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Abstract:
The paper presents a process-based model describing methane flux dynamics in
different microsites of boreal peatlands. The simulated fluxes matched well to
measurements in all microsites without any parameter adjustment. The model
emphasizes the importance of microsite characteristics, water table and vegetation
cover for methane fluxes. Water level determines the moisture and oxygen profile in
peat matrix and therefore affects methane production and oxidation rates in peat
profile. Vascular plants provide methanogenesis with substrates, form a pathway for
methane to liberate from peat to the atmosphere and enhance methane oxidation by
transporting oxygen to water saturated peat. The model connects methane fluxes to the
seasonal photosynthetic cycle of plants at the microsite level and hence dynamically
combines the microbial processes in peat to changing environmental factors in the
level of peatland ecosystem. Sensitivity analysis of the model reveals the importance of
substrate supply to methane fluxes. In addition, the capability of the vascular plants to
transport oxygen downwards has a large effect on model outcome. Lack of oxygen and
methane keep methane oxidation at a low level in the model simulations and changes
that compensate for these lacks have a remarkable decreasing effect on simulated flux.
Dry periods decrease the simulated methane flux considerably, especially if the
drought prevails long, threshold for a dramatic decrease lying between 4 and 6 weeks
of drought. Increase in air temperature enchances methane flux especially if the effect
of increased temperature on gross primary production is taken into account.
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a. Carex  lawn A
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b. Flark B
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c. Eriophorum  lawn A
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d. Lawn-low hummock B
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e. Hummock A
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f. Hummock B
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a. Carex  lawn A
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b. Flark B
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c. Eriophorum lawn A
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d. Lawn-low hummock B
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e. Hummock A
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f. Hummock B
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a. Carex lawn A
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b. Flark B
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c. Eriophorum lawn A
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d. Lawn-low hummock B
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e. Hummock A
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f. Hummock B

0

10

20

30

40

50

60

70

80

90

100

-0.5 0.0 0.5 1.0 1.5 2.0

mol or g m-3

cm
 b

el
o

w
 p

ea
t 

su
rf

ac
e

O2

CH4

Methanogens

Y'ÒÎÐ�Þ<×%Ø k � Ë"â�Ø�×]Ù8Ð�Øcå3×%Í8ð
ÌÎØªÛVÍ�×�Í�èUáPÐ�Ø�ÏvÙ�Ï3ßjÜDØ�Ó%Ô3Ù�Ï<ØcÖHÍ�Ï3ÖHØ�ÏMÓ�×]Ù8Ó%ÒÎÍ�Ï3Ú�Ù�Ï3ßjÜDØ�Ó%Ô3Ù�Ï<Í�Ð�Ø�Ï3Ò±Ö!à4ÒÎÍ�Ü�Ù�Ú%ÚeÒ±Ï
ÙUã � ���b��D�Ì±Ù�Ñ"ÏR} à#ã�ê
Ù8×b[�|íÖ8ãt@t�_G.�,���d���_idH Ì±Ù�Ñ"ÏR}�ß�ã�Ì±Ù�Ñ"ÏPïPÌÎÍFÑ1ÔPÞ3Ü�ÜDÍUÖb[�| Ø�ã"ÔPÞ3Ü�ÜDÍUÖb[�}1Û5ã
ÔPÞ3Ü�ÜDÍUÖb[;|·ã

���



0

500

1000

1500

2000

2500

3000

3500

4000

4500

6-May 25-Jun 14-Aug 3-Oct

F
lu

x,
 m

g
 C

H
4 

m
-2

 d
-1

a.

0

1000

2000

3000

4000

5000

6000

7000

6-May 25-Jun 14-Aug 3-Oct

F
lu

x,
 m

g
 C

H
4 

m
-2

 d
-1

b.

0

100

200

300

400

500

600

700

800

6-May 25-Jun 14-Aug 3-Oct

F
lu

x,
 m

g
 C

H
4 

m
-2

 d
-1

c.

0

100

200

300

400

500

600

700

800

6-May 25-Jun 14-Aug 3-Oct

F
lu

x,
 m

g
 C

H
4 

m
-2

 d
-1

d.

