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Introduction 
Global climate change will have consequences for the carbon (C) balance of the world’s high-
latitude terrestrial ecosystems.  However, because significant changes are being projected in both 
productivity and disturbance regimes, it is not clear whether the combined effect of all global 
change factors will tend to drive these ecosystems towards a C sink or source. Factors like 
elevated atmospheric CO2 concentrations, increased atmospheric N deposition, and longer 
growing seasons may cause significant changes in future forest productivity.  Some studies 
suggest that increases in net primary productivity (NPP) will or have already occurred (Myneni 
et al.1997, 2001; Nemani et al. 2003; Slayback et al. 2003); others do not (Barber et al. 2000; 
Angert et al. 2005; Bunn et al. 2007).  Increases in mean annual temperature may also increase C 
emissions from soil and dead organic matter through increased rates of heterotrophic respiration 
(Rh), so the ultimate outcome for net ecosystem productivity (NEP) may not always be positive 
even if NPP is enhanced.  Other recent evidence suggests that disturbances are the primary driver 
of landscape level C dynamics (net biome productivity (NBP)) of these forests (e.g. Bond-
Lamberty et al. 2007, Kurz et al. 2008a, 2008b).  Several studies suggest that projected increases 
in severe summer fire weather conditions for most of North America will increase area burned 
by wildfire (Balshi et al. 2009, Flannigan et al. 2009, Krawchuk et al. 2009).  This could result in 
increased direct greenhouse gas emissions (Amiro et al. 2009), and residual emissions from the 
decomposition of dead organic matter killed by fire.  
 
Kurz et al. (2007) reported simulated response surfaces for net C stock changes for landscapes 
affected concurrently by changes in productivity, decomposition and disturbance rates., and 
suggested that significant increases in NEP, sustained over several decades and widespread 
across a landscape, would be required to balance C losses from increased natural disturbance 
rates, and that these increases would only be realized when NPP is enhanced relative to Rh.  
However, these results were for a hypothetical boreal landscape, used simulations that 
implemented changes in regimes as step-functions, and did not account for inter-annual 
variability in future area burned by wildfire.  In this paper, we use forest inventory and growth 
data from the province of British Columbia, Canada (Fig. 1) in order to examine how these 
potential changes would affect a real landscape.  In addition, we implemented our scenarios as 
gradual changes over time.  Finally, because it is not possible to predict today how much area 
will be burned by fire, we used probabilistic forecasts of future fire and Monte Carlo simulation 
(e.g. Kurz et al. 2008b) to generate probability distributions of future outcomes.   

 
Our overall objective in this study was to examine what the potential concurrent impacts of 
changes in future productivity, decay, and disturbance regimes on the C balance of forests in 
British Columbia from 2010 to 2080.  As in Kurz et al. (2007), the scenarios that we use are 
meant to quantify response surfaces that describe the bounds of possible future effects of these 
factors.  Specifically, we examined the impacts of these factors on (1) the annual probability of a 
C sink or source over that time period, and (2) the probability of a cumulative increase or 
decrease in C stocks over the entire study period.  
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Key Results 
If there are no changes in growth, fire or decay rates, then forests in BC are more likely to be a C 
sink than a C source on an annual basis after 2030 as the forest regrows following the mountain 
pine beetle epidemic (Figure 1a). Only in the worst-case growth scenario (50% productivity) are 
the forests most likely to be a source of carbon to the atmosphere (Figure 1a). 
 
If the annual area burned doubles by 2080, the forests are still more likely to be an annual sink 
than a source as long as productivity does not decline (Figure 1b). However, the annual 
probability of a sink was decreased by an average of 25 % after 2030. 

 

 
 
Figure 1 Median response surface from 100 Monte Carlo simulations of future fire, showing the most likely 
annual carbon balance (Net Biome Productivity, NBP) for British Columbia’s forests from 2010 to 2080.  The 
forests are a net sink for carbon when the surface is above the zero-plane. a. No change in fire or decay b. 
Increased fire and no change in decay c. No change in fire and increased decay d. Increased fire and decay. 
 
 



 5

Changing the rate of decay due to projected temperature increases caused the forests to likely be 
an annual carbon source, unless productivity increases (Figure 1c). Combining the changes in 
decay with increasing annual area burned did little to change the likelihood of the forests being 
an annual source or a sink, but did decrease the amount of carbon-uptake especially towards the 
end of the simulation. 
 
If there are no changes in decay, then cumulative results summed over the 2010 to 2080 period 
showed the forest likely to be a net sink under three situations, (1) no change in fire, 
productivity, or decay, (2) increased productivity and no change in fire or decay, and (3) 
increased fire and productivity, but no change in decay.  Some scenarios show cumulative sinks 
when fire doubles and there is no change in decay.  The cumulative sink was highly sensitive to 
increased area burned.  For example, if there are no changes in decay or productivity, increased 
area burned reduced forecast probability of a cumulative sink between 2010 and 2080 from 97 % 
to 19%.  In other words, small annual sinks are offset by larger annual sources in extreme fire 
years, making forests about 5 times more likely to be a C source under increasing fire in this 
situation.  Unfortunately, the maximum amount of area burned is one of the modelling 
parameters where we have the least confidence.  When decay was increased, only scenarios with 
increased productivity and no change in fire had a non-zero probability of a cumulative sink.  All 
scenarios with declining productivity were cumulative sources regardless of changes in fire or 
decay. 

Extension 
Preliminary results of this work were presented at the Annual General Meeting of the Canadian 
Carbon Program.  A manuscript is being prepared for submission as a peer-reviewed scientific 
paper. 

Lessons Learned and Future Work 
During the analyses we identified the need for more modelling capacity to capture dynamic 
feedbacks within the ecosystem, for example, increased drought leads to more fires and mortality 
so the vegetation needs the potential to shift from forest to grassland.  Based on the first year’s 
results, the second year of the project will develop a modelling framework that includes 
spatially-explicit changes to mortality rates, regeneration and successional dynamics. This 
framework will integrate published models: TACA for natural regeneration (Nitschke and Innes 
2008), LANDIS for spatially-explicit modelling of forest ecosystem and management dynamics 
(Scheller et al 2007) and CBM-CFS3 for modelling of forest carbon dynamics (Kurz et al. 2009). 
Each model will have BC-specific parameterization. This year will focus on developing the 
modelling framework, parameterization and results for a pilot landscape in the south-eastern part 
of BC. 
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