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6. Habitat types can be 
used for upscaling 
carbon emissions from 
plot to landscape level
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Abstract
This study explores the use of habitat types as available in digital GIS maps for up-
scaling carbon emissions measured at plot level to the landscape scale and for esti-
mating CH4 and CO2 emissions at a landscape scale. The approach was verified with 
independent observations and was then applied to 9 peat polders in the Nether-
lands that widely varied in land-use, to estimate landscape scale carbon emissions 
for current and future land use based on IPCC/SRES scenarios. Currently all polders 
are a net source of carbon, and have comparable net carbon emissions -despite their 
differences in land use. In most polders, the net carbon flux is relatively equally 
distributed between CH4 and CO2. CH4 emissions mainly derive from (semi-)natural 
habitat types, whereas CO2 emissions mainly derive from agricultural land use. Wet-
lands in nature reserves are small to medium sinks of CO2, but produce substantial 
amounts of CH4 and polders with a large share of nature reserves consistently show 
large CH4 fluxes. Overall, open water contributes little to the net carbon flux. All 
scenarios, except B2, show an increase in net carbon emissions, but the differences 
are small. N2O emissions have not been taken into account, but if they were the 
net greenhouse emission (based on CO2 equivalents) of intensively used grassland 
would have been considerably higher.

With Jan Vermaat, Andre Dias, Rien Aerts. Journal of Environmental Management, 
major revisions
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6.1 Introduction

Methane is an important greenhouse gas (GHG), contributing about 18-20% to the 
total expected global warming over the next 50 yrs (Dalal et al., 2008; Milich 1999). 
Due to their large carbon stocks and high water levels, natural peatland ecosystems 
are important natural sources of methane to the atmosphere, but their emissions 
are not anthropogenic and thus usually exempted from emission reduction strate-
gies (Winiwarter et al. 1999). Human exploitation of peatlands (e.g., by agriculture 
and forestry) always involves drainage, resulting in negligible methane emissions 
but substantial increases in CO2 emissions due to an increase in peat oxidation and 
susceptibility to fire (Winiwarter et al., 1999; Langeveld et al., 1997; Hendriks et al. 
2007). This change in the GHG balance is likely to increase the contribution of peat-
lands to global warming, since the reduction in methane emission is insufficient to 
counteract the increased flux of CO2 to the atmosphere. Moreover, these land-use 
driven emissions are usually not exempted from emission reduction strategies as 
they are a direct consequence of human action, which makes that proper estimates 
of these emissions are needed for national GHG inventories and reduction strategies.

Land use intensity (i.e. drainage, fertilizer use) can affect the relative net emissions 
of methane and CO2 in agriculturally used peatlands (Dias et al., 2010; Vermaat et 
al., 2011). In addition, water bodies in peatlands have also been shown to be impor-
tant sources of methane from peatlands at the landscape scale (Franken et al. 1992; 
Best and Jacobs 1997; Van den Pol-Van Dasselaar et al. 1999; Hendriks et al. 2007; 
Schrier-Uijl et al. 2011), but they emit relatively little CO2. Recently, Vermaat et al. 
(2011) showed that adjacent land-use also affects methane emissions from drain-
age ditches; i.e. higher CH4 emissions from ditches were found on intensively used 
pastures (i.e., drained and fertilized) as compared to semi-natural reedland. Thus, 
adjacent land use also affects the relative net carbon emissions in water bodies.
As most countries have committed to greenhouse gas reduction strategies under 
the Kyoto protocol (Schulp et al., 2008), appropriate estimates of terrestrial and 
aquatic methane and CO2 emissions of different land uses in peatlands are clearly 
needed for national GHG inventories and reduction strategies. This is especially 
true for the Netherlands, where drained and intensively used polder peatlands 
(polders are hydrologically isolated units that are below sea-level and are em-
banked by dikes) cover 9% of the land surface (Nol et al., 2008). Currently, field 
methods are available that accurately measure emissions at the plot-level. But as 
these methods are relatively expensive (Ravindranath and Ostwald, 2008), up-scal-
ing of field measurements will be necessary to obtain carbon emission estimates at 
the landscape level. Expert judgement is often used for this, but there are serious 
attempts to develop more quantitative and reproducible approaches (Freibauer, 
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2003; Lokupitiya and Paustain, 2006; Nol et al., 2008). However, the applicability of 
these approaches is constrained by data availability, as it is difficult to find the nec-
essary data at higher spatial resolution and often aggregate data needs to be used 
(Lokupitiya and Paustain, 2006; Verburg et al., 2006; Nol et al., 2008). This also 
applies to the approach of using plant species composition to upscale carbon emis-
sions to the landscape scale; i.e. plant species composition has been shown to be 
a good proxy to estimate methane and CO2 emission in both pristine and managed 
peatland ecosystems and seems suitable for upscaling carbon emissions (Bubier et 
al, 1995; Dias et al., 2010; Hendriks et al., 2010). Unfortunately, it is difficult to find 
information about the distribution of most plant species at larger spatial scales. 
This restricts the practical use of species-specific indicators of emission. Vegeta-
tion or habitat types could be more promising, since their delineation depends on 
species composition and their distribution is often available in digital maps. This 
study aims therefore to explore the use of habitat types in upscaling carbon emis-
sions to the landscape scale and to determine if the use of habitat types could be 
useful in developing more quantitative and reproducible approaches for upscaling 
field measurements of carbon emissions.

