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Monitoring design considerations

What resource will be monitored (target population)?

What components of the resource will be measured (indicators)?
Where will these components be monitored (sample design)?
How will these components be measured (response design)?

How frequently will these components be measured (time
selection)?

How will these measurements be summarized (analysis and
estimation)?



FSW multi-tiered
monitoring
framework

FSW Monitoring Framework

Retrospeciive (serfal pholo) analysis, historical inventonesidata, estabiish cument
slatus, estimate levels of funclion, modeling

|
IMPLEMENTATION | | Question A: Did forest management actions change as a result of FSW designation?
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Question 3; Has there been improvement in the status of individual F&Ws identified as
impaired or not properly functioning at Tiers 1 and 27

Field-based sampling
(Subsat of red or yellow categorized FSWs; more intensive fiald-
based monitoring for X' years. Represents case studies where
natural rales of recovery from degradalion of the consequence of
specific management aclions would be moniored)
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Question 1: What is the general status of FSWs?
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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

Sediment T landslides <2X 2-3x >3X
(natural rate)

Sediment i # stream road <0.7km? 0.7-0.9km? >0.9km?2
crossings (density)

Sediment T road length <0.1 0.1- >0.14km/km?
on unstable terrain km/km2 0.14km/km?
(density)

Riparian i road length < <0.14km/km? 0.14- >0.18km/km?
100m from stream 0.18km/km?
(density)

Hydrology (peakflow) i % 15-25%
forest clearcut (ECA)/wsd

Hydrology (low flow) T % 35-45%
2"d growth/wsd**

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



|ldentify 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)

Data Source: [igital Hoad Atlas (DRA)

Sumimary table of ndu:aturs informedd by the data source:

Description of Data Sowrce

Data Source

Contact: cC -3 ol ||:||:IHIT|H TFEITI LHEI:l EIE_H ru'a|:-|:-|n-:| BCGOW [LME Crown Registry and

T-':I-':|:_-hn:-r|-'=:

fulty attrbuted and up-to-dae DRAdata, please visi:
hittp fimbwww gow be.cabmgs/products ‘mapdaaddigial_road_atlas_produd = htm

|:| =‘t= ull=I| =|:ll|ltu

Spatial extert! rescution
Full prowincial coverage.

Published n 11/15/2004, lact revissd on DSD1/2010.
This 1 an annual basis to provide 3 complete and accurae road natworking daabase
forthe ertire prowi of Briish Columbