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tmospheric concentrations of

many of the greenhouse, or

infrared-absorbing, gases are
rapidly increasing from preindustrial
levels (Houghten et al. 1990, 1992).
It has been estimated that from 1765
to the present the added atmospheric
burden of carbon dioxide and meth-
ane has been responsible for 61%
and 23 %, respectively, of the addi-
tional infrared radiation reaching
the earth’s surface from the green-
house effect. These two gases are
particularly important because they
have major biotic as well as anthro-
pogenic sources, leading to the pos-
sibility of natural feedbacks to an-
ticipated climate change.

The earth may already have per-
ceptibly warmed from the green-
house effect. The mean global atmo-
spheric temperature has increased
by 0.3-0.6°C during the last cen-
tury, with five of the warmest years
on record in the 1980s. Simulation
models suggest that this warming is
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Changes in northern
wetland ecosystems may
have feedback effects on

greenhouse gases

outside the bounds of past climatic
variability (Stouffer et al. 1994).
Additionally, the North Atlantic at
depths of 800 t0 2500 m has warmed
consistently over the last 35 years at
a rate equivalent to 1°C per century
(Parrilla et al. 1994).

Climate models suggest that mean
global temperature will increase be-
tween 1.5°C and 4.5°C with an ef-
fective doubling of carbon dioxide
(taking into account the effect of
other trace gases) by approximately
the year 2020 (Houghtonetal. 1990,
1992). This temperature increase is
large enough to significantly impact
natural and managed ecosystems.
Moreover, warming is predicted to
be even greater at higher latitudes.
The complexity of modeling global
climate is underscored by recent find-
ings that sulfate aerosols from acid
rain cool the climate, with the great-
est effect in northern hemispheric
landmasses (Taylor and Penner
1994). Thus, changes in regional
and global atmospheric chemistry
through anthropogenic activities can
have both positive and negative ef-
fects on temperature, acting across
the globe in a heterogeneous man-
ner.

Changes in precipitation and

evapotranspiration are also likely
to affect soil moisture. Soil moisture
is particularly poorly resolved in
global climate and ecosystem mod-
els (Rind et al. 1992), but it is ex-
pected to increase at high latitudes
in winter and decrease over north-
ern midlatitude continents in sum-
mer (Houghton et al. 1990). Addi-
tionally, melting of permafrost may
significantly affect the hydrology of
the northern boreal and tundra zones
(Gorham 1991).

The global climate models include
geophysical but not biogeochemical
feedbacks, which are poorly under-
stood but of great potential signifi-
cance given the important biotic
sources and sinks of carbon dioxide
and methane (Harriss and Frolking
1992, Khalil and Rasmussen 1989,
Lashof 1989). If climate model pre-
dictions are correct, northern eco-
systems are likely to be dramatically
affected because low temperatures
and waterlogging are major con-
straints on biotic processes (Van
Cleve et al. 1991). Feedback be-
tween carbon cycling in northern
ecosystems and climatic perturba-
tions may be particularly important,
with higher temperatures and longer
thaw seasons augmenting gaseous
releases of carbon dioxide and/or
methane to the atmosphere from
natural ecosystems and worsening
the greenhouse effect (Gorham 1991,
Harriss and Frolking 1992, Matt-
hews 1993). Concomitant changes
in soil moisture levels, depending on
their direction and magnitude, may
enhance, dampen, or negate effects
of higher temperatures on natural
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ecosystems and may cause large re-
gional differences in ecosystem re-
sponse (Pastor and Post 1988, Roulet
et al. 1992b).

Wetlands are an important com-
ponent of the boreal and arctic land-
scapes (Figure 1), due to their cover-
age of approximately 15% of the
area (Gorham 1991, Post et al.
1982), their production of anaero-
bic greenhouse gases (e.g., meth-
ane), their globally significant stores
of soil carbon as peat, and their
potential response to increased tem-
peratures. Approximately half of the
total global wetland area lies be-
tween 50-70°N, and greater than
95% of that northern wetland area
is peatland (Matthews and Fung
1987). These northern peatlands
contain up to one-third of the global
soil-carbon pool (Gorham 1991).
Buried peat in the permanently satu-
rated zone of the soil has low decay
rates, but a warmer, drier climate
may increase decomposition of much
of the peat profile. To put this ob-
servation in perspective, the soil-
carbon pool in northern peatlands
is almost 100 times the annual fossil
fuel emission of carbon dioxide.

Methane is of special concern
because it has 4-35 times, depend-
ing on the time horizon, the global
warming potential of carbon diox-
ide (Houghten et al. 1992). (Be-
cause of the different lifetimes of the
gases in the atmosphere, one gets
varying global warming potentials
depending on the time frame.) Addi-
tionally, methane emissions may be
particularly sensitive to climate
change if the largest temperature
increases occur at high latitudes, as
predicted, with their extensive con-
centration of wetlands (Harriss and
Frolking 1992). Historical evidence
for the linkage between methane
emissions and climate change comes
from ice-core records that show at-
mospheric methane concentrations
have closely followed glacial-inter-
glacial climatic cycles (Chappellaz
et al. 1990).

Wetlands are among the largest
current contributors to the global
methane flux, producing approxi-
mately 110 Tg methane per year (1
Tg = 10%2g) of a total annual emis-
sion of 400-640 Tg methane (Asel-
mann and Crutzen 1989, Bartlett
and Harriss 1993, Fung et al. 1991).
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Figure 1. A boardwalk in a poor fen in northern Minnesota. In the background the

poor fen grades into a tamarck swamp forest.
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Figure 2. A conceptual model of the interactions between greenhouse gases,

climate, and ecosystem processes in northern wetlands. The thickness of the
arrows indicates the spatial and temporal scale at which each process occurs. OM

= organic matter.

Reported fluxes of methane from
wetlands are also widely divergent
(Bartlettand Harriss 1993). Notonly
are there the expected seasonal varia-
tions in methane emissions, but there
is equally large variation between
sites, within sites, and interannually
at fixed points (Whalen and Ree-
burgh 1992). Currently, no compre-
hensive model can account for these
differences. This variation has
caused estimates of total annual
methane emissions from northern
wetlands to vary between 22 Tg
(Aselmann.and Crutzen 1989) and
70 Tg (Matthews and Fung 1987).
Recent data suggest an emission of
38 Tg methane per year from north-

ern wetlands (Bartlett and Harriss
1993).

Despite the many uncertainties in
climate modeling, human-induced
disturbance of atmospheric chemis-
try and global biogeochemical cycles
is well proven (Vitousek 1994). In
addition, historical changes in cli-
mate are known to have had pro-
found effects on biotic communi-
ties. For example, current peatlands
only began to develop after the end
of the last ice age, approximately
10,000 years ago. There are many
other examples from the paleoeco-
logical literature of large-scale shifts
of plant communities to past cli-
mate changes (Webb 1987).
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