Estimating methane and CO2 emissions via habitat types also offers the opportunity 
for scenario analyses, in which the impact of different land use trends on methane 
and CO2 emissions can be estimated through changes in vegetation. Feddema et 
al. (2005) already showed the importance of land use change in estimating green-
house gas emissions and climate change. Overall, land use change is now recog-
nized to dramatically impact carbon stocks and related greenhouse gas emissions 
(Smith et al., 2005; Schulp et al., 2008). As future land use changes are expected to 
have such a large impact on carbon stocks and related greenhouse gas emissions 
(Smith et al., 2005; Schulp et al., 2008), estimates of the impact of different land 
use trends on future carbon emissions can provide valuable insights for manage-
ment to e.g. adapt mitigation strategies (Bolliger et al., 2008).

Thus, this study aims to apply an approach for upscaling and estimating methane 
and CO2 emissions at a landscape scale using habitat types available in digital maps. 
Thereto, habitat-specific emission factors are derived from field measurements in 
Dutch peatlands from Dias et al. (2010) and Vermaat et al. (2011), augmented with 
data from studies by Von Arnold et al. (2005), Hendriks et al. (2007), Veenendaal et 
al. (2007), Schrier-Uijl et al. (2008) and Kroon et al. (2010). This approach was tested 
on 9 peat polders in the Netherlands to estimate total methane and CO2 emissions 
from these areas. Additionally, this study explores the potential consequences of 
future land use change on carbon emissions using the IPCC/SRES scenarios.
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6.2 Material and methods

Emission factors of vegetation types
The flux chamber measurements previously described in Dias et al. (2010) and 
Vermaat et al. (2011) contain not only the authors’ observations on methane fluxes 
but also detailed vegetation data. These observations were classified according to 
an aggregate vegetation typology, which is traceable as habitat types in the Habitat 
Directive as well as in digital maps and management plans of nature conservation 
organisations (Bal et al., 2001; Runhaar et al., 2009). Our typology is on a similar 
classification level as that of the alliance which is commonly used in vegetation 
science (Ellenberg, 1986). The methane flux observations were classified into 
habitat types based on dominant plant species and growth forms, and the average 
emission of all observations within the same habitat type was taken (table 6.1). 
However, some important vegetation types were not included in our data. For these 
habitat types emission factors were estimated by interpolating from the resembling 
vegetation types included in our dataset, based on their similarity in characteristic 
groundwater level (Runhaar et al. 2009) and productivity. In some other cases, val-
ues reported in literature were used. So most methane emission factors were di-
rectly based on our own flux chamber measurements, but they were supplemented 
with literature values (cf. table 6.1). 

To generate CO2 emission factors for habitat types, CO2 emission factors were esti-
mated by using CO2 emission rates reported in literature. We only included stud-
ies that also describe plant species composition and management practices with 
enough detail to classify the habitat of the study sites. The vegetation sampled in 
these studies was assigned to a habitat type. CO2 emission factors were estimated 
for each habitat type (table 6.1).
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T 6.1 Overview of the CH4 and CO2 emission factors (in kg C-CH4 ha-1yr-1 and kg C-CO2 ha-1yr-1) for the main  

habitat types that are found in Dutch peatlands. Most habitat type emission factors are derived from field  

measurements described in Dias et al. (2010) and Vermaat et al. (2011), augmented with data from studies by 

Von Arnold et al. (2005), Hendriks et al. (2007), Veenendaal et al. (2007), Schrier-Uijl et al. (2008) and Kroon  

et al. (2010). For each habitat type a justification for the emission factor is given in the table.

