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Chapter 7 

Chapter 7 
 
Summary, discussion and conclusions 
 
 
 
 
7.1 Summary 
 
Human influence on carbon fluxes in coastal peatlands 
 
A conservative estimate of the volume of peat that has disappeared in the western 
Netherlands since the 10th century AD due to a self-sustaining cycle of drainage, 
compaction and oxidation of peat, surface lowering, and the subsequent need for further 
lowering of the water table, arrives at a volume of 3.2*109 m3. This amount, which 
probably underestimates the true volume by a factor of 1.2–1.5, is equivalent to about 680 
Mt CO2-equivalents or an increase in global atmospheric CO2 of 0.1 ppmv. For 
comparison, present-day (1990–2000) total annual greenhouse gas (GHG) emission in the 
Netherlands is about 225 Mt CO2-equivalents (CBS and RIVM, 2001), which corresponds 
to an increase in global atmospheric CO2 of 0.03 ppmv. These numbers show that large-
scale degradation and burning of peat contributes strongly to GHG emission. 
 At present, about 160.000 ha (or 10 % of the area) in the western Netherlands 
consist of peat soils with peat layers up to 8 m thick (Figure 1). Over 90 % of these 
peatlands are used for agricultural purposes. Peat degradation continues today as a 
consequence of continued drainage. The rate of peat degradation is, however, not well 
known and the contribution of this process to the annual GHG emission is, therefore, still 
uncertain. An accurate estimate of the present-day contribution of peat degradation in the 
western Netherlands to the annual national GHG emission requires reliable and precise 
quantification of the CO2 and CH4 fluxes from these extensive peatland areas. 
 

Figure 1. Current distribution 
when more than half of the ma
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of peat(y) soils in the western Netherlands (SC-DLO, 1992). Soil is classified as peat 
terial between 0–80 cm depth is organic (peaty) (Dutch soil classification system). 
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One of the main reasons for this research is that government and private organizations 
concerned with nature management of coastal lowland areas in the Netherlands have, in 
recent years, advanced plans to convert agricultural land back into wetland-nature areas 
(LNV, 2000; VROM, 2000; VROM, 2001). Although ecological improvement and storage 
of water are their main objectives, policy makers also want to know whether carbon 
fixation in peat soils is an effective means of reducing GHG emission. The assumption 
made by these policy makers is that higher water tables will enhance fixation of carbon by 
peat forming vegetation, and reduce peat oxidation and CO2 emission. Higher water tables 
in peat soils will, however, also promote the production of CH4, which is about 23 times as 
effective a GHG than CO2 (IPCC, 2001). The net effect of elevated water tables in former 
agricultural areas on the carbon and GHG balances is unknown and needs to be quantified 
too. 
 Another reason for this research is that climate change can also influence the 
carbon dynamics of peatlands. Decomposition rates will increase with warmer conditions 
and lower soil-moisture content, particularly in northern peatlands. Changes in regional 
hydrology, caused by precipitation changes, may lead to loss or new growth of wetlands 
(IPCC, 2000). 

Estimates of annual CO2 and CH4 emission from peat soils (similar to those in the 
western Netherlands) found in previous studies are uncertain due to insufficient knowledge 
about the different factors and processes involved in peat degradation. Improved insight 
into the quantitative aspects of these factors and processes is necessary to reliably predict 
the effect of (future) water-management operations and climate changes on the GHG fluxes 
from peat soils.  

The aim of this study was to develop a methodology, including a simulation 
model, for improved quantification and prediction of carbon fluxes in coastal peatlands 
subject to land and water management. Specifically, the objectives were to develop a 
numerical model and quantify (1) present-day CO2 and CH4 fluxes from the extensive 
peatland areas in the western Netherlands, and (2) future GHG fluxes for different climate, 
water-management and land-use scenarios. 

 
Approach: process analysis, quantification and prediction 
 
The literature was studied for relevant biogeochemical processes operating in coastal peat 
soils and for the dominant factors influencing the carbon cycle. Within a complicated 
network of interactions, the most important factors on the mineralization of peat were 
found, or presumed, to be water-table depth, temperature, peat thickness and composition, 
water quality, and fertilization. 

