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PREFACE

It has become widely recognized that greenhouse gases, whether natural or
generated by activities on earth, lead to warming of the earth-atmosphere system.
Such warming has the potential to influence meteorological phenomena such as
droughts and floods, sea levels, and regional air temperatures.

While the implications and potential magnitude of global warming continue to be

debated, public policymakers are searching for practical means to reduce the levels
of greenhouse gases produced by human activities. Because carbon dioxide (CO,) is
the largest human-induced form of greenhouse gas, it is receiving the most attention.

The purpose of this research has been to identify ways in which the state of lowa can
do its part in reducing greenhouse gas emissions in its transportation sector. Because
lowa has the 15™ highest level of per capita greenhouse gas emissions, a real need
exists for these emissions to be reduced.

A variety of strategies and policy actions for reducing greenhouse gas emissions in
lowa are explored in this report. Some of these actions would be relatively easy to
implement, while others would require significant changes in how people live and
travel. Our objective is to foster discussion of ways to reduce greenhouse gas
emissions, not to narrow the acceptable methods too quickly.

Our work on this research effort has been conducted in tandem with a larger study to
develop a greenhouse gas action plan for lowa. The resulting plan suggests actions
that could be taken in other sectors to reduce greenhouse gas emissions. Among the
actions examined are those pertaining to agriculture, utilities, industry, and
residences.

Research for this project was carried out jointly by the Public Policy Center and the
Center for Global and Regional Environmental Research, both at the University of
lowa. Funding was provided by the U.S. Department of Transportation, University
Transportation Centers Program, with supplemental funding contributed by the lowa
Department of Natural Resources.
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INTRODUCTION

The greenhouse gas effect is an accepted scientific principle which helps to explain
the earth’s climate. Under the greenhouse effect, atmospheric trace gases,
principally carbon dioxide and water vapor, act as a blanket to warm the earth by an
estimated 33° C (degrees Celsius) or 59° F (degrees Fahrenheit) beyond the projected
temperature of the earth in the absence of the gases. Global warming theory states
that as concentrations of greenhouse gases increase, their influence on the earth’s
temperature will also increase.

Gravity exerted by the mass of the earth acts to hold a thin layer of gases close to
the earth’s surface. These gases, principally nitrogen and oxygen, make up the
atmosphere. Three-fourths of the earth’s surface is covered by water, therefore water
vapor is also a significant portion of the atmospheric composition. Water vapor,
carbon dioxide, methane, nitrous oxide, and chlorofluorocarbons are among
atmospheric constituents known as greenhouse gases. Greenhouse gases (both
natural and anthropogenic) allow short wave radiation from the sun to reach the
planet, thus adding energy into the earth-atmosphere system. These same gases are
opaque to long-wave radiation which the earth surface attempts to re-radiate back
into space. The resulting energy balance allows a portion of the solar radiation to
remain trapped within the earth-atmosphere system. This energy is exhibited in the
form of heat—heat which makes the earth’s surface inhabitable. Global warming has
the potential to trap excess heat by increasing greenhouse gases. It also has the
potential to increase the severity of droughts and floods, sea level rise, shifts in
geographical patterns of species, and changes in agriculture.

THE GREENHOUSE GASES

The most common natural greenhouse gas is water vapor; however, its concentration
remains relatively constant in the atmosphere because the driving mechanisms are
the water bodies covering the earth. Since water vapor does not primarily result from
human activity, it is most often excluded from the analysis of human-induced, or
anthropogenic, greenhouse gas emissions. However, water vapor does provide an
important positive feedback effect in a warmer world, where increased evaporation
results in increased water vapor in the atmosphere, further increasing the greenhouse
effect.

Because anthropogenic greenhouse gases are commonly used substances, reductions
in these emissions is a difficult task. Among human-induced greenhouse gases,
carbon dioxide (CO,) is the largest contributor. Because of this status, it has become
the measuring stick by which other greenhouse gases are evaluated, and emissions of
greenhouse gases are often expressed in terms of equivalent effects (carbon dioxide-
equivalents). CO, is released primarily from the combustion of carbon-containing
fuels: coal, natural gas and oil products. Smaller amounts of carbon dioxide are
created through industrial processes. Carbon is a basic element found in organic
materials on earth. The desirable properties of fuel arise from their carbon content,
with combustion used to liberate the carbon as carbon dioxide and release energy in
usable forms.

Methane (CH,) is the second most common anthropogenic greenhouse gas. Because
of a longer atmospheric lifetime compared to carbon dioxide, a molecule of methane
exerts the same influence as 22 molecules of carbon dioxide. This is expressed in a
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measure called global warming potential (GWP). Methane emissions arise from
natural gas and oil production and distribution systems, from coal mining, wet
agriculture, manure management, and from anaerobic decay processes. Methane
emissions are increasing at a more rapid pace than carbon dioxide emissions,
resulting in a renewed focus on the importance of this greenhouse gas.

Nitrous oxide (N,O) possesses a global warming potential of 270 compared to CO,
{each molecule exerts the same influence as 270 molecules of carbon dioxide).
Because nitrous oxide is primarily emitted from the application of nitrogen fertilizers,
it is an important greenhouse gas emission from agricultural areas such as lowa.

Chlorofluorocarbons are known for their depletion of the stratospheric ozone layer
which increases the amount of ultraviolet radiation reaching the earth’s surface. They
are discussed here, however, as potent greenhouse gases with global warming
potentials of up to 10,000 per molecule, relative to carbon dioxide. Because these
chemicals are extremely non-reactive in the atmosphere, they have a long lifetime in
which to exhibit their greenhouse properties.

MODELING CLIMATIC RESPONSE

The scientific community has been involved in modeling the earth’s response to
changes in the radiative equilibrium that has been brought about through the
increased input of greenhouse gases into the atmosphere by humans. General
circulation models (GCMs) attempt to estimate the climatological responses to an
increase in mean global temperature.

There are many complex phenomena that must be more fully understood in order to
accurately mode! the atmosphere’s response to increased temperature. Weather
patterns and large storm systems act to redistribute air masses of differing
temperatures and moisture content both horizontally from polar regions into the mid-
latitudes, but also vertically from the upper troposphere to ground level. In the
tropics, nearly chaotic convection brings torrential rains to equatorial and subtropical
lands, and wreaks death and destruction in the form of powerful hurricanes, but also
provides sustenance in the form of fresh water. All of the processes that lead to the
development of these weather systems are complex and interactive, creating much
difficulty for those trying to gain exact results from global GCMs.

How would a warmer climate affect the weather patterns seen on earth? Some
speculate that cloud cover would dramatically increase, actually reducing the earth’s
temperature in some locations. Others estimate that weather events would range to
greater extremes. Many hypothesize that the polar ice caps would begin to melt,
leading to dramatic rises in sea levels which could inundate large population centers
around the world. The models attempt to predict these occurrences, yet the
complexity presented by all of these factors leads to much uncertainty about the true
effects of global climate change.

In summary, the greenhouse effect is an accepted scientific principle for a
phenomenon that is real and vitally important to life on earth. The questions of
whether global climate change is occurring, whether human-induced climate change
will occur in the future, or even whether that change will be negative or a benefit to
humans, are questions that cannot be definitively answered. The trend of increasing
greenhouse gas concentrations in the atmosphere presents a reason to be concerned.
Seven of the eight warmest years on record (global mean temperature) have been
recorded in the past decade, and in fact, 1990 and 1995 were the second warmest
years ever recorded. Steep cutbacks in carbon dioxide emissions (75 percent) would
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be necessary to level off carbon dioxide concentrations in the atmosphere by the
middle of the 21st century. The lifetimes of the greenhouse gases in the atmosphere
ensure that their influence will be felt long after future emissions are limited. It is for
this reason that so many are concerned about the possible occurrence of global
climate change.

REGIONAL AND LOCAL RISKS AND VULNERABILITIES

Many studies have been undertaken to predict effects that may occur at particular
locations as a result of climate change. These studies point to changes in growing
seasons, utility usage patterns, effects on flora and fauna development, and effects
on the human population.

The current resolution of the global climate models is so coarse that temperature
variations cannot be predicted on a regional scale; the variance is too high. In
addition, the models are not fully capable of modeling responses to warming such as
increased cloud cover or changes in precipitation patterns and their additive or
subtractive effects to predicted changes in temperature on a regional scale.