Habitat 
type

Typical 
vegetation

C-CH
4 

emission 
factor

CH
4 
emission factor 

based on:
C-CO

2 

emission 
factor

CO
2 
emission factor based 

on:

Woodland Salicion 57 No field measure-
ments or literature 
data available. There-
fore the assump-
tion was made that 
methane emission of 
this vegetation type is 
comparable to Alnion 
as both vegetation 
types are often found 
close together, and 
grow under compara-
ble abiotic conditions 
with similar ground-
water levels.

-273 No field measurements or 
literature data available. 
Therefore the assumption 
was made that CO2 emis-
sion of this vegetation type 
is comparable to Alnion as 
both vegetation types are 
often found close together, 
and grow under comparable 
abiotic conditions with  
similar groundwater levels.

Alnion 57 Data from Von Arnold 
et al. (2005).

-273 Data from Von Arnold et al. 
(2005)

Reedland Filipen-
dulion

488 Data	from	Wachiner	et	
al. (2000)

-3297 Data from Hendriks et al. 
(2007). No removal of  
biomass is assumed.

Caricion 2135 Field measurements
(described in Dias et 
al., 2010)

-3297 Data from Hendriks et al. 
(2007). No removal of  
biomass is assumed.
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Habitat 
type

Typical 
vegetation

C-CH
4 

emission 
factor

CH
4 
emission factor 

based on:
C-CO

2 

emission 
factor

CO
2 
emission factor based 

on:

Species 
rich fens

Calthion 374 Field measurements
(described in Dias et 
al., 2010)

-200 No field measurements or 
literature data available. 
Therefore, a rough estimate 
was made as this vegetation 
fixes carbon (like Cynosurion) 
but loosing less because of 
a higher water table.

Junco-
molinion

97 Data	from	Wachinger	
et al. (2000)

-200 No field measurements or 
literature data available. 
Therefore, a rough estimate 
was made as this vegetation 
fixes carbon (like Cynosuri-
on) but loosing less because 
of a higher water table.

Oxy-
cocco-
ericion

470 Field measurements
(described in Dias et 
al., 2010)

-200 No field measurements or 
literature data available. 
Therefore, a rough estimate 
was made as this vegetation 
fixes carbon (like Cynosurion) 
but loosing less because of 
a higher water table.

Meadow-
bird-land

Cynosu-
rion

140 Field measurements
(described in Dias et 
al., 2010)

-84 Based on the Stein data in 
Veenendaal et al. (2007)

Open 
water

- 329 Field measurements
(described in Vermaat 
et al., 2011)

-155 Field measurements
(described in Vermaat et al., 
2011)

Ditchbank 
(intensive)

Filipen-
dulion

488 Data	from	Wachinger	
et al. (2000)

-2000 Data from A. Schier-Uijl 
(unpublished).

Ditchbank 
(extensive)

Caricion 2135 Field measurements
(described in Dias et 
al., 2010)

-200 Assumed similar to species-
rich fens

Calthion 374 Field measurements
(described in Dias et 
al., 2010)

-200 Assumed similar to species-
rich fens

Ryegrass-
sward

Lolion 79 Field measurements
(described in Dias et 
al., 2010)

1340 Data from Veenendaal et 
al. (2007) and Kroon et al. 
(2010)

Not  
eutrophic 
ditch

- 460 Field measurements
(described in Vermaat 
et al., 2011)

1631 Field measurements  
(described in Vermaat et al., 
2011)

Eutrophic 
ditch

- 1150 Field measurements
(described in Vermaat 
et al., 2011)

167 Field measurements
(described in Vermaat et al., 
2011)
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Validation of emission factors
We used published CH4 surveys to validate our emission factors. These surveys did 
not attempt to link methane emission fluxes to vegetation, but we attempted this 
for these surveys using our classification of habitat types and associated emission 
factors. Therefore, studies were only included if enough information on plant spe-
cies composition and management practices was available. For each published CH4 
survey, the individual sites described in the study were assigned to habitat types 
following our classification and were then given the emission factor associated with 
this habitat type according to our classification (i.e. table 6.1). Site emissions pre-
dicted via our classification were then compared with the actual field observations 
for the site that were reported in the study. Linear trends between predicted emis-
sions based on our factors and reported observations were calculated separately for 
land and water emissions. Figure 6.1 gives a conceptual overview of the validation 
methodology. Validation of CO2 emission factors was not possible because we do not 
have any CO2 flux estimates for our habitats outside literature values.

Figure 6.1 Flow chart of the methodology used to estimate methane vegetation emission factors 

and their validation.
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Scaling up CH4 and CO2 emissions
Methane and CO2 emissions were estimated for 9 peat polders in the Netherlands. 
Due to differences in the nature of the available data, different methodologies were 
used to upscale emissions for nature reserves and agricultural land. Figure 6.2 
gives a conceptual overview of the upscaling methodology.

Nature reserves
Large-scale GIS datasets with habitat types (‘natuurdoeltypen’ in Dutch, literally 
nature target types) are available for nature reserves in the Netherlands. These 
types formalize the targets to be achieved in these nature reserves. This implies 
that current vegetation types may not fully reflect the target habitat type. None-
theless, we judged that correspondence is reasonable and sufficient to justify its 
application. We calculated the area of each habitat type in each peat polder. Next, 
we merged several types to generate correspondence with the broad habitat type 
classes for which we have derived CH4 and CO2 emission factors (table 6.2). Some of 
the broad habitat type classes comprise multiple of the ‘natuurdoeltypen’ habitat 
types, and the latter were combined to calculate the total area of each aggregate 
habitat type per peat polder. CH4 and CO2 emissions from each broad habitat type 
were determined by multiplying the area of each broad habitat type with its emis-
sion factor. Ditches are too small to have been taken explicitly into account as a 
‘natuurdoeltype’. Therefore, an alternative approach was used to calculate emis-
sions from ditches. The digital topographic map of The Netherlands at 1:10,000 
(Kadaster 2007) was used to identify ditches, and the total length of ditches in 
nature reserves was determined. Average ditch width was determined by Vermaat 
and Hellmann (2010) for each of these peat polders, and the total ditch area was 
calculated for each peat polder by multiplying total ditch length with average ditch 
width. Ditchbank area was estimated based on Nol et al. (2008), who estimated 
that the area ditchbank equals 0.3 * total ditch area.

Agricultural land
The digital topographic map of The Netherlands at 1:10,000 (Kadaster 2007) was 
used to determine the area of agricultural land in each peat polder. But first nature 
reserves were subtracted from the polder area because emissions from nature re-
serves are calculated separately (see above). Then, the area pasture, forest, open 
water and arable land were calculated in the remaining polder area. Obviously, the 
calculated areas forest and open water concern only the forest patches and open 
water outside nature reserves. Given the negligible area of arable land, this cat-
egory has been merged with grassland. Each of these land use types can be charac-
terized as a habitat type (i.e. pasture: ryegrass sward, forest: woodland, lake: open 
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water), and is thus assigned the emission factor associated with this habitat type 
(table 6.2). Ditch length was also calculated based on the digital topographic map 
of The Netherlands, and ditch and ditch bank area have been estimated as above.

Figure 6.2 Flow chart of the methodology used for the vegetation emission factors and their  

upscaling to landscape scale. *Emission factors for CH4 were based on field measurements 

(previously described in Dias et al. 2010 and Vermaat et al., 2011) augmented with emission 

factors from literature for those habitat types missing in the field measurements. Emission  

factors for CO2 were solely based on literature
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T 6.2 As spatial datasets of Dutch nature reserves do not contain habitat types but nature target 

types instead (cf Bal et al., 2001, Runhaar et al., 2009), the latter were used to determine 

carbon emissions within nature reserves of selected peatlands. Shown are nature target types 

found in the nature reserves and the habitat types that correspond best with them. Each nature 

target type was assigned the emission factors of its’ corresponding habitat type (respectively in 

kg C-CH4 ha-1yr-1 and kg C-CO2 ha-1yr-1). 