Incubation experiments with intact peat columns were carried out in the 
laboratory, with the objective of determining the effect of changes in temperature and 
water-table depth, and differences in peat thickness and peat composition on the CH4, CO2, 
and O2 fluxes. The results from these experiments, presented in chapter 2, were later used 
in developing the model. 

Using the closed chamber technique, CO2 and CH4 fluxes in the field were 
measured at three selected study areas in the western Netherlands (Ransdorp, Guisveld and 
Kamerik) from November 1998 until August 2000. The objective of this field study, the 
results of which are presented in chapter 3, was to quantify the influence of various in situ 
environmental conditions on the CO2 and CH4 fluxes from peat soils, and to provide flux 
data over a wide range of these environmental conditions for validation of the process-
based simulation model. 

On the basis of an evaluation of several existing models and by using the results 
from the incubation and field experiments, the process-based model PEATLAND was 
developed for simulation of peat degradation in coastal peatlands and for quantifying CO2 
and CH4 fluxes. PEATLAND is one of the first models which includes the peat substrate 
itself as a pool of organic matter, and in which CO2 and CH4 are closely linked. Details of 
the model are described in chapter 4. 
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A quantitative assessment is made of CO2 and CH4 fluxes for different climate and 
management scenarios in coastal peatlands in the western Netherlands by applying 
PEATLAND to regional data on soil and hydrology in a GIS environment (chapter 5). 

Results from flux measurements in the wetland-nature area Guisveld (chapter 3) 
and results from the wetland-nature development scenario (chapter 5) indicate a strong 
influence of high water tables on the CO2 and CH4 fluxes, but in situ investigation of the 
effect of elevating water tables in agricultural peatland areas was not possible in this study. 
To predict whether carbon fixation in peat soils effectively reduces GHG emission if 
agricultural peatlands are (for purposes of nature development) converted back into 
wetland-nature areas, fluxes of CO2 and CH4 in natural (non-drained) peatlands as reported 
in the literature are discussed and compared with emissions from agricultural peatlands 
under current conditions (chapter 6). 

 
Results 
 
Incubation experiments 
Emission of CO2 and CH4 and consumption of O2 were measured in two series of incubation 
experiments with undisturbed peat cores (∅  9 cm). Fifteen peat cores of different lengths 
(0.24–1.44 m) from one study site (same peat composition) were submitted to changes in 
temperature (5–26 °C) and water-table depth (0–60 cm below surface). Average CO2 fluxes 
increased exponentially from 18 mg m–2 hr–1 to 278 mg m–2 hr–1 as the temperature was raised 
in three steps from 5 °C to 26 °C (Figure 3, Series I); CH4 and O2 fluxes increased 
exponentially with temperature as well. Calculated Q10 values show that temperature changes 
had the largest effect on CH4 fluxes. With temperature held at 16 °C, a stepwise (10 cm) drop 
in the water table from 0 cm to 60 cm resulted in an average, but non-permanent, linear 
increase in CO2 flux of 3.4 mg m–2 hr–1 per cm drainage, beginning at 139 mg m–2 hr–1 under 
fully saturated conditions (Figure 2).  
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re 2. Average CO2 (emission) and O2 (uptake) fluxes from fifteen peat cores versus drainage depth (cm – 
ce). Fluxes were measured at constant temperature (16 °C). Symbols represent averaged fluxes. Error bars 
ate standard deviations.  

 CO2 flux decreased again after the water table was held constant in two cores. Since other 
ables were kept constant during the experiment, this decrease is probably caused by a 
letion of labile organic compounds in the peat. A decrease in alternative electron acceptors 
dants) is a less likely explanation, since O2 fluxes remained essentially unchanged. In fact, 
cations for the same effect were observed in those cores in which drainage depth was not 
t constant. A final increase in drainage depth from 50 cm to 60 cm, some 50 days after the 
t of the drainage experiment, had almost no effect on CO2 fluxes, whereas O2 uptake 
rly increased (Figure 2). To explain this effect, the ratio between molar CO2 emission 
 O2 uptake, called respiratory quotient (RQ), was used. RQ equals 1, when substrates 
ivalent to the composition of glucose are completely mineralized. RQ values of plant 
dues decrease with decreasing degradability from sugars, amino acids, proteins, 
icelluloses, cellulose, fat, waxes, to lignins and phenolics (including tannins). The 
ease in RQ that was found to occur simultaneously with a lowering of the groundwater 
e thus indicates a shift in utilization of labile compounds to more recalcitrant organic 
pounds. This “aging” effect of the peat implies that increased drainage in the field might 
lt in no more than a temporary increase of CO2 flux. The additional flux is the result of 
rapid decomposition of the (limited amount of) labile organic compounds in those parts of 
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the peat profile that are, through increased drainage, newly exposed to aerobic conditions. The 
incubation experiments indicate that the additional flux will last only for weeks or months. 
Thereafter, only the more recalcitrant compounds remain in the newly exposed part of the 
peat profile and hence the overall decomposition rate decreases strongly. Thus, the long-term 
net decomposition of peat soils is hardly affected by drainage depth. It is stressed that this 
conclusion applies only to peatlands which are drained to some extent; even a thin aerobic 
surface layer implies the presence of an active upper zone of decomposition. This zone largely 
determines the total peat degradation taking place; the deeper part of the profile, whether it be 
drained or not, contributes much less. 

In a second series of experiments, we measured, at four different temperatures, CO2, 
CH4 and O2 fluxes from twenty peat cores obtained from the three study areas, each with a 
different kind of peat. Problems with coring through the clayey cover in one study area led us, 
for the sake of intercomparability, to remove the upper (25–30 cm) layer in all three study 
areas. The beheaded cores yielded ca. 80 % lower CO2 fluxes (max. 80 mg m–2 hr–1) than the 
cores in the first experiment (Figure 3) and showed no significant differences between the 
three study areas. 
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verage CO2 fluxes from the Series I and II cores (fully saturated) plotted against incubation temperature 
 II cores: surface layer (25–30 cm) removed. 

cluded from the incubation experiments that, first, the processes responsible for 
on of organic material (peat) and production of GHG operate primarily in the upper 

 of the peat soil and are not much influenced by differences in thickness or 
ion of the peat; second, the rate of peat degradation increases with increasing 
re and falling water table; and third, the positive effect from a lowered water table 
oduction rate of CO2 declines after some time, probably reflecting the depletion of 
pounds. 

dy 
dy areas with different characteristics were selected in order to provide sufficient 
 in flux data for validation of a simulation model and to quantify the influence of 
nvironmental conditions on the CO2 and CH4 fluxes. The three study areas, all 
 on peat soil, differ in soil type, water-table depth and management. Guisveld is a 

nature area, with high groundwater levels (i.e. up to a few cm below the surface). 
in Ransdorp is very similar to Guisveld, but has a strongly humic surface layer (0–
f crumbly sandy clay; the area is intensively managed (drainage and application of 
 The study area Kamerik is extensively managed and is characterized by the 
 of thick (max. 6 m) layers of eutrophic (wood and sedge) peat with a topsoil (0–30 
thropogenic origin.  
Closed chambers, in combination with a portable infra-red gas analyzer (IRGA) 
chromatography, were used to measure within- and between-area differences in 
 CH4 fluxes. Financial restrictions prohibited application of (also) the Eddy-
n method, by which gas fluxes can be measured over a larger area.  
CO2 fluxes varied throughout the seasons (Figure 4a) from about 25 mg m–2 hr–1 to 
 m–2 hr–1 and appeared to be controlled mainly by temperature. Little within- or 
area variation in CO2 emission was measured, even though water tables and 
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management differed considerably. Only the permanently high water-table (<25 cm) at 
Guisveld resulted in significantly lower (41 ± 28 %) CO2 emissions. CH4 fluxes were also 
controlled by temperature, but varied from flux maxima of 1.0 mg m–2 hr–1 at sites with low 
groundwater tables to peaks of 6.2 mg m–2 hr–1 at sites with a permanently high (<25 cm) 
groundwater table (Figure 4b).  
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igure 4. a) Overall CO2 emission (t CO2 ha–1 month–1) due to peat degradation (compartments D and E, see text) 
veraged over the three study areas (Ransdorp, Kamerik and Guisveld); b) Average CH4 emission (t CO2-
quivalents ha–1 month–1) from high water-table sites at Guisveld.  

stimate of annual GHG emission due to peat degradation based on field results 
he total CO2 flux measured with closed chambers over a peat soil is the net result of 
espiration and degradation processes attributed to six compartments of the vegetation-soil 
ystem: (A) respiration by the above-ground parts of the vegetation following emplacement 
f a closed chamber, (B) root respiration, (C) microbial decomposition of fresh organic 
atter in the rhizosphere (exudates, manure, etc.), (D) microbial degradation of peat in the 

hizosphere, (E) microbial degradation of peat below the rhizosphere, and (F) microbial 
egradation of other organic substrate (e.g. present in the groundwater). Quantification of 
he CO2 flux resulting only from microbial degradation of peat within and below the 
hizosphere (compartments D and E) requires that the measured CO2 flux from plant(-root) 
espiration and from microbial peat degradation be separated. To achieve this differentiation 
e measured, beginning in March 2000, CO2 fluxes at five sites in a control area of 
rassland on ‘non-peat’ soil (Beverwijk). Furthermore, in May and June 2000, CO2 fluxes 
ere measured also at one site per study area after the top 15 cm of the soil (containing the 
ulk of the rhizosphere) at these sites was removed and replaced by sand. On the basis of 
hese additional and control measurements, 57–67 % of the total measured CO2 fluxes 
ould be attributed to peat degradation. This result is based on few datapoints and the 
ontribution of root respiration is particularly uncertain. From the CO2 flux measured at the 
egetated sites on peat, the high percentage of compartment D (37–47 %) shows that the 
argest part of peat degradation takes place in the rhizosphere. Breakdown of peat below the 
hizosphere is slow as indicated by the relatively small CO2 fluxes at the sites where the top 
5 cm was replaced by sand. This result accords well with the 80 % lower CO2 fluxes from 
he beheaded cores in the incubation experiments. It remains difficult, however, to separate 
he CO2 fluxes from the different compartments. 
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On the basis of the small variation in measured CO2 emission between and within the three 
study areas under a range of conditions, and the fact that a significant CH4 emission was 
restricted to high water tables only, the results from the three study areas were assumed to 
be representative for all coastal peatlands of the western Netherlands. Upscaling resulted in 
the tentative estimate that peat degradation contributes 2.0–2.9 % (i.e. 4.6–6.5 Mt CO2 yr–1) 
of the total annual emission of GHG in the Netherlands. Elevating the water tables to <25 
cm below surface would increase the CH4 emission (by about 1.8 t CO2 equivalents ha–1 yr–

1), but this increase would be compensated by 5–21 % lower CO2 emission, giving a net 
contribution of 2.1–2.4 %. Conditions with summer water tables at or above the surface were 
not considered in the field study and may therefore influence this estimate. 
 
Simulation of peat degradation 
The process-based model PEATLAND simulates degradation of soil organic material in 
peatlands and quantifies resulting CO2 and CH4 fluxes. The model combines primary 
production, aerobic decomposition of soil organic matter (including the soil parent material 
- peat), and anaerobic CH4 formation, oxidation and transport. The model was validated 
using the closed chamber-flux measurements of CO2 and CH4 from the field study. Using 
decomposition rates obtained from the incubation experiments, the CO2 module 
underestimates peat decomposition. We attribute this model result to the lack of a priming 
effect, which is the enhancement of overall decomposition by the addition of easily 
decomposable material from plant rhizodepositon under field conditions. After adding a 
correction for the priming effect, measured CO2 production and peat decomposition rates in 
the field are simulated correctly. The CH4 module performs well for high water-table sites, 
but at low water-table sites only the order of magnitude of the CH4 fluxes is simulated 
correctly. Drainage increases the computed CO2 production from peat degradation. 
Restoration of high water tables in former agricultural peatlands decreases the CO2 flux, but 
the increased CH4 flux partly compensates for this reduction and may, depending on the 
water-table management, even cause an increase in total GHG emission. Furthermore, 
sensitivity experiments showed that the emission of CO2 and CH4 is highly sensitive to the 
timing of fluctuations in water table and temperature, mainly due to the fact that 
‘competition’ occurs between aerobic and anaerobic decomposition of easily degradable 
organic matter. The exact timing of water-table and temperature fluctuations, hence the 
exact emission of CO2 and CH4, is difficult to simulate. 
 

