
 1

 
 
 
 

Monitoring Rationale for Values under the SFM Framework 
  

 
 

Criterion 2: Sustaining Ecosystem Productivity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FINAL REPORT 

MARCH 31, 2005  
 
 
 
 

Prepared by: 
Dr. Clive Welham, RPBio 

Forest Ecologist



 2

1.0 Introduction: Sustaining Ecosystem Productivity 
 
Maintaining ecosystem productivity is fundamental to the principles of sustainable forest 
management (SFM).  This project outlines an effective method for measuring and monitoring the 
impacts of management activities on ecosystem productivity.  The approach includes field-based 
data collection, ecosystem management modelling and GIS tracking and reporting of key 
characteristics that act as indices of forest ecosystem productivity and that are sensitive to forest 
practices.  
 
 
2.0 Components of the monitoring program 
 
2.1 What elements of SFM are being measured under a monitoring 
program? 
The approach maintains overall productive capability of forested ecosystems by ensuring that 
forest management strategies do not decrease long-term ecosystem function and that the total 
available forested landbase is maintained for timber production.   The monitoring program will 
evaluate whether the soil-based processes and mechanisms that underlie ecosystem development 
and productivity are compromised by harvesting activities. Permanent deletions from the timber 
harvesting landbase are incorporated into the monitoring program as well as direct estimates of 
the total growing stock. 
 
 
2.2 Implementing a monitoring program 

 
2.2.1 Collecting data for Criterion 2 measures 

Collecting data on the status of Criterion 2 measures falls under two general categories.  The first 
is field-based whereby samples are collected from predetermined sites and then processed or 
analyzed to yield the metric to be reported on.  For example, obtaining the status of the soil-based 
measures under Indicator 2-1 (see Section 3.0 below) requires the collection of soil samples from 
the field which are then processed in a laboratory.  
 
The second uses queries on GIS databases to ascertain the status of measures, essentially a 
tracking and reporting exercise.    

 
 

2.2.2 How are thresholds or targets established? 
In the initial stages of a monitoring program, there is usually a paucity of information on any 
given measure, particularly at the local level. Sampling effort is therefore directed principally at 
Status and Trend monitoring. Over the long term, a database can be established and some 
thresholds and targets will be defined using these empirical measures. For other measures it is 
simply not practical or meaningful to determine their thresholds and targets empirically. For 
example, soil organic matter (SOM) (including the humus layer) is an important source of 
nutrients for long-term ecosystem productivity. Although nutrient release rates are typically low, 
the SOM pool builds up slowly and is very large in most forest ecosystems. Changes in SOM as a 
consequence of management activities typically occur only very slowly, but its long-term 
degradation constitutes a lasting decline in ecosystem productive capacity (both of which are 
difficult to establish empirically). An ecosystem simulation model will therefore be used to 
project ecosystem development and potential outcomes over the long-term under a variety of 
management scenarios. Model output can be used estimate ecosystem-specific thresholds for 
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identifying conditions where losses in ecosystem productivity may be likely. These thresholds can 
subsequently be utilized as reference points for the monitoring program. 
 
For measures concerning potential landbase deletions, it is more appropriate for companies, in 
consultation with stakeholder groups, to set targets that reflect operational realities of e.g. 
harvesting and road building activities and their potential impacts on ecosystem productivity. 

 
2.2.3 Creating a Sustainability Assessment: evaluating monitoring results 
The goal of monitoring Criterion is to assess the effectiveness or success of forest practices in 
sustaining ecosystem productivity over the long-term.  Monitoring data gets collected and 
analyzed and then compared against a reference value or target condition.  Some level of decision 
support is needed for forest planners and managers to evaluate data and come to some conclusion 
about whether or not some change in either forest practices or possibly monitoring methods is 
required. For example, based on the results of monitoring data, a forest planner with a good 
decision support system may review trends on the absolute and per cent decline of soil carbon 
post harvest at the stand level and decide whether to change practices (e.g. fertilize or increase 
rotation length), intensify sampling to support the preliminary conclusion or do nothing and flag 
the stand as a potential problem and continue with more monitoring. 
 
The type of decision support is based on the range of evaluations and interpretations that will 
need to be made for measures under Criterion 2. 
It is anticipated that a decision support manual will be developed providing background 
information and protocols to follow in order to get meaningful monitoring data, including 
sampling frequencies, intensities and distribution.  It would include guidelines for consulting out 
lab and possibly statistical analyses that are required as well as ecosystem simulation runs  (e.g. 
what is the expected trend of specific measures based on the particular ecosystem type) and 
directions on how the runs are to be used to evaluate monitoring results. 
 
For some measures that track temporary removals of productive landbase (e.g. roads, landings, 
landslides), tracking, reporting and evaluation of trends against targets will be fairly 
straightforward. 
 
