
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FINAL TECHNICAL REPORT 
 

BCFSP M085111 
 

The effects of salvage logging on the net ecosystem productivity of MPB-attacked lodgepole 
pine forest ecosystems of the northern-BC interior. 

 
M. Brown, N.J. Grant and T.A. Black 

 
UBC Biometeorology and Soil Physics Group 

 
April, 2008 



BCFSP M085111 Final Report                                                                            2

ABSTRACT 
 
Recent studies have shown that salvage logging compromises the regeneration of forest stands 
following fire. In order to determine whether this practice will produce similar effects in stands 
recently attacked by mountain pine beetle, we combined measurements of net ecosystem carbon 
exchange, photosynthesis and growth of understory and/or planted seedlings, and soil and root 
respiration to compare the carbon balance in adjacent salvage-logged and not-logged lodgepole 
pine stands. 
 
INTRODUCTION 
 
The current BC outbreak of MPB, which began in the late 1990’s, had killed a total of 710 
million m3 of pine through the end of 2007, and is predicted to kill no less than 76% of the 
mature pine volume in the province by 2015 (BCMFR 2008). Pine accounts for almost 30% of 
the timber volume in the timber harvesting land base of BC. The pine stands located in the Sub-
Boreal Spruce biogeoclimatic zone  account for about 70% of BC’s timber production 
(Meidinger and Pojar 1991). The MPB outbreak was predicted to peak in 2006 with the annual 
volume of 90 million m3 merchantable pine killed on the timber harvesting land base (Eng 2004). 
This compares with the average annual allowable cut, between 1995-2005, from all provincial 
timber supply areas in BC of about 68 million m3 (BCMFR 2006).  
 
The AAC was increased by 4.9 million m3 in the fall of 2004 to allow for salvage logging in the 
timber supply areas (TSAs) of Lakes, Quesnel and Prince George (Snetsinger, 2005). Surveys of 
three pine-leading (>50% pine overstory), MPB-affected stands in north central BC indicated 
that 20-25% of pine-leading stands had such poor secondary structure that total salvage logging 
and planting was the only way to mitigate merchantable timber losses (Coates et al., 2006).  
 
Monitoring of the regeneration of pine in salvage-logged (L) and not-salvage-logged (NL) areas 
has been recommended (Eng, 2004). Measurements of the annual net ecosystem productivity of 
salvage-logged clearcuts are a key diagnostic tool for assessing the effects of forest management 
practices on the ecosystem carbon (C) balance, and hence regenerative potential, of MPB-
affected stands. 

 
Net ecosystem productivity (NEP) is a direct measure of whether an ecosystem is a source 
(NEP<0), or sink (NEP>0) of atmospheric C over a time period of interest and is calculated as P 
– R: the difference between gross ecosystem photosynthesis (P) and respiration (R), respectively. 
Clear cutting removes the canopy component of the aboveground biomass of the stand, thus 
dramatically reducing P. The removal of the mature trees also removes a significant component 
of C released from the metabolic activity in roots, boles and leaves (autotrophic component of R, 
or Ra). Extremes in microclimate (temperature, atmospheric humidity and soil water content) 
caused by the shift of radiant energy exchange from up in the canopy to near the ground surface 
(Spittlehouse and Stathers, 1990) bring about changes in the survival and growth rates of planted 
seedlings and understory (Fleming et al., 1998). Also affected are soil biological and chemical 
processes that control the decomposition rates (heterotrophic component of R, or Rh) of 
belowground biomass and slash created by the logging process (Prescott et al., 1997). 
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Our objectives during this one-year project were: 
 
1. To establish an EC system in a L clearcut adjacent to an NL, MPB-attacked lodgepole pine 
stand (NL-NS) where a CFCAS-funded EC flux tower was already in operation, and to measure 
NEP concurrently in L and NL stands for a period of 6 weeks during the peak growing season. 
 
2. To measure foliar CO2 exchange, LAI, caliper, (i.e stem base diameter), height and 
health/condition of lodgepole pine seedlings planted in the L stand and to compare these 
measurements with corresponding measurements of understory components in the NL stand. 
 
3. To partition soil respitaion (Rs) into its belowground autotrophic and heterotrophic 
components by measuring soil CO2 efflux in control and root exclusion plots in the L stand, and 
to compare the results of these measurements to a similar root exclusion experiment in the NL 
stand. 
 
4. To scale measurements of the net photosynthesis of planted seedlings and competing 
deciduous vegetation to the stand level by using specific leaf areas and estimates of the areal 
distribution of plant biomass by species in the L stand. 
 
5. To determine net primary productivity (NPP) as NEP + Rh in the L clearcut, and to compare 
this estimate to that obtained by scaling up net-photosynthesis measurements using specific leaf 
areas. 
 