Table 1. Annual GHG emission from peatlands in the western Netherlands (in Mt CO2-equivalents) under different climate and wetland-
nature development scenarios  

Scenario Conditions CO2 CH4 CO2 + CH4 Difference1 

     CO2-equiv. % 
1a reference 2.60 0.05 2.65 - - 
1b reference, max.2 2.79 0.04 2.83 0.18 7 
1c reference, min.2 2.25 0.08 2.33 -0.32 -12 
       

2a T+2 °C 3.75 0.05 3.80 1.15 43 
2b T+4 °C 4.84 0.05 4.89 2.25 85 
       

3a grass, WT = 0–25 cm 1.37 0.18 1.55 -1.10 -41 
3b grass, WT = 1 cm 0.02 0.75 0.77 -1.88 -71 
3c reed, WT = 5 cm 0.07 1.07 1.14 -1.51 -57 
3d reed, WT = 1 cm 0.01 1.50 1.51 -1.14 -43 

1 Difference in CO2-equivalents and in % compared to GHG emission under reference conditions (scenario 1a). 
2 Maximum and minimum GHG emission under reference conditions depend on ranges in mean highest and lowest water tables. 
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Present-day and future GHG emission from peat soils 
Present-day annual GHG emission resulting from degradation of peat in the western 
Netherlands as computed with PEATLAND amounts to 2.65 (2.33–2.83) Mt CO2-
equivalents (Table 1), which is 1.2 % of the total annual GHG emission in the Netherlands. 
This emission value is somewhat lower than that for the present-day annual GHG emission 
calculated from the upscaled field measurements, but both are in the same order of 
magnitude. The lower mean daily temperature used as model input and the fact that 
temperature and water-table dynamics are simulated as simple sinusoidal functions, may 
have resulted in an underestimation of the annual GHG emission for 1999 and 2000. The 
estimate of annual GHG emission obtained from field measurements, on the other hand, is 
probably too high, because the gas-flux measurements were carried out during daytime 
only, i.e. at temperatures higher than the daily average temperature. 
 
Scenarios with increasing mean annual temperature, up to 4 °C, show an increase in total 
GHG emission of up to 85 %. Elevating summer water tables from 100 cm to 25 cm below 
the surface has almost no effect on CO2 and CH4 emission. At higher water tables, CO2 
emission decreases to almost zero, while the emission of CH4 increases markedly (up to 30 
times the CH4 emission under present-day conditions). The model results show that 
wetland-nature development in former agricultural peatlands generally leads to a reduction 
of GHG emission (up to –71 %) when water tables are raised to the surface: the net change 
in GHG emission from a wetland-nature development site depends largely on the current 
situation, the new type of water management, and on whether the vegetation will be 
dominated by grass or by reed. 
 
Balance between CO2 sink and CH4 source in inundated, formerly drained peatlands 
Published rates of CO2 fixation and CH4 release for natural peatlands suggest that areas of 
peat formation are a (small) net source of GHG emission because the emission of the 
stronger GHG CH4, in terms of CO2-equivalents (i.e. likely >3.1 t CO2-equivalents ha–1 yr–

1), exceeds the CO2 uptake by the vegetation (i.e. likely <1.8 t CO2-equivalents ha–1 yr–1). 
Nevertheless, it is shown that restoration of reclaimed peat areas in the western Netherlands 
can lead to a significant net reduction of GHG emission because the expected increase in 
anaerobically generated CH4 release is much smaller than the decrease in aerobically 
produced CO2 caused by peat degradation (in the field experiment, present-day CO2 
emission due to peat oxidation was found to be 29–41 t CO2-equivalents ha–1 yr–1). Note, 
however, that peat oxidation can be effectively suppressed by inundation only when peat 
forming conditions are restored, since shallowly drained peatlands emit equal amounts of 
GHG as deeply drained peatlands. 
 
7.2 Discussion 
 
The main results from the incubation experiments, the field flux measurements, and the 
simulation of carbon fluxes with PEATLAND are summarized above and have been 
discussed extensively in the preceding chapters. Here we assess to what extent the aim of 
the project has been reached and discuss the implications of the results obtained. 
 