Habitat type Nature target type code Emission factor
(C-CH

4
/C-CO

2
)

Woodland lv 3.7, lv 3.8, lv 3.9, lv. 4.4 57 / -273

Reedland lv 3.3, lv 4b3 1311 / -3297

Species rich fens lv 3.4, lv 3.6 314 / -200

Meadowbird-land zk 4.2, ri 3.2, ri 3.3, ri 4.2, ri 4b4, lv 3.5 140 / -84

Open water lv 3.1, lv 3.2 329 / -155

Ditchbank, intensive use - 488 / -2000

Ditchbank, extensive use - 1255 / -200

Ryegrass-sward - 79 / 1340

Not eutrophic ditch - 460 / 1631

Eutrophic ditch - 1150 / 167

Other types of land use - 80 / 1000

IPCC/SRES scenarios
The IPCC/SRES scenarios describe four contrasting world views, and their implica-
tions for climate change (Lorenzoni et al. 2000). Westhoek et al. (2006) have detailed 
these IPCC/SRES scenarios for rural Europe: ‘Global economy’/A1, ‘Continental 
market’/’A2, ‘Global cooperation’/B1, and ‘Regional communities’/B2. Verburg et al. 
(2008) have made land use projections based on these scenarios, in which the differ-
ent socio-economic trends assumed in the scenarios result in different land use pat-
terns per scenario. Drawing upon the scenario descriptions of Westhoek et al. (2006) 
and land use modelling of Verburg et al. (2008), we have applied these scenario de-
scriptions specifically to Dutch peat polders and articulated four qualitative (land use) 
scenarios for Dutch peat polders (table 6.3). The scenarios are briefly outlined below:
•	 The scenario ‘Global economy’ assumes a small government and strong glo-

balization, combined with fast technological progress (Lorenzoni et al., 2000; 
Westhoek et al., 2006). Land use modelling indicates that the increased agri-
cultural productivity and international competition assumed in this scenario 
will lead to a concentration of agriculture in ‘high-potential areas’ and an ag-
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ricultural abandonment of more marginal areas (Verburg et al., 2008). There-
fore, we assumed a similar trend for Dutch peat polders, in which agriculture 
disappears in smaller peat polders but remains viable in the largest peat 
polders (e.g. Alblasserwaard) due to the potential for economies of scale. Envi-
ronmental concerns are relatively low in this scenario (Lorenzoni et al., 2000; 
Westhoek et al., 2006). Therefore, we assume that abandoned agricultural land 
in Dutch peat polders will not be maintained for nature conservation purposes 
and that existing nature reserves are poorly maintained. 

•	 ‘Continental markets’ assumes a small government but not a strong globaliza-
tion. Instead, regionalization results in a ‘North-Atlantic market’ protected 
by trade barriers and the maintained Common Agricultural Policy (CAP) 
(Lorenzoni et al., 2000; Westhoek et al., 2006). Land use modelling indicates 
that these assumptions will result in a high demand for agricultural land in 
the EU (Verburg et al., 2008). Therefore we assumed a similar trend for Dutch 
peat polders, in which current intensive agriculture is maintained in the Dutch 
peatlands. Environmental concerns are relatively low in this scenario (Lor-
enzoni et al., 2000; Westhoek et al., 2006). Therefore, we assume that these 
scenario assumptions result in the loss of natural vegetation and negligence of 
existing nature reserves in Dutch peat polders. 

•	 ‘Global cooperation’ assumes strong governments and globalization (Lorenzo-
ni et al., 2000; Westhoek et al., 2006). Land use modelling suggests that these 
scenario assumptions result in a concentration of agriculture in ‘high-potential 
areas’ with agricultural abandonment of marginal areas (Verburg et al., 2008). 
Applying this development to Dutch peat polders, we assume that agricul-
ture will disappear in smaller peat polders but remains in larger peat polders 
(where there is more potential to obtain economies of scale). Environmental 
concerns are relatively high in this scenario (Lorenzoni et al., 2000; Westhoek 
et al., 2006). Due to this high environmental awareness, we assume that aban-
doned agricultural land is not neglected in Dutch peat polders but maintained 
to attain set biodiversity goals. 

•	 ‘Regional communities’ assumes small governments and little globalization 
(Lorenzoni et al., 2000; Westhoek et al., 2006). Environmental awareness is 
high and self-sufficiency is considered important (Lorenzoni et al., 2000; West-
hoek et al., 2006). Land use modelling suggests that this results in a moderate 
demand for agricultural land, but with agricultural production systems that 
are typically small-scale and more sustainable than current production sys-
tems (Westhoek et al., 2006; Verburg et al., 2008). As a result, we assume that 
the current area of agricultural land in Dutch peatlands is kept in production 
although the use is less intense. Existing natural vegetation is maintained.
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T 6.3. Main scenario assumptions regarding land use changes in Dutch peat polders. 

 

Scenario Main scenario assumptions

Global economy Area agricultural land decreases 50% in polders with smaller 
agricultural units. Abandoned agricultural land is not main-
tained, and transforms in alder/willow forest due to succes-
sion. Nature reserves are not well maintained: i.e. species 
rich fen and meadowbirdland decrease 30% in favour of 
reedland.

Continental markets Area agricultural land increases; i.e. woodland disappears 
in favour of intensive husbandry (ryegrass swards). Current 
intensive production system is maintained. Nature reserves 
are not well maintained: i.e. species rich fen and meadow-
birdland decrease 30% in favour of reedland.

Global cooperation Area agricultural land decreases 50% in polders with smaller 
agricultural units. Abandoned agricultural land is maintained; 
i.e. conservation management results in species-rich fens 
and reedland on these lands. Nature reserves are maintained 
and keep their current vegetation cover.

Regional communities Area agricultural land does not change and current natural 
vegetation is maintained. The current intensive production 
system remains economically viable but important adjust-
ments are made to make it more sustainable with meadow-
birdland replacing ryegrass sward on agricultural land.

6.3 Results

Validation of emission factors
Predicted methane fluxes correlated significantly with those observed for land and 
water (Figure 6.3). However, slopes differed significantly from 1, suggesting a sys-
tematic overestimation by about a factor 2. However, there is an important caveat 
to make. Predicted methane fluxes are based on our methodology which is in turn 
based on our field measurements done during the growing season. The observed 
methane fluxes were derived from other studies (i.e. literature). These studies 
measured all-year and thus covered not only the growing season but the whole 
year. As temperature is lower outside the growing season and is known to influence 
the production of methane, this could explain why the yearly average methane 
emission factors in these studies are smaller than the methane emission factors 
we predicted. Indeed, methane emissions in the included studies are outside the 
growing season much smaller (i.e. even more than a factor 2) than in the growing 
season. This suggests that our methane emission factors still fall within the range 
of these other studies if a temperature correction could be made. This was not pos-
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sible, and we therefore accounted for this systematic overestimation by reducing 
the emission factors in table 6.2 with a factor 2 in calculating landscape carbon 
fluxes. We applied this correction only to emission factors that were based on our 
own measurements (i.e. measurements described in Dias et al., 2010; Vermaat et 
al., 2011), and did not apply this correction to emission factors directly derived from 
literature as these are obviously independent from our measurements.

Current landscape carbon fluxes
The contribution of wetlands designated as nature reserves to the total landscape 
CH4 flux is disproportionately large (figure 6.4; figure 6.5). As a result, polders with 
a large proportion of nature (i.e. Ankeveen, Nieuwe Keverdijkse Polder, Krimpener-
waard and Rottige Meente) consistently show a large total CH4 flux per ha, whereas 
polders with higher shares of agricultural land (i.e. Alblasserbovenwaard, Alblas-
sernederwaard and Vlietpolder) have lower total CH4 fluxes per ha. The contribu-
tion of open water to the landscape CH4 flux is less important.

y = 2.28x + 3.92
R² = 0.90, p= 0.003

y = 2.05x - 0.89
R² = 0.94, p < 0.05 
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Figure 6.3 Predicted and observed CH4 emission factors (mg CH4 m
-2 h-1) for the sites of Lange-

veld et al. (1997), Van den Pol-van Dasselaar et al. (1999), Hendriks et al. (2007), and Schrier-

Uijl et al. (2008). Separate curves were fitted for terrestrial (i.e. fields) and aquatic (i.e. ditches) 

vegetation.
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Figure 6.4 Relative area of different habitat types in the selected peat polders. ‘Open water’ 

encompasses open water in both agricultural land and nature reserves. ‘Nature’ encompasses 

all habitat and/or land use types in nature reserves except open water. ‘Agriculture’ encompasses 

all pasture and arable land outside nature reserves and ‘remainder’ is all other remaining 

land outside nature reserves. Total polder area is given in ha between brackets. NKP stands for 

Nieuwe Keverdijkse Polder.

Agriculture is always an important CO2 source, whereas nature reserves can be a 
minor (Vlietpolder, Krimpenerwaard, Alblasserbovenwaard) to large sink (Rottige 
Meente, Ankeveen). Not all polders with a large area of nature show high levels of 
CO2 sequestration. Several polders with large shares of nature (Nieuwe Keverdijkse 
Polder and Krimpenerwaard) show little CO2 sequestration, and are still a source of 
CO2 at the landscape scale due to CO2 emissions from agricultural land. Clearly, it is 
important which type of natural vegetation is found in these polders as it can turn 
polders from a CO2 source into sink.

All polders are a net source of carbon and have comparable net carbon emissions 
(i.e. combined CH4 and CO2 emission; figure 6.5) -despite their differences in land 
use; i.e. polders with higher shares of agricultural land do not necessarily show 
higher net carbon fluxes. Generally the net carbon flux is relatively equally distrib-
uted between CH4 and CO2, except for 2 polders with very high proportions of na-
ture (Rottige Meente, Ankeveen) where CH4 clearly dominates the net carbon flux. 
However, the net carbon flux is not so much dominated by CH4 in other polders 
with a large proportion of nature (Nieuwe Keverdijkse Polder, Krimpenerwaard). 
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Clearly, it is important which type of natural vegetation is found and not all polders 
with a large area of nature have such large CH4 emissions.

Changes in landscape carbon fluxes according to IPCC/SRES scenarios
Net carbon emissions are generally higher in the A2 scenario than in current condi-
tions and in the other scenarios (figure 6.6). This is attributable to the increase in 
agricultural area in this scenario and the associated decrease in woodland, which 
result in much higher CO2 emissions. Additionally, the increase in reedland at the 
expense of species-rich fens and meadowbird grassland in this scenario also re-
sults in higher methane emissions. Both land use change processes are therefore 
responsible for the higher net carbon emissions in this scenario. Net carbon emis-
sions in scenarios A1 and B1 are comparable to those in current conditions in most 
polders. In both scenarios, methane emissions increase but are counterbalanced 
by decreases in CO2 emissions. This is attributable to the smaller agricultural area 
in these scenarios and the associate increase in woodland (scenario A1) or species-
rich grasland and reedland (scenario B1). These habitat types have higher CH4 
emissions than intensively used grassland but substantially lower CO2 emissions, 
explaining the small differences in net carbon emission between these scenarios 
and the current situation. For many polders these emissions cancel each other out 
resulting in net carbon emissions comparable to the current situation. As the land 
use change process of decreasing agricultural area is not assumed to occur in the 
largest peat polders due to their efficient economies of scale (e.g. Alblasserwaard, 
Krimpenerwaard), carbon emissions remain identical to the current situation in 
these polders. Net carbon emissions in scenario B2 are lower than in the current 
situation and in the other scenarios. This reason for this is the adjustments made in 
the current intensive production system, which aims to become more sustainable 
and where ryegrass swards on intensive agricultural land are replaced by meadow-
birdland vegetation. Meadowbirdland vegetation has a lower net carbon emission 
than ryegrass swards, resulting in lower net carbon emissions in this scenario. This 
makes B2 the only scenario with a consequent lower net carbon emission than the 
current situation.
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6.4 Discussion

The upscaling approach used in this study successfully estimated landscape scale 
CH4 and CO2 emissions in 9 peat polders based on digital (GIS) vegetation maps. 
However, carbon emissions in this study are estimates based on a limited number 
of field samples and/or scientific references. CH4 and CO2 emissions show consider-
able temporal and spatial variation (Granberg et al., 1997; Van Beek et al., 2010), 
and the empirical evidence for the estimated emission factors is therefore limited. 
Additional field samples of carbon fluxes across these vegetation types could sig-
nificantly improve the approach. Nevertheless, validation of the emission factors 
showed a good fit between methane emission factors predicted via our approach 
and emissions measured in the field, suggesting that the applied approach seems 
useful to upscale carbon emissions. Although the variable coefficients in the re-
gressions were higher than 1, we could explain this through temperature differenc-
es between the measurements on which our approach was based and those found 
in literature. Moreover, we did account for this difference.

