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importance

(Parish et al. 2008)
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Peatlands in Europe

• < 7% of land area

• Climate gradient
(temperature,
radiation):

C balance, CH4

• Land use gradient
(drainage intensity,
C export by harvest)

C balance,
CH4, N2O ESDB 1.0 (JRC)



Emission factors: 
Data from field observations

• Annual GHG flux data from measurements in Europe:
– 387 site-years 
– 17 bog complexes,  40 fen complexes
– with at least one GHG species



Activity data

• Explanatory factors / Scaling factors:
– Peat soil map: ESDB 1.0
– Land use: CORINE Land Cover 2000 

• Scaling procedure
– Stratification by proxies: climate class and land use 

(like IPCC Guidelines)



Peatland use and data uncertainty

EU-27 Peatland Area
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Stratification by
climate class and land use

NoNEP, CH4Restored

Nodata for
bogs only

Degraded

Nodata for
fens only

Crop

Nodata for
fens only

Grass

CH4NoForest

NEP, CH4N2OMire

Climate zone
separated

Fen/bog 
separated

Land use

Climate zones:

Subarctic < 0°C
N Boreal     0-5°C
S Boreal     5-7°C
Temperate >7°C



Median EFs for temperate peatlands
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Emission factors: new insights

• CO2 drained forests: no/few EU data
grassland: highly variable, similar to IPCC 2006
cropland: reduced uncertainty: 8.8 (4.0 – 11.2) t C ha-1 a-1

instead of IPCC 2006: 10 (1 – 19) t C ha-1 a-1

degraded: highly variable
restored bogs: tend to become C sink
restored fens: variable, small C source or C-neutral

• CH4 no significant CH4 source from drained soils
restored bogs: CH4 source < mires
restored fens:  CH4 source > mires

• N2O IPCC default EFs confirmed
new EF for drained forests: 
2.1 (0.25 – 28) kg N ha-1 a-1

Freibauer, Drösler et al. In prep.



European peatlands: GHG budget

GHG Budget
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EU peatlands GHG budget:
new insights

• European peatlands emit 117 (18 - 424) Tg CO2-equ. a-1

of which drained peatlands: 121 (17 - 401) Tg CO2-equ. a-1

• Drained agricultural peatlands are GHG emission hotspots
= as much as all European croplands (Schulze et al. 2009 Nature 
Geoscience)!

• Some Uncertainties
– „Degraded“, „restored“ and „forest“ peatlands
– Peat area, peat type, drainage level
– Consistent measurements of full GHG budget

• Nevertheless:
– Much improved quantitative knowledge of GHG response to climate

and land use drivers
– Data gaps to be filled by running projects
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peatland synthesis: detailed objectives
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German input: 
Nationally funded sites

Blue sites BMBF-project
2006-2010

Blue and purple sites vTI-project
2009-2012



Research partners – BMBF project

Vegetationsökologie

TUM-VÖK Matthias Drösler, Wolfram Adelmann, 
Lindsey Bergmann, Christoph Förster,
Julia Hermann  
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LBEG Heinrich Höper, Colja Beyer, 
Horst Liebersbach

MPI-BGC Annette Freibauer, Catharina Don
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TUM-WDL Jochen Kantelhardt, Lena Schaller, 
Rico Hübner 

ZALF-BLF Michael Sommer, Marc Wehrhahn, 
Franz Zinnecker

ZALF-LSD Jürgen Augustin, Madlen Pohl, Elisabeth 
Boraz, Michael Giebels, Merten Minke, 
Maarten Schmid,   



peatland study: representative selection of sites

Climatic water balance
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GHG-balance - German bogs

-10

0

10

20

30

40

50

60

70

80

Ack
er

Grün
lan

d i
nte

ns
iv 

/ m
itte

l

Grün
lan

d e
xte

ns
iv 

tro
ck

en

Grün
lan

d e
xte

ns
iv 

na
ss

Hoc
hm

oo
r tr

oc
ke

n

Natu
rna

h/R
en

atu
rie

rt
Übe

rst
au

t C
O

2-
Ä

qu
. h

a-1
 a

-1
Alle TGs Hochmoor

Fehlerbalken: Minimum - Maximum der Messungen

All sites Peat bogs

Fa
rm

la
nd

G
ra

ss
la

nd
 in

te
ns

iv
e 

G
ra

ss
la

nd
 

ex
te

ns
iv

e 
dr

y

G
ra

ss
la

nd
 

ex
te

ns
iv

e 
w

et

H
ea

th

N
at

ur
al

/ r
es

to
re

d

Fl
oo

de
d

Droesler, Freibauer et al in prep. 



-75 -50 -25 0 25 50
WT-mean total [cm]

-250

0

250

500

750

1000
G

W
P

-b
al

an
ce

 G
H

G
s 

[g
 C

O
2-

C
-e

qu
. m

-2
 

-

2

G
H

G
-b

al
an

ce
[g

 C
O

2-
C

 Ä
qu

iv
. m

-2
a-

1
] r2=0.6

p=<0.01

Mean WT: dominating but not single explaining
factor

GHG-balance vs. WT  - German bogs

Farmland
GL int. /mean
GL ext. dry
GL ext. wet
heath/unused dry
restored / natural
flooded

Droesler, Freibauer et al in prep. 