Improved quantification and prediction of GHG emission 
 
Previous studies arrived at an annual CO2 emission of 0–1.9 Mt CO2  (Hensen et al., 1995) 
and an annual CH4 emission of 0.8–2.0 Mt CO2-equivalents (Van den Born et al., 1991) 
from the 158.000 ha of peat soils in the western Netherlands. Similar, but more reliable 
values are obtained in this study. Earlier work lacked an integrated approach and the 
estimates of annual CO2 and CH4 emission were based on limited (and partly ambiguous) 
data. A basis for reliable projection of future carbon fluxes in coastal peatlands was not 
fully achieved. 

The research components of this study were actively integrated for a single 
purpose: improved quantification and prediction of carbon fluxes in coastal peatlands 
subject to changes in land and water management and climate change. With the satisfactory 
functioning of a process-based model (PEATLAND), that simulates degradation of soil 
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organic matter in peatlands and quantifies resulting CO2 and CH4 fluxes, the main aim of 
this study has been largely achieved. 
 
Precision of the new GHG estimates 
 
As explained in chapter 5, the annual GHG emission computed with PEATLAND for 1999 
and 2000 is possibly somewhat underestimated, while the estimate from upscaled field 
measurements is probably somewhat too high. Thus, the mean of model and field results 
represents a fairly reliable estimate of present-day annual GHG emission in the western 
Netherlands, which equals 1–3 % of the national total annual GHG emission. This 
percentage may not seem high, but large quantities of peat are still present in the western 
Netherlands, and the process of peat degradation continues as drainage continues too.  

The estimates from PEATLAND and from the upscaled field experiments (2 and 3 
in Figure 5, respectively) are consistent with GHG emission averaged over the past 1000 yr 
(1 in Figure 5) based on the estimated volume of peat that disappeared due to burning and 
degradation of peat since the 10th century (totalling 680–1020 Mt CO2-equivalents, see 
chapter 1). 
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ds: 1) 1000-year average (plotted at 1500 AD) (see text), 2) output from the PEATLAND model, and 3) 
ased on upscaled field results. Error bars indicate range. 

ubation experiments, the field-flux measurements and the simulation of carbon 
ith PEATLAND each had and have their limitations: even if we obtained a fairly 
value for present-day annual GHG emission, this estimate and that of future GHG 
 can be improved. Aspects which deserve further attention are: 1) biogeochemical 
s in peat soils, 2) influence of vegetation on peat degradation, and 3) simulation of 
radation. 

hemical processes 
The presence of (living) roots is important for microbial degradation processes and 

-atmosphere gas exchange (see below). The setup of the present incubation 
ents failed to include living plants and was poorly suited for quantitatively 
ng root effects from substrate effects. Although similarities exist between laboratory 
d results, the absence of living vegetation in the incubation experiments render 
son with field results difficult. Due to the absence of a priming effect, PEATLAND 
timates peat decomposition when using the laboratory based decomposition rates 
 4). After adding a priming effect, measured CO2 emission and decomposition rates 
eld are simulated correctly.  
A strong disadvantage of the incubation experiments was that the same set of peat 

as used for different experiments. Altogether, the incubation experiments lasted 
months, which affected the comparability of early with late flux values. However, 
lt of using the same cores throughout the experiment, it was discovered that while 

 fluxes increased with decreasing water tables, this increase lasted for a limited time 
his important observation, which probably reflects the depletion of labile 
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compounds, partly explains the absence of significant within- or between-area variation in 
the field study, even though water tables and management differed considerably. In turn, 
this field result implies that further research with incubation experiments is useful only for 
understanding specific processes. To further improve quantification of present-day annual 
GHG emission, one should focus on improving field measurements. 
 
Influence of vegetation 
Carbon fluxes associated with living vegetation were, initially, left aside in this study. 
Because peatlands in the western Netherlands are no longer actively growing, it was (and 
still is) assumed that the carbon uptake by primary production of the vegetation is balanced 
by the carbon release from plant respiration and consumption (grazing or harvest). This 
study, therefore, focused mainly on CO2 and CH4 fluxes related to degradation processes in 
peat soils.  