In general, climate models predict that mid-continents such as the midwestern U.S.
will become hotter and drier by the middle of the next century. In an early look at
the problem, Wetherald and Manabe (1986) estimated that soil moisture in the
Midwest would be 50 percent less during the month of July when corn pollinates.
This would render agriculture as is presently practiced difficult, but irrigated
agriculture or new hybrid seed might alleviate the problem. Droughts, heat stress on
elderly people, increased severity of storms, increased air conditioning needs, and
changing ecology are all concerns at the regional scale.

We are currently in a relatively warm climate pattern. The global average surface
temperature of the earth is ~0.5° C warmer than the earliest period of record, 1860.
But this temperature change is still within the interannual variability of temperature
due to large-scale circulation patterns (El-Nifio Southern Oscillation events, etc.),
which we do not fully understand. Seven out of eight of the warmest years during the
130-year period on record have occurred since 1980 (1980—1995). 1992 and 1993
were relatively cool because SO, and ash particles were blown high into the
atmosphere (over 35,000 feet) by the eruption of the Mt. Pinatubo volcano. All of
these observations have been modeled with some successes and failures using
GCMs. lowa weather has fit this general pattern with some exceptions: 1993 was a
record flood year while 1988 was a record drought year.

GCM s predict that global precipitation will increase in the 21* century under a
scenario of one percent per year increasing greenhouse gases, but the geographic
distribution is uncertain. Various models differ on the locations where precipitation
will change the most.

Northern hemisphere sea-ice will be reduced by warming in the 21* century
according to GCMs. The models suggest polar amplification of global warming, and
Arctic land areas will experience wintertime warming.

Mean sea level is projected to rise at an accelerating rate in the 21 century, at first
due to thermal expansion of the ocean as its surface warms, and then due to the
melting of pole ice and the breaking off and melting of the ice shelf in Antarctica.
Sea level has risen 3.910.8 mm/year in 1993 and 1994. Most models estimate the
rate of sea level rise as five to 40 cm by the year 2050. The U.S. economy would be
influenced by sea level rise, but it would not affect lowa directly.
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One of the greatest economic effects on lowa of a drier, warmer climate would be
health-related. The number of days with temperatures over 100° F would increase
significantly, resulting in heat stress and possible death to sensitive, elderly citizens.
lowa has the second oldest population in the United States and the greatest
percentage of citizens over 85 years of age. lowa has the 15th highest level of
emissions per capita of greenhouse gases in the U.S. We are thus a state that stands
to benefit greatly from efforts to curb greenhouse gas emissions and limit
nonrenewable energy consumption.
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1990 IOWA GREENHOUSE GAS EMISSIONS
AND BASELINE FORECAST

Figure 1 presents historical data and baseline forecasts for energy and carbon dioxide
emissions in lowa from 1960 to 2010.

Percentage change from baseline
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Figure 1. Cumulative growth rates, energy versus CO, emissions

The Energy Bureau of the lowa Department of Natural Resources has forecast energy
consumption through the year 2010 using Energy Information Administration
forecasting techniques and trends. The projection assumes continued moderate
economic growth such as that experienced by lowa in recent years. Projections begin
with 1993 and show increases in total energy consumption, on a Btu basis, of roughly
0.65 percent annually. Figure 2 shows the forecast through the year 2010, with total
energy consumption equaling 1,011 trillion Btu per year (tBtu/yr) in 2000, and 1,082
tBtu/yr in 2010.
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Figure 2. Historical and projected lowa energy consumption

Emissions of carbon dioxide (CO,) are forecast to increase at a slightly faster rate
than total energy consumption (Figure 3). This is due to a predicted future reliance
upon coal-fired electricity generation, based on faster increases in coal consumption
as compared to natural gas or petroleum fuels. Coal is forecast to provide 47 percent
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of total energy needs in 2000 and 48 percent in 2010. Natural gas is predicted to
provide 18 percent of energy needs in both 2000 and 2010, and petroleum products
are forecast to provide 34 percent of energy needs in 2000 and 2010. Carbon dioxide
emissions from energy consumption are forecast to be 12.5 percent higher in 2000
than 1990 emissions, and year 2010 emissions are predicted to be 22.4 percent higher
than 1990 emissions.
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Figure 3. Historical and projected lowa CO, emissions

ELECTRIC UTILITIES

Electric generation is predicted to grow rapidly in the future (Figure 4). Energy
consumption for electric generation is predicted to increase by 21.2 percent from
1990 through the year 2010. While this seems by itself to be a staggering growth
rate, it pales in comparison to the consumption increase of 153 percent seen from
1970 to 1990, or the 38 percent increase seen for the decade of 1980 through 1990.
Although the forecast may be reasonably conservative, it still does not present a
picture consistent with greenhouse gas reduction goals.
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Figure 4. Electric utility energy consumption baseline forecast

COMMERCIAL SECTOR

Energy consumption is a mixed forecast for the commercial sector which includes
many farms as well as small- to moderately sized businesses (Figure 5). (Some farms
are classified across commercial and industrial sectors.) Energy consumption is
assumed to increase by 17.2 percent over the years 1990 to 2000; however, the peak
is forecast to occur in 1993, followed by a slow but steady decrease, reflective of
increased energy efficiency in the sector.
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Figure 5. Commercial energy consumption baseline forecast

INDUSTRIAL SECTOR

The industrial sector is forecast to grow steadily through the year 2010, reflecting the
current experience of industrial expansion in the state and the overall strength of the
U.S. economy (Figure 6). For the period 1990 through 2010, the industrial sector is
predicted to be the fastest growing of lowa’s economic sectors. Growth rates are
presumed to remain steady at approximately 1.2 percent per year through 2010. Even
at that seemingly small growth rate, energy consumption of 326.9 tritlion Btu in 1990
becomes 428.7 trillion Btu in 2010, making the industrial sector the largest energy-
consuming sector of the lowa economy.
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Figure 6. Industrial energy consumption baseline forecast

RESIDENTIAL SECTOR

A decrease in energy consumption is forecast for the residential sector beyond the
year 1995, reflecting slow expansion of the lowa population, renewal of lowa
housing stock, and the resulting energy efficiency increases (Figure 7). Energy
consumption for the residential sector of 202.9 trillion Btu is forecast to increase to
220.3 trillion Btu by 1995, but then decrease through 2010, resulting in the
consumption of 213.8 trillion Btu.

TRANSPORTATION SECTOR

The transportation sector is predicted to be the third fastest growing sector of the
lowa economy, behind the industrial and electric utility sectors (Figure 8). An
increase in energy consumption of slightly over 21 percent is forecast for
transportation from 1990 to 2010. The primary source for this predicted growth is
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Figure 7. Residential energy consumption baseline forecast

increases in vehicle miles traveled; no increases in vehicle fuel efficiency are
forecast. Based on 1990 greenhouse gas emissions for lowa, 25.2 percent of all CO,-
equivalent emissions were contributed by the transportation sector, primarily due to
the combustion of gasoline and diesel fuel. (Ethano!l combustion in motor vehicles
contributed less than one percent of greenhouse gas emissions.) Changes in public
policy would be necessary to reduce this large proportion (25.2 percent) of emissions
from the transportation sector.
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Figure 8. Transportation energy consumption baseline forecast
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TRANSPORTATION STRATEGIES

The broad national policies suggested by the Office of Technology Assessment (OTA)
and the strategies outlined in The Climate Change Action Plan (President and Vice
President 1993) have varying appeal in lowa. Based on lowa’s characteristics, the
policy options that appear to have the most potential for influencing energy use in
the short term are for the state to increase fuel taxes; discourage single occupancy
vehicle trips; promote transit use; and improve fuel economy and vehicle emissions
through tax incentives, regulation, and technology improvements. Each strategy is
discussed in turn.

INCREASE FUEL TAX

Using fuel tax rates to influence travel choices has many advantages. Increasing the
relative cost of driving an automobile would have a number of short-term benefits: it
would promote carpooling, deter some trip-making, and encourage transit use where
available and practical. Over the longer term, a higher fuel tax would increase
incentives for individuals to buy vehicles with better fuel efficiency, and even
support the development of land use patterns that rely less on vehicular travel for
mobility.

