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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.

Keywords: boreal peatlands, microsites, vegetation cover, water table, photosynthetic carbon
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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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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

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

f. Hummock B
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Ò±ÜDå4Ì±ÒÎØ�Ú�Ó%Ô3Ù8Ó	Ó%Ô<Øg×]Ù8Ó�Ø�Í�Û3Í�è<Ò±ß3Ù8Ó%ÒÎÍ�Ï�Ò±ÏwÙ�Ð�ÒÎâ�Ø�Ï�ÜDØ�Ó%Ô3Ù�Ï<Ø�ÖHÍ�Ï3ÖHØ�ÏMÓ�×]Ù8Ó%ÒÎÍ�ÏDÒ±Ú�Ô3ÒÎÐ�Ô<Ø�×�×%Ø�Ú%Þ3ÌÎÓ%Ú�Ò±ÏwÚ%Ò±Ü�Ò±Ì±Ù8×#à4Þ<Ó
Ñ�Ø�Ù�[�Ø�×'ØHë�Ø�ÖHÓ{Ù�Ú�Í�èUáPÐ�Ø�Ï�Ì±Ò±Ü�ÒÎÓ%Ú�Í�è<Ò±ß3Ù8Ó%ÒÎÍ�Ïw×]Ù8Ó�Ø�Ú	ÜDÍ�×%ØgÓ%Ô3Ù�Ï�ÜDØ�Ó%Ô3Ù�Ï<Ø�ã�6bØ�Ó%Ô3Ù�Ï<Ø�Í�è<Ò±ß3Ù8Ó%ÒÎÍ�ÏwÙ8å3å4Ù8×%Ø�ÏMÓ%ÌÎá
Ò±Ú"Ï<Í�Ó"Ó�Ø�ÜDå�Ø�×]Ù8Ó%Þ<×%Ø�Ì±Ò±Ü�ÒÎÓ�Ø�ß«Ù�Ú"Ó%Ô<ØwØHë�Ø�ÖHÓ!Í�Û$Ö]Ô3Ù�Ï<Ð�Ø�Ú!Ò±Ï �����)� K2l : � � 2¨×%Ø�Ü�Ù�Ò±ÏbÌÎÍFÑcã î Ô<ØcØHë�Ø�ÖHÓ%ÚªÍ�Û
Ö]Ô3Ù�Ï<Ð�Ø�Ú{Ò±Ï ^ QSRUTJVXWZY;[.T � [�XV)] Ù�Ï3ß�wd}� +->M�N�l wL�
	��� i -/&;:�M�N$Ù8×%ØeæPÞ3ÒÎÓ�ØeÖHÍ�ÜDå4ÌÎØHè�ã'Ë.Ö]Ô3Ù�Ï<Ð�Ø�Ò±Ï�wd}� +->M�N�lwL�
	��� i -/&;:�M�N"ÙIë�Ø�ÖHÓ%Ú"ÜDÍ�×%ØcÙ8Ø�×%Í�à4Ò±Ö�ß<Ø�ÖHÍ�ÜDå�Í�Ú%ÒÎÓ%ÒÎÍ�Ï·Ó%Ô3Ù�ÏvÜDØ�Ó%Ô3Ù�Ï<Ø�å3×%ÍUß3Þ3ÖHÓ%ÒÎÍ�ÏjÚ�ÍDÓ%Ô3Ù8Ó�Ù�ÏvÒ±Ï3ÖH×%Ø�Ù�Ú�Ø
Ò±Ïawd}� +->M�NEl wL�
	��� i -/&;:�M�N�×%Ø�Ú%Þ3ÌÎÓ%ÚDÒ±ÏºÙ´ß<Ø�ÖH×%Ø�Ù�Ú�ØÕÒ±ÏºÙ8Ø�×%Í�à4Ò±Ö«ß<Ø�ÖHÍ�ÜDå�Í�Ú%ÒÎÓ%ÒÎÍ�ÏºÒ±Ï3ß3Þ3Ö�Ò±Ï<Ð¸Ù´Ô3ÒÎÐ�Ô<Ø�×
Í�èUáPÐ�Ø�Ï´ÖHÍ�Ï3ÖHØ�ÏMÓ�×]Ù8Ó%ÒÎÍ�Ï´Ô<Ø�Ï3ÖHØDß<Ø�ÖH×%Ø�Ù�Ú%Ò±Ï<Ð·Ó%Ô<Ø�êÞUè�ãcË6ß<Ø�ÖH×%Ø�Ù�Ú�Ø�Ò±Ï ^ QSRUTJVXWZY;[.T � [�XV)] Ò±Ï3ÖH×%Ø�Ù�Ú�Ø�ÚªÍ�èUáPÐ�Ø�ÏÖHÍ�Ï3ÖHØ�ÏMÓ�×]Ù8Ó%ÒÎÍ�Ï3Ú!Ù�Ï3ßbÔ<Ø�Ï3ÖHØ�Ý�Ú%Ô3ÒÎÛVÓ%Ú�Ó%Ô<Øwà4Ù�Ì±Ù�Ï3ÖHØwÛV×%Í�Ü ÜDØ�Ó%Ô3Ù�Ï<ØwÍ�è<Ò±ß3Ù8Ó%ÒÎÍ�ÏbÓ�ÍjÙ8Ø�×%Í�à4Ò±Öwß<Ø�ÖHÍ�ÜDå�Í�Ú%ÒÎÓ%ÒÎÍ�Ï
Ñ"Ô3Ò±Ö]Ô«ÖHÍ�Ï3Ú%Þ3ÜDØ�Ú�Ú%Þ<à4Ú�Ó�×]Ù8Ó�Ø�ÛVÍ�×"ÜDØ�Ó%Ô3Ù�Ï<Øcå3×%ÍUß3Þ3ÖHÓ%ÒÎÍ�Ï«Ù�Ï3ß«ß<Ø�ÖH×%Ø�Ù�Ú�Ø�Ú"Ó%Ô<Ø!êÞUèjÚ�Í�ÜDØ�Ñ"Ô3Ù8Ó�ã

��� � ���+.0%'�)(����5�)(��!(*$!" �5,�.����+%{��. �+. �5����$&.0�2�+.&(*, 	z"#$&.0/0�)(���$&.0%

î Ô<Ø�ÑeÙ8Ó�Ø�×�Ó%Ù8à4ÌÎØ�Ò±Ï @t�_G.�,���d���_idH1Ì±Ù�Ñ"Ï9}�×%Ø�Ü�Ù�Ò±Ï3Ú{æPÞ3ÒÎÓ�Ø�ÖHÍ�Ï3Ú�Ó%Ù�ÏMÓ�Ù8ÓgÙ8à�Í�Þ<Ó � Ö�Ü¶à�Ø�ÌÎÍFÑ.å�Ø�Ù8ÓgÚ%Þ<×%ÛOÙ�ÖHØ
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Ô3ÒÎÐ�ÔDÌ±Ù8Ó%ÒÎÓ%Þ3ß<Ø�Ú{Ò±Ú{Ó�Ø�ÜDå�Ø�×]Ù8Ó%Þ<×%Ø�Ì±Ò±Ü�ÒÎÓ�Ø�ß`� �+���_�b��$I$6�"�@��$&%±Ý ����� 4�Q ã$é�Ï�Ù�ß3ß3ÒÎÓ%ÒÎÍ�Ï�Ó�Íwß3ÒÎ×%Ø�ÖHÓ'Ø�Ï3Ö]Ô3Ù�Ï3ÖHØ�ÜDØ�ÏMÓgÍ�Û
å3×%ÍUÖHØ�Ú%Úe×]Ù8Ó�Ø�Ú�âUÒ±Ù�� � 2�â8Ù�Ì±Þ<Ø�Ú�Ý<Ò±Ï3ÖH×%Ø�Ù�Ú�ØcÒ±Ï¨Ó�Ø�ÜDå�Ø�×]Ù8Ó%Þ<×%ØcÜ�ÒÎÐ�ÔMÓ�Ú%Ô3ÒÎÛVÓeÖ�Ù8×%à�Í�ÏjÙ�Ì±ÌÎÍUÖ�Ù8Ó%ÒÎÍ�ÏjÛV×%Í�ÜíÚ%Ô<ÍPÍ�Ó%Ú
Ó�Íw×%ÍPÍ�Ó%Ú$å3×%Í�ÜDÍ�Ó%Ò±Ï<Ðc×%ÍPÍ�ÓgÌ±ÒÎÓ�Ó�Ø�×�Ù�Ï3ßD×%ÍPÍ�ÓgØHè<Þ3ß3Ù8Ó%ÒÎÍ�ÏR� fnidH)HA������oS��
�K@t$I$ Gv8GÝ ������k�Q Ó%Ô3Ù8ÓgÑ�Í�Þ3Ì±ßD×%Ø�Ú%Þ3ÌÎÓ
Ò±ÏBÙ�ÏºÒ±Ï3ÖH×%Ø�Ù�Ú�Ø«Ò±ÏBÜDØ�Ó%Ô3Ù�Ï<Ø·êÞUè�ãYé�Ï3ÖH×%Ø�Ù�Ú�Ø�ßnÙ�ÒÎ×�Ó�Ø�ÜDå�Ø�×]Ù8Ó%Þ<×%Ø«Ü�ÒÎÐ�ÔMÓ�Ù�Ì±Ú�ÍYÒ±Ï3ÖH×%Ø�Ù�Ú�Ø·Ð�×%Í�Ú%Ú�å3×]Ò±Ü�Ù8×%á
å3×%ÍUß3Þ3ÖHÓ%ÒÎÍ�Ï�Ù�Ú«å4Ô<Í�Ó�Í�Ú�áUÏMÓ%Ô<Ø�Ú%Ò±Ú«Ò±Ï Ï<Í�×%Ó%Ô<Ø�×]Ï ÖHÍ�Ï3ß3ÒÎÓ%ÒÎÍ�Ï3ÚjÒ±ÚjÓ�Ø�ÜDå�Ø�×]Ù8Ó%Þ<×%Ø´Ì±Ò±Ü�ÒÎÓ�Ø�ß�ã �����_leGI$I$r���"�A��$&%
� �������eQ Ù�ÖHÓ%Þ3Ù�Ì±ÌÎáÕÍ�à4Ú�Ø�×%â�Ø�ß:Ó%Ô3Ù8ÓwÓ%Ô<Ø¨Ò±Ï3ÖH×%Ø�Ù�Ú%Ò±Ï<Ð«ØHë�Ø�ÖHÓ�Í�Û�Ò±Ï3ÖH×%Ø�Ù�Ú�Ø¨Ò±ÏYÓ�Ø�ÜDå�Ø�×]Ù8Ó%Þ<×%Ø�Ó�ÍÕÜDØ�Ó%Ô3Ù�Ï<Ø�êÞUè
ÑeÙ�Ú"ß3Þ<Ø!Ó�Í·Ò±Ï3ÖH×%Ø�Ù�Ú�ØcÒ±ÏjÐ�×%Í�Ú%Ú�å3×]Ò±Ü�Ù8×%á¨å3×%ÍUß3Þ3ÖHÓ%ÒÎÍ�Ï�ã
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î Ô<Ø"Ö�Þ<×%×%Ø�ÏMÓ�ÜDÍUß<Ø�Ì3ß<Ø�Ú%ÖH×]ÒÎà�Ø�Ú$ÜDØ�Ó%Ô3Ù�Ï<Ø�êÞUè�ß<áUÏ3Ù�Ü�Ò±Ö�Ú$Ò±Ï¨ß3Òië�Ø�×%Ø�ÏMÓgÜ�Ò±ÖH×%Í�Ú%ÒÎÓ�Ø�Ú$Í�Û�Ùcà�Í�×%Ø�Ù�Ì3å�Ø�Ù8Ó%Ì±Ù�Ï3ß�ã
