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Long-term net ecosystem CO
2
 exchange measurements were conducted on a nutrient-rich 

fen in northern Finland using the eddy covariance method. During the three measurement 
years (2006–2008), the mean daytime CO

2
 fl ux in July was –0.40 mg CO

2
 m–2 s–1, while in 

mid-winter (January–March) the mean effl ux was 0.008 mg CO
2
 m–2 s–1. Annual balances 

of –12, –123 and –216 g CO
2
 m–2 a–1 were observed in 2006, 2007 and 2008, respectively. 

It is suggested that the low uptake in 2006 was related to the warm and dry conditions 
during the growing season and the consequent reduction in vegetation activity. When 
compared with two other fens in Finland, there was a clear correspondence between the 
nutrient status, mean pH value, maximum LAI and the mid-summer CO

2
 uptake. A similar 

pattern was not seen in the annual CO
2
 balance, which correlates more with the growing 

season length.

Introduction

The northern peatlands cover about 4% of the 
global land surface area, but they store up to 
30% of the total soil organic carbon (Lappalai-
nen 1996, Gorham 1991, Turunen 2002). By 
fi xing all this carbon from the atmosphere during 
the last Holocene, these peatlands have had a 
signifi cant infl uence on both the past and the 
present climate. In the future, their role in cli-
mate considerations is equally central, due to 
the climate feedbacks related to the predicted 
warming and the associated changes in the fl uxes 
of the most important greenhouse gases, carbon 
dioxide and methane (Denman et al. 2007).

The CO
2
 exchange between the atmosphere 

and northern peatlands has been studied exten-
sively during the last 30 years with the tradi-

tional chamber method (e.g. Silvola et al. 1996, 
Alm et al. 1999, Bubier et al. 2003), and during 
the last decade also with the micrometeorologi-
cal eddy covariance method (e.g. Shurpali et al. 
1995, Lafl eur et al. 1997, Aurela et al. 2002). 
These studies show that the annual CO

2
 bal-

ance of pristine wetlands varies depending on 
meteorological and hydrological conditions. It is 
generally considered that hot and dry conditions 
may cause a depression in the net uptake of these 
ecosystems, either by increasing respiration or 
by suppressing photosynthesis, or both (Moore 
2002, Bubier et al. 2003). On the other hand, 
the warmer conditions may also increase uptake 
by improving the photosynthetic capacity of the 
vegetation (Shaver et al. 1998, Griffi s and Rouse 
2001) or by prolonging the growing season 
(Myneni et al. 1997, Griffi s et al. 2000, Aurela 
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et al. 2004). Springtime warming, or a general, 
moderate increase in mean temperatures, prob-
ably has a different infl uence on the annual CO

2
 

balance than individual heat waves in summer, 
which are often accompanied by drought.

In order to understand the infl uence of cli-
mate change on different spatial and temporal 
scales, we need continuous long-term meas-
urements of the carbon exchange between the 
atmosphere and northern peatlands of different 
types. An increasing number of such studies 
have been initiated during the recent years (e.g. 
Lafl eur et al. 2003, Aurela et al. 2004, Lindroth 
et al. 2007), but these must still be consid-
ered too few for large-scale projections, given 
the high diversity of northern wetlands and the 
observed interannual variation of fl uxes.

This study presents an analysis of the CO
2
 

exchange of a northern boreal fen based on 
atmospheric fl ux measurements by the eddy cov-
ariance method. The Lompolojänkkä measure-
ment site is currently a Level-3 NitroEuropeIP 
site (Sutton et al. 2007), situated near the Pallas 
Global Atmosphere Watch station (Hatakka et 
al. 2003). Measurements were initiated at Lom-
polojänkkä in March 2005; the present analysis 
covers the years 2006–2008. The aims of the 
study were to (1) determine the annual CO

2
 bal-

ances of the fen, (2) investigate the interannual 
variation of fl uxes and the related environmental 
controls, and (3) compare the results with those 
from similar studies, with the emphasis on two 
other fens in Finland.