The overall leve! of travel in lowa has grown steadily during the last several
decades. Figure 9 shows how vehicle-miles of travel (VMT) per person have
increased from 1960 to the early 1990s. In 1960, people in the U.S. and in lowa
traveled on average about 4,000 miles each year. By 1992, the average was about
8,700 miles per year. lowans traveled somewhat fewer miles per person than was
true nationally from the late 1970s through the early 1990s, but the amount of travel
is now about equal.

Per capita VMT (in thousands)

T T T T
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Figure 9. lowa per capita vehicle miles traveled

When vehicles burn gasoline, they emit CO,. Figure 10 shows how the level of CO,
emissions from gasoline has changed from 1960. In 1977, emissions of CO, grew to
160 percent of the 1960 level but fell back to about 130 percent in the early 1990s.
The share of all emissions of CO, that gasoline is responsible for was about 85
percent in the early 1960s. Since then, this proportion has dropped to about 70
percent, a level reached in 1982 and maintained since then. Emissions per unit of
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travel have declined significantly over the last 20 years. In the 1960s, about 1,200
VMT of travel produced one ton of CO,. By 1980, it took 1,400 VMT to emit one ton,
and by 1992, almost 2,000 VMT were needed to produce one ton.

Tons (millions)
16
14
12

960 1965 1970 1975 1980 1985 1990

Figure 10. lowa CO, emissions from gasoline

Limiting emissions by increasing fuel taxes

One goal of state policy could be to stabilize emissions of CO, from gasoline. In
other words, the emissions level in 1990 could be used as a target for the year 2000.
The level of emissions in 1990 was estimated to be 12.36 million tons of CO,. The
annual growth rate of VMT in lowa from 1980 to 1993 was about 2.5 percent per
year. Taking into account a declining population, the per capita VMT growth rate
was about 2.8 percent per year (Table 1).

If we assume that trave! will grow from 1993 to 2000 at the same 2.5 percent growth
rate, total VMT in lowa will be 30,188 million VMT. The amount of CO, that would
be emitted in 2000 would depend crucially on the emissions per unit of travel of the
vehicle fleet in that year. About five percent of lowa’s fleet is purchased new each
year, and the fuel efficiency of the average new car today is about 12 miles per
gallon better than that of a new automobile a decade ago (BTS 1994); by 2000, over
one-quarter of lowa’s automobile fleet should be much more fuel-efficient than the
oldest cars in today’s fleet. More research would be needed to precisely determine
the magnitude of this efficiency effect.

If the policy objective were to limit total CO, emissions in 2000 to 1990’s level of
12.36 million tons, the number of miles traveled per ton of CO, would have to rise
from 2,000 (today’s level in lowa) to about 2,442, an increase of 22 percent. Given
the 40 percent improvement achieved from 1980 to 1992, it may well be possible to
improve efficiencies by this amount with fleet replacement alone. To the extent that
such further efficiency is not possible or realistic, total travel could be reduced by
increasing fuel taxes. If efficiencies increased by 15 percent, the balance of the goal,
about seven percent, could be addressed by fuel taxes.

It is important to note that changing fuel taxes is a strategy rather limited in its
ability to influence overall automobile costs, especially in comparison to earlier
decades. In 1994, the cost of operating an automobile was $4,665 per 10,000 miles,
in 1990 dollars (BTS 1994). Of this total cost, $910 (19.5 percent) was related to
variable costs of operating a car, primarily the purchase of gasoline and oil,
maintenance, and the cost of tires. In 1975, the variable cost was $1,566 in 1990
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dollars, almost twice as high in real terms. In the late 1990s, given stable overall
energy prices, it is clear that only large changes in fuel taxes have any prospect of
significantly impacting the total costs of owning and operating an automobile.

Table 1. Selected trends in travel and emissions, U.S. and lowa, 1960-1993

VMT per capita (miles) lowa CO, emissions
From Index with State Share accounted
Year u.s. lowa gasoline* 1960=100 total* for by gasoline
1960 3,994 4,082 9.59 100 11.37 84%
1961 4,029 4,158 9.73 101 11.54 84%
1962 4,125 4,236 9.87 103 11.71 84%
1963 4,269 4,364 10.01 104 11.89 84%
1964 4,423 4,485 10.15 106 12.06 84%
1965 4,588 4,644 10.29 107 12.23 84%
1966 4,760 4,866 10.90 114 13.27 82%
1967 4,872 5,064 11.50 120 14.31 80%
1968 5,096 5,368 12.11 126 15.35 79%
1969 5318 5,541 12.71 133 16.39 78%
1970 5,499 5,669 12.26 128 15.90 77%
1971 5,753 5,800 13.32 139 17.43 76%
1972 6,091 5,939 13.78 144 18.11 76%
1973 6,198 6,179 15.06 157 19.55 77%
1974 6,101 6,046 14.17 148 18.79 75%
1975 6,173 6,197 14.25 149 18.94 75%
1976 6,476 6,363 15.15 158 19.76 77%
1977 6,719 6,530 15.36 160 20.11 76%
1978 6,957 6,671 15.44 161 20.05 77%
1979 6,809 6,502 14.49 151 19.89 73%
1980 6,713 6,282 13.24 138 18.21 73%
1981 6,751 6414 12.65 132 17.34 73%
1982 6,864 6,668 12.44 130 17.76 70%
1983 7,039 6,786 12.74 133 17.61 72%
1984 7,260 7,053 12.36 129 17.74 70%
1985 7,459 7,104 12.05 126 17.06 71%
1986 7,641 7,336 12.07 126 16.86 72%
1987 7,929 7,526 12.19 127 17.47 70%
1988 8,286 7,888 12.57 131 18.04 70%
1989 8,494 8,123 12.66 132 18.26 69%
1990 8,622 8,342 12.36 129 18.16 68%
1991 8,615 8,449 1248 130 17.59 71%
1992 8,781 8,709 12.25 128 17.58 70%

*In millions of tons.

SOURCES : VMT data for U.S. and lowa from lowa DOT 1995. Population data from U.S. Department of Commerce
1994, Table 26; 1988, Table 21; 1986, Table 12; 1978, Table 11; 1975, Table 11; 1971, Table 12; 1966, Table 9;
1961, Table 6; 1952, Table 10; 1944-1945, Table 8. Emissions from motor gasoline in lowa from Ney and Schnoor
1995, p. 74.
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Carpooling

One interesting side effect of increases in fuel prices is that they promote carpooling
as well as exerting downward pressure on the overall amount of travel. Ferguson
(1994) analyzed Census and Nationwide Personal Transportation Survey (NPTS) data
on carpooling for the period from 1970 to 1990. Since oil prices rose significantly in
the 1970s and then fell as much in the 1980s, he used a comparative statistics
approach to estimate the elasticity of carpooling with respect to gasoline prices
(which allows for changes in fuel efficiencies). Based on this analysis, Ferguson
estimated that the elasticity of carpooling with respect to gasoline prices is 26.1
percent. That is to say, as gasoline prices change by 100 percent, carpooling will
increase by 0.261. He further estimated that it would take an increase of 51 cents
per gallon in gasoline prices to offset the ongoing decline in the carpooling rate
associated with other factors and an increase of $1.31 per gallon to restore the 1980
carpooling rate (19.7 percent) by the year 2000 (pp. 210, 2—11).

A significant tax increase has a number of serious disadvantages. Rural residents do
not have as many modes to choose from as their urban counterparts, and are not able
to reduce their trip-making by as much. Similarly, lower income people are less able
to purchase newer cars with higher fuel efficiency ratings and so may bear a larger
burden. Finally, there are important state border issues that would arise if lowa had a
significantly higher gasoline tax than its neighbors. As the tax differential increased,
the incentive to purchase fuel elsewhere would also increase, thus undermining the
rationale for the policy. In the worst case scenario, more travel would be undertaken
to evade the tax, and travel patterns would remain unchanged otherwise. Another
approach would be to impose a small gas tax of four cents per gallon, which would
not be a burden on the economy but would raise $32 million per year to help fund the
Greenhouse Gas Action Plan.

DISCOURAGE SINGLE OCCUPANCY VEHICLE TRIPS

Although increasing fue! taxes is the most direct way to influence the relative costs
that people confront when deciding to use an automobile, a number of other policy
levers also discourage the use of single occupancy vehicles, especially in urban
areas and for work trips.