ËªÚ�Ó%Ô<Ø¨Ö�Þ<×%×%Ø�ÏMÓ�ß3Ù8Ó%ÙvÖHÍFâ�Ø�×�Í�Ï<Ø¨Ú%Þ3Ü�ÜDØ�×cÚ�Ø�Ù�Ú�Í�Ï�Ý�â8Ù�Ì±Ò±ß3Ù8Ó%ÒÎÍ�ÏÕÍ�Û�ÜDÍUß<Ø�Ì'å3×%Ø�ß3Ò±ÖHÓ%ÒÎÍ�Ï3ÚªÓ�ÍbÜ�Þ3ÌÎÓ%Ò±Ù�Ï3ÏPÞ3Ù�Ì
ß3Ù8Ó%Ù�Ú�Ø�Ó!Ñ�Í�Þ3Ì±ßbà�Ø�ÜDÍ�Ú�Ó!Ò±ÏMÓ�Ø�×%Ø�Ú�Ó%Ò±Ï<Ð¨ÛOÞ<Ó%Þ<×%ØwÓ�Í�å4Ò±Ö8ã î Ô<Ø�ß3Òië�Ø�×%Ø�Ï3ÖHØ�ÚªÒ±ÏÕÜDØ�Ó%Ô3Ù�Ï<ØwêÞUèUØ�Ú"×%Ø�Ú%Þ3ÌÎÓ"Ú�Í�ÌÎØ�ÌÎá
ÛV×%Í�Ü Ú%ÒÎÓ�Ø�Ú�å�Ø�Ö�ÒiðÖcÛOÙ�ÖHÓ�Í�×]Ú�Ý�â�Ø�Ð�Ø�Ó%Ù8Ó%ÒÎÍ�Ï´ÖHÍFâ�Ø�×wÙ�Ï3ßbÑeÙ8Ó�Ø�×�Ó%Ù8à4ÌÎØ�Ò±ÏbÓ%Ô<Ø�Ü�Ò±ÖH×%Í�Ú%ÒÎÓ�Ø�ÚªÙ�Ï3ßÕÏ<Í·å4Ù8×]Ù�ÜDØ�Ó�Ø�×
Ù�ß �%Þ3Ú�Ó%ÜDØ�ÏMÓ�à�Ø�Ó�Ñ�Ø�Ø�Ï�ß3Òië�Ø�×%Ø�ÏMÓ	Ü�Ò±ÖH×%Í�Ú%ÒÎÓ�Ø�Ú�ÝIÓ%Ô3Ù8Ó'Ò±Ú�Ù8å3å4Ì±ÒÎØ�ßcæPÞ3ÒÎÓ�Ø$Í�ÛVÓ�Ø�Ï�Ø�â�Ø�Ï�Ò±Ïcå3×%ÍUÖHØ�Ú%Ú5ïMà4Ù�Ú�Ø�ß�ÜDÍUß<Ø�Ì±Ú
� Ø�ã Ð<ã D ��$E�����)��
� F ��GIH9��
J
3Ý0�2�2�2 �?D ��$E�����)�"�t��$&%±Ý ������'eQ Ý�Ò±Ú�Ï<Ø�Ø�ß<Ø�ß�ãC|eÞ<×%×%Ø�ÏMÓ�Ú�Ó%Þ3ß<á¨Ø�ÜDå4Ô3Ù�Ú%Ò���Ø�Ú�Ó%Ô<Ø
Ò±ÜDå�Í�×%Ó%Ù�Ï3ÖHØ�Í�Û3â�Ø�Ð�Ø�Ó%Ù8Ó%ÒÎÍ�Ï¨ÖHÍFâ�Ø�×gÙ�Ï3ß�ÑeÙ8Ó�Ø�×$Ó%Ù8à4ÌÎØ�å4Ù8Ó�Ó�Ø�×]Ï�Ó�Í�ÜDØ�Ó%Ô3Ù�Ï<Ø�êÞUèUØ�Ú�ã î Ô<Ø�ØHèUÓ�×%Ø�ÜDØ�Ú�Ø�Ï3Ú%ÒÎÓ%ÒÎâMç
ÒÎÓ�ájÍ�Û	Ó%Ô<ØwÜDÍUß<Ø�Ì�Ó�Í¨Ö]Ô3Ù�Ï<Ð�Ø�ÚªÒ±Ï«Ú%Þ<à4Ú�Ó�×]Ù8Ó�ØwÙ�â8Ù�Ò±Ì±Ù8à4Ò±Ì±ÒÎÓ�á�å3×%ÍFâUÒ±ß<Ø�Ú�ÛOÞ<Ó%Þ<×%Ø!×%Ø�Ú�Ø�Ù8×]Ö]ÔbÑ"ÒÎÓ%Ô«Ö]Ô3Ù�Ì±ÌÎØ�Ï<Ð�Ø�Ú�Ù�Ú