Material and methods

Measurement site

The Lompolojänkkä measurement site is an 
open, nutrient-rich sedge fen located in the 
aapa mire region of north-western Finland 
(67°59.832´N, 24°12.551´E, 269 m a.s.l.) (Fig. 
1). The relatively dense vegetation layer is domi-
nated by Betula nana, Menyanthes trifoliata, 
Salix lapponum and Carex spp. The mean veg-
etation height on the fen is 40 cm. A one-
sided leaf area index (LAI) of 1.3 was esti-
mated during at the height of summer using a 
SunScan canopy analysis system (SS1, Delta-T 
Devices Ltd.). The moss cover on the ground 
is patchy (57% coverage), consisting mainly 
of peat mosses (Sphagnum angustifolium, S. 
riparium and S. fallax) and some brown mosses 
(Warnstorfi a exannulata). A small stream fl ows 
through the site; the stream zone is dominated by 
willow bushes (S. lapponum) approximately 60 
cm in height. The stream and its margins cover 
about 10% of the target area of the eddy covari-
ance fl ux measurements. The peat depth is up to 
3 m at the centre of the fen; an average pH value 
of 5.5 was measured for the top peat layer. The 
site is surrounded by forest, and a homogeneous 
fetch suitable for the eddy covariance measure-
ments varies from 100 to 400 m in different 
directions (Fig. 1). The mean annual temperature 

Fig. 1. Aerial photograph of the measurement site. 
The measurement mast is indicated by a white dot. 
The white lines show the limit between the open fen 
and forest areas (hatching = peatland; no hatching = 
mineral soil).
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of –1.4 °C and precipitation of 484 mm have 
been measured at the nearest long-term weather 
station of Alamuonio (67°58´N, 23°41´E) during 
the period 1971–2000 (Drebs et al. 2002). The 
prevailing wind direction in 2006–2008 was 
south-east (Fig. 2a)

Measurement system

The eddy covariance system used for measur-
ing the vertical CO

2
 fl uxes included a USA-1 

(METEK) three-axis sonic anemometer/ther-
mometer and a closed-path LI-7000 (Li-Cor, 
Inc.) CO

2
/H

2
O gas analyzer. The measurement 

height was 3 m. The length of the heated inlet 
tube for the gas analyzer was 8 m. The mouth of 
the inlet tube was placed 15 cm below the sonic 
anemometer and a fl ow rate of 5–6 l min–1 was 
used for the sample air. Synthetic air with a zero 
CO

2
 concentration was used as the reference gas. 

For more details of the eddy covariance meas-
urement system consult Aurela et al. (2002).

Supporting meteorological measurements, 
including air temperature and humidity (Vais-
ala, HMP), soil temperatures (PT100) at various 
levels, water table level (WTL) (PDCR1830), 
net radiation (Kipp & Zonen, NR LITE) and 

photosynthetic photon fl ux density (PPFD) (Li-
Cor, LI-190SZ), were collected by a Vaisala 
QLI-50 datalogger as 30-min averages.

Footprint analysis

In order to estimate how well the measured 
fl uxes represent the Lompolojänkkä fen area, 
a source area analysis was carried out using a 
micrometeorological footprint model. The rela-
tive source weight functions (fl ux footprints) 
were calculated for neutral stability using the 
footprint model of Kormann and Meixner 
(2001). The aerodynamic roughness length 
required for this was determined separately for 
the open fen (120°–170° and 300°–350°) and 
other wind direction sectors, and for snow-cov-
ered and snow-free periods. The corresponding 
wind speed was averaged over these periods.

