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CO2 and CH4 ecosystem exchange from peatlands:
Eastmain-1 hydroelectric project, Quebec, Canada
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Introduction

Hydro-electric reservoirs cover approximately 1.5 million
km2 (St-Louis et al. 2000). The creation of these water bod-
ies modifies the natural ecosystem dynamics from terrestrial
to aquatic systems. In addition, large amounts of biomass are
flooded, and greenhouse gas (GHG) budgets of the flooded
areas are drastically changed. In boreal regions, GHG meas-
urements tend to show that these fluxes go back to natural
lakes levels within 10 years after impoundment (Tremblay
et al. 2004). Small-scale studies have documented fluxes
from before and after flooding in experimental reservoirs
(e.g., Kelly et al. 1997), but none have been conducted for
whole hydro-electric reservoirs. This study is part of the
Eastmain-1 project: Reservoir net GHG emissions, which
follows the recommendations from Tremblay et al. (2004)
suggesting that “integration of fluxes at the landscape/catch-
ment level prior to and after flooding” should be critically
considered before drawing conclusions on the effect of
hydro-electric reservoir on GHG production.

This study is currently underway in the Eastmain-1 reser-
voir area, located 1200 km north of Montreal, Quebec, Can-
ada (Fig. 1). The reservoir covers 603 km2, 18 % of which is
represented by peatlands, excluding lakes and rivers. Peat-
lands are long term carbon sinks through carbon dioxide
(CO2) absorption by surface vegetation and also emit impor-
tant amounts of methane (CH4; Pelletier et al. 2007). The
main objective of this research was to establish a GHG bud-
get (CO2 and CH4) for the peatlands located inside and out-
side the Eastmain-1 reservoir prior to flooding.
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Material and methods

Experimental set-up

In June 2005, collars were installed in 6 peatlands, 3 located
inside the limits of the reservoir. The 3 peatlands outside the
reservoir limits are being used to follow GHG dynamics of

Fig. 1. Eastmain-1 study area.

the peatlands after flooding. In each peatland, sets of 2 or 3
collars were installed over the different vegetation types
(biotypes) following a depth gradient from water table
depths (WTD) of 40 cm below the peat surface (hummock)
to WTD 40 cm above the peat surface (pool). Boardwalks
were installed to minimize disturbance when gas sampling. A
meteorological tower was installed in one of the sites to
measure environmental data (water table depth; air tempera-
ture; relative humidity; wind speed; wind direction; precipi-
tation; peat temperature at 5, 10, 20 and 40 cm depth; and
photosynthetic photon flux density [PPFD]). We inserted
PVC tubes in the peat to measure WTD next to each biotype
where gas flux measurements were made.

Fluxes of GHG were measured between June and Septem-
ber 2005 and 2006. Flux measurements of CH4 were made
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Table 1. Mean summer biotype CH4 fluxes for the peatlands inside reservoir area in 2005 and outside the reservoir area in
2005 and 2006.

Biotypes CH4 mmol m–2 d–1

Inside reservoir 2005 Outside reservoir 2005 Outside reservoir 2006
Hummock 1.79 (0.43) 0.67 (0.19) 0.94 (0.33)
Lawn 7.68 (0.65) 8.33 (0.37) 8.08 (0.86)
Wet depression 9.65 (1.20) 4.39 (0.54) 4.64 (1.11)
Pool 1.92 (0.39) 2.92 (0.81) 1.44 (0.59)

using static chambers installed on the collars (Pelletier et
al. 2007). Flux measurements of CO2 were made on the same
collars as for CH4 measurements, using a closed system to
determine the net ecosystem exchange (NEE). The system
was composed of three elements: (1) a PP System EGM-4
infrared gas analyser (IRGA), (2) a static chamber, and (3) a
cooling system to keep the temperature inside the chamber
close to ambient. The Plexiglass chamber material transmits
approximately 87 % of the PPFD. The cooling system con-
sisted of a heat exchanger in the chamber and a water pump
submerged in a bucket filled with cold water. The IRGA
measured CO2 concentration in ppmv. More details on the
method can be found in Bellisario et al. (1998). Results
were regressed using a rectangular hyperbola (Frolking et
al. 1998).

Results and discussion

Methane

We measured 725 CH4 fluxes on the 6 peatlands during
the 2005 and 2006 sampling seasons. Individual CH4

fluxes range from –0.3 to 42 mmol CH4 m–2 d–1. Biotype
seasonal average CH4 fluxes for the outside and inside
reservoir peatlands in 2005 ranged from 0.7 ± 1.3 mmol
CH4 m–2 d−1 on hummocks to 9.7±7.4 mmol CH4 m–2 d–1

on wet depressions. Maximal values on wet depression
sites were obtained from peatlands inside the reservoir
and were probably the result of ebullition within the
chamber during sampling because fluxes for the same
biotype from the peatlands outside the reservoir area
were smaller (4.4 ± 3.6 mmol CH4 m–2 d–1 in 2005 and
4.6 ± 4.4 mmol CH4 m–2 d–1 in 2006). Overall, the lawn
biotype was the strongest emitter when at the inside res-
ervoir 2005 and outside reservoir 2005, with mean bio-
type CH4 flux values of 8 ± 4.4 mmol CH4 m–2 d–1. The
2006 mean CH4 fluxes for the outside reservoir peatlands
were not different from the 2005 results (Table 1). Stan-
dard deviations are important for all biotypes in both the
inside and outside reservoir peatlands. This demonstrates
the important spatial and temporal variations between
and within the biotypes. Overall, the mean CH4 flux dif-

