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5.10
CHEMISTRY IMPLICATIONSOF CLIMATE CHANGE*

Cynthia S. Atherton
Lawrence Livermore National Laboratory, Livermore, CA 94550

1. INTRODUCTION

Since preindustrial times, the concentrations of a
number of key greenhouse gases such as carbon dioxide
(C02), methance (CHd), and nitric oxides (NZO) have
increased. Additionally, the concentrations of
anthropogenic aerosols have also increased during the
same time period. Increasing concentrations of greenhouse
gases are expected to increase temperature, while the
aerosols tend to have a net cooling effect. Taldng both of
these effects into account, the current best scientific
estimate is that the global average surface temperature is
expected to increase by 24C between the years 1990 to
2100 (Kattenberg et al., 1996).

A climate change of this magnitude will both directly
and indirectly atmospheric chemistry. For example, many
important tropospheric reactions have a temperature
dependence (either Arrhenius or otherwise). Thus, if
temperature increases, reaction rates will also increase.

There are also a number of indirect effects expected from
climate change. For example, a key tropospheric species
that might be affected is ozone (03), which (1) directly
affects climate by absorbing both incoming solar
ultraviolet radiation and outgoing infrared radiation, (2)
damages materials, plants, and respiratory systems, and (3)
directly affects the concentration of the hydroxyl radical
(OH), which ultimately affects the concentration of many
species. Ozone is formed when CO, CHd, and nonmethane
hydrocarbons (NMHCS) react in the presence of NO. under
sunlight conditions. These 03 precursors have important
natural and anthropogenic sources.

One important “indirect” effect of climate change is
that of increased source emissions, which will ultimately
affect 03, OH, and a number of other species. For example,
two natural sources of NOX are emissions from soils and
lightning. Increases in these emissions will affect the
concentrations of gases both at the surface and at altitude.
Additionally, the emissions of isoprene, a reactive
biogenic hydrocarbon are temperature dependent, and
expected to increase as temperature increases.
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Although this work will focus on the changes
mentioned above, climate change will also affect many
other chemical and physical characteristics of the
atmosphere. For example, changes in the temperature
structure will affect the concentration of water, and amount

and location of precipitation (which will in turn, affect the
amount of acidic deposition to freshwaters and ecological
systems). The atmosphere’s heat balance, as well as
convective transport and the resulting subsidence, are also
expected to be affected. Additionally, climate changes are
expected to affect the amount and seasonality of
anthropogenic activities and emissions. For example, a
warmer climate may lead to less fossil fuel combustion for
heat in the winter, but more for cooling in the summer.
Climate change will also affect the growing patterns for
crops and, therefore, biomass burning.

Although many chemical and climatological processes
will be affected by climate change, this work will focus on
four tropospheric effects: (1) The change in key global
concentrations and cycles due to increased air temperature,
and changes in atmospheric chemistry due to changes in (2)
NOX emissions from lightning, (3) NOX emissions from
soils and (4) isoprene emissions from vegetation. Both
box model and global model results will be presented.

2. THE EFFECT OF INCREASED TEMPERATURE ON
ATMOSPHERIC REACTION RATES

Many atmospheric chemical reactions have an
Arrhenius or other temperature dependence. As temperature
increases, their reaction rate is expected to increase, also.
Thus, climate change will directly increase concentrations
of some species. However, thermal reactions are also very
important in the atmosphere. For example peroxyacetyl
nitrate (PAN) serves as a reservoir for reaction nitrogen
(NO,). Because it is ‘thermally stable, PAN can be
transported long distances, decompose to reform NOX, and
serve as a source of NOXin remote locations, leading to an
increase of 03 in remote locations. In this work, we will
demonstrate how temperature increases will affect
concentrations both in remote and more polluted
environments.

3. THE EFFE(TOFINCREASED TEMPERATURE ON NO,
EMISSIONS FROM LIGHTNING

Both intracloud and cloud-ground lightning serve as an
elevated source of NOX. The annual amount of NO, emitted
from lightning has been estimated to be 5-100 Tg N/year.
M& recent estimates are 5-10 Tg N/year. However, this
amount is expected to increase as temperature increases.
For example, using a general circulation model, Price and
Rind (1994) showed that a doubling of C02 could lead to a
30% increase in global lightning amount. Since many
current estimates of lightning NOXemissions scale linearly
with the total amount of lightning, this would result in a
30% increase in NO, from lightning. Furthermore, the
increase in the amount of lightning over continents is
expected to be 70%, while that over oceans is expected to



be 13%. We will show the imDact that these increases have
on local and global atmosphe~c chemistry.

4. THE EFFECT OF INCREASED TEMPERATURE ON
ISOPRENE EMISSIONS

Isoprene is an important biogenic hydrocarbon emitted
by plants and trees. It is highly reactive and emitted in
large amounts on a global scrde. The emissions are both
light and temperature dependent (Tingey et al., 1979; Lamb
et al., 1985). Additionally, other monterpenes such as
pinene may be emitted in sufficient quantities to affect the
concentrations of many species, although they will not be
discussed further here. Isoprene emissions have been
shown to be exponentially dependent on temperature
(Guenther et al., 1993), up to roughly 30° - 35”C.
Emissions then continue to increase as temperature
increases, until roughly 40”C. Above this temperature,
emissions actually begin to decrease. Both the increase
and decrease may be explained by enzyme activity, with the
enzyme activity increasing initially, but decreasing as the
enzyme denatures at higher temperatures (Guenther et al.,
1993).

Only slight changes in temperature may strongly affect
isoprene emissions. For example, using a standard

photosynthetically active radiation source of 1000
pmoles/m2-s, an increase in temperature of 7C leads to an

increase in isoprene emissions of 10 - 25%. Isoprene

emissions strongly affect the concentrations of a number
of key species, among them 03. Because model predictions
showed that including isoprene in a global model can
increase 03 concentrations by as much as 10 - 20 ppbv
(Atherton et al., 1995), a significant increase in global
isoprene emissions should affect a number of key species,
as well.

5. THE EFFECI’OFINCREASED TEMPERATURE ON SOIL

NOXEMISSIONS

The emission of NOX from soils has been shown to be

light and temperature dependent. Williams et al. (1987)
showed that soil NOX emissions increased rapidly with soil
temperature. They also showed that the log-linear

dependence of grassland NO= emissions could be applied to
many biomes. Modest changes in soil temperature of only

2°C may, therefore, affect concentrations of species. This
is especially true in remote regions, where the soil

emissions may be the predominant source type for NO..
Thus, 03 in more remote and mral areas may be somewhat

significantly affected by climate change.

6. IMPLICATIONS OF CLIMATE CHANGE ON
ATMOSPHERIC CHEMISTRY

composition of the atmosphere. These changes will be due
to changes in temperature as well as increased emissions
from soils, lightning, and vegetation, that are expected in
conjunction with climate change.
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In this work, we will use both a box model and
global model to show how both directly and indirectly,
temperature increases will change the chemical
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