A critical remark is that the carbon emission of woodland was difficult to estimate 
because it was based on only 1 study (Von Arnold et al. 2005) and there are some 
reasons to suggest that the currently applied emission factor may have been too 
low for Dutch sites: i.e. this study was performed in southern Sweden and the sites 
had lower pH, nitrogen and temperature levels than most Dutch peatlands have. 
All these factors are known to influence carbon emissions (Valentine et al., 1994; 
Granberg et al., 1997; Aerts 1999), suggesting that Dutch carbon emissions from 
woodlands on peat soils could be potentially higher. Unfortunately, no field meas-
urements of carbon emissions in woodlands on Dutch or mid latitude European 
peat soils have been done. This is an urgent research need that possibly hampers 
the upscaling of carbon emissions in both Dutch and European peatlands. Ac-
cording to our results a higher emission factor for woodland would not result in 
radically different carbon fluxes in the current situation, but the net carbon emis-
sions in some scenarios would increase substantially. Especially in scenario A1 
with woodland replacing agricultural land, a higher emission factor for woodland 
would result in substantially higher net carbon emissions. This scenario shows 
net carbon emissions comparable to current conditions, but net carbon emissions 
would increase substantially if woodland emissions would be higher. Moreover, a 
scenario with large scale cultivation of willow is not unthinkable in the near future 
given the potential of willow as a source of bioenergy or biofuel (Hellmann and 
Verburg, 2011). In the Netherlands, large-scale cultivation of willow has already 
been advocated as a new, potentially promising land use (Londo, 2002). Before 
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such large-scale cultivation of willow is under way, it is important to determine 
the potential effects of large-scale willow cultivation on the carbon balance of peat 
soils. Other studies have already shown that the unforeseen, indirect effects of 
large scale biofuel cultivation can be substantial (Anderson and Fergusson, 2006; 
Frondel and Peters, 2007; Hellmann and Verburg, 2010).

This study also analyzed the impact of land use change on carbon emissions in 
different scenarios. Net carbon emissions in the scenarios clearly differed from 
each other and current conditions: scenario A2 has substantially higher net carbon 
emissions and scenario B2 has substantially lower net carbon emissions, whereas 
the remaining scenarios have net carbon emissions comparable to those under 
current conditions. Clearly, these differences between scenarios show that land 
use change can have a real impact on net carbon emissions at the landscape scale 
and confirm that land use change is a key variable regarding greenhouse gas emis-
sions of (peat)land (cf. Dias et al., 2010, Vermaat et al., 2011). Another important 
outcome of the scenario calculations is that the projected increase in natural wet-
land vegetation due to agricultural land abandonment in scenarios A1 and B1 does 
not increase net carbon emissions compared to the current situation. These wet-
land habitat types are known to emit substantial amounts of methane, and some 
authors have suggested that rewetting of drained peatlands for conservation or 
other purposes is likely to result in higher net greenhouse gas emissions (Best and 
Jacobs 1997; Wilson et al., 2009; Berglund and Berglund, 2011). Our results suggest 
that an increase of these wetland habitat types does not lead to higher net carbon 
emissions at the landscape. Moreover, N2O emissions have not been taken into ac-
count in this study. The net greenhouse emission of most of these (semi-)natural 
habitat types would improve considerably as compared to intensive grasslands if 
N2O emissions would also have been taken into account. In the Netherlands, most 
intensive grasslands receive large amounts of artificial fertilizer and the resulting 
N2O flux in CO2 equivalents is typically several times larger than the CH4 and CO2 
fluxes under average farming conditions (Langeveld et al. 1997; Kroon et al., 2010; 
Van Beek et al., 2010). Although this study was not able to include N2O emissions, it 
is reasonable to assume that the greenhouse gas balance of these wetland habitat 
types would become more favourable when taking N2O emissions into account. 
Therefore, an increase of wetland habitat types likely will have a favourable effect 
on net greenhouse gas emissions at the landscape scale in these agriculturally 
used peatlands.

Despite some methodological issues, the approach followed in this study shows 
that habitat types can be used to upscale field measurements of vegetation emis-
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sion factors using GIS datasets to derive carbon emissions at the landscape scale 
in a quantitative and reproducible way. The habitat type classification was de-
tailed enough to allow a differentiation between different land uses (i.e. land use 
intensities) and could thus be used to incorporate the impact of human land use 
change on carbon emissions as needed for national GHG inventories and reduction 
strategies. Although some studies have made previous attempts to upscale carbon 
emissions to the landscape scale via a bookkeeping approach (Bolliger et al., 2008; 
Schulp et al., 2008), these studies typically use more heavily aggregated (land use) 
data and miss the detail of an approach based on vegetation or habitat types.
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