-10
0

10
20
30
40
50
60
70
80

Ack
er

Grünland i
ntensiv

 / m
itte

l

Grünland e
xte

nsiv
 tro

ck
en

Grünland e
xte

nsiv
 nass

Hoc
hmoor 

tro
ck

en
Natu

rnah/R
enaturie

rt

Übe
rst

au

t C
O

2-
Ä

qu
. h

a-1
 a

-1

THGs CH4 N2O
Fehlerbalken: Minimum - Maximum der Messungen

GHG-balances - German fens

Fa
rm

la
nd

G
ra

ss
la

nd
 in

te
ns

iv
e 

G
ra

ss
la

nd
 

ex
te

ns
iv

e 
dr

y

G
ra

ss
la

nd
 

ex
te

ns
iv

e 
w

et

H
ea

th

N
at

ur
al

/ r
es

to
re

d

Fl
oo

de
d

Droesler, Freibauer et al in prep. 



-10

0

10

20

30

40

50

60

70

80

Ack
er

Grün
lan

d i
nte

ns
iv 

/ m
itte

l

Grün
lan

d e
xte

ns
iv 

tro
ck

en

Grün
lan

d e
xte

ns
iv 

na
ss

Hoc
hm

oo
r tr

oc
ke

n

Natu
rna

h/R
en

atu
rie

rt
Übe

rst
au

t C
O

2-
Ä

qu
. h

a-1
 a

-1

Alle TGs Niedermoor
Fehlerbalken: Minimum - Maximum der Messungen

GHG-balance - German fens

Fa
rm

la
nd

G
ra

ss
la

nd
 in

te
ns

iv
e 

G
ra

ss
la

nd
 

ex
te

ns
iv

e 
dr

y

G
ra

ss
la

nd
 

ex
te

ns
iv

e 
w

et

H
ea

th

N
at

ur
al

/ r
es

to
re

d

Fl
oo

de
d

All 
sites

fens

Droesler, Freibauer et al in prep. 



CH4-Risiken

Methan-Risiken
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monitoring: bog vegetation as indicator for restoration succes

restored

drained

1996 1999 2003

1996 1999 2003

Vegetation dynamic after restoration



Mooswachstumsmessflächen und Messmethode

Peat moss development after restoration



Peat moss growth rates

peat moss growth 2004-2008 : site1
r^2=0.9426922; a=-2.91363051; b=0.009204884
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C-Balance [g C m-2 a-1)
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05/2008

Niedermoor-Renaturierung: Gefluteter Polder 
Zarnekov

(Jürgen Augustin, ZALF)
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C-pool in German peatlands 1200 – 2400 Mio t

Emissions from German peatlands up to 
45 Mio t CO2 equiv/a (NIR2010)

 peatlands are among the biggest single sources
5 % of the overall climate impact of Germany

30 % ot the emissions of the whole farming sector
from peatland agriculture unless just 
8 % of farmland on organic soils

 big emission-reduction potentials at small land 
proportion

GHG-Balances German peatlands



structure

Drösler - TUM

1. Introduction: peatlands and climate
2. Assessment of GHG-exchange of European peatlands
3. In-depth study: GHG-exchange of German peatlands
4. Management and restoration
5. Conclusions and outlook

outline



Wiss. Beirat Agrarpolitik beim BMELV, 2007

Climate mitigation via peatland conservation

Mitigation potential via peatland restoration

Estimated emission reductions
Ca. 30 t CO2 equiv. / ha a  in fens
Ca. 15 t CO2 equiv. / ha a in bogs

Abatement costs



PeatlandPeatland
conservationconservation

restorationrestoration

Biodiversity

Climate
protectionWater regulation

Integration of Integration of ecologicalecological servicesservices ((climateclimate, , biodiversitybiodiversity, , waterwater) ) 
in in agriculturalagricultural fundingfunding schemesschemes withinwithin CAP   CAP   
paypay land land usersusers on on organicorganic soilssoils forfor producingproducing ecologicalecological servicesservices

ButBut: : MonitoringMonitoring & & modellingmodelling of of thethe effectseffects neededneeded! ! 

conclusionsconclusions

 Synergies between BiodiversityBiodiversity--,
WaterWater-- and ClimateClimate protectionprotection

 Development of  
sitesite--specificspecific
PeatlandPeatland managementmanagement strategiesstrategies
(land-use, land-tenure, 
hydrological setting,
costs and goals)   

 ApplicationApplication of of newnew peatlandpeatland managementmanagement strategiesstrategies
(stakeholder participation, permanence, commitment, costs)



EU-FP7 Project  (2010-2013)
GHG-Europe (coord. vTI)

Greenhouse gas management in 
European land use systems

activity 2.1: peatland synthesis (TUM-VÖK)



Annette Freibauer vTI-AK Seminar 27.04

Thanks for your attention

Thanks to all contributers in the running GHG-exchange projects

Thanks to the funding institutions: EU, BMBF, vTI, LfU, BStMWK, BFN 