 
METHODS 
Eddy covariance (EC) 
measurements: Because C-
inventory measurements 
cannot resolve C-stock 
changes on timescales of 1 to 
2 years, we used the EC 
method to measure CO2, w
vapour and energy fluxes 
and NL lodgepole pine stands.
NEP is measured directly 
using the EC method, which 
has become the standar
technique to measure 
ecosystem CO

ater 
in L 

 

d 

2 exchange 
(Baldocchi, 2003). A 32-m 
tall EC flux tower has been 
installed in a lodgepole pine 
stand (NL-NS)  in the initial MPB attack stage as part of a CFCAS project. Shortwave and 
longwave radiation components, photosynthetic photon flux (PPFD), precipitation, wind speed, 
temperature, humidity, snow pack depth, precipitation throughfall, leaf wetness, and soil 
temperature, heat flux and water content are also measured. An EC system consisting of a 
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Eddy covariance system 

CO2/H20 infrared gas analyzer (IRGA, model LI-7500, LI-COR Inc., Lincoln, NE) and a sonic 
anemometer (CSAT3, Campbell Scientific Inc.) was deployed in an adjacent 10 year old pre-
MPB clearcut (CC-97). We also 
pursued opportunities for data 
collection that went beyond those 
originally set out in the proposal. 
M. Brown (Ph.D. student, UBC: 
see attached budget justification 
for details of the personnel 
supported by this grant) used the 
system to make continuous 
measurements of NEP in CC-97 
for 3 weeks. In addition to the four 
week long deployment of the EC 
system at CC-97, the system was 
deployed for ~3 weeks in a 
clearcut that was salvage-logged in 
2005 (CC-05) and planted with 
lodgepole pine seedlings in 2006. A BC Ministry of Forests and Range (BCMFR) climate station 
installed in December 2006 at CC-97 provided corresponding weather and soil measurements at 
the CC-97 site. The EC system was also deployed for a month at the NL-NS flux tower to 
measure below-canopy carbon and water fluxes. Below canopy measurements of CO2 exchange 
allowed us to partition CO2 exchange between the canopy and below canopy. 
 
The EC data was subjected to standard quality control procedures by determining the friction 
velocity thresholds (u*) for nighttime flux measurements and by assessing energy balance 
closure. Gaps in the data record were filled using standard algorithms established by the Fluxnet 
Canada Research Network (see Barr et al. 2004, Appendix A for a full description). Gaps in 
daytime NEP were filled with the difference between modelled P and R: P was modelled by 
assuming a rectangular hyperbolic relationship between P and PPFD, and R was modelled by 
assuming an exponential (Arrhenius) relationship between nighttime R (equal to minus nighttime 
NEP) and soil temperature at the 2-cm depth and extrapolating to daytime (see Humphreys et al., 
2005). Hence, during the deployment of the EC system in the clearcuts we determined NEP, P 
and R concurrently in the L and NL ecosystems. 
 
Soil CO2 efflux: To complement 
measurements of Rs undertaken in 
the NL stand, a portable chamber 
and IRGA system was used in the 
CC-97 stand to measure both Rs 
(in undisturbed areas), and Rh (in 
clipped vegetation root exclusion 
plots).  As there are no mature 
trees present with deep roots in the 
CC-97 stand, clipping the 
vegetation to ground level 

Soil efflux collars 
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effectively removed the Rab component of Rs, leaving Rh as the source of respiration in root 
exclusion plots. Four control and 4 clipped 50 cm x 50 cm plots were created in the CC-97 
clearcut. Two PVC collars 5 cm long with 10 cm internal diameter will be inserted 2 cm into the 
ground in each control and root-excluded plot. Soil CO2 efflux was measured every 3 weeks by 
placing a 1.5 litre chamber on the collars and measuring the rate of increase of CO2 
concentration over 2-minute periods with a portable IRGA (LICOR LI-820). During the period 
of the EC measurements, soil CO2 efflux was measured every 2 hours over a full diurnal cycle. 
Soil temperature and water content were also measured next to each collar. Any plants growing 
in the root exclusion plot and inside the collars will be clipped at the ground surface to prevent 
any new root growth that would influence soil CO2 effluxes. 
 
Estimates of Rh will be corrected for the increased contribution of CO2 below the root zone depth 
to Rs in the clipped plots, following Eq. (5) of Jassal and Black, 2006. By solving for Rh in the L 
and NL stands we will be able to determine the effect of salvage-logging on organic matter 
decomposition, which is expected to be high in the L stand due to increased soil disturbance and 
buried coarse woody debris (Pypker and Fredeen, 2003).  
 

