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FSW Monitoring Protocol Linkages (simplified) 
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FSW multi-tiered  

monitoring 

framework 



Tier I  
 



Tier I indicators.  Examples of key remote-sensed indicators with 

levels of risk (associated with development) to aquatic habitat*  

# Indicator No concern Moderate 

concern 

Concern 

1 Sediment ï landslides 

(natural rate)  

 <2x  2-3x >3x 

2 Sediment ï # stream road 

crossings (density)  

<0.7km2 

 

0.7-0.9km2 >0.9km2 

 

3 Sediment ï road length 

on unstable terrain 

(density) 

<0.1 

km/km2 

0.1-

0.14km/km2 

>0.14km/km2 

 

4 Riparian ï road length < 

100m from stream 

(density)  

<0.14km/km2  0.14-

0.18km/km2   

>0.18km/km2  

5 Hydrology (peakflow) ï % 

forest clearcut (ECA)/wsd 

<15% 15-25% >25% 

6 Hydrology (low flow) ï % 

2nd growth/wsd** 

<35% 35-45% >45% 

* Metrics displayed here are provided for illustrative purposes and do not reflect final values. 



Identify agency GIS data  

sources that can inform 

remote sensed (Tier I) 

monitoring of FSW condition 

indicators 

 

 

Using historical provincial 

WAP approach as our starting 

basis for indicator selection 

and watershed condition 

evaluations (i.e. a GIS-based 

WAP-lite approach) 



# Task Complete? Est. Date of 

Completion 

1 Conceptual design Y Spring 2010 

2 Select indicators:   Y Summer 2010 

1.Hydrology 

2.Surface erosion 

 3.Riparian buffer  

 4.Mass wasting  

4 Establish benchmarks for indicators  75% Fall 2011 

5 Assemble WAP-lite in GIS 

environment 

90% Fall 2011 

6 Input/apply data 90% Fall 2011 

7 Write up draft Tier I methods 70% Fall 2011 

8 Climate change indicators 30% Fall 2011 

9 Validate/calibrate N Fall 2011 

Overview of Tier I completion status.  



Tier II  
 



Monitoring participants:   
 

Å   DFO  9 

Å   FLNRO  8 

Å   MOE 1 

Å   UNBC 1 

Å   NWCC 2 

Å   Consulting (direct) 3* 

Å   Consulting (indirect)  4*  

 

Å   Total participants 28  
 

 

 

 

 
*includes volunteer time 

 



Tier II sampling design considerations 

ÅLong term, field-based monitoring of natural resources 
requires: 

ïSampling/survey designs that achieve statistical 
rigor, but 

ïare flexible to inevitable logistical or practical 
constraints related to field data collection 

 

ÅAs census not feasible, need a probabilistic design 
that allows inferences from samples to be applied to 
the entire FSW, or to specific strata of interest within 
an FSW 

 
 



Probability-based sampling designs 

Simple Random sampling 

Å Sampling from a series of random locations; simple and flexible 

Å Tends to cluster samples or create areas devoid of samples 

 

Systematic sampling 

Å Locates sample points regularly, usually equally spaced; simple and 
ensures that sampling extends across all areas of a study area (i.e., 
spatially well balanced) 

Å Statistically difficult (e.g. problems with variance calculations, 
potentially serious biases) 

 

Spatially balanced sampling 

Å An approach that provides a compromise for sampling that is both 
probability based and spatially well balanced (e.g. GRTS) 

 

 



Generalized Random Tessellation Stratified 

(GRTS) 

Å US EPA has developed a standardized algorithm (GRTS) 
specifically for generating spatially balanced designs for natural 
resource monitoring (Stevens and Olsen 2004) 

 

Å GRTS can generate sample designs based around points (eg. 
centers of lakes), lines (eg. stream reaches) or areas (eg. vegetation 
patches, lakes, wetlands)  

 

Å GRTS has provided the sample frame for : 

ïUS EPAôs EMAP Water Quality Monitoring 

ïUSFSôs AREMP Forest Monitoring 

ïODFWôs Oregon Coastal Coho Monitoring 

ïPNAMPôs master sample for US Pacific NW This was the first  

(pilot) application 

of GRTS in BC 



GRTS ï design flexibility 

Å GRTS provides design flexible 

 

Å A primary uncertainty is that the number of samples that can be 
collected in the field due to uncertainties 

 

Å Uncertainties include: changed funding levels, change in population 
(study area) extent, access constraints, locations that canôt be 
sampled because they donôt exist (e.g. dried up stream), sites too 
dangerous to access, etc. 

 

Å GRTS is robust to uncertainties because it allows oversampling, and 
can regenerate additional sample locations that remain spatially 
balanced and statistically valid 



GRTS and GIS 

ÅGIS is used to establish the sample frame for a GRTS 

design ï the extent/location of the study area and the set 

of geographic features to be sampled from 

 

ÅGIS allows the visualization of the completed GRTS 

design, within the context of other geographic features 

(e.g. roads, cutblocks, vegetation, etc.) 

 

ÅGIS provides the flexible platform to work with GRTS 

designs 

 



Ultimately, GRTS generates a 

database with an ordered list of 

spatially balanced sample points at 

desired densities within the defined 

sample unit. The number of sites to 

sample is then selected from the list. 

(15 selected sites) 

(30 selected sites) 



All potential GRTS points 80 GRTS points selected from 

ordered list (blue highlighted) 

80 GRTS sites to be sampled 

Depiction of GRTS sample site selection within a GIS 



Develop a sampling  

frame and associated  

sampling protocols for 

field-based (Tier II) 

monitoring 
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Lakelse Stratifications for Riparian Sampling 
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