transport emissions
among developed countries. The faster trend may be even more pro-
nounced if these countries were compared to an average of developed
countries’ emissions levels.

Last, note that our definition of faster is based on comparing growth
over time periods with fixed GDP per capita endpoints. One could also
argue that the time allowed to respond to a problem can be as important
as wealth. This suggests that setting the intervals to a fixed number, for
example, 30 years, is a reasonable alternative definition of faster. It is
clear from the graphs in Figure 3 that the typical slope for the United
States is lower for the first 30 years as opposed to longer intervals; thus,
growth of emissions from developing countries is even faster (relatively)
under this alternative definition.

In addition to measuring rates of change over time according to the
faster hypothesis, we also estimate rates of change over development
level (i.e., the change in CO2 emissions per change in per capita GDP).
Table 5 presents the results for individual countries. All developing
countries studied demonstrated lower growth of CO2 emissions per
GDP increase than that of the United States. We speculate that this result
is heavily influenced by our choice of the United States as the basis of
comparison. The historic rise of the internal combustion engine in the
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United States was extremely rapid. Because gasoline accounts for the
majority of total emissions, total emissions do increase at a greater rate of
GDP per capita in developing countries than in the United States. If we
were to use an industrialized country other than the United States as our
basis of comparison, we may have less difference in the changes of CO2

emissions per GDP increase between developed and developing coun-
tries. Interpretation and possible implications of these results are dis-
cussed further in Section 6.

One interesting aside is that among the sample, many of the most
rapid developers had faster growth of CO2 emissions than Japan, and all
of the most recent developers have CO2 emission curves lying above that
of Japan for any given similar GDP per capita level. These observations
further support the hypothesis that a comparison with an average for the
developed world may demonstrate different findings than those pre-
sented in this article.

5.3. MORE SIMULTANEOUSLY

Investigation of the more simultaneously condition yielded results
supporting the hypothesis for all countries. The results of calculating the
Marshall Fuel Diversity Index for all countries, presented in Figure 4,
illustrate that developing countries had a more diverse consumption of
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fuels as compared to the United States (see also Table 610). In all cases, the
United States had a lower diversity index (i.e., consumption was more
dominated by one or two fuels) than the other countries. Standard t tests
indicate that these differences are statistically significant. Similar to the
differences demonstrated by the sooner analyses, whether the country is
rapidly developing does not make a difference in the outcome.

6.0. Implications of the Findings

The implications of the research have both theoretical and practical
importance. Although the theoretical perspective is rooted in geography
and theories on technology growth and diffusion, the results have impli-
cations for the economics-rooted EKC approach. In its most basic form,
the identification of processes related to time-space telescoping provides
a counterpoint perspective to effects typically discussed in the EKC liter-
ature. In its simplest form, the EKC model suggests that all countries will
grow out of their environmental problems with increasing wealth when
technology effects overcome both income and scale effects. The time-
space telescoping perspective suggests that, in contrast, the different
development milieu under which countries are now growing can poten-
tially exacerbate the scale and complexity of environmental challenges.

Consistency among countries in support of the sooner and more
simultaneously hypotheses suggests that our findings likely extend
beyond the countries we analyzed. Our results imply that relative to the
U.S. experience, developing countries face greater environmental chal-
lenges at a time when there are fewer economic resources available to
address them. We expect this tension to be particularly problematic for
countries that are not growing economically. Waiting to respond to envi-
ronmental issues may be disadvantageous, because challenges can
become more complex over time (see below). One issue of concern is a
lock-in to specific path dependent development trajectories. For exam-
ple, Barter (2004) suggested that Kuala Lumpur, Malaysia, is already
entrenching higher uses of the motor vehicle through its urban structure
designs.

In this regard, important lessons can be learned from the United
States, if not all industrialized countries. As it developed and embraced
the automobile, production of the technology, development of infra-
structure, and planning laws enhanced its growth. It is now difficult for
the country to get off the automobile-dependent development pathway,
as changes would need to be made in not only automobile consumption
but in a variety of different ways in which the society is organized. Some
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suggest that carbon lock-in or fossil-fuel-based path-dependent devel-
opment defines contemporary industrial economies (Unruh, 2000).