Parking regulations and controls

In areas out of attainment with federal clean air regulations, the Clean Air Act
Amendments of 1990 require that all employers with over 100 workers introduce and
maintain programs to reduce the number of commute trips (Office of Air and
Radiation 1992). The goal for programs in nonattainment areas is that the average
vehicle occupancy for commute trips increase by 25 percent. Even if such programs
are implemented successfully, Orski (1993) questioned whether the overall impact
would be very significant. Studying the Los Angeles area, he found that only 25
percent of all trips were to and from work, and only 40 percent of these were to
employers with over 100 workers. A 25 percent reduction in work trips to large work
sites, if achieved, would only reduce total trips by about two to three percent. While
this is an important amount, it is likely to be mitigated quickly by the general trend
toward higher numbers of trips.

The Principal Financial Group in Des Moines is concerned about the financial and
environmental effects of their employees commuting to and from work. There are
limited downtown parking spaces for their employees; 500 parking stalls were lost to
the Hillside Development. This reduction in parking spaces, along with traffic
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congestion, increased air pollution and fuel savings were important factors in The
Principal’s decision to adopt transportation policies that encourage their employees
to take buses and carpool.

Combined with the 475 existing bus riders, The Principal had a total of 840
employees who commuted by bus last June. New employees of The Principal visit
with bus line representatives to learn about commuting options. The Principal fully
subsidizes the Des Moines Metropolitan Transit Authority (METRO) $22 monthly bus
pass for their employees and has doubled their inter-city MTA Ankeny and Five Oaks
bus subsidies.

Ride-share incentives have also been offered by The Principal. Quarterly drawings
have been held for cash prizes: $25 for two people per vehicle, $35 for three people
per vehicle, and $50 for four people per vehicle. In addition, two employees who
carpooled from July 1, 1993 through December 31, 1993 won a grand prize of $300 in
travel certificates.

Telecommuting

Telecommuting is an option that could help to revitalize small towns in lowa.
Telecommuting employees spend most or part of their work time at home, and
complete their assignments and correspondence electronically by computer. Because
there are relatively few commuters in lowa compared to other states, this option
would not result in major CO, emission reductions, but it is a trend in some
companies (e.g., Principal Financial) that should continue. Regional satellite offices
could be established for large companies in rural lowa (where costs are low) that
would reduce commuting distances and be linked to other offices by computer.

Changing tax treatment of parking

In 1990, drivers reported that they paid nothing for parking on 99 percent of their
automobile trips (Shoup 1995). Somewhat similarly, 95 percent of all respondents
reported that they paid nothing for commuting trips to work. Since commuting
accounts for a significant share of all trips and vehicle miles, especially in peak
hours, the fact that parking is provided at no cost to so many drivers may lead to
more use of automobiles than is socially desirable.

Employer Paid Parking

A number of studies have found that the removal of employer-paid parking does have
an effect on the share of work trips taken by single drivers in automobiles. Studies to
investigate this phenomenon have looked at the removal of such parking (before/after
study) or compared similar groups of workers with and without this benefit
(with/without study). Shoup reported that seven studies from 1969 to 1991, mostly in
Los Angeles, found that the modal share of solo drivers falls on average from 67
percent when employers pay for parking, to 42 percent when employees pay. The
price elasticity of demand is —0.15, indicating that as the price of parking increases
by 100 percent, the demand for it will fall by 15 percent.

In general, no significant public policy issue arises with an employer-paid benefit
such as parking. Employers and employees are free to negotiate terms of employment
that both are willing to offer and accept. There are two reasons why employer-
provided parking may not provide for a socially optimal level of automobile use.
First, the tax treatment of employer-provided parking is not neutral. Under the tax
rules in effect at the federal level in most states, the value of the parking that is
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provided for employees is not taxed. An employee who receives parking worth $100
per year does not have to pay tax (either federal, state or local) on the additional
income thus received. This advantage is likely to lead employers to provide parking
as an employee benefit more than is socially desirable. Second, offering parking as a
benefit to employees is not a uniform benefit, and favors automaobile use. If an
employer offers free parking to those who desire it, and nothing to those who do not,
no incentive is created to use other modes, such as cycling or transit, even though
society would gain through the resources not used to provide parking and the
accompanying reduction in energy use and emissions.

In 1992, California passed legislation requiring employers who lease parking spaces
for employees to offer an equivalent cash amount to all employees who do not use a
space. The legislation has three important advantages:

¢ the price of parking is “revealed”;
¢ employees now have a choice and an incentive not to use parking; and

¢ employers have little added cost, as only spaces currently leased from outside
entities are affected.

The state of lowa could adopt a plan to address the effects of employer-provided
parking on energy consumption and environmental emissions. The basic features of
such a plan would include one or both of the following policy changes:

s Require employers to offer a “cash-out” plan for parking. Such a requirement
could initially cover only spaces leased on the commercial market, or could
be designed to include the cost of spaces provided by the employer directly.
This second approach would require the employer to set a monetary value on
such parking spaces.

¢ Include the value of employer-provided parking spaces in the taxable income
of those employees who benefit. Alternatively, disallow the cost of providing
such spaces as a deduction from corporate income.

The simplest change, requiring a “cash-out” for currently purchased parking spaces,
would be relatively straightforward to administer. The employers involved already
know the cost of parking, who parks and who does not, and offering a choice should
be administratively easy. A “cash-out” policy should be relatively popular, as
employees are not required to stop using automobiles but simply encouraged to
consider other ways to get to work. Employers would not be burdened by extra costs
above and beyond those already borne.

These changes would be more difficult to engender political support for and
administer if they also applied to parking spaces not currently bought and sold, or if
employees’ tax liabilities were to increase as a result.

A number of demonstration programs have been conducted to test the effectiveness
of “cash-outs.” In Seattle, for example, two demonstration programs were undertaken
between 1992 and 1994 (Wong and Woo 1994). In the first program, called “Parking
Pass,” workers at five major employers in downtown Seattle were offered four free or
reduced-cost parking vouchers each month if they bought a monthly bus pass. The
“Parking Pass” program had limited success in making workers who had driven to
work alone change to monthly bus passes. Of all the participants in the program
(about half of all workers at the sites), the bulk had already been using buses or a
mixture of modes. Only nine percent had been driving single occupancy vehicles.
The program’s major successes were in allowing bus riders to have a few days of
parking for use when needed, and in encouraging bus riders to buy monthly passes
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instead of paying cash each day. In the second program, “Cash in Your Car,”
commuters working for three employers who agreed to forgo a free or subsidized
parking space were given a cash payment instead. This program was even less
effective than the “Parking Pass” program. Only 26 workers out of an estimated 277
who were eligible (e.g., sales staff, who received free parking but were not required
to have a car at work) participated in the program. Most of those who enrolled used
buses to commute.

When considering these findings and how they apply to lowa, we should stress that
the “Cash in Your Car Program” was only tested with employers located in areas
where the monthly parking charge exceeded $30. The limited appeal of the program
even in this kind of environment suggests that the impact in most urban areas in
lowa would be very modest.

The state is much more limited in its ability to tax the value of parking since federal
tax rates are so much higher than state tax rates. An employee who had to pay only
state tax on a parking benefit would feel much less impact than if the federal
government adopted this kind of policy.

PROMOTE TRANSIT USE

The most important market for public transit has traditionally been the journey to
work. Job sites are often concentrated close together and the fact that many users
wish to make a trip at approximately the same time of day allows transit operators to
schedule services close together. Promoting increased use of transit as a way to limit
automobile use will have to be successful for work trips if this strategy is to have
any significant effect on overall transportation use.

Transit is used in a rather low share of work trips in the state of lowa. Transit
provides only 1.2 percent of all journeys to work. In the group of 24 larger cities,
transit provides 2.5 percent of all trips. This average is raised by university
communities in lowa City and Ames, which have far higher transit shares (10.0
percent in lowa City and 7.8 percent in Ames). In fact, the low overall transit share
of work trips (1.2 percent statewide) masks a 0.3 percent share outside the 24 larger
cities and a 2.5 percent share within them. Any policy adopted in lowa to promote
transit has to focus on larger towns in order to build on established transit systems.
Introducing new systems outside these cities would be expensive and almost certain
not to attract significant numbers of users.

In the short to medium term, transit use in lowa can be promoted most effectively
through one of two objectives:

o further increase usage in communities with relatively high transit use, or

* stimulate the use of transit in communities where the current level of usage is
relatively low.