Ó%Ô<Ø!ÜDÍUß<Ø�Ì�Ü�ÒÎÐ�ÔMÓ�à�ØªÒ±ÜDå3×%ÍFâ�Ø�ßjÒÎÛ�Ó%Ô<Ø!ÖHÍ�ÏMÓ�×%Í�Ì±ÚeÛVÍ�×eå4Ì±Ù�ÏMÓ�×%Ø�Ì±Ù8Ó�Ø�ßjÚ%Þ<à4Ú�Ó�×]Ù8Ó�Ø!Ú%Þ<å3å4ÌÎáDÙ�Ï3ß¨Ó%Ô<Ø�ÖHÍ�ÜDå4ÌÎØHè
Ò±ÏMÓ�Ø�×]Ù�ÖHÓ%ÒÎÍ�Ï3Ú�à�Ø�Ó�Ñ�Ø�Ø�ÏnØ�ÏMâUÒÎ×%Í�Ï3ÜDØ�ÏMÓ%Ù�Ì�ÛOÙ�ÖHÓ�Í�×]ÚDÙ�Ï3ßBÓ%Ô<Øjå3×%ÍUÖHØ�Ú%Ú�Ø�Ú�Ò±ÏMâ�Í�ÌÎâ�Ø�ßBÑ�Ø�×%Ø«Þ3Ï3ß<Ø�×]Ú�Ó�ÍPÍUß:ÜDÍ�×%Ø
ß<Ø�Ø�å4ÌÎá�ã'é�Ï·Ó%Ô<Ø!ÖHÍ�Ï3ÖHØ�å3ÓeÍ�Û	Ö�Ì±Ò±Ü�Ù8Ó�Ø!Ö]Ô3Ù�Ï<Ð�Ø�Ý3Ò±Ï3ÖH×%Ø�Ù�Ú�Ø�ÚeÒ±Ï¨Ù�ÒÎ×eÓ�Ø�ÜDå�Ø�×]Ù8Ó%Þ<×%Ø!Ù�Ï3ß·Ö�Ù8×%à�Í�Ïjß3ÒÎÍ�è<Ò±ß<ØªÌÎØ�â�Ø�Ì±Ú
Ñ�Í�Þ3Ì±ß�Ý�Ù�Ö�ÖHÍ�×]ß3Ò±Ï<ÐjÓ�ÍjÓ%Ô<Ø�ÜDÍUß<Ø�Ì	Ú%Ò±Ü�Þ3Ì±Ù8Ó%ÒÎÍ�Ï3Ú�Ý×%Ø�Ú%Þ3ÌÎÓ!Ò±ÏÕ×%Ø�Ü�Ù8×b[8Ù8à4ÌÎØ�Ò±Ï3ÖH×%Ø�Ù�Ú�Ø�Ú�Ò±ÏÕÜDØ�Ó%Ô3Ù�Ï<Ø�êÞUèUØ�Ú!ÒÎÛ
Ó%Ô<Ø�ávØ�Ï3Ô3Ù�Ï3ÖHØ�ßbÐ�×%Í�Ú%Úªå3×]Ò±Ü�Ù8×%á·å3×%ÍUß3Þ3ÖHÓ%ÒÎÍ�ÏbÙ�Ï3ßÕÚ%Þ<à4Ú�Ó�×]Ù8Ó�Ø�Ú%Þ<å3å4ÌÎá·ÛVÍ�×!ÜDØ�Ó%Ô3Ù�Ï<Í�Ð�Ø�Ï<Ø�Ú%Ò±Ú�ã < â�Ø�ÏÕÜDÍ�×%Ø
ß<×]Ù�Ü�Ù8Ó%Ò±Ö�Ö]Ô3Ù�Ï<Ð�Ø�Ú�Ò±Ï:ÜDØ�Ó%Ô3Ù�Ï<Ø�êÞUèYÜ�Ù�á´ÍUÖ�Ö�Þ<×�ÒÎÛeÓ%Ô<Ø¨â�Ø�Ð�Ø�Ó%Ù8Ó%ÒÎÍ�ÏnØHèUå�Ø�×]ÒÎØ�Ï3ÖHØ�ÚwÚ�Ó�×]Þ3ÖHÓ%Þ<×]Ù�Ì$Ö]Ô3Ù�Ï<Ð�Ø�Ú
ß3Þ<Ø�Ó�Í·Ò±Ï3ÖH×%Ø�Ù�Ú�Ø�Ú�Ò±ÏvÖ�Ù8×%à�Í�Ïvß3ÒÎÍ�è<Ò±ß<Ø�Ù�Ï3ß � Í�×ªÖ]Ô3Ù�Ï<Ð�Ø�ÚªÒ±ÏjÓ%Ô<Ø�×]Ü�Ù�Ì#Ù�Ï3ßvÔMáUß<×%Í�ÌÎÍ�Ð�Ò±Ö�Ù�Ì#ÖHÍ�Ï3ß3ÒÎÓ%ÒÎÍ�Ï3Ú�ãgËªÏUç