The results of the incubation experiments and data that came available in the 
course of the field study indicated that vegetation played an important, but unquantified 
role in peat degradation processes and soil-atmosphere gas exchange. The presence of 
vegetation stimulates peat degradation due to aeration of the soil by roots and to a priming 
effect. On the basis of (limited) additional field measurements, 57–67 % of the total 
measured CO2 fluxes in the field is estimated to result from peat degradation, of which 65–
70 % takes place in the rhizosphere (chapter 3). From the measured CO2 emission, an 
estimated 33–43 % is attributed to microbial degradation of fresh organic matter, root 
respiration and dissimilation by the vegetation. Breakdown of peat below the rhizosphere is 
slow as indicated by the relatively small CO2 fluxes at the sites where the top 15 cm has 
been replaced by sand. It remains difficult, however, to reliably separate and quantify the 
CO2 fluxes from the different compartments. The contribution of root respiration is 
particularly uncertain. 
 
Simulation 
Several modules in the PEATLAND model are subject to refinement. Although water 
tables in peatlands in the Netherlands are strongly regulated by man, the hydrological 
module in PEATLAND is probably too simple and should be improved first. A more 
sophisticated vegetation module is likely to improve the simulation of some processes (e.g. 
priming), but is expected to have almost no effect on simulating total GHG emission. The 
complexity of the model structure, on the other hand, will increase by such adaptions and 
the possibility of errors could therefore increase as well. 
  
Implications 
 
The peatlands in the western Netherlands presently contribute 1–3 % to the annual national 
GHG emission. Although small in absolute terms, this contribution is of significance 
because large quantities of peat are still present at and below the surface in the western 
Netherlands, and the process of peat degradation continues as drainage continues too. 
Following the Kyoto agreements, the Netherlands have to reduce their annual GHG 
emission in the period 2008–2012 with 6 % compared to that of 1990. 
  Peat degradation increases with increasing temperature. If the predicted increase 
in surface-air temperature during the next 100 yr is to occur, a positive feedback will occur 
by the enhancement of peat degradation in the western Netherlands and a subsequent 
increase in annual GHG emission (mainly CO2).  

Northern (boreal and subarctic) peatlands occupy only about 2.5 % (346–371 x 106 
ha) of the global terrestrial surface, but contain approximately 32 % of the total organic C 
of the world’s soils (Armentano and Menges, 1986; Gorham, 1991). The estimated amount 
(about 455 Gt) of carbon accumulated in these peatlands during the last 10.000 years equals 
40–60 % of the present atmospheric carbon pool (Gorham, 1991). It is important, therefore, 
that peat degradation processes are restricted as much as possible. 

Wetland-nature development scenarios for the western Netherlands generally 
show a decrease (up to –71 %) in total GHG emission when water tables are raised. The net 
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change in GHG emission depends, however, largely on local conditions (which determine 
current emissions), the new type of water management, and on the type of land use. 
Predicting the effects of specific wetland-nature development projects on the GHG balance 
requires more detailed model input. It turns out that the largest benefit of wetland-nature 
development on the GHG balance is not achieved by carbon fixation in new peat, but 
mainly by decreased CO2 emission due to suppressed aeration. CH4 emission from peat 
soils remains, in GHG terms, a ‘risk’ factor when restoring wet conditions; carbon storage 
in forest growth does not have this ‘risk’ factor and is therefore expected to be a more 
effective means of reducing GHG emissions. 
 
