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Eville Gorham 

Surprises in the Peatlands? 

Although research is teaching us a great deal about impacts upon the biosphere in 
response to both planned and unplanned interventions by humans, there is much that we 
do not yet understand. We should, therefore, be prepared for surprises, and do our best to 
anticipate them. The peatland ecosystems of Canada cover about 12% of the country 
and, because they are currently studied by relatively few researchers, may have a 
considerable capacity to surprise us in the future. 

Northern peatlands, bogs and fens often strongly patterned in response to upwelling 
groundwater, are concentrated in the boreal zone of Canada, Russia, and Fennoscandia, 
and ~ontain, a pool of carbon estimated at upward of 400 billion tons, well over half of the 
amount that is presently stored in the atmosphere or in·living plants. It is possible, indeed 
likely, that global climatic warming, which is expected to be particularly strong at high 
latitudes,. will have substantial effects upon fluxes of both carbon dioxide and methane -
the two principal greenhouse gases -- to and from this carbon pool. The direction of such 
fluxes will depend upon the degree of warming and its effect on the water balance of the 
peatlands. 

Rising temperatures are likely to stimulate plant growth, the production of peat-forming 
detritus,. and consequently the sequestration of atmospheric carbon dioxide as organic 
carbon in peat deposits . . A stimulus to forest growth on peatlands is also likely to 
increase carbon storage in live biomass. On the other hand, rising temperatures stimulate 
an exponential increase in methane emissions from peatlands that remain wet. If, 
however, climatic warming increases evaporation sufficiently to draw down peatland 
water-tables substantially, which is particularly likely in the . southern boreal zone, the 
organic .. carbon stored in surface peats will be oxidized and emitted to the atmosphere as 
carbon dioxide, whereas methane emissions will be greatly decreased or shut down. (In 
cases of~.~vere draw~own peatlands may actually become sinks for methane). 

Other considerations complicate this picture even further. In the southern boreal zone, it 
is conceivable that climatic warming will greatly increase the frequency of droughts, and 
consequently fires in the dried-out peatlands. If these were to take hold in the peat and 
smoulder for years in the remote peatlands of Canada and Russia we might see a massive 
positive feedback to climate warming caused by vast emissions of both carbon dioxide 
and methane, the latter a product of incomplete combustion in the damper parts 'of the 
peat deposits. In more northern parts of the boreal zone peatlands are often underlain by 

. permafrost. As this continues to melt u,nder c;limate warming, many frozen (and 
unproductive) peatlands will 'be flooded and warmed, so that they will increase· their 
productivity, leading to greater carbon storage as peat. On the other hand, such warming 
is likely to stimulate emissions of methane exponentially. If the Hudson Bay Lowland in 
Canada, and the West Siberian Plain in Russia, were to begin emitting methane at rates 
characteristic of Minnesota peatlands, which are currently very high by comparison, the 
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positive feedback might outweigh considerably the effect of their increased carbon 
sequestration in peat. 

Additional matters that deserve consideration include the possibility of northward 
migration of the zone of abundant peatlands under the stimulus of climatic warming in 
the north and peatland degradation (probably more rapid) in the south. Major changes in 
the vegetation of the peatlands are also possible, and are likely to have an impact on their 
carbon fluxes. The balance between peat accurilUlation and peat oxidation is, moreover, 
likely to have a considerable bearing on the cycling of phosphorus and nitrogen, limiting 
nutrients for plant growth. These in turn may influence the carbon cycle . 

. Given the diversity of possible resp0nses by northern peatlands to climatic warming, it is 
impossible to predict their overall role in the global carbon cycle over the next century, 
although it is bound to be important. Coming to understand that role, and thus avoiding 
surprises, presents a real challenge to Canadian and other bio-geochemists and ecologists. 

Sources: Gorham, E. .1991. Northern peatlands: role in the carbon cycle and 
probable responses to global war.ming. Ecological applications 1: 182-195. 

Gorham, E. 1995. The biogeochemistry of northern peatlands and its 
possible responses to global warming. Pp. 169-186 in Biotic Feedbacks in 
the Global Climate System, ed. G.M. Woodwell and F.T. Mackenzie. 
Oxford University Press . 
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