LI-COR LI-6400 Photosynthesis system 

Growth of planted seedlings and competing vegetation: Foliar CO2 exchange measurements were 
made by Rebecca Bowler (UNBC summer student) on planted seedlings and important 
competing vegetation in the L stand every three weeks from May to September using a LI-COR 
Inc. LI-6400 photosynthesis system and following the approach of Pypker and Fredeen (2002b). 
Briefly, healthy green one-year-old shoots on the north or south side of selected seedlings were 
placed in the LI-6400 leaf cuvette under ambient light conditions. Deciduous plants were 
selected randomly for each measurement session, while planted seedlings were selected for 
repeated sampling throughout the growing season. Air temperature, atmospheric water vapour 
saturation deficit, PPFD and relative humidity were continuously logged during each leaf 
measurement along with A. Area-based estimates of A were calculated after determining the one-
sided leaf area for each branchlet or leaf sampled using digital image analysis software. Leaf area 
to dry leaf biomass ratios (specific leaf area, SLA) were determined for representative conifer 
seedlings and deciduous plants. 
The SLA will be converted to 
LAI by determining the leaf 
biomass totals per unit ground 
area in the clearcut, and 
multiplying by SLA. Twelve 
conifer seedlings were removed 
in April and then again in 
September, and the leaves and 
stems separated and dried at 
65ºC for 72 h before weighing. 
Growth rates of planted 
seedlings and competing 
vegetation in the L stand will 
be determined from caliper, 
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height and health/condition measurements of these components.  These measurements will 
complement similar measurements of A and growth on the understory components in the NL 
stand. 
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RESULTS 
 
NEP measurements in salvage-logged clearcuts 
 
Over the 6 week period when NEP measurements were made, both CC-97 and CC-05 were C 
sources of 0.39 g C m-2 day-1 and 0.87 g C m-2 day-1 (Fig.1). During the daytime NEP at both 
sites showed a net C uptake, however over a 24 h period, respiration was the dominant C flux.  
 
 
 

Clearcut-05  Clearcut-97  

 
 
 
 
 
 
 
 
 
 
 

 

Fig.1 

Hour (PST) 
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Foliar CO2 exchange and soil respiration measurements in salvage-logged clearcuts 
 
Net-photosynthesis (P) of the pine saplings in CC-05 increased from 4.55 µmol m-2 s-1 in May to 
a maximum of 9.0 µmol m-2 s-1 in mid July (Fig.2). The competing deciduous vegetation P 
increased steadily throughout the growing season and reached maximum levels of 15.7 µmol m-2 
s-1 on Aug 28th. In the control and no-roots plots Rs ranged from minimums of 1.25 and 1.12 
µmol m-2 s-1 to maximum rates of 2.5 and 2.7 µmol m-2 s-1 (Fig.3). There was no significant 
difference between Rs in control and root exclusion plots, indicating Rh is the dominant 
respiratory source in this clearcut.  
 
 

Fig.2 Fig.2 

Fig.3 
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Above and below-canopy NEP measurements 
 

Below canopy EC system 

Daytime canopy and blow canopy NEP at NL-NS were 
3.17 and -0.61 µmol m-2 s-1 indicating a canopy CO2 uptake 
of 3.78 µmol m-2 s-1 (Fig.4). Rs measurements made during 
this period were ~1.9.0 µmol m-2 s-1, meaning that the 
understory uptake was approximately 1.3 µmol m-2 s-1 .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Below canopy 

Above canopy 

Hour (PST) 

Canopy C uptake 

Fig.4 

 
 
 
DISCUSSION 
 
This study demonstrated that salvage harvesting can result in a stand being a large C source two 
years following harvesting (Fig.5). This was expected; given that little vegetation remained 
following harvesting and that the planted seedlings were still juvenile. Even CC-05, a stand 
harvested 10 years ago which was left to naturally regenerate, was still a moderate growing 
season C source despite an abundance of lodgepole pine saplings. In both CC-05 and CC-97 
respiration dominated over photosynthesis. In CC-05, heterotrophic respiration was the 
overwhelming contributor to Rs. NL-NS remained a growing season C sink. EC measurements, 
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along with chamber Rs measurements at NL-NS showed that the canopy accounted for ~75% of 
the total daytime ecosystem C uptake, with the understory accounting for the remaining uptake, 
showing that despite the majority of the trees in the stand being dead, the remaining healthy trees 
and forest floor vegetation actively absorbed C (Brown and Black 2008). 
 

Fig. 5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS AND MANAGEMENT IMPLICATIONS 
 
Management responses to mountain pine beetle (MPB)-affected lodgepole pine stands vary from 
complete removal of the pine canopy and secondary structure (saplings, seedlings, shrubs and 
herbaceous plants) to selective removal of MPB-affected trees with varying degrees of secondary 
structure retention, to completely non-invasive strategies, i.e., allowing secondary structure to 
grow undisturbed in a dead stand. The appropriate management response must balance the 
potential future economic viability of components of the secondary structure with the need to 
preserve habitat, ecosystem biodiversity and to minimize disturbance to the C and water balances 
of the stand and surrounding ecosystems. The current bias towards clearcut harvesting in mixed-
species stands in the BC Interior reflects the realities of market demand for certain types of wood 
and paper products. However, this study has shown that this type of harvesting can result in a site 
being a C source for at least 10 years. Thus, the increase in the AAC will likely significantly 
reduce the ability of BC’s forests to sequester C. 
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