Í�Ó%Ô<Ø�×�Ù�Ú�å�Ø�ÖHÓ�Ó%Ô3Ù8Ó�ÙIë�Ø�ÖHÓ%Ú�ÜDØ�Ó%Ô3Ù�Ï<Ø!êÞUèUØ�Ú�ÛOÞ<×%Ó%Ô<Ø�×�ÖHÍ�ÜDå4Ì±Ò±Ö�Ù8Ó%Ò±Ï<Ð�Ó%Ô<ØcÒ±ÏMÓ�Ø�×]Ù�ÖHÓ%ÒÎÍ�Ï3Ú�Ò±Ú�Ó%Ô<Ø�Ù�â8Ù�Ò±Ì±Ù8à4Ò±Ì±ÒÎÓ�á
Í�Û�ÏPÞ<Ó�×]ÒÎØ�ÏMÓ%Ú"Ó%Ô3Ù8Ó�Ò±ÚªÙ�Ì±Ú�Í«Ù�Ï¸Ò±ÏMÓ�Ø�×%Ø�Ú�Ó%Ò±Ï<Ð·Ó�Í�å4Ò±ÖwÛVÍ�×!ÛOÞ<Ó%Þ<×%Ø�Ñ�Í�×b[ã < â�Ø�ÏYÒÎÛ{â�Ø�Ð�Ø�Ó%Ù8Ó%ÒÎÍ�Ï:Ù�Ï3ßbÐ�×%Í�Ú%Ú!å3×]Òiç
Ü�Ù8×%ávå3×%ÍUß3Þ3ÖHÓ%ÒÎÍ�Ïv×%Ø�Ü�Ù�Ò±Ï<Ø�ßbÓ%Ô<Ø�Ú%Ù�ÜDØ�Ý�Ú%Ò±Ü�Þ3Ì±Ù8Ó%ÒÎÍ�Ï3Ú"Ú%Þ<Ð�Ð�Ø�Ú�Ó!Ó%Ô3Ù8Ó!ß<×%Í�Þ<Ð�ÔMÓªå�Ø�×]ÒÎÍUß3Ú�Ñ�Í�Þ3Ì±ßbß<Ø�ÖH×%Ø�Ù�Ú�Ø
Ó%Ô<ØvÜDØ�Ó%Ô3Ù�Ï<Ø«êÞUèUØ�Ú�×%Ø�Ü�Ù8×b[8Ù8à4ÌÎáBÒÎÛ"Ó%Ô<Øvß3Þ<×]Ù8Ó%ÒÎÍ�ÏnÍ�Û!ß<×%Í�Þ<Ð�ÔMÓDØHè<ÖHØ�Ø�ß<Ø�ß ' Ñ�Ø�Ø"[UÚ�ß3Þ<Ø«Ó�Í:ß<áUÏ3Ù�Ü�Ò±Ö
ØHë�Ø�ÖHÓ%Ú!Í�ÛgÙ·ß<Ø�Ö�Ì±Ò±Ï<ØwÒ±ÏvÓ%Ô<Ø�ÜDØ�Ó%Ô3Ù�Ï<Í�Ð�Ø�Ï3Ò±Öwå�Í�å4Þ3Ì±Ù8Ó%ÒÎÍ�Ï�ã�é�ÏbÓ%Ô<ØwÛOÞ<Ó%Þ<×%Ø�Ý�Ù�ÏbØHèUå�Ø�×]Ò±ÜDØ�ÏMÓ%Ù�Ì	Ú�Ø�Ó%Þ<åÕÑ"ÒÎÓ%Ô
êÞUè¸ÜDØ�Ù�Ú%Þ<×%Ø�ÜDØ�ÏMÓ%ÚcÞ3Ï3ß<Ø�×cÙjå�Ø�×]ÒÎÍUßÕÍ�ÛgêÞ3ÖHÓ%Þ3Ù8Ó%Ò±Ï<ÐjÑeÙ8Ó�Ø�×wÓ%Ù8à4ÌÎØ�ÚcÖHÍ�Þ3Ì±ß¸à�ØDÖ�Ù8×%×]ÒÎØ�ß¸Í�Þ<Ó�Ó�Ívâ8Ù�Ì±Ò±ß3Ù8Ó�Ø
Ó%Ô<Ø�Ö]Ô3Ù8×]Ù8Ó�Ø�×]Ò±Ú�Ó%Ò±ÖcÓ%Ò±ÜDØ�Ú"å3×%Í�å�Í�Ú�Ø�ßvàPávÓ%Ô<Ø�Ö�Þ<×%×%Ø�ÏMÓªÚ%Ò±Ü�Þ3Ì±Ù8Ó%ÒÎÍ�Ï3Ú�ã î Ô<Ø�Ú%Ò±Ü�Þ3Ì±Ù8Ó%ÒÎÍ�Ï3Ú�Ù�Ì±Ú�ÍjÚ%Þ<Ð�Ð�Ø�Ú�ÓªÓ%Ô3Ù8Ó