This study further implies that in the case of all rapidly developing
countries and their cities, there is not only less breathing room for deci-
sion makers to change direction once a specific pathway is taken but also
greater complexity of conditions to address. This translates into a greater
potential threat for locking into development pathways that may not
respond quickly to changes in governmental regulation later. That is, the
situation can become even more complex when the more simulta-
neously results apply.

The results of the faster analyses were mixed. The study does show
that rapid developers experienced slightly faster increases in transporta-
tion CO2 emissions in terms of changes over time than the United States.
The results for Hong Kong and Singapore reflect high consumption of
aviation fuel, as these cities are transportation hubs and therefore highly
dependent on connections to other countries for local economic growth.
Malaysia and South Korea are interesting cases, as both have active auto-
mobile production programs and have developed excellent road and
highway systems. Given their extraordinary economic growth and com-
mitment to these technologies, it is not surprising that change is occur-
ring more rapidly than experienced by the United States.

This study focused on transportation CO2 emissions, but the sooner,
faster, and more simultaneously conditions may also be occurring for
other challenges. The complexity of management challenges increases if
brown agenda challenges, such as access to water supplies and provi-
sions of sanitation, emerge along with the gray agenda challenges of
traffic congestion, mobile point source pollution, and industrial pollu-
tion and green agenda challenges, such as water scarcity and acid rain-
related, ozone-depleting and greenhouse gas emissions, and all sets
environmental burdens occur at lower levels of income and rise rapidly
(e.g., see Marcotullio, 2004a). The management implications of this
potential result shed doubt on the application of previously successful
policies used in industrialized countries. For example, the United States
attacked one environmental problem at a time as they appeared or
applied the first-things-first approach (Warner, 1955). This approach
may be less effective in rapidly developing contexts. Instead, develop-
ing countries may be better off seeking to develop policies that enhance
synergistic solutions to a series of environmental challenges simulta-
neously and in a quicker fashion. As currently industrialized countries’
experiences are different from those of rapidly developing countries,
policies should reflect this reality.

The results of the analysis are also relevant for modeling and scenario
efforts forecasting long-term greenhouse gas emissions. Given the wide
variety of approaches used for forecasting future transportation
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demand and CO2 intensity, we only make general observations. First, the
pattern of transport emissions growth for developing nations is qualita-
tively distinct from that of the United States. Forecasting methods must
thus avoid putting other countries on the same EKC as the United States.

Table 3, which indicates a wide variation in transport emissions
between countries but at the same income level, illustrates that GDP
alone does not sufficiently explain variations in transport emissions per
capita over time. Developing countries demonstrated lower emissions
growth than the United States when measured in terms of GDP per
capita gains. The extent to which this trend can be viewed with optimism
requires further analysis. There are a number of potential competing
explanations. Although the higher efficiency of modern vehicles is likely
a factor, greater reliance on rail transport is no doubt important for many
nations. Also, very rapid economic development could also outstrip a
country’s ability to provide necessary transport infrastructure (i.e., lack
of roads on which to drive). Considering the unprecedented rates of
increase in GDP in some developing countries, the United States had a
much longer period of time to develop highways and roads for the use of
the automobile. Thus, within the developing world, there could be latent
demand that could lead to a more sustained growth in transport
demand as the infrastructure becomes available.

7.0. Conclusions

This study explored the appearance of what we call time-space tele-
scoping, a process in which environmental conditions in rapidly devel-
oping countries tend to collapse, compress, and telescope. We compared
historic road and air transportation CO2 emission trends in the United
States with recent trends in developing countries for three technologies:
passenger vehicles, heavy-duty trucks, and airplanes. Our three hypoth-
eses were that emissions in developing countries, relative to those in the
United States, would occur sooner in the development timeline, increase
faster, and develop more simultaneously for the three technologies. We
found strong support for the faster and more simultaneously hypothe-
ses and less support for the faster hypothesis. We expect that our finding
for the faster hypothesis is attributable in part to having chosen the
United States as our representative developed country. The rise of the
automobile in the United States was especially rapid.

Areas of future refinement for this research include testing the three
hypotheses using a representative sample of developed countries
including rail-related CO2 emissions in a comparative study of a smaller
number of countries and identifying the (time- and space-related) driv-
ers of change underpinning the processes. It is also important to work
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toward understanding the practical implications of the results for policy
supporting sustainable development. We believe the effects of the
sooner and more simultaneously conditions, for example, have broad
and significant implications for policy in developing nations.
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