The boundary between the open fen and the 
surrounding forested areas was defi ned using 
an aerial photograph (Fig. 1). The forested area 
was further divided into treed fen (peatland) and 
upland forest (mineral soil) areas, based on a 
fi eld survey. The average contribution of differ-
ent surface types was estimated by weighting the 
area of each type by the footprint functions up to 

1–
10

11
–2

0
21

–3
0

31
–4

0
41

–5
0

51
–6

0
61

–7
0

71
–8

0
81

–9
0

91
–1

00
10

1–
11

0
11

1–
12

0
12

1–
13

0
13

1–
14

0
14

1–
15

0
15

1–
16

0
16

1–
17

0
17

1–
18

0
18

1–
19

0
19

1–
20

0
20

1–
21

0
21

1–
22

0
22

1–
23

0
23

1–
24

0
24

1–
25

0
25

1–
26

0
26

1–
27

0
27

1–
28

0
28

1–
29

0
29

1–
30

0
30

1–
31

0
31

1–
32

0
32

1–
33

0
33

1–
34

0
34

1–
35

0
35

1–
36

0

R
el

at
iv

e 
ar

ea

0

0.2

0.4

0.6

0.8

1.0

Open fen Treed fen Upland forest

Fr
eq

ue
nc

y
0

0.01

0.02

0.03

0.04

0.05

0.06 a

b

Wind direction sector (°)

Fig. 2. (a) Wind direction 
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in summer conditions in 
2006–2008 at Lompolo-
jänkkä.
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a distance corresponding to 80% of the cumula-
tive footprint. The results of this procedure are 
shown in 10° sectors in Fig. 2.

Data processing

Half-hour fl ux values were calculated using 
standard eddy covariance methods. The original 
10-Hz data were block-averaged, and a double 
rotation of the coordinate system was performed 
(McMillen 1988). The time lag between the 
anemometer and gas analyzer signals, resulting 
from the transport through the inlet tube, was 
taken into account in the on-line calculations. 
An air density correction related to the sensible 
heat fl ux is not necessary for the present system 
(Rannik et al. 1997), but the corresponding cor-
rection related to the latent heat fl ux was made 
(Webb et al. 1980). Corrections for the system-
atic high-frequency fl ux loss owing to the imper-
fect properties and setup of the sensors (insuffi -
cient response time, sensor separation, damping 
of the signal in the tubing and averaging over 
the measurement paths) were carried out off-line 
using transfer functions with empirically-deter-
mined time constants (Aubinet et al. 2000).

All data with wind directions from sectors 
20°–70° and 190°–290° were discarded during 
the snow-free period due to insuffi cient fetch. 
In winter, slightly more stringent conditions 
(20°–110° and 180°–290°) were used, due to 
the typically longer footprints in stable winter 
conditions. Some data were also discarded due 
to instrument failures. After additional screen-
ing for weak turbulence (friction velocity < 0.1 
m s–1) and outliers, the fi nal dataset covered 
15422 observations, about one-third (31.3%) 
of the whole measurement period. The micro-
meteorological sign convention, in which nega-
tive values indicate downward fl ux, i.e., uptake 
by the ecosystem, is used throughout the paper.

Parameterisation of the NEE

In order to calculate the long-term CO
2
 balances, 

a full time series of CO
2
 fl uxes is needed. Here 

we fi ll the missing CO
2
 fl ux data using the fol-

lowing parameterization:

 NEE = GP + R (1)

  (2)

  (3)

where NEE is the net ecosystem CO
2
 exchange, 

GP is gross photosynthesis, R is respiration, PI is 
the effective phytomass index (Aurela et al. 2001, 
2002), GP

max
 is the gross photosynthesis rate in 

optimal light conditions, α is the initial slope of 
NEE versus photosynthetic photon fl ux density 
(PPFD), R

0
 is the rate of ecosystem respiration 

at 10 °C, E is an activation-energy-related physi-
ological parameter, T

air
 is the air temperature, T

0
 

= 56.02 K and T
1
 = 227.13 K (Lloyd and Taylor 

1994). PI was calculated by subtracting the night-
time (PPFD < 20 μmol m–2 s–1) respiration fl ux 
from the daytime (PPFD > 800 μmol m–2 s–1) fl ux.