To have a significant effect on current modes used by lowans, the state would need
to adopt coordinated measures involving employers, parking availability, land use
controls, and increased transit services. Because of the trend at the federal level to
reduce support for transit services, the state would have to commit funds to increase
transit services. While improving transit use in already well-served communities is
probably more likely to be achieved, this increase would be costly. More realistic is
to expect only relatively small increases and even then, only for work trips.
Currently available transit resources are unlikely to be able to perform a big role in
lowa for nonwork trips in the foreseeable future.
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IMPROVE FUEL ECONOMY AND VEHICLE EMISSIONS THROUGH
REGULATIONS AND IMPROVEMENT OF TECHNOLOGY

During the energy crisis of the mid-1970s, Congress adopted a regulatory policy to
improve the energy efficiency of automobiles. A set of Corporate Average Fuel
Efficiency (CAFE) standards were established. Automobile manufacturers had to
meet a fleet-wide average level of fuel efficiency that was set for 1978’s model year
at 18.0 miles per gallon (mpg) for automobiles, rising to 27.5 mpg for the 1985 model
year. Standards for light trucks were about one-quarter lower (NHTSA 1993).

The improvements in fuel efficiency that CAFE standards and higher energy prices
have precipitated are starting to level off. Greene notes that 1992 and 1993 probably
represented two consecutive years of declines in average miles per gallon for the
fleet of automobiles and light trucks in the U.S. (Greene and Fan 1995). The
increasing efficiency of each automobile has been offset by two factors:

» the number of people in each vehicle has declined, although data on average
vehicle occupancy is only collected occasionally; and

* more people are buying light trucks, minivans, or vehicles with four-wheel
drive.

On average, passenger cars in 1972 carried just over two people (Greene and Fan
1995). By 1990, occupancy averaged only 1.62 people, indicating that average
occupancy fell by 21.7 percent in two decades. The occupancy of light trucks fell a
smaller amount, from 2.02 people per vehicle in 1972 to 1.72 in 1990, for a decline
of 14.9 percent.

Light trucks and minivans comprise a larger share of new vehicle sales in the 1990s
than was true in the 1970s. This trend has led fuel consumption of the new vehicie
fleet to be somewhat higher than would have been expected otherwise, given the
improvement in the fuel efficiency of automobiles.

Greene estimates that the falling occupancy rate is largely responsible for keeping
the level of energy use higher than would be expected given increases in fuel
efficiency (Greene and Fan 1995). Changes in buyers’ preferences for light trucks
have also contributed to this trend, but to a much smaller degree.

Many economists have argued that a regulatory approach such as CAFE standards is
an inefficient mechanism for increasing energy conservation. For example, Nivola
and Crandall (1995) contend that CAFE standards have had two effects that work
counter to its intent, given a stable real cost of gasoline. First, because newer
vehicles are more fuel-efficient, CAFE standards have reduced the marginal cost of
driving for people using newer vehicles. Secondly, because the standards have
increased the real cost of new vehicles, there is an incentive to keep older, less fuel-
efficient vehicles on the road longer. Instead, Nivola and Crandall argued that a
policy focused on increasing the cost of fuel would have just as much impact on
energy consumption but with fewer other costs. They estimate that a tax of 25 cents
per gallon if it had been introduced in 1986 as oil prices fell, would have led to as
much energy saving as CAFE standards over the entire period of 1978 to 1992 (p. 56).

Figure 11 depicts two basic problems regarding transportation in lowa. The top panel
shows that the number of old vehicles (1982 models and older) is a relatively large
fraction of the total. These older vehicles do not have efficient emission control
devices for carbon monoxide, nitrogen oxides, and hydrocarbons. They also give low
fuel efficiencies (low miles per gallon). Second, the trend in the mixture of vehicles
sold increasingly favors multipurpose autos (vans and light trucks) with a major
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decrease in the sale of small, fuel-efficient autos since 1988. This is a federal trend
that is difficult to address with state policy.

Economic incentive programs

An alternative policy mechanism to encourage people to purchase fuel-efficient
vehicles has been proposed by Johnston (1994). He devised a modified automobile
registration system whereby purchases of new vehicles attaining greater than a
specified fuel efficiency would receive a rebate. Those purchasing vehicles with less
than this level of fuel efficiency would pay a fee. The rebate or fee would increase
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for vehicles with fuel efficiencies farther above or below the reference level.
Johnston suggested that after accounting for administrative costs, the rebate/fee
system should be essentially revenue-neutral.

While this pricing system would only affect the new car fleet, it could provide a
significant economic incentive to purchase fuel-efficient and less polluting vehicles.
Table 2 illustrates how a rebate/fee system could influence the price of new
automobiles. In the table, Johnston demonstrates one possible rebate/fee schedule;
the rebate or fee level is linear with the amount by which a vehicle’s fuel efficiency
differs from the sales-weighted average of all vehicles. Table 2 does not include all
possible models of new automobiles, and as such it is only illustrative. Also, sales
are national; an lowa rebate/fee schedule should be based on prior-year sales within
the state because the vehicle mix is likely to be different from that of the nation.*

It is difficult to estimate accurately the increase in fuel efficiency a rebate/fee
system such as this would contribute. It would depend on the price elasticity of
demand for different classes of new vehicles. The magnitude of the impact would
also depend on how aggressively the rebate/fee system is structured. If the system
were able to raise the average fuel efficiency within lowa by two miles per gallon
by the year 2000, about one million fewer tons of CO, would be emitted annually.

The advantages of this pricing system are twofold. First, unlike CAFE standards, it is
market-based, at least to a degree. Second, it can be dynamic (e.g., as the average
fuel efficiency of new vehicles increases, the reference level can be raised
correspondingly).

Alternative fuel use

Another way to achieve lower emissions is to use fuels other than gasoline and
diesel. A recent report by the Organization for Economic Cooperation and
Development (OECD) examined the air quality and greenhouse gas effects of
different alternative fuels that could be adopted (European Conference of Ministers of
Transport 1993). The report concludes that governments have different policy choices
depending on other policy considerations.

In situations where self-sufficiency is important, governments should promote
alternative fuels that are abundant locally, such as natural gas in Norway. If
governments wish to pursue economic efficiency, then only liquefied petroleum gas
(LPG) and natural gas appear desirable in some locations. If the major goal is to
achieve short-term environmental benefits, then natural gas and LPG look most
promising. In the longer term, the most desirable sources of fuel are nonfossil fuels (if
practical), along with hydrogen, electric, and fuel cell sources.

The OECD researchers also conclude that, for the near future, if the goal is to
decrease emissions of gases that may promote global warming, governments can
only seek to “dramatically reduce overall consumption of fuels” (p. 13).

At present, the number of vehicles that run on alternative fuels in the U.S. is quite
low but growing rapidly. In 1995, an estimated 418,626 vehicles in the U.S. used
such fuels, dominated by the 299,000 LPG vehicles (BTS 1995, Table 3-3, p. 52).
These vehicles represented only 0.2 percent of all vehicles in use.

* 1t should be noted that in Johnston’s example, rebates account for only 70 percent of the fees collected.
Because administrative costs are not likely to be very substantial, it would be possible to raise this
percentage, perhaps as high as 95 percent. Note, too, that the sales and rebate/fee figures in Table 6 are
national, hence, the large values.
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Given this low base of use and the relatively short-term focus of this research, it is
unlikely that lowa can promote the use of alternative fuels as a significant measure.
The OECD’s conclusion that limiting overall consumption is the primary short-term
approach that can be used reinforces this policy direction.

Advance vehicle technology

The Office of Technology Assessment has examined the potential impact of advance
vehicle technology (OTA 1995). They used two assumptions in evaluating possible
future designs. First, vehicles would have to have the performance characteristics of
1995 automobiles, so vehicles with ranges of only 50 or 60 miles were not
considered. Second, vehicles would have to be capable of being produced in large
numbers so they could have a significant impact on overall emissions and fuel use.

Improvements that technology could bring about include better construction of
conventional automobiles (lighter steel), use of electric vehicles, hybrid electric
designs, and fuel cell vehicles. OTA concluded that the technical potential exists to
have vehicles in 2015 that are 50 to 100 percent more fuel-efficient than those
produced in the mid-1990s. OTA estimates that these advanced vehicles will cost
substantially more, however, and that the potential for commercialization is
therefore somewhat limited, without a substantial increase in the price of fuel.