 
2.3 What are the requirements or considerations that need to be made in 
terms of Information Management? 
Considerations for data or information management depend on what kind of data will be collected 
and recorded, what kind of analyses will be carried and how the information will be reported out 
or used to feed into other SFM activities such as forecasting and indicator mapping.  Initial 
recommendations include the storage and management of data in an Access database or Excel 
spreadsheet.  Further recommendations on software requirements for data analysis, including 
statistical software packages can be made once it is determined what level of in-house analysis 
can be done on a division by division basis.   
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3.0 Current capability for monitoring 
 
The following identifies key elements of a monitoring program for the recommended measures of sustaining forest ecosystem productivity. 
 
Indicator 2-1 Biological function of the soil resource will be sustained 
When selecting measures of an indicator, an important consideration is the feasibility of procuring an adequate sample. The analysis of soil components can be 
both time- and cost-intensive. Measures were selected that have a demonstrated link to ecosystem production and were relatively easy to obtain. Site index and 
mean annual increment were selected as direct measures of the integrated effects of soil function. Soil based measures were bulk density, carbon, nitrogen, 
phosporus, potassium and foliar N content. The latter is a useful index of nutrient availability because it represents a ‘plant’s-eye’ view of site nutrient status 
(Brockley 2001).  
 

Measure Measurement unit 
(& Geographic Scale) 

Initial Thresholds or 
Targets 

Information sources 
Where do you get the data? 

Interpretation 
What do the data show? 

Frequency of data 
collection or 
assessment 

Site index m (stand level) 

SIBEC. Target range is 
identified for each species 
on each BEC site series or 

site series grouping 

Field 
Height growth 

(Site index) 
10 year interval 

 

Mean Annual Increment 

 

m3/ha/y (stand level) 

Target range is identified 
for each species on each 
BEC site series or site 

series grouping 

 
Field 

 

Stand volume 
accumulation (MAI; 

m3/ha/y) 

 

10 year interval 

*Total soil N, P, and K 

 

Humus layer + 0-60cm 
depth mineral soil 

(Kg/ha) 

(stand level) 

Project trends in site C 
and N from ecosystem 

modeling. 
Field 

Direct measurement of 
soil nutrient resource 

pool 
10 year interval 

Total soil organic carbon 

Humus layer + 0-60cm 
depth mineral soil  

(T/ha) 

(stand level) 

Literature. Estimate 
trends and thresholds for 

total soil C from 
ecosystem modeling. 

Field Indirect measure of soil 
resource pool  10 year interval 

Forest floor carbon Kg/ha Field surveys; Projected Field Indirect measure of soil 10 year interval 
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from ecosystem modeling 
as reference 

resource pool  

Soil bulk density 

Forest floor 

Rooting profile (g/m3) 

(stand level) 

Literature Field 

Quality of rooting 
substrate. Required for 

calculation of 
volumetric nutrient 

content 

10 year interval 

Foliar N content % (stand level) Literature Field Nitrogen deficiency 10 year interval 

* Monitored for a subset of all monitoring plots to establish relationships with total soil organic carbon.  
 
Indicator 2.2 Permanent loss of productive land area due to harvest-related activities is minimized 
Indicator measures are designed to detect the loss of productive land area at the cutblock level and to ensure that cumulative impacts are within acceptable levels.  
 

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 

Conversion to non-forest land 
use 

Proportion of THLB 

(management unit) 
Geographic Information 

System data 
Loss of productive 

land area  5 year intervals 

Roads and landings 
Proportion of cutblock areas 

(management unit) 
Geographic Information 

System data 
Loss of productive 

land area  5 year intervals 

Roads and landings Proportion of THLB Geographic Information 
System data 

Loss of productive 
land area  5 year intervals 

Landslides occurring on all 
cutblocks 

Cumulative number and 
size (ha) 

Remote sensing combined 
with Geographic 

Information System data. 

Loss of productive 
land area 

# and size of 
landslides 

occurring on 
unmanaged 

areas of THLB 

5 year interval 
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Indicator 2.3 Total growing stock of merchantable and non-merchantable tree species on the timber harvesting land base will be sustained 
 
Maintenance of growing stock depends upon successful regeneration of harvested areas combined with an adequate productivity in regenerating stands (as 
monitored using Indicator 2-1). Growing stock is a fundamental element in determining the productive capacity of the area identified as forest available for 
timber production. Knowledge of growing stock of the various species that make up the forest and how it changes over time is central to considerations of a 
sustainable supply of wood for products and the sustainability of the ecosystems that provide them (USDAFS 2003).  
 