The fl uxes during the snow-free period were 
modelled for gap-fi lling purposes in three steps. 
First, E was determined for three seasonal sub-
periods (spring, summer, autumn) by fi tting the 
respiration (Eq. 3) to the nighttime data sepa-
rately for the three years. As the seasonally-
averaged values varied relatively little (ranging 
from 298 to 324 K), a mean value of E = 313 K 
was used during subsequent steps for all data. 
Second, the nighttime data were re-divided into 
192 weekly periods, and an R

0
 value was deter-

mined for each of these. Finally, using the same 
weekly division, the values of α and GP

max
 were 

obtained by fi tting the NEE equations (Eqs. 1–3) 
to the data set including also the daytime data. 
During winter with no uptake of CO

2
, the gaps 

were fi lled by a moving average with a 30-d 
window. At the beginning and end of the winter 
periods, the window was shortened to 7 days.

In addition to gap-fi lling, Eqs. 1–3 were used 
for analyzing the monthly CO

2
 balances, which 

were partitioned into gross photosynthesis (Eq. 
2) and respiration (Eq. 3) components. In order 
to further analyze the controls behind the GP 
and R sums, a sensitivity analysis of the model 
was performed. There are two sources of varia-
tion in the monthly CO

2
 exchange: differences in 

environmental responses (changes in parameter 
values) and differences in meteorological condi-
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tions (changes in input data). The inter- and intra-
annual variations in the former were characterised 
by calculating the monthly means of two essential 
parameters, GP

1200
 and R

0
. The GP

1200
 value, which 

represents GP in typical clear-sky light condi-
tions, was derived from Eq. 2 by using the optimal 
GP

max
, α and PI values obtained and a PPFD value 

of 1200 μmol m–2 s–1. Similarly, the monthly aver-
age of R

0
 represents the temperature-normalized 

respiration potential of the ecosystem. In order 
to disentangle the infl uence of the meteorological 
factors, all the data were pooled to monthly bins, 
and three-year averages of the parameters were 
calculated for each month. The model was then 
run for all years using these average parameters.

Results and discussion

Meteorology

Data from the nearby long-established weather 

stations Alamuonio (67°58´N, 23°41´E) and 
Sodankylä (67°22´N, 26°38´E) were used for 
analyzing the meteorological conditions during 
the measurement period 2006–2008 and com-
pared with the long-term means (1971–2000) 
(Fig. 3). The annual average temperatures in 
2006, 2007 and 2008 (Table 1) were somewhat 
higher than the long-term (1971–2000) aver-
age of –1.4 °C. The annual precipitation sums 
during the measurement years (Table 1) were 
also somewhat higher than the long-term aver-
age of 484 mm at Alamuonio.

The summer months (June–August) of 2008 
were slightly cooler than normal, while in 2006 
and 2007 they were warmer than the long-term 
average (Fig. 3). The August of 2006 was actu-
ally warmer than any August during the 1971–
2000 reference period. The low temperatures in 
summer 2008 occurred concurrently with rela-
tively low radiation levels and, on average, high 
precipitation. The July of 2007 was somewhat 
wetter, and July 2006 slightly drier, than normal, 
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Table 1. Seasonal averages of different meteorological and hydrological parameters at Lompolojänkkä in 2006–2008.