Fig. 2. NEE-PPFD curves for the hummocks (A), lawns (B)
and wet depressions (C) biotypes for peatlands inside the res-
ervoir area in 2005 and outside the reservoir area in 2005 and
2006.
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Table 2. NEE-PPFD curve parameters for the hummock, lawn and wet depression biotypes from peatlands inside the reservoir
area in 2005 and outside the reservoir area in 2005 and 2006.
α represents the initial slope of the curve, Pmax the maximum gross productivity, and R the ecosystem respiration.

Biotypes Inside reservoir 2005 Outside reservoir 2005 Outside reservoir 2006

Hummock
α −1.52 (0.28) −0.83 (0.14) −1.35 (015)
Pmax −543 (39) −740 (82) −558 (25)
R 212 (15) 174 (17) 141 (10)

Lawn
α −0.95 (0.13) −1.69 (0.45) −1.04 (0.20)
Pmax −503 (35) −370 (27) −297 (18.9)
R 110 (10) 141 (14) 77 (9.23)

Wet depression
α −1.91 (2.97) −0.34 (0.17) −0.06 (0.05)
Pmax −119 (22) −297 (101) −33.7 (11.8)
R 61 (13) 61 (21) 25 (3.9)

Table 3. Annual CO2 and CH4 budgets from flux modelling. Fluxes are in mmol m–2 d–1

2005
CO2 CH4

2006
CO2 CH4

Outside reservoir
LLC −33.7 1.00 −35.5 1.75
Mosaik −16.7 1.07 −18.5 1.15
Sterne −15.1 1.56 −25.0 1.14

Inside reservoir
Grand Détour −10.8 1.02 – –
Ruisseau Natel −30.3 1.76 – –
Ruisseau Caché −19.6 1.61 – –

ferences between the terrestrial biotypes (hummocks,
lawns, and wet depressions) were explained by the mean
seasonal water table depth (r2 = 0.62; p < 0.001).

Carbon dioxide

More than 1500 NEE were made on the EM-1 peatlands in
2005 and 2006. Regression between NEE and PPFD data
showed variations between biotypes within the same peat-
lands (Table 2; Fig. 2). The hummock biotype absorbed
more CO2 than the lawn and wet depression, with maxi-
mum gross productivity values (Pmax) ranging from –543
to –740 mmol CO2 m–2 d–1. Ecosystem respiration (R) was
also more important on the hummock biotypes, except for
the lawn biotype of the outside reservoir 2005 peatlands.
The wet depression biotype exchanged less CO2 than the
other biotypes having the smallest Pmax and R values. Vari-
ations were observed between the same biotypes when
comparing the inside and outside of the reservoir peatlands
(Table 2; Fig. 2). This was noticeable when comparing the
wet depression biotypes Pmax values. Those variations
could be due to differences or changes in green biomass
within the sampling collars. Note that the outside reservoir
peatlands Pmax and R values decreased from 2005 to 2006

with the most important variation being observed on the
wet depression biotypes (Table 2). Differences in air/peat
temperatures and precipitations between the 2 years could
probably explain those variations. Note that these varia-
tions were not observable on the NEE-PPFD curve (Fig. 2)
because a reduction of Pmax and R can still lead to the same
NEE values.

Methane and carbon dioxide annual budget

Fluxes of CH4 and CO2 were modeled to estimate the net
annual exchange from peatlands. Chamber extrapolation
methods based on mapping of the biotypes was used to
estimate fluxes from the peatlands. Mean growing season
values were used for methane, and a seasonality factor
was used to estimates emissions from the cold season.
Carbon dioxide annual exchange estimations were made
using a model presented in Bubier et al. (1998), where
gross primary production (GPP) for each biotype in the 6
peatlands was calculated from the NEE-PPFD curve
parameters and the light intensity. Respiration was mod-
elled using a linear regression equation of LogCO2 flux
when light = 0 and the peat temperature at time of meas-
urement. All peatlands had negative values of net eco-
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system productivity (NEP) in 2005 and 2006, meaning
that they were all sinks for CO2, absorbing between 11
and 34 mmol CO2 m–2 d–1 (Table 3); however, they were
all source of CH4 with net annual fluxes ranging between
1 and 1.8 mmol CH4 m–2 d–1 (Table 3).

Overall, peatlands in the Eastmain-1 region behaved
as expected, being a sink for carbon dioxide and a source
of methane. The use of an eddy covariance tower in the
future will allow comparisons of the chamber extrapola-
tion method with greater ecosystem data to validate the
estimated NEP.
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