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 

Regeneration delay Years Field Poor site occupancy 

Plant 2 years post-harvest, 
natural regeneration 4 

years post-harvest. 100% 
compliance with 

regeneration targets 

2-year 
interval 

NSR Hectares Field Poor ecosystem 
performance 

100% compliance with 
regeneration targets 

10-year 
interval 

Target species composition 
Hectares 

 
Field Poor site occupancy Silviculture prescription 5 year 

intervals 

Total growing stock m3 Calculated 
Maintenance of 

overall ecosystem 
productivity 

 10-year 
interval 

 
 
 



4.0 Building capacity for effectiveness monitoring 
  
Effectiveness monitoring is the process of analyzing the information from each measure to verify 
that it provides a meaningful link to the Criterion of sustaining ecosystem productivity. Figure 1 
shows the status and trend measures and illustrates the hierarchy of their relationship to one 
another. Site index and total growing stock are assumed to represent the most direct measures of 
ecosystem productivity. However, neither measure is necessarily easy to measure. Site index, for 
example, cannot be estimated until trees are at least several growing seasons beyond breast height 
age and accuracy is only improved significantly by measuring much older trees. For similar 
reasons, determining the contribution of young stands to total growing stock is problematic. Soil-
based measures can potentially provide an early warning of changes in long-term site productivity. 
Critical targets and thresholds can be derived from ecosystem modeling and then verified from field 
studies. Another important question is how much sampling effort will be required before a given 
measure can be estimated with accuracy sufficient to detect any significant deviation from a 
threshold boundary.  
 
 
5.0 Overall recommendations 
 
The landscape-scale indicators (2-2 and 2-3) are relatively straightforward to assess through GIS 
and inventory techniques.  
 
Indicator 2-1 will be more challenging. Based on experience gained through a pilot project designed 
to develop thresholds for measures of Indicator 2-1 in Fort Nelson (Seely 2005) the following 
recommendations are suggested: 

• Total soil organic carbon should be considered as the primary measure for Indicator 2-
1. Not only is there strong support for it as an indicator of ecosystem productivity in the 
literature, but it is also effective for the following reasons:  

o field sampling protocol is relatively straight forward to employ 
o %C of samples can be measured in the lab using relatively inexpensive 

methods 
o it fits well within the modelling environment.  

As suggested above, SOM (as measured by soil organic C) is a good indicator of soil 
nutrient capital and can be used as proxy for expensive direct measurements of soil 
nutrients. 
 

• Field sampling sites should be stratified by BEC Site Series.  Analysis of the soil C 
data from the Fort Nelson project showed that Site Series differences (including 
whether deciduous or conifer species were leading) accounted for much of the variation 
in total soil organic C.  

 
• Investigations should be made into the effectiveness of forest floor carbon as an 

alternate primary measure for Indicator 2-1.  It has the same characteristics in terms of 
measurement efficacy as total soil organic carbon, however, there is some indication 
that it may be more sensitive to ecosystem changes resulting from forest practices 
(Welham and Seely 2003).  The Forest Sciences Program research project (Y061143 
Ecosystem Productivity Thresholds in the Quesnel TSA) will look at this in 2005-06. 
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• Field work should be conducted to measure soil nutrients (NPK1) to verify their 
relationship to total soil organic C. This is necessary to provide support for the use of 
total soil organic C as a substitute for direct measures of soil nutrients 

 
The modelling work conducted during the first phase of the Fort Nelson threshold project suggested 
that relative loss was more important than absolute quantities of total SOM C with respect to 
determining thresholds. Thus, a highly accurate estimate of the mean by site series is not required 
for determining relative loss thresholds. Ultimately this means that the level of sampling to 
determine initial means in total organic soil C is less than will be required for post-harvest 
monitoring, where the power to detect change will be more important. Yanai et al. (2003) suggest 
using paired sampling designs in which the same sites are measure both before and after harvest to 
maximize the ability to detect change while minimizing sampling effort. A level of sampling effort 
can be determined for detecting specific levels of change (e.g. those levels identified in the 
threshold analysis) using a power analysis approach based on estimates of variance.  
 
Determining sampling effort required for effective monitoring  
Sampling intensity for the baseline and monitoring programs need to be determined. The 
recommended approach is to sample a small number of sites intensively and repeatedly over time 
(essentially establishing a series of permanent sample plots) rather than sampling a broader 
population of sites but with less intensity per site. The former is more likely to detect relevant 
changes in ecosystem measures.  Specific recommendations include: 

• Sampling effort should be focused in the most commonly harvested forest types (site 
series), which can be calculated by overlaying sites series spatial data with the timber 
harvesting land base.  

• A power analysis should be performed (utilizing variance data from the first phase of the 
sampling project) to determine the number of paired experimental units (or observations) 
required to detect varying levels of change (e.g. 10 to 50%).  

•  Finally a level of sampling effort could be justified by weighing the relative frequency 
with which different site series occur against the results of the power analysis.  
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1 NPK is a common reference to the soil nutrients of nitrogen (N), phosphorus (P) and potassium (K) that are 
considered essential for plant growth. 
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Figure 1. The hierarchical relationship between measures to sustain Ecosystem Productivity 
within an SFM program. The 16 measures associated with Status and Trend monitoring are 
provided in a linear sequence  with dependencies between measures illustrated by arrows. Bold 
terms are measures important to Effectiveness monitoring. Also indicated are those measures that 
could comprise Compliance monitoring. 
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