Adopting advance technology as a means of improving efficiency is an attractive
policy because it does not directly require that fuel prices be increased as a
deliberate governmental action. Nationally, progress toward limiting CO, emissions
to 1990 levels by the year 2000 has been reported as unlikely to be achieved; the
Clinton administration is pursuing an improved technical efficiency strategy as a
major way to resume progress (New York Times 1995).

In the short run, lowa cannot significantly reduce emissions by regulating fuel or
emission standards directly. The state is too small to adopt independent standards.
Moreover, standards have been found to be a very blunt tool at the national level, so
fuel tax changes should be used to improve efficiency if this is desired. lowa could,
however, modify its new automatic registration system to include a rebate/fee
component. Alternative fuel use is uniikely to be widely adopted until well into the
next century. Ethanol use has some environmental benefits but does not produce
dramatic reductions in emissions, such as may be possible with nonfossil fuel
electric vehicles in decades ahead. Advance technology is also likely to bear
significant fruit in future decades, and progress is likely to be driven by national
policies and not those of individual states.

Nationally, there is a gradual increase occurring in trailer-on-flatcar (TOFC) railroad
freight transportation. TOFC transportation has significant implications for energy and
emissions because longer so-called “unit trains” consume far less fuel on a per-ton-
mile basis than semitrailer trucks do. According to Blevins and Gibson (1991), trucks
produce 3.78 times more CO, than unit trains. OECD places the ratio at
approximately ten to one (European Conference of Ministers of Transport 1994).

lowa is a bridge state, meaning that enormous amounts of cargo traverse the state
both east/west and north/south. To the extent that the state can facilitate rail freight
transportation, the level of CO, emissions along major transportation corridors could
be reduced greatly. To be sure, the emergence of TOFC as a means of long haul
freight transportation is much more a result of market realities than public policy.
Rising truck driver labor costs in particular are influencing modal choices. Yet by
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making rail transportation across the state as expeditious as possible, lowa can
facilitate TOFC transportation.

A variety of public policy options exist to reduce the amount of energy consumed by
the transportation sector in lowa. Generally, such actions will result in diminished
CO, emissions and thereby help reduce the threat of undesirable changes in climate
patterns. We dismissed a number of these options to focus on approaches that could
be adopted by the state of lowa. To provide a context for the analysis, we first
review two major national documents that explore how transportation policy can
help reduce CO, emissions. Some of the recommendations in these documents are
more relevant to lowa than others. We take the recommendations that are pertinent
to Jowa into account in the primary analysis, that of policy actions that could be
taken within the state.

Travel circumstances in lowa are different from those in many other, more urbanized
states. While it has the nation’s highest labor participation rate, the state is not
dense enough to support public transit to any great extent. Almost three-quarters of
all work trips are in single occupant vehicles. lowans’ vehicles on average are older
and less fuel-efficient than is the case nationally.

Taking lowa’s travel circumstances into account, we analyzed four classes of policy
options to reduce CO, emissions in the state’s transportation sector. The first is to
increase motor fuel taxes. We conclude that a sizable fuel tax increase would help,
but by itself it probably would not greatly reduce vehicle miles of travel. This is
because most rural trips are not very conducive to alternative transportation modes.
Equity issues are serious, as well.

Discouraging single occupancy is a second type of policy action. Cashing out
employer-provided parking has some potential in denser urban areas, of which lowa
has few. In most communities within the state, the monthly parking charge would be
too small to make much of a difference in the commuting choices of employers.

A third type of policy action is to promote public transit. With only 2.5 percent
modal share for transit in lowa’s 24 largest communities, a very large percentage
increase in transit trips would need to occur for significant reductions in vehicle-
generated CO, emissions to be accomplished. Worse still, the potential for any
increases in transit ridership is not large. With the state’s low population densities
and the dispersed nature of many trips—especially those in rural areas—transit is
unlikely to make significant inroads.

It is the fourth type of policy action that has the greatest potential to foster reductions
in CO, emissions: improving vehicle fuel efficiency. One way to do this is through a
modified registration system for new vehicles that involves a rebate for vehicles with
comparatively high fuel efficiency and a fee for those who achieve fewer miles per
gallon. Depending on how aggressively the rebate/fee system is structured,
significant economic incentives can be created to purchase fuel-efficient
automobiles. The state can also provide incentives to motorists for them to burn
relatively clean fuels. Finally, it can encourage railroad shipping by working to
remove barriers such as vehicle-rail conflicts at grade crossings.

Beyond adopting public policies that directly affect travelers within its borders, lowa
can work with other states to influence the adoption of Federal policies to conserve
energy and reduce CO, emissions.
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APPENDIX:
INVENTORY OF IOWA GREENHOUSE
GAS EMISSIONS FOR THE YEAR 1990

CARBON DIOXIDE EMISSIONS: 1970 VERSUS 1990

Analysis of CO, emissions by sector for 1970 and 1990 indicate that energy
consumption has increased and shifted within the lowa economy (Figure A—1).
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Figure A—1. lowa CO, emissions by sector, 1970 versus 1990

In 1970 transportation emitted 26 percent of lowa’s total emissions of greenhouse
gases from energy consumption. By 1990, this number had decreased to 25 percent,
despite a large increase in the number of vehicles and number of miles they were
being driven. Increased efficiency in the transportation sector has a very large
incremental effect on greenhouse gas emissions, making it an attractive sector in
which to influence the net emission of greenhouse gases in lowa (Table A—1).

Table A—1. Percentage of lowa CO9
emissions by sector, 1970 versus 1990

Sector 1970 1990
Residential 24% 22%
Industrial 37% 38%
Commercial 13% 15%
Transportation 26% 25%

Growth of the industrial sector has led to carbon dioxide emissions that are greater
than emissions from the residential and commercial sectors combined. Much-needed
energy efficiency gains in the residential sector, as well as urban tree planting and
reforestation programs, can be effective in reducing net emissions of greenhouse
gases and improving lowa’s standing relative to other states.
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The growth of the residential sector contribution is also significant when you
consider that the lowa population has remained relatively steady, yet the residential
sector share of energy-driven CO, emissions has increased from 22 to 24 percent.

TRANSPORTATION SECTOR TRENDS

Emissions of CO, from the transportation sector have been relatively flat since the
inception of the CAFE vehicle mileage standards in the early 1970s (Figure A-2).
The increasing efficiency of newer automobiles has acted to maintain emissions
despite large increases in the number of vehicles and vehicle miles traveled.
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Figure A—2. Carbon dioxide from energy use in the lowa transportation sector

PRELIMINARY ANALYSIS OF GREENHOUSE GAS EMISSIONS FROM ETHANOL

This simple analysis only presents the impact on greenhouse gas emissions from the
transportation sector of using ethanol as a substitute for gasoline. Although emissions
of greenhouse gases occurring during production and delivery of these fuels are
believed to be significant, no attempt is made to quantify emissions that occur during
the production of either ethanol or gasoline.

The values presented in Figure A~3 are emission factors for carbon dioxide
generation from fuel combustion for ethanol (0.076 tons CO,/MM Btu), gasoline
(0.0777 tons CO,/MM Btu) and diesel fuel (0.0799 tons CO,/MM Btu).
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Figure A—3. Unit emission rates
for transportation fuels
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Table A-9. Energy consumption in lowa’s transportation sector by fuel type, 1960-1992 (trillion Btu)

Natural  Aviation Distillate Lube Motor  Residual State
Year gas gasoline fuel Jet fuel LPG oils gasoline fuel Ethanol total
1960 9.2 1.8 10.0 1.0 0.1 3.1 123.4 1.4 0.0 150.0
1965 11.2 1.8 1.6 1.3 0.2 2.9 132.5 0.1 0.0 161.6
1970 18.5 1.3 25.3 4.1 0.2 2.9 157.8 0.2 0.0 2103
1971 20.0 1.3 30.8 3.7 0.3 2.4 171.5 0.0 0.0 230.0
1972 20.5 1.2 32.9 4.1 0.2 2.6 177.4 0.0 0.0 2389
1973 16.7 0.5 38.1 4.0 0.2 3.1 193.9 0.0 0.0 256.5
1974 17.4 1.2 38.6 4.2 0.2 29 182.4 0.0 0.0 246.9
1975 16.2 1.0 39.9 4.7 0.2 3.0 183.5 0.0 0.0 248.5
1976 8.9 1.0 43.3 5.4 0.2 3.4 195.0 0.1 0.0 257.3
1977 7.0 1.0 46.3 5.6 0.2 3.2 197.7 0.1 0.0 261.1
1978 4.9 1.1 45.3 6.3 0.3 3.4 198.7 0.0 0.0 260.0
1979 10.8 1.0 51.4 59 0.1 3.6 186.5 0.0 0.0 259.3
1980 12.7 0.9 46.2 4.6 0.1 3.2 170.4 0.0 0.0 238.1
1981 10.9 0.8 43.1 4.0 0.4 3.0 162.8 0.0 0.1 225.1
1982 8.9 0.6 51.0 3.6 0.4 28 160.1 0.0 0.4 27.8
1983 8.0 0.6 46.1 33 0.4 2.9 164.0 0.0 0.4 25.7
1984 10.7 0.4 50.8 3.4 0.5 3.1 159.1 0.0 0.3 228.3
1985 10.5 0.4 46.8 3.3 0.3 2.9 155.1 0.0 0.3 219.6
1986 7.3 0.8 46.2 3.3 0.5 2.8 155.4 0.0 0.3 216.6
1987 8.2 0.6 50.8 4.4 0.2 3.2 156.9 0.1 0.3 224.7
1988 10.7 0.7 51.8 4.0 0.2 3.1 161.8 0.0 0.3 232.6
1989 10.6 0.6 53.5 4.2 0.2 31 163.0 0.0 0.3 235.5
1990 9.2 0.5 56.3 5.0 0.2 3.2 159.1 0.0 0.3 2338
1991 6.7 0.4 49.2 5.0 0.2 2.9 160.6 0.0 0.3 225.3
1992 7.0 0.4 51.2 4.5 0.2 3.0 157.7 0.0 0.4 244

SOURCE: Energy Information Administration 1995.
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Table A-10. Total carbon content of fuels consumed in lowa’s transportation sector
by fuel type, 1960—-1992 (million tons)

Natural ~ Aviation Distillate Lube Motor Residual State
Year gas gasoline fuel Jet fuel LPG oils gasoline fuel Ethanol total
1960 0.15 0.04 0.22 0.02 0.00 0.06 2.64 0.03 0.00 3.16
1965 0.18 0.04 0.26 0.03 0.00 0.05 2.84 0.00 0.00 3.40
1970 0.30 0.03 0.56 0.09 0.00 0.05 3.38 0.00 0.00 4.41
1971 0.32 0.03 0.68 0.08 0.01 0.05 3.67 0.00 0.00 4.83
1972 0.33 0.02 0.72 0.09 0.00 0.05 3.80 0.00 0.00 5.01
1973 0.27 0.01 0.84 0.09 0.00 0.06 4.15 0.00 0.00 5.41
1974 0.28 0.02 0.85 0.09 0.00 0.05 3.90 0.00 0.00 5.20
1975 0.26 0.02 0.88 0.10 0.00 0.06 3.93 0.00 0.00 5.25
1976 0.14 0.02 0.95 0.12 0.00 0.06 4.17 0.00 0.00 5.48
1977 0.11 0.02 1.02 0.12 0.00 0.06 4.23 0.00 0.00 5.57
1978 0.08 0.02 1.00 0.14 0.01 0.06 4.25 0.00 0.00 5.56
1979 0.17 0.02 1.13 0.13 0.00 0.07 3.99 0.00 0.00 5.51
1980 0.20 0.02 1.02 0.10 0.00 0.06 3.65 0.00 0.00 5.05
1981 017 0.02 0.95 0.09 0.01 0.06 3.48 0.00 0.00 4.78
1982 0.14 0.01 1.12 0.08 0.01 0.05 3.43 0.00 0.01 4.85
1983 0.13 0.01 1.01 0.07 0.01 0.05 3.51 0.00 0.01 4.81
1984 0.17 0.01 1.12 0.07 0.01 0.06 3.40 0.00 0.01 4.85
1985 017 0.01 1.03 0.07 0.01 0.05 3.32 0.00 0.01 4.66
1986 0.12 0.02 1.02 0.07 0.01 0.05 3.33 0.00 0.01 4.62
1987 0.13 0.01 1.12 0.10 0.00 0.06 3.36 0.00 0.01 4.79
1988 017 0.01 1.14 0.09 0.00 0.06 3.46 0.00 0.01 4.94
1989 017 0.01 1.18 0.09 0.00 0.06 3.49 0.00 0.01 5.01
1990 0.15 0.01 1.24 0.11 0.00 0.06 3.40 0.00 0.01 4.98
1991 0.11 0.01 1.08 0.11 0.00 0.05 3.44 0.00 0.01 4.81
1992 0.11 0.01 1.13 0.10 0.00 0.06 3.37 0.00 0.01 4.79

SOURCE: Energy Information Administration 1995.
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Table A—11. Carbon available for combustion in lowa’s transportation sector
by fuel type, 1960-1992 (million tons)

Natural  Aviation Distiflate Lube Motor Residual State
Year gas gasoline fuel Jet fuel LPC oils gasoline fuel Ethanol total
1960 0.15 0.04 0.22 0.02 0.00 0.03 2.64 0.03 0.00 3.13
1965 0.18 0.04 0.26 0.03 0.00 0.03 2.84 0.00 0.00 3.37
1970 0.30 0.03 0.56 0.09 0.00 0.03 3.38 0.00 0.00 4.38
1971 0.32 0.03 0.68 0.08 0.01 0.02 3.67 0.00 0.00 4.80
1972 0.33 0.02 0.72 0.09 0.00 0.02 3.80 0.00 0.00 4.99
1973 0.27 0.01 0.84 0.09 0.00 0.03 4.15 0.00 0.00 5.38
1974 0.28 0.02 0.85 0.09 0.00 0.03 3.90 0.00 0.00 5.18
1975 0.26 0.02 0.88 .10 0.00 0.03 3.93 0.00 0.00 5.22
1976 014 0.02 0.95 0.12 0.00 0.03 4.17 0.00 0.00 5.44
1977 0.11 0.02 1.02 0.12 0.00 0.03 4.23 0.00 0.00 5.54
1978 0.08 0.02 1.00 0.14 0.01 0.03 4.25 0.00 0.00 5.52
1979 0.17 0.02 1.13 0.13 0.00 0.03 3.99 0.00 0.00 5.48
1980 0.20 0.02 1.02 0.10 0.00 0.03 3.65 0.00 0.00 5.02
1981 017 0.02 0.95 0.09 0.01 0.03 3.48 0.00 0.00 4.75
1982 0.14 0.01 1.12 0.08 ‘ 0.01 0.03 3.43 0.00 0.01 4.82
1983 0.13 0.01 1.01 0.07 0.01 0.03 3.51 0.00 0.01 4.78
1984 0.17 0.01 1.12 0.07 0.01 0.03 3.40 0.00 0.01 4.82
1985 017 0.01 1.03 0.07 0.01 0.03 3.32 0.00 0.01 4.64
1986 0.12 0.02 1.02 0.07 0.01 0.03 3.33 0.00 0.01 4.59
1987 0.13 0.01 1.12 0.10 0.00 0.03 3.36 0.00 0.01 4.76
1988 0.17 0.01 1.14 0.09 0.00 0.03 3.46 0.00 0.01 4.91
1989 0.17 0.01 118 0.09 0.00 0.03 3.49 0.00 0.01 4.98
1990 0.15 0.01 1.24 0.1 0.00 0.03 3.40 0.00 0.01 4.95
1991 0.11 0.01 1.08 0.1 0.00 0.03 3.44 0.00 0.01 4.78
1992 0.11 0.01 1.13 0.10 0.00 0.03 3.37 0.00 0.01 4.76

SOURCE: Energy Information Administration 1995.
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Table A—12. Carbon oxidized from energy uses in lowa’s transportation sector
by fuel type, 1960—1992 (million tons)