 2006 2007 2008

Annual mean temperature (°C) 0.1 0.1 –0.2
Annual precipitation (mm) 525 578 605
Snow melt date 3 May 17 May 24 May
Snow appearance date 16 Oct. 30 Oct. 26 Oct.
Maximum snow depth (cm) 77 (8 Apr.) 93 (20 Mar.) 102 (16 Apr.)
Summer mean water table level (cm) –1.5 2.3 5.0

Fig. 3. Monthly mean 
air temperature, global 
radiation and precipita-
tion at Lompolojänkkä in 
2006–2008, together with 
their long-term averages 
(1971–2000). The error 
bars denote the minimum 
and maximum values. The 
air temperature and pre-
cipitation data were meas-
ured at the Alamuonio 
weather station (67°58´N, 
23°41´E). The global radi-
ation data are from the 
Sodankylä weather sta-
tion (67°22´N, 26°38´E).
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but these monthly averages did not differ signifi -
cantly from the long-term values (Fig. 3).

The precipitation in the late winter of 2008 
was higher than during the preceding meas-
urement years (Fig. 3), which resulted in the 
greatest snow depth of the three years (Table 
1). Together with the lowest April–May tem-
peratures, this led to a late snow melt in 2008. 
In 2006, contrasting conditions caused an early 
snow melt, while the relatively warm October 
2007 delayed the autumnal snow appearance in 
that year (Table 1).

Net ecosystem CO2 exchange

Seasonal cycle

During the winter, the CO
2
 effl ux shows a weak 

decreasing trend from November to March. 
An average fl ux of 0.008 mg CO

2
 m–2 s–1 (0.7 

g CO
2
 m–2 d–1) was observed for the mid-winter 

period (January–March) during the three meas-
urement years (Fig. 4). The soil temperature (at 
–5 cm) was stable during the wintertime, but 

increased rapidly after the snow melt in May 
(Fig. 4). A consequent rise in the respiration rates 
was observed as an increase in the daily net CO

2
 

effl ux until photosynthesis took over, when the 
fen turned into a sink of CO

2
, roughly a month 

after the snow melt. The highest daily net uptake 
was observed in July with the maximum values 
of –12, –14 and –18 g CO

2
 m–2 d–1 in 2006, 2007 

and 2008, respectively (Fig. 4). The correspond-
ing mean daytime (PPFD > 500 μmol m–2 s–1) net 
uptake rates in July were –0.32, –0.43 and –0.45 
mg CO

2
 m–2 s–1. In August, the net uptake started 

to decrease, and at the beginning of September 
the fen became a net source of CO

2
.

Monthly and annual balances

In 2006–2008, the Lompolojänkkä fen acted 
as a net sink of CO

2
 for less than three months 

(76–90 days) of the year (Fig. 4) and correspond-
ingly as a source for over nine months. During 
the snow-cover period from November to April, 
the monthly fl uxes were rather similar between 
the years, decreasing from an average balance 
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of 41 g CO
2
 m–2 month–1 in November to 12 

g CO
2
 m–2 month–1 in March (Fig. 5). Air temper-

atures varied markedly between the winters, but 
as the soil temperature remained at 0 °C (Figs. 4 
and 6), the fl uxes remained relatively constant.

During the snow-free period, the interannual 
variation in the CO

2
 exchange was signifi cant. 

It was greatest during the uptake period, when 
the absolute values of the opposite fl ux compo-
nents, i.e., respiration and photosynthesis, are 
at their peak (Figs. 5a and 5b). The interannual 
differences in phenology and the mean photo-
synthetic capacity of the vegetation is illustrated 
by the GP

1200
 values (Fig. 5c), which represent 

the mean gross photosynthesis rate in typical 
clear-sky conditions (see above). In addition to 
the amount and state of the vegetation, the GP

1200
 

value is infl uenced by temporal variation in the 
environmental variables that are not included in 
the model (e.g., WTL and water vapour pressure 
defi cit, VPD). The infl uence of the differences 
in the meteorological conditions can be assessed 
from the outcome of the sensitivity analysis 
described above (Fig. 5d).