7.3 Conclusions and suggestions for future research 
 
This study shows that peat degradation in the coastal peatlands of the western Netherlands 
contributes 1–3 % to the annual national GHG emission. Comparable estimates exist in the 
literature, but the value obtained here is more reliable owing to the more comprehensive 
and coherent methodology used. The amount of GHG emission from coastal peatlands in 
the western Netherlands may not seem high, but is of significance because large amounts of 
peat still occur in the sub-surface, and the process of peat degradation continues even with 
slight drainage.  
 The incubation and field experiments confirm earlier results that the processes 
responsible for degradation of organic material (peat) and production of GHG operate 
primarily in the upper 25–30 cm of the peat soil. The intensity of these degradation processes 
is not dependent on the thickness or composition of the peat. In contrast, vegetation plays an 
important role in peat degradation processes and in soil-atmosphere gas exchange. 
Vegetation stimulates peat degradation due to aeration of the soil and because of the 
enhancement of overall decomposition (priming effect) as a result of exudation of easily 
decomposable material by living roots. In quantifying GHG fluxes from larger areas the use 
of intact peat cores (with living plants) is preferred above homogenized slurries for 
studying peat decomposition processes, since the results are more representative of the field 
situation and hence enable more reliable upscaling.  
 Degradation processes in peat intensify with decreasing water tables and with 
increasing temperatures. Drainage of peat soils results in lower CH4 emission, probably as a 
result of increased CH4 oxidation and prevailing aerobic degradation processes. Relatively 
large CH4 emission is restricted to those peatlands with year-round high water tables (<25 
cm below surface). It is concluded that the positive effect from a lowered water table on the 
production rate of CO2 declines after some time due to the depletion of labile compounds. The 
temporary increase in flux is the result of the rapid decomposition of the (limited amount of) 
labile organic compounds in those parts of the peat profile which are, through increased 
drainage, newly exposed to aerobic conditions. Long-term net decomposition of peat soils is, 
therefore, hardly affected by drainage depth. 

An increase in mean annual temperature will enhance peat degradation and thus 
the emission of CO2 and CH4. The change in emission of CO2 and CH4 at any given site is 
difficult to predict, because of competition between aerobic and anaerobic decomposition 
of easily degradable organic matter, differences in temperature sensitivity, and the 
dependency on the timing of water-table and temperature fluctuations. Wetland-nature 
development in former agricultural peatlands generally leads to a reduction of GHG 
emission when water tables are raised to the surface. However, the net change in GHG 
emission from a wetland-nature development site depends largely on local conditions 
(which determines current GHG emission), the new type of water management, and on the 
type of vegetation. A water-table rise in deeply drained agricultural peatland to a year-
round water table at the surface is likely to result in a net decrease in GHG emission, 
whereas elevating summer water tables from 100 cm to 25 cm below the surface has almost 
no effect on CO2 and CH4 emission. At higher water tables, the CO2 emission decreases, 
while the emission of CH4 increases markedly. To predict the effects of specific wetland-
nature development projects on the GHG balance more detailed model input is required. 

Published data suggest that areas of peat formation are a (small) net source of 
GHG emission because the positive effect of the CO2 uptake by the vegetation is exceeded 
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by the negative effect of the CH4 emission. This study shows, however, that the restoration 
of peat forming conditions in former agricultural peatlands can reduce total annual GHG 
emission, mainly due to suppressing current oxidation. Given the large quantity of carbon 
stored in peatlands, it is important that peat degradtion processes are suppressed as much as 
possible. Enhanced CH4 emission from peat soils still remains a risk factor when restoring 
wet conditions.  
 
Experiments with in situ raising of water tables was not feasible in this study, but is 
recommended as the best way of studying the changes in factors and processes influencing 
the carbon cycle in coastal peat soils, and to measure net changes in GHG emission. 
Furthermore, closed chamber measurements, combined with measurements using the Eddy 
correlation technique (for CO2 and CH4), could improve our understanding of the role of 
vegetation in GHG dynamics in peat soils. More sensitive equipment to detect flux changes 
in CH4 (especially the detection of small fluxes, and the uptake of CH4 in dryer soils) are 
necessary to improve the model validation. CH4 profiles with soil depth, longer time series 
of soil and air temperature, groundwater levels, precipitation measurements, and more 
details about management (e.g. fertilization and yield) are also recommended for improved 
prediction of GHG fluxes. Possibilities for model improvement include a more 
sophisticated vegetation module (uptake of carbon and respiration) and a better 
hydrological module (especially for simulation of precipitation changes). To help separate 
the CO2 fluxes resulting from different SOM pools, more and longer time series of CO2 
fluxes are needed from non-peat soils, and from peat soils with the top layer replaced by 
sand. The use of labelled carbon should prove helpful in this respect too. Since upscaling 
the results obtained from homogenized slurries from weight to area is not realistic (due to 
absence of natural heterogeneity) the use of intact peat cores (with living vegetation) is 
preferred to study peat-decomposition processes. Intact peat cores are more representative 
of the field situation and hence enable more reliable upscaling. 
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