Ù�ÏMá´Ö]Ô3Ù�Ï<Ð�Ø¨Ó%Ô3Ù8ÓwÑ�Í�Þ3Ì±ßYØ�Ï3Ô3Ù�Ï3ÖHØ·ÜDØ�Ó%Ô3Ù�Ï<Ø�Í�è<Ò±ß3Ù8Ó%ÒÎÍ�Ï´Ñ�Í�Þ3Ì±ß´×%Ø�Ú%Þ3ÌÎÓcÒ±Ï´ÙbÖHÍ�Ï3Ú%Ò±ß<Ø�×]Ù8à4ÌÎØDß<Ø�ÖH×%Ø�Ù�Ú�ØjÒ±Ï
ÜDØ�Ó%Ô3Ù�Ï<Ø�êÞUè�ãZ\ªâ�Ø�×]Ù�Ì±Ì�Ý8Ó%Ô<Ø�Ö�Þ<×%×%Ø�ÏMÓ'Ú�Ó%Þ3ß<á�å3×%ÍFâUÒ±ß<Ø�Ú'ÙªÌÎÍ�Ó'Í�Û4Ò±Ï<ÛVÍ�×]Ü�Ù8Ó%ÒÎÍ�ÏwÍ�Ï�Ó%Ô<Øe×%Ø�Ì±Ù8Ó%ÒÎâ�ØeÒ±ÜDå�Í�×%Ó%Ù�Ï3ÖHØ
Í�Û�Ö]Ô3Ù�Ï<Ð�Ø�ÚwÒ±ÏYØ�ÏMâUÒÎ×%Í�Ï3ÜDØ�ÏMÓ%Ù�Ì$ÖHÍ�ÏMÓ�×%Í�Ì±ÚcÍ�×wÜDÍUß<Ø�Ì{å4Ù8×]Ù�ÜDØ�Ó�Ø�×]ÚcÓ%Ô3Ù8ÓwÖ�Ù�Ï´à�Ø�Þ3Ú�Ø�ßYÑ"Ô<Ø�ÏYÖHÍ�Ï3Ú%Ò±ß<Ø�×]Ò±Ï<Ð
Ó%Ô<Øwß<áUÏ3Ù�Ü�Ò±Ö�ÚeÍ�Û'ÜDØ�Ó%Ô3Ù�Ï<Ø�êÞUèUØ�Ú�Ò±Ï«Ö�Þ<×%×%Ø�ÏMÓ"Ù�Ï3ßjÛOÞ<Ó%Þ<×%ØcÖHÍ�Ï3ß3ÒÎÓ%ÒÎÍ�Ï3Ú�ã
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î Ô<Ø·Ù�Þ<Ó%Ô<Í�×�Ñ"Ò±Ú%Ô<Ø�ÚwÓ�ÍÕÓ%Ô3Ù�Ï�[ � ×%Í�Û5ã � Ø�Ò ��Í �cÙ�ÒÎÓ%Ù�Ì±ÙUÝ5�ªÏ3ÒÎâ�Ø�×]Ú%ÒÎÓ�áYÍ�ÛBz�áPâUÚ�[PáUÌ��Ù �ªÍUÖHØ�ÏMÓ��ªÙ�Ï3ÏPÞ��"ÒÎÓ%ÙUÝ
�ªÏ3ÒÎâ�Ø�×]Ú%ÒÎÓ�á·Í�Û1�"Ø�Ì±Ú%Ò±Ï�[UÒ�Ý �ªÍUÖHØ�ÏMÓ?�ªÙ8×%×]Ò � Ù�Ú%Ù�Ï3ß<Ø�×�ÝS�ªÏ3ÒÎâ�Ø�×]Ú%ÒÎÓ�ájÍ�ÛZ�"Ø�Ì±Ú%Ò±Ï�[UÒ�Ý<Í�Ó%Ô<Ø�×ªÖHÍ�Ì±ÌÎØ�Ù8Ð�Þ<Ø�ÚªÙ�Ï3ß«Ó%Ô<Ø
Ó�Ñ�Í·Ù�Ï<Í�ÏMáUÜDÍ�Þ3Ú�×%Ø�âUÒÎØ�Ñ�Ø�×]Ú�ÛVÍ�×�â8Ù�Ì±Þ3Ù8à4ÌÎØ�ÖHÍ�Ü�ÜDØ�ÏMÓ%Ú�ã
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ËªÌ±Ü«Ý1z<ãÎÝ$Ëwã î Ù�Ì±Ù�Ï<ÍFâÝC7ã57UÙ�Ù8×]Ï3ÒÎÍ<Ý1z<ã57UÒ±ÌÎâ�Í�Ì±ÙUÝ < ã	é{[�[�Í�Ï<Ø�Ï�Ý1�wã'ËªÙ�ÌÎÓ�Í�Ï<Ø�Ï�Ý1�wãZX"á�[��Ù�Ï<Ø�Ï�Ý$Ù�Ï3ß � ã1z<ã