In general, the net CO
2
 uptake during the 

summer of 2006 was lower than during the 
following years (Fig. 5a). According to the 
modelled partitioning of the net CO

2
 exchange, 

both respiration and gross photosynthesis were 
limited during that year (Fig. 5b). However, 
the meteorological conditions considered in the 
model were actually more favourable for both 
GP (high PPFD) and R (high T

air
) (Fig. 5d). The 

GP
1200

 values, on the other hand, indicate that 
the vegetation activity was relatively low during 
the whole summer 2006 (Fig. 5c). Such a reduc-
tion in mean activity and the consequent low 
net CO

2
 uptake rates are often explained by dry 

and warm conditions, which may reduce the net 
uptake in various ways, especially on wetlands. 
Dry conditions increase the soil respiration by 
deepening the aerobic layer, but they may also 
decrease the uptake by suppressing photosynthe-
sis (e.g. Moore 2002, Bubier et al. 2003). High 
temperatures increase respiration rates (e.g. Sil-
vola et al. 1996), and the associated rise in VPD 
may further decrease photosynthesis by stomatal 
control. As plant respiration is strongly con-
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nected to photosynthesis, this will also probably 
suppress plant respiration.

In the present study, the partitioning of NEE 
does not indicate increased respiration in 2006 
(Fig. 5b), which suggests that the reduction in 
net uptake was related to photosynthesis. The 
reduced photosynthetic capacity in 2006 was 
probably a combined effect of various factors. 
The WTL was lower in 2006 than in 2007 and 
2008, but the difference is only a few centi-
metres (Fig. 6e). However, for this kind of fen 
with the WTL close to the peat surface, even a 
minor decrease in WTL could infl uence the fen 
vegetation, especially the mosses. The lower-
ing of WTL also decreases the nutrient input 
to fens, which, in addition to the WTL as such, 
may be an important factor. At the same time, 
VPD was on average higher in 2006 than in the 
following years (Fig. 6d). There were also more 
frosty nights in 2006 than during the other years 
(T

air
 < 0 °C on fi ve nights between 25 June and 5 

August, in 2006, but not once in 2007, and only 
once in 2008). All these stress factors may have 
caused temporary or permanent depression of 
the photosynthetic apparatus of certain species.

During late summer (June–July) in 2007 and 
2008, the photosynthetic capacities were of the 

same order, indicating that the state of vegeta-
tion was similar (Fig. 5c). The lower GP

1200
 in 

June 2008 is mainly due to the later onset of the 
growing season, which was not subsequently 
refl ected in the vegetation status. As a response 
to the lower GP

1200
 and radiation levels (Figs. 5d 

and 6c), the net uptake in June 2008 was mark-
edly lower than that in 2007 (Fig. 5a). In July, 
by contrast, NEE was greater in 2008 than in 
2007, even though GP

1200
 was slightly lower in 

2008. The small difference in the mean PPFD 
level explains the greater GP sum in July (Fig. 
5b), and also partly the greater NEE. Part of the 
greater net uptake was caused by the lower res-
piration sum associated with a slightly lower res-
piration potential (R

0
) (Fig. 5c). The net uptake 

during August was higher in 2008 than in 2007. 
Here the greatest difference was in the respira-
tion sum, which corresponded to the higher soil 
and air temperatures in 2007. This effect seems 
to have overshadowed the effect of the higher 
radiation and the slightly higher GP

1200
 in 2007.

The highest monthly net CO
2
 release rates 

were observed just before and after the growing 
season in May, September and October. Despite 
the clear difference in the snow melt dates (Table 
1), the NEE of May was rather similar in differ-
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ent years. The higher respiration in 2006 was 
compensated by the equally higher GP. Sep-
tember was also warmest in 2006 and coolest in 
2008, but in this case the higher respiration of 
2006 was not counterbalanced by photosynthe-
sis. On the contrary, favourable radiation condi-
tions increased the uptake in 2008 and hence the 
difference between the years. In October, the net 
respiration was similar to that in September, as 
the decreased temperature was balanced by the 
simultaneously decreased photosynthetic uptake. 
The high temperatures and the late snow cover 
resulted in especially high respiration rates in 
October 2007.

