Inundation of reclaimed fen areas reduces greenhouse gas emissions and creates new nature reserves

· by Harmke van Oene, Nico Burgerhart and Frank Berendse
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Two of the foundations underlying international policy for the reduction of greenhouse gas emissions, the Kyoto Protocol, are the reduction of emissions from the use of fossil fuels and the fixation of CO2 in ecosystems. Hitherto, the fixation of CO2 in forests has attracted most attention. A survey of the literature reveals that the amount of CO2 that can be fixed by the forests in the Netherlands will be virtually cancelled out by the emission of CO2 from reclaimed fen areas. Restoration of the original hydrological conditions in such areas can contribute to greenhouse policy while simultaneously creating new nature reserves.
Under the Kyoto Protocol the Netherlands has committed to a reduction in the emission of greenhouse gases of 6% below levels in the reference year 1990. Part of this reduction can be achieved by emission compensation by means of the storage of CO2 in ecosystems. Staatsbosbeheer (the National Forest Management Service) is one of the Dutch organisations that has a large area of forest and other nature reserve under its management. The question arises of how much these areas may possibly contribute to greenhouse policy. The Forest Management Service requested a literature survey to be done to establish the data that are available on the carbon balance of a variety of ecosystems in the Netherlands.

The literature reveals that the forests in the Netherlands can fix between 1000 and 3200 ktonne CO2 per annum. The lower value is based on forest (deciduous and evergreen) inventory studies that allow a 50% carbon loss due to logging and use in non-sustainable timber products. Storage in below-ground plant organs and soil organic matter has not been accounted for in this value. The higher value is based on studies that have measured the CO2 fluxes in deciduous and evergreen forests according to the Eddy covariance method. These studies were conducted on rapidly growing, young forests, meaning that the value is an indication of the maximum storage capacity. While storage in below-ground plant organs and soil organic matter has been incorporated in this maximum value, losses due to fixation in non-sustainable timber products have not been accounted for. The 1000–3200 ktonne CO2 that is stored annually, however, is to a great extent cancelled out by the emission of CO2 from reclaimed fen areas (Dutch: ‘laagveen’) (Tables 1 and 2). The CO2 emitted from such areas results from the lowering of the ground water table by drainage, which leads to aerobic conditions and microbial breakdown of the peat, releasing a large fraction of the stored carbon as CO2. Reclamation has made the areas, formerly fen ecosystems, suitable as grazing land. The fen meadows (Dutch: ‘veenweiden’) that were created in this way occupy a considerable area in the West and North of the country.
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Area Nt greanhouse offect
(1000 ha) (103 ¢ Coz-eq.y-1)

Woodland <. 290 1073 to 3190

fon, reclaimed  ca. 280 -2053

fen, undisturbed ca. 24 238101148





Cutting the CO2 emission from the fen meadows would make a major contribution to greenhouse gas policy. One measure that could be adopted is to inundate these grasslands, which would restore the original fen ecosystem hydrology and halt the breakdown of organic material. However, while the production of methane is usually negligible in dry ecosystems, methane is important in determining the total greenhouse effect of wet ecosystems, which can produce considerable quantities of the gas, which is a stronger greenhouse gas than CO2. The global warming potential (GWP) of 1 gram of CH4 is 21 times larger than that of a gram of CO2 (IPCC 1996). If one takes account of methane production (by converting it to CO2 equivalents) it turns out that the nett greenhouse effect of an undisturbed fen can vary between a very slight emission to greater CO2 fixation (Table 1). The lowest value here is related to carbon fixation measured by the increase in the thickness of the peat layer over centuries, while the highest value is based on the accumulation of organic matter over recent decades. The environmental benefit that could be achieved by inundation of fen meadows consists of the blocking of CO2 emissions from reclaimed fens (–7.3 t CO2 equiv. ha–1 y–1) which would be replaced by the values appropriate to an undisturbed fen (–1.7 to 8.2 t CO2 equiv. ha–1 y–1). Inundation of fen meadows could thus result in an environmental benefit of (–1.7 + 7.3 to 8.2 + 7.3) 5.6 to 15.5 t CO2 equiv. ha–1 y–1.
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The Netherlands is required to cut emissions by 6% of 1990 levels, plus the increase in emissions
between 1990 and 1999, equivalent to a total of 26.3 ¥ 106  CO2-eq. y-1.

Netto greenhouse ~ Area Total nett green-  Total nett green
effect per ha (1000ha)  house effect house effect
(t CO2-eq. ha-1 y-1) (103 t C02-¢q. y-1) (1 of required reduction)
Afforestation 37t 11 50 165 to 550 0.7t 2.1%

Fenland inundation 5.6 to 15.5 50 280t 775 L%t 3.0%




We have calculated the possible contribution of such measures as the expansion of the forested area and the inundation of fen meadows to the required reduction of CO2 emission in the Netherlands. We based these scenarios on the planting of 50,000 ha of woodland (17% of the present total) and inundation of 50,000 ha fen meadows (18% of the present area of reclaimed fens). For both measures, the 50,000 ha is an upper limit to what is feasible. Expansion of the area of woodland could contribute 0.7–2.1% of the required CO2 emission reduction in the Netherlands. Inundation of the fen meadows could contribute at least as much: 1.1–3.0% of the required Dutch CO2 emission reduction (Table 3).
The inundation of fen meadows would transform agricultural land into nature reserve, which would contribute to both greenhouse gas policy and nature conservation. The core of Dutch nature conservation policy is the Ecological MainNetwork, which has as its objective the expansion and interconnection of nature reserves so as to increase the opportunities for nature and natural values. Peatlands can fix carbon, sustainably and for a very long time, as the carbon breaks down only very slowly. If one plants deciduous woods (of oak or beech), which remain undisturbed, then the CO2 can only be fixed for a period of two or three centuries. Cropping the timber and using it in non-sustainable products would drastically cut the CO2 storage period; the lifespan of timber products is only 15 years on average, whereafter the CO2 re-enters the atmosphere.
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The expansion of the area of woodland and the inundation of fen meadows could together contribute at most 5% to the total required CO2 emission reduction. Photo: Pieter van Gaart
The contribution from the inundation of fen meadows would in the first place come from the blocking of the effects of drainage on CO2 emission. It is important to realise that these grasslands may have received manure for many years, which upon inundation could lead to a release of nitrous oxide (N2O), which is a ten times stronger greenhouse gas than methane. For that reason, the fen meadows that should be considered for inundation are principally the nutrient-poor areas. The question of whether inundation of fen meadows could lead to an actively growing fen ecosystem can only be answered by further field research.
This study has shown that the expansion of the area of woodland and the inundation of fen meadows could together contribute at most 5% to the total required CO2 emission reduction. This may well be a small amount but it is nonetheless worthwhile. The contribution by inundation of fen meadows is as large as that due to forest expansion. Moreover, the inundation of fen meadows benefits both the environment and nature.
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