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1.0 Introduction  
 
Criterion 3 is meant to assess the impacts of forest management on global ecological 
cycles.  At this point, this criterion looks solely at carbon storage and the influence of 
forestry activities on specific carbon storage and sequestration opportunities.  The very 
nature of criterion 3 highlights that it has implications beyond the DFA.  Carbon storage 
and sequestration are important aspects in global warming.  It is also the least monitored 
criterion in normal operations.  Although there are international monitoring implications 
(i.e. caps on amount of carbon sequestration that can be “counted” for contributing to the 
Kyoto Protocol), at the local level, we will track forest management contributions to 
carbon storage and sequestration.  Monitoring at this point looks solely at potential forest 
management carbon sinks and not sources. 
 
For the most part, the measures associated with this criterion and it’s associated 
indicators are surrogates.  Data on the actual carbon associated with the measures is not 
collected.  Inferences are made based on the potential carbon stored or sequestered for 
each measure. 
 
2.0 Components of a Monitoring Program 
 
2.1 What elements of SFM are being measured under a monitoring 
program? 
 
As with other criterion and indicators, criterion 3 is evolving.  The initial elements 
proposed for measuring will change as new information is accumulated.  The current 
elements being measured include: 
 
Indicator 3-1 the total forest ecosystem biomass and carbon pool, by forest type, age 
class, and successional stage is sustained 

Measure 3-1.1 Estimated amount of carbon stored in trees in the TSA (converted 
from TSR M3/ha) is sustained 
Measure 3-1.2 Estimated carbon in non-tree vegetation 

 
These measures track the amount of tree and non tree vegetation occurring in the DFA as 
a surrogate for actual carbon storage occurring naturally in a forest.  Estimates of the 
carbon stored for each measure is modeled.  Monitoring will track the surrogates. 
 
Indicator 3-2 The forest products carbon pool is maintained or increased 
 
Measures for this indicator do not exist at present.  Although the amount of carbon stored 
in forest products is relevant and a significant carbon sink, this indicator is currently very 
difficult to monitor as accurate estimates of how much carbon is stored as forest products 
(eg. Lumber in houses) and for how long do not exist.  This indicator should be revisited 
as it is not measurable at this time. 
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Indicator 3-3 The processes that take carbon from the atmosphere and store it in forest 
ecosystems will be sustained 

3-3.1 Interim measures  

 Deciduous, shrubs 1-2.1 

 Area of THLB converted to non-forest land use through forest management 
activities 2-2.1 

 The percent of cutblocks area having road/landing construction 2-2.2 

 The percent compliance with regeneration standards 2-3.2 

 The percent of Area in compliance with free growing achievement dates 2-3.3 

 Regeneration delay 2-3.1 

 Volume of timber (AAC tracked as part of TSR) 4-1.2 

 
As can be seen, the current state of this criterion is directly linked to indicators and 
measures that exist for criteria 1 and 2.  As with indicator 3-1, the stated or amount of 
carbon itself is not directly monitored.  Converting forest inventory data to carbon with a 
biometrical approach using factors and models is accepted as a standard method (IPPC 
1997, Barford et al. 2001 in C3 Rationale 2004). 
 
2.2 Implementing a monitoring program 
 
The Canadian Forest Service has been working on a carbon monitoring tool for Canada 
for the past few years.  While it initially sounded as if it would be of use in local SFM 
Plans, its implementation has been delayed several times and it is questionable as to when 
it may come out and how it could be used locally.  Initial monitoring for carbon storage 
and sequestration will focus on indicators 3-1 and 3-3.  Monitoring will consist of 
tracking the forest related measures and then estimating carbon stored/sequestered in 
each measure. 
 
2.2.1 Collecting data for Criterion 3 measures 
 
Measures for this criterion consist of the amount of tree and non tree vegetation in the 
DFA, stressing attributes associated with tree growth.  In some cases the measures track 
the amount of area available or lost to vegetation. The timber supply process provides 
much of the information needed for monitoring associated with this criterion. Existing 
inventories can provide data for the non tree vegetation or the area available for 
vegetative growth. Models exist that can estimate the amount of carbon stored or 
sequestered by the vegetation. At the national level,   “two models are currently being 
used to estimate the national carbon budget: the Integrated Terrestrial Ecosystem C-
budget model (InTEC) and the Carbon Budget Model of the Canadian Forest Sector 
(CBM-CFS2)”  (Wong 2003). 
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At a landscape scale, monitoring would involve detecting large scale changes 
unaccounted for in the carbon inventory such as changes resulting from a natural 
disturbance. 
 
At the operational level, models such as Forest Simulation Optimization System (FSOS) 
and FORECAST have been used in carbon modeling.  In general, these models can track 
carbon in aboveground biomass and in the wood products pool over time under different 
planning scenarios at the landscape or stand levels (Wong 2003). 
 
2.2.2 How are thresholds or targets established? 
 
At present, thresholds for criterion 3 have been set at the current existing levels for each 
of the measures.  As stated, the use of this criterion has just begun and data on the utility 
of the surrogates is limited.  As more information is accumulated, thresholds will be set 
that reflect the sustainability requirements for carbon. 
 
2.2.3 Creating a Sustainability Assessment: evaluating Monitoring results 
 
Most divisions have chosen to evaluate and potentially use the carbon accounting system 
being developed by the Canadian Forest Service (CFS).  As stated, there is some doubt as 
to when this system will be available and its utility for use by local forestry managers.  
The applicability of this system for local SFM Plans will be evaluated once it becomes 
available. 
 