In 2006, 2007 and 2008, annual CO
2
 balances 

of –12, –123 and –216 g CO
2
 m–2 a–1, respec-

tively, were obtained for the Lompolojänkkä 
fen. The interannual variation in the balances is 
signifi cant; in 2006, in particular, the net sink 
was markedly low. The modelled monthly bal-
ances suggest that this depression was caused 
by the reduced photosynthetic capacity of the 
vegetation.

Comparison with other wetlands

In addition to Lompolojänkkä, there are two 
other fens in Finland with continuous multi-year 
CO

2
 measurements: the sub-arctic fen at Kaa-

manen in northern Finland (69°08´N, 27°17´E) 
(Aurela et al. 2002, 2004, Aurela 2005) and 

the boreal Siikaneva fen in southern Finland 
(61°50´N, 24°12´E) (Aurela et al. 2007, Riutta 
et al. 2007). These three fens represent a latitu-
dinal gradient from southern to northern Finland 
(Table 2). They also show differences in their 
nutrient status from the poor Siikaneva fen to the 
rich Lompolojänkkä, with Kaamanen occupying 
an intermediate position. The characterisation 
of the fens in terms of their nutrient status is 
based on vegetation analyses, but the pH values 
measured at the sites are consistent with this 
(Table 2). A similar gradient was also observed 
in LAI, which correlates well with the pH value. 
The peak summer CO

2
 exchange follows the 

nutrient gradient, but is probably more directly 
related to LAI (Aurela 2005). The mean daytime 
(PPFD > 500 μmol m–2 s–1) NEE in July follows 
the same pattern, and an even closer relationship 
is found between LAI and the July NEE sum. 
On the other hand, the annual NEE does not 
show any similar correspondence to pH or LAI. 
The annual balances were more dependent on 
the lengths of the growing season and the sink 
period (Table 2).

The long-term carbon accumulation of bogs 
is typically somewhat greater than that of fens 
(Turunen 2002), but the measured annual bal-
ances show a lot of variation. In Scandinavia, 
CO

2
 balances have been measured at a poor sedge 

fen at Degerö in Sweden (64°11´N, 19°33´E), 
where Sagerfors et al. (2007) observed annual 
balances similar to the Siikaneva fen, averaging 

Table 2. Net ecosystem CO2 exchange (NEE) together with different variables describing the vegetation and the 
nutrient status of three Finnish fens: Lompolojänkkä in 2006–2008 (this study), Kaamanen in 1997–2002 (Aurela et 
al. 2002) and Siikaneva in 2005 (Riutta et al. 2007, Aurela et al. 2007).

 Lompolojänkkä: Kaamanen: Siikaneva:
 Rich fen Rich fen with Poor fen
  ombrotrophic
  hummocks

Coordinates 68°00´N, 24°13´E  69°08´N, 27°17´E 61°50´N, 24°12´E
pH 5.5 4.6a 4.2
Leaf area index (single-sided) (m2 m–2) 1.3 0.7 0.4
Mean daytimeb NEE in July (mg CO2 m

–2 s–1)c –0.32 –0.16 –0.14
Total NEE in July (g CO2 m

–2 month–1)c –321 –165 –116
Total annual NEE (g CO2 m

–2 a–1)c –117 –81 –188
Length of the sink period (days)c 81 81 154
Length of thermal growing season (days)c 119 120 166

a Area-weighted average of hummocks and hollows. b Data with PPFD > 500 μmol m–2 s–1. c Averages for the meas-
urement years.
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–201 g CO
2
 m–2 a–1 in 2001–2003. A low annual 

uptake of –80 g CO
2
 m–2 a–1 was measured at 

the Fäjemyr bog in southern Sweden (56°15´N, 
13°33´E) (Lund et al. 2007). During four years 
of measurements at the Mer Bleue bog in cen-
tral Canada (45°40´N, 75°50´W), Lafl eur et al. 
(2003) obtained a mean annual balance of –205 
g CO