Y'ÒÎÐ�Þ<×%Ø � � 7UÒ±Ü�Þ3Ì±Ù8Ó�Ø�ß�ÜDØ�Ó%Ô3Ù�Ï<Øeê
ÞUè�ÛV×%Í�Ü @t�_G.�,���d���_idH-Ì±Ù�Ñ"Ï�}ìÑ"ÒÎÓ%Ô�Ó�Ø�Ï � Ó�Ñ�ÍIïMÛVÍ�Ì±ß¨Ò±Ï3ÖH×%Ø�Ù�Ú�Ø � ß<Ø�ÖH×%Ø�Ù�Ú�Ø
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	���
 i -/&;: � � 2 � ÛV×%Í�Ü�ÌÎÍFÑ�Ø�Ú�Ó
Ó�ÍwÔ3ÒÎÐ�Ô<Ø�Ú�Ó{Ö�Þ<×%â�Ø o� è�}� +-/?  ���&���� � 2UÝ�}� +-/?  ���&���� � 2UÝd0"è�}� +-/?  ���&���� � 2UÝ � 2!è�}� +-/?  ���&���� � 2cÖ8ã
ikm n%$�k�p -*n%$,
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�Ýd0cè ikm n%$�k�p -*n%$,
�Ý ikm n%$�k�p -*n%$,
�Ý o� è
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�Ý oo�q è ikm n%$�k�p -*n%$,
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�XV)] Ý P,QSRUTJVXWZY;[.T � [
�XV)] Ý

o� è P,QSRUTJVXWZY;[.T � [
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Ú%Þ<å3å4ÌÎá�Ý"à4Þ<Ó«Ó%Ô<Ø´Ò±Ï3ÖH×%Ø�Ù�Ú�Ø:Ò±Ï ÜDØ�Ó%Ô3Ù�Ï<Í�Ð�Ø�Ï3Ò±Ö¸å�Í�å4Þ3Ì±Ù8Ó%ÒÎÍ�Ï�Ò±ÚvÌ±Ù8×%Ð�Ø�×bÙ�Ï3ß ß<Í�Ü�Ò±Ï3Ù8Ó�Ø�Ú«Ó%Ô<Ø´ØHë�Ø�ÖHÓ%ÚvÍ�Û
Ò±Ï3ÖH×%Ø�Ù�Ú�ØDÒ±ÏÕÚ%Þ<à4Ú�Ó�×]Ù8Ó�ØDÚ%Þ<å3å4ÌÎá�ã!ä�ÒÎÓ%Ô¸ÙjÓ�Ø�ÏPïMÛVÍ�Ì±ß¸ß<Ø�ÖH×%Ø�Ù�Ú�Ø�Ò±ÏÕÛ�E�FHGIÝ�Ó%Ô<ØDÜ�Ò±ÖH×%Í�Ú%ÒÎÓ�Ø�Ò±Ú!Ï<ÍjÌÎÍ�Ï<Ð�Ø�×cÙ8à4ÌÎØ
Ó�ÍvÚ%Þ<å3å�Í�×%ÓªÙjÚ�Ó%Ù8à4Ò±ÌÎØ�ÜDØ�Ó%Ô3Ù�Ï<Ø�å3×%ÍUß3Þ3ÖHØ�×ªå�Í�å4Þ3Ì±Ù8Ó%ÒÎÍ�Ï�ã î Ô<Ø�ØHë�Ø�ÖHÓ�Í�ÛgÓ�Ø�ÏPïMÛVÍ�Ì±ß¸ß<Ø�ÖH×%Ø�Ù�Ú�Ø�Ò±ÏÕÛAB�C�C.Í�Ï
ÜDØ�Ó%Ô3Ù�Ï<Í�Ð�Ø�Ï3Ú�Ò±Ú�ÌÎØ�Ú%Úeß<×]Ù�Ü�Ù8Ó%Ò±ÖªÙ�Úeß<Ø�Ö�Ù�áUÒ±Ï<Ð�×%ÍPÍ�Ó%ÚeÒ±Ï·Ì±Ù8Ó�Ø�Ú�Ø�Ù�Ú�Í�Ï·Ð�ÒÎâ�Ø!Ø�Ï<Í�Þ<Ð�ÔjÚ%Þ<à4Ú�Ó�×]Ù8Ó�ØªÓ�Í)[�Ø�Ø�å«Ó%Ô<Ø
å�Í�å4Þ3Ì±Ù8Ó%ÒÎÍ�Ï¨Ú�Ó%Ù8à4ÌÎØ�ã î Ô<Ø"×%Ø�Ù�Ú�Í�ÏjÛVÍ�×�Ù�ÏjÒ±Ï3ÖH×%Ø�Ù�Ú�Ø!Ò±Ï¨ÜDØ�Ó%Ô3Ù�Ï<Øªê
ÞUèUØ�ÚgÑ"ÒÎÓ%Ô·Ù�ÏjÒ±Ï3ÖH×%Ø�Ù�Ú�Øk�
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 i -/&;: � � 2
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Y'ÒÎÐ<ã � ã à+N]ã�6bØ�Ó%Ô3Ù�Ï<ØDå3×%ÍUß3Þ3ÖHÓ%ÒÎÍ�Ï¸Ò±Ú!Ú�ÍvÚ�Ó�×]Ò±ÖHÓ%ÌÎáÕÚ%Þ<à4Ú�Ó�×]Ù8Ó�ØDÌ±Ò±Ü�ÒÎÓ�Ø�ß�Ý�Ó%Ô3Ù8Ó�Ó%Ô<Ø�å4Ù8×]Ù�ÜDØ�Ó�Ø�×]Ú�×%Ø�Ì±Ù8Ó�Ø�ßYÓ�Í
ÖHÍ�ÏMâ�Ø�×]Ú%ÒÎÍ�ÏBÛV×%Í�Ü Ù�ÖHØ�Ó%Ù8Ó�Ø«Ó�Í¸ÜDØ�Ó%Ô3Ù�Ï<ØjÙ�Ï3ß´å�Í�å4Þ3Ì±Ù8Ó%ÒÎÍ�Ï´ß<áUÏ3Ù�Ü�Ò±Ö�ÚcÍ�Û"ÜDØ�Ó%Ô3Ù�Ï<Ø¨å3×%ÍUß3Þ3Ö�Ò±Ï<Ð«à4Ù�ÖHÓ�Ø�×]Ò±Ù
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ÛAB�C�C ç x�� ç{0�2 v x�� v x�' �

Û�E�FHG ç � 0 ç{0 � v ��� v ��x 4
wd}� +->M�NAl1wL�
	���
 i -/&;:�M�N v � v k ç � ç x 2
wL����� i -/&;:�M�N ç � v#0
wL����� i -/&;:�_/`)a ] v?2 ç�2
wL�����X� K2l : ����� ç � 0 ç k v k
wL�����X� K2l :�M�N ç x 2 ç � v k
� QSRUTJVXWZY;[.T � [
�XV)] ç � ç k v �
� QSRUTJVXWZY;[.\1RUY/] v?2 ç{0
P,QSRUTJVXWZY;[.T � [
�XV)] v k ç � 0 ç k5x
P,QSRUTJVXWZY;[.\1RUY/] ç � v x
����� i -/&;: � � 2 ç�2 v �

�����X� K2l : � � 2 v?2 ç � ç '
}� +-/?  ���&���� � 2-l �
	���
 i -/&;: � � 2 ç k v � 2 v � 4
ikm n%$�kZ�z�X��&>$,
 ç � v k
ikm n%$�k�p -*n%$,
 v#0�0 v � 2 ç � ç k �

^ QSRUTJVXWZY;[.T � [
�XV)] ç ��x ç x v k
^ QSRUTJVXWZY;[.\1RUY/] v � ç �
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Í�Ï<Øgå4Ù8×]Ù�ÜDØ�Ó�Ø�×'Ù�Ï3ßcÓ%Ô<Øg×%Ø�ÛVØ�×%Ø�Ï3ÖHØ�Ö�Ù�Ú�Ø�Ñ"ÒÎÓ%Ô�å4Ù8×]Ù�ÜDØ�Ó�Ø�×]Ú�â8Ù�Ì±Þ<Ø�Ú#å3×%Ø�Ú�Ø�ÏMÓ�Ø�ßwÒ±Ï î Ù8à4ÌÎØ x Ù�Ï3ß�@t�_G.���d���_idH
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