


density, following the eddy covariance method.  
The instantaneous vertical wind speed is 
monitored with CSAT3 three-dimensional sonic 
anemometers (Campbell Scientific Inc. Logan, 
UT) in all three sites.   Half-hour means of CO2 
fluxes are expressed in terms of NEP, and 
defined as –NEE, Net Ecosystem Exchange, 
after gap-filling all data not meeting a site-
specifically derived u* threshold, mostly during 
nigh-time.  NEP fluxes were computed after 
coordinate rotation, air and water vapour density 
corrections and the inclusion of the CO2 storage 
term.  In the 98F site, CO2 densities were 
measured at a 7.7 m height from April 2001 to 
August 2002 with a closed-path (LI 6262, LICOR 
Inc. Lincoln, NE) IRGA analyzer.  From August 
2002 to present, CO2 densities were measured at 
a 20 m height with an open path (LI 7500 LICOR 
Inc., Lincoln, Nebraska), IRGA analyzer.  In both 
the 89F and 77F sites, CO2 densities are 

measured with open path IRGA analyzers at 9.1 
and 12.1 m height, respectively. 

 
Picture 3.  The 1977 forest-fire site (77F) near 
Weyakiwin Lake, Central Saskatchewan 

 
4.  RESULTS AND DISCUSSION 

Figure 1 shows daily NEP (g C m-2 day-1) and 
growing season (June, July and August (JJA)) 
total NEP (g C m-2 JJA-1).  The daily NEP in the 
98F site shows a period of CO2 sequestration 
lasting through June in all three years of 
measurements.  However, inter-annual variability 
is evident when comparing the total NEP during 
the JJA growing seasons, turning from a slight 

source in 2001 to a sink in the summer of 2003.  
In the 89F site, the daily NEP during the springs 
of 2002 and 2003 indicates well-defined periods 
of CO2 sequestration lasting from mid-April 
(snowmelt) through the end of June, explained in 
part by the strong development of trembling 
aspen foliage.   
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Figure 1.  Daily (g C m-2 day-1) and growing season (June, July and August) NEP totals (g C m-2 JJA-1) in a 
chronosequence of forest fires dated 1998, 1989 and 1977. 

 



The 89F forest gained 8 g C m-2 JJA-1 more than 
the 98F forest during the JJA season of 2002, 
and 84 g C m-2 JJA-1 the following and wetter 
growing season.  The 77F site started operating 
on July 18, 2003, precluding the JJA growing 
period comparisons among the three sites.  The 
NEP flux in this site turns from a strong CO2 sink 
by mid-July, to a strong CO2 source, through the 
rest of the growing season, releasing –70 g C m2 
month-1 during August 2003.  The younger forest 
fire sites were also a source of CO2 during the 
same period, releasing –5 and –13 g C m2  
month-1 in the 89F and 98F sites, respectively. 
 
We have not shown winter data here since we 
have been experiencing suspicious 
measurements with the open-path analyzer 
during winter.  We often measure downward CO2 
fluxes in an ecosystem where only net respiration 
is expected.  We have not yet found the cause for 
this.  However, by gap-filling winter data using 
measurements from nearby mature forest sites, 
we estimate that the 98F is a moderate carbon 
source, whereas the 89F site is a moderate 
carbon sink, annually (Amiro et al. 2004).   
 
5.  CONCLUSIONS 

The two youngest forest-fire sites under study are 
mainly populated by deciduous and herbaceous 
cover, in contrast to the coniferous vegetation 
characterizing the oldest forest-fire site.  This 
vegetation difference controls much of the 
seasonal carbon dynamics.  From snowmelt and 
to the end of growing season, the NEP values 
shifted every year from a mild-source to a strong 
sink and back to a strong source.  The patterns 
observed in both 98F and 89F are similar, both 
acting as CO2 sinks during the early and mid-
growing season when the herbaceous vegetation 
is being established and the aspen leaves 
emerge.  The magnitude of CO2 sequestration is 
much larger in 89F than in 98F due to a larger 
leaf area index at the older fire site.  Later in the 
growing season, the fire chronosequence 
indicates the three sites are CO2 sources to the 
atmosphere, with the strongest source at 77F, 
the oldest forest-fire site.  In contrast with 
harvesting, fire removes the finer material while 
leaving the killed trees standing.  This organic 
material would not be a significant contribution to 
the heterotrophic respiration until it is subject to 
decay once resting on the ground and fully 
exposed to moisture and soil fauna, in a process 
that may take several years to get started.  
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