2
 m–2 a–1. Sottocornola and Kiely (2005) 

reported an average net fl ux of –202 g CO
2
 m–2 a–1 

based on two years of measurements on a blanket 
bog in Ireland (51°55´N, 9°55´W), while Arneth 
et al. (2002) estimated a mean annual balance 
of –105 g CO

2
 m–2 a–1 for a boreal bog in cen-

tral Siberia (60°45´N, 89°23´E). In permafrost 
areas, the net uptake is typically lower, as was the 
case on a high arctic fen in north-east Greenland 
(75°N, 8°E) with a small sink of –20 g CO

2
 m–2 a–1 

(Nordstroem et al. 2001). On the other hand, Cor-
radi et al. (2005) observed a markedly higher 
uptake of –139 g CO

2
 m–2 a–1 on tussock tundra 

permafrost in Siberia (68°37´N, 161°20´E).
The interannual variation observed at 

Lompolojänkkä, ranging from –12 to –216 
g CO

2
 m–2 a–1, is relatively large but very close to 

that observed at Kaamanen in 1997–2002 (–15 
to –192 g CO

2
 m–2 a–1); a somewhat greater vari-

ation (–37 to –278 g CO
2
 m–2 a–1) was observed 

at the Mer Bleue bog (Lafl eur et al. 2003). The 
two long time series, Kaamanen and Mer Bleue, 
suggest that such a large variation in the annual 
balances is typical for these northern wetlands. 
At both sites, the year having the lowest uptake 
was characterized by warm and dry conditions. 
The lowest annual uptake at Lompolojänkkä was 
also observed in a year that had the lowest water 
table and the highest growing-season tempera-
tures, although no serious drought was observed.

Conclusions

Continuous eddy covariance measurements of 
the net ecosystem CO

2
 exchange at Lompolo-

jänkkä in northern Finland suggest that, on an 
annual scale, this rich fen is currently a net sink 
for CO

2
. The average annual uptake of –117 

g CO
2
 m–2 a–1 is similar to the CO

2
 exchange 

observed for comparable northern wetlands. 
During the three measurement years, the Lom-
polojänkkä fen was a sink for CO

2
 for less than 

three months of the year. The weak but stable 
wintertime effl ux (0.008 mg CO

2
 m–2 s–1 in 

January–March) contributes signifi cantly to the 
annual balance, but is more than compensated by 
the stronger growing season uptake (with a mean 
daytime uptake of –0.40 mg CO

2
 m–2 s–1 in July).

While the interannual variation of CO
2
 

exchange was small during winter, it was marked 
during the sink period. On a monthly scale, the 
most important determinant of the CO

2
 bal-

ances was the photosynthetic capacity of the fen 
vegetation. The direct effect of solar radiation 
and temperature was also seen in the monthly 
balances, but their infl uence was greater through 
their impact on the physiological state of the 
vegetation.

The annual balances of –12, –123 and –216 
g CO

2
 m–2 a–1, were observed in 2006, 2007 and 

2008, respectively. Similar interannual varia-
tion has been reported in many wetland studies, 
showing that a low annual net uptake is often 
related to dry and warm conditions during the 
growing season. This was also observed in the 
present study. The year with the lowest net 
uptake at Lompolojänkkä was the warmest, and 
had the lowest water table level and the highest 
mean VPD.

The CO
2
 exchange fl uxes of the rich Lom-

polojänkkä fen were compared with two other 
Finnish fens: a rich fen with ombrotrophic hum-
mocks in northern Finland and a poor fen located 
in the southern part of the country. There was a 
clear correspondence between the nutrient status, 
mean pH value, maximum LAI and the mid-
summer CO

2
 uptake. A similar pattern was not 

seen in the annual CO
2
 balance, which corre-

sponds more to the growing season length.
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