Natural  Aviation Distillate Lube Motor Residual State
Year gas gasoline fuel Jet fuel LPG oils gasoline fuel Ethanol total
1960 0.15 0.04 0.22 0.02 0.00 0.03 2.61 0.03 0.00 3.10
1965 0.18 0.04 0.25 0.03 0.00 0.03 2.81 0.00 0.00 3.33
1970 0.29 0.03 0.55 0.09 0.00 0.03 3.34 0.00 0.00 4.34
1971 0.32 0.03 0.67 0.08 0.01 0.02 3.63 0.00 0.00 4.75
1972 0.33 0.02 0.72 0.09 0.00 0.02 3.76 0.00 0.00 4.94
1973 0.27 0.01 0.83 0.09 0.00 0.03 4.11 0.00 0.00 5.33
1974 0.28 0.02 0.84 0.09 0.00 0.03 3.86 0.00 0.00 513
1975 0.26 0.02 0.87 0.10 0.00 0.03 3.89 0.00 0.00 5.17
1976 0.14 0.02 0.94 0.12 0.00 0.03 4.13 0.00 0.00 5.39
1977 0.11 0.02 1.01 0.12 0.00 0.03 4.19 0.00 0.00 5.48
1978 0.08 0.02 0.99 0.14 0.01 0.03 4.21 0.00 0.00 5.47
1979 017 0.02 1.12 0.13 0.00 0.03 3.95 0.00 0.00 5.42
1980 0.20 0.02 1.01 0.10 0.00 0.03 3.61 0.00 0.00 4.97
1981 0.17 ‘0.02 0.94 0.09 0.01 0.03 3.45 0.00 0.00 4.70
1982 0.14 0.01 1.11 0.08 0.01 0.03 3.39 0.00 0.01 4.77
1983 0.13 0.01 1.00 0.07 0.01 0.03 3.47 0.00 0.01 4.73
1984 0.17 0.01 1.11 0.07 0.01 0.03 3.37 0.00 0.01 4.77
1985 0.17 0.01 1.02 0.07 0.01 0.03 3.29 0.00 0.01 4.59
1986 0.12 0.02 1.01 0.07 0.01 0.03 3.29 0.00 0.01 4.54
1987 0.13 0.01 111 0.09 0.00 0.03 3.32 0.00 0.01 4.71
1988 0.17 0.01 1.13 0.09 0.00 0.03 3.43 0.00 0.01 4.86
1989 0.17 0.01 1.17 0.09 0.00 0.03 3.45 0.00 0.01 4.93
1990 0.15 0.01 1.23 0.11 0.00 0.03 3.37 0.00 0.01 4.90
1991 0.1 0.01 1.07 0.1 0.00 0.03 3.40 0.00 0.01 4.73
1992 0.11 0.01 1.12 0.10 0.00 0.03 3.34 0.00 0.01 4.71

SOURCE: Energy Information Administration 1995.
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Table A—13. Carbon dioxide emissions from energy uses in lowa’s transportation sector
by fuel type, 1960-1992 (million tons)

Natural  Aviation Distillate Lube Motor Residual State
Year gas gasoline fuel Jet fuel LPG oils gasoline fuel Ethanol total
1960 0.54 0.14 0.80 0.08 0.01 0.11 9.59 0.12 0.00 1.37
1965 0.65 0.14 0.93 0.10 0.01 0.10 10.29 0.01 0.00 12.23
1970 1.08 0.10 2.02 0.32 0.01 0.10 12.26 0.02 0.00 15.90
1971 1.16 0.10 2.46 0.29 0.02 0.08 13.32 0.00 0.00 17.43
1972 1.19 0.09 2.63 0.32 0.01 ‘ 0.09 13.78 0.00 0.00 18.11
1973 0.97 0.04 3.04 0.32 0.01 0.11 15.06 0.00 0.00 19.55
1974 1.01 0.09 3.08 0.33 0.01 0.10 14.17 0.00 0.00 18.79
1975 0.94 0.08 3.19 0.37 0.01 0.10 14.25 0.00 0.00 18.94
1976 0.52 0.08 3.46 0.43 0.01 0.12 15.15 0.01 0.00 19.76
1977 0.41 0.08 3.70 0.44 0.01 0.11 15.36 0.01 0.00 20.11
1978 0.29 0.08 3.62 0.50 0.02 0.12 15.44 0.00 0.00 20.05
1979 0.63 0.08 4.10 0.47 0.01 0.12 14.49 0.00 0.00 19.89
1980 0.74 0.07 3.69 0.36 0.01 0.1 13.24 0.00 0.00 18.21
1981 0.63 0.06 3.44 0.32 0.03 0.10 12.65 0.00 0.01 17.24
1982 0.52 0.05 4.07 0.28 0.03 0.10 12.44 0.00 0.03 17.51
1983 0.47 0.05 3.68 0.26 0.03 0.10 12.74 0.00 0.03 17.35
1984 0.62 0.03 4.06 0.27 0.03 0.1 12.36 0.00 0.03 17.50
1985 0.61 0.03 3.74 0.26 0.02 0.10 12.05 0.00 0.03 16.83
1986 0.42 0.06 3.69 0.26 0.03 0.10 12.07 0.00 0.02 16.66
1987 0.48 0.05 4.06 0.35 0.01 0.1 12.19 0.01 0.02 17.27
1988 0.62 0.05 4.14 0.32 0.01 0.1 12.57 0.00 0.02 17.84
1989 0.62 0.05 4.27 0.33 0.01 0.11 12.66 0.00 0.02 18.07
1990 0.54 0.04 4.50 0.39 0.01 0.11 12.36 0.00 0.02 17.97
1991 0.39 0.03 3.93 0.39 0.01 0.10 12.48 0.00 0.03 17.36
1992 0.41 0.03 4.09 0.36 0.01 0.10 12.25 0.00 0.03 17.28

SOURCE: Energy Information Administration 1995.
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Table A-14. Carbon oxidized from energy uses in lowa’s transportation sector

by fuel type, 1960—-1992 (million metric tons)

Natural  Aviation Distillate Lube Motor  Residual State
Year gas gasoline fuel Jet fuel LPG oils gasoline fuel Ethanol total
1960 0.13 0.03 0.20 0.02 0.00 0.03 2.37 0.03 0.00 2.81
1965 016 0.03 0.23 0.03 0.00 0.02 2.55 0.00 0.00 3.03
1970 0.27 0.02 0.50 0.08 0.00 0.02 3.03 0.00 0.00 3.94
1971 0.29 0.02 0.61 0.07 0.01 0.02 3.30 0.00 0.00 4.31
1972 0.30 0.02 0.65 0.08 0.00 0.02 3.41 0.00 0.00 4.48
1973 0.24 0.01 0.75 0.08 0.00 0.03 3.73 0.00 0.00 4.84
1974 0.25 0.02 0.76 0.08 0.00 0.02 3.51 0.00 0.00 4.65
1975 0.23 0.02 0.79 0.09 0.00 0.03 3.53 0.00 0.00 4.69
1976 0.13 0.02 0.86 0.11 0.00 0.03 3.75 0.00 0.00 4.89
1977 0.10 0.02 0.91 0.1 0.00 0.03 3.80 0.00 0.00 4.98
1978 0.07 0.02 0.90 0.12 0.01 0.03 3.82 0.00 0.00 4.96
1979 0.16 0.02 1.02 0.12 0.00 0.03 3.58 0.00 0.00 4.92
1980 0.18 0.02 0.91 0.09 0.00 0.03 3.28 0.00 0.00 4.51
1981 0.16 0.01 0.85 0.08 0.01 0.03 3.13 0.00 0.00 4.27
1982 0.13 0.01 1.01 0.07 0.01 0.02 3.08 0.00 0.01 4.33
1983 0.12 0.01 0.91 0.06 0.01 0.02 3.15 0.00 0.01 4.29
1984 0.15 0.01 1.00 0.07 0.01 0.03 3.06 0.00 0.01 4.33
1985 0.15 0.01 0.92 0.06 0.01 0.02 2.98 0.00 0.01 4.16
1986 0.11 0.01 0.91 0.06 0.01 0.02 2.99 0.00 0.01 4.12
1987 0.12 0.01 1.00 0.09 0.00 0.03 3.02 0.00 0.01 4.27
1988 0.15 0.01 1.02 0.08 0.00 0.03 3.1 0.00 0.01 4.41
1989 0.15 0.01 1.06 0.08 0.00 0.03 3.13 0.00 0.01 4.47
1990 0.13 0.01 1.11 0.10 0.00 0.03 3.06 0.00 0.01 4.45
1991 0.10 0.01 0.97 0.10 0.00 0.02 3.09 0.00 0.01 4.29
1992 0.10 0.01 1.01 0.09 0.00 0.03 3.03 0.00 0.01 4.28

SOURCE: Energy Information Administration 1995.
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