The amount of data needed to accurately monitor carbon directly would be significant 
especially when considering that this information is not currently collected for any 
operational purposes.  A separate, comprehensive data collection program is not likely.  
Limited field sampling of surrogates combined with models and forecasts will be used to 
monitor this criterion.  The establishment of accurate thresholds for sustainability will 
require further work. 
 
2.3 What are the requirements or considerations that need to be made in 
terms of Information Management? 
 
Information needs will be limited to storing the outputs and analysis of any modeling and 
forecasting.  Any field data collected can be tracked using an Excel spreadsheet, an 
Access database or Genus.  Most divisions will not have the capacity to model carbon in 
house.   
 
3.0 Current Capability for Monitoring  
 
Local status and trend monitoring will initially be limited to the surrogates chosen for 
each measure.  The Carbon Accounting System being developed by Researchers at the 
Canadian Forest Service may aid forest managers in the assessment of carbon budgets.  
“The tool can be used to monitor and account for past changes, e.g., from 1990 to the 
present using actual data on forest management actions and natural disturbances, or to 
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conduct scenario analyses of future C stock changes, based on assumptions of future 
scenarios” (Kurz et. al, 2002 in Wong 2003). 
 
Effectiveness monitoring for measures associated with this criterion will initially reflect 
the applicability of the surrogates chosen as well as the accuracy of the models used to 
convert surrogates to carbon. Continued researching and investigation will be required to 
evaluate the accuracy of the assumptions and calculations incorporated into carbon 
accounting models (C3 Rationale 2004). 
 
Monitoring and reporting for each of measure 3-3.1 interim surrogates are described in 
their respective measure summaries.  In the future, carbon sequestration rate (total 
tC/year or tC/ha/year) will be determined by calculating the average incremental change 
in carbon storage from one time period to the next.  Carbon sequestration will depend on 
the entire forest (Wong 2003). 
 
Monitoring Criterion 3 Indicators and Measures of SFM 
 
What does it measure? 
Indicator 3-1 the total forest ecosystem biomass and carbon pool, by forest type, age 
class, and successional stage is sustained 
 
The surrogates chosen for this indicator are tree and non tree vegetation.   
 
Approaches to measurement:   



 

 
 
Indicator 3-2 The forest products carbon pool is maintained or increased 
 
As stated previously, information and monitoring approaches for this indicator are limited and the indicator should be revisited. 
 
 

Measure Measurement Unit(& 
Geographic Scale) 
 

Information 
sources 
Where do you get the data? 

Interpretation 
What do the 
data show? 
 

Initial Thresholds 
or Targets 
 

Frequency of data 
collection or 
assessment 

3-1.1 Estimated amount of carbon stored 
in trees in the TSA (converted from TSR 
M3/ha) is sustained 
 

Megatonnes (Mt) or 
Mt/year of biomass for 
the DFA 

Monitoring data will be 
generated during the TSR 
processes for surrogates. 
Modeling of the surrogates 
to determine amount of 
carbon 

 The target for this measure 
has been established as the 
baseline condition with 
further qualification that the 
current condition is 
maintained or that the trend 
increases 

Same time as 
timber supply 
review periods 

3-1.2 Estimated carbon in non-tree 
vegetation  
 

Megatonnes (Mt) or 
Mt/year of biomass for 
the DFA 

Volume to biomass 
conversion factors and 
biomass to carbon expansion 
factors 

 The target for this measure 
has been established as the 
baseline condition with 
further qualification that the 
current condition is 
maintained or that the trend 
increases 

Periodic – every 5 
years 
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Indicator 3-3 The processes that take carbon from the atmosphere and store it in forest ecosystems will be sustained 
 
This indicator uses area, shrub volume and tree regeneration as a surrogates for carbon sequestration.  Interim sub measures have been 
chosen from other SFM measures.  Details for each measure are listed in their respective matrices. 
 
Approaches to measurement 
 
Measure Measurement unit 

(& Geographic Scale) 
 

Information 
sources 
Where do you get the data? 

Interpretation 
What do the 
data show? 

Initial 
Thresholds 
or Targets 

Frequency of 
data collection 
or assessment 

3-3.1 Interim measures  
 

 Deciduous, shrubs 1-2.1 

 Area of THLB converted to 
non-forest land use through 
forest management 
activities 2-2.1 

 The percent of cutblocks 
area having road/landing 
construction 2-2.2 

 The percent compliance 
with regeneration standards 
2-3.2 

 The percent of Area in 
compliance with free 
growing achievement dates 
2-3.3 

 Regeneration delay 2-3.1 

 Volume of timber (AAC 
tracked as part of TSR) 4-
1.2 

 

Listed in other matrices     



 

4.0 Building Capacity for Effectiveness Monitoring 
 
As currently stated through its chosen measures, effectiveness monitoring for this 
criterion will consist of evaluating the utility of the surrogates and the accuracy of the 
models used to predict carbon stored/sequestered. 
 
5.0 Overall Recommendations  
 
Current challenges to implementing this criterion as recommended include: 

• Default conversion factors of litter, deadwood, and soil organic are available for 
some generalized forest categories (I.e. the boreal and temperate forests). Further 
research would be required to find volume, biomass and/or carbon studies of 
similar forests (C3 Rationale 2004). 

• More accurate and comprehensive approach to the criterion that is tied to national 
standards/requirements and that reflects operational nature of local SFM Plans. 
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