6ÕÙ8×%Ó%Ò&[8Ù�Ò±Ï<Ø�Ï�Ý���Ø�ÖHÍ�Ï3Ú�Ó�×]Þ3ÖHÓ%ÒÎÍ�Ï¸Í�Û$Ó%Ô<ØDÖ�Ù8×%à�Í�ÏÕà4Ù�Ì±Ù�Ï3ÖHØ�ÛVÍ�×�Ü�Ò±ÖH×%Í�Ú%ÒÎÓ�Ø�Ú!Ò±ÏÕÙ·à�Í�×%Ø�Ù�Ì	Í�Ì±ÒÎÐ�Í�Ó�×%Í�å4Ô3Ò±Öcå4Ò±Ï<Ø
ÛVØ�Ï�ÝJY'Ò±Ï3Ì±Ù�Ï3ß�ã �B�bs,��$&�b-�G.�8Ý	�
���IÝ k 0 x ï k5x � Ý ����� 4 ã

Ë"×]Ù�Ô�Ý@z<ã,�cã&6:ãÎÝ{Ù�Ï3ß��Dã�7PÓ�Ø�å4Ô<Ø�Ï�Ý	Ë ÜDÍUß<Ø�Ì{Í�ÛeÓ%Ô<Ø�å3×%ÍUÖHØ�Ú%Ú�Ø�ÚwÌÎØ�Ù�ß3Ò±Ï<Ð«Ó�ÍbÜDØ�Ó%Ô3Ù�Ï<Ø¨Ø�Ü�Ò±Ú%Ú%ÒÎÍ�Ï¸ÛV×%Í�Ü
å�Ø�Ù8Ó%Ì±Ù�Ï3ß�ãK�?�>H9��8"%�@t
Jl�%����Ý x 0 � 4 ï x 0 '�k Ý ������� ã

ËeÓ%Ì±Ù�Ú�Ý��cã�6:ãÎÝ!Ù�Ï3ß �cã�BeÙ8×%Ó%ÙUÝA6ÕÒ±ÖH×%Í�à4Ò±Ù�Ì"Ø�ÖHÍ�ÌÎÍ�Ð�á � Y3Þ3Ï3ß3Ù�ÜDØ�ÏMÓ%Ù�Ì±Ú«Ù�Ï3ß�Ù8å3å4Ì±Ò±Ö�Ù8Ó%ÒÎÍ�Ï3Ú�ã B�Ø�Ï �%Ù�Ü�Ò±Ï
|eÞ3Ü�Ü�Ò±Ï<Ð�Ú�Ý3|eËwÝ ����� 4 ã

Ë"â�Ø�×%á�Ýz��ã0BªãKz�×�ãÎÝ��cã ��ã�7UÔ3Ù�Ï3Ï<Í�Ï�ÝKz<ã �cã{ä�Ô3ÒÎÓ�Ø�Ý�|ªãC7ã06ÕÙ8×%Ó�Ø�Ï3Ú�ÝeÙ�Ï3ßa6:ãKz<ã$ËªÌÎå�Ø�×]Ò±Ï�Ý < ë�Ø�ÖHÓ�Í�Û
Ú�Ø�Ù�Ú�Í�Ï3Ù�Ì�Ö]Ô3Ù�Ï<Ð�ØcÒ±Ï·Ó%Ô<Ø!å4Ù8Ó%ÔMÑeÙ�á·Í�Û'ÜDØ�Ó%Ô3Ù�Ï<Í�Ð�Ø�Ï<Ø�Ú%Ò±ÚeÍ�ÏjÓ%Ô<Ø��No � |ìâ8Ù�Ì±Þ<Ø�Ú�Í�Û�å�Í�×%Ø!ÑeÙ8Ó�Ø�×�ÜDØ�Ó%Ô3Ù�Ï<ØcÒ±ÏÙ�6ÕÒ±Ö]Ô3ÒÎÐ�Ù�Ï«å�Ø�Ù8Ó%Ì±Ù�Ï3ß�ã ( $&�5*b��$M�LG.�b-��b��s�����H9% � w s"$r�_8GÝ	��~ x N]Ý+0 4 � ïd0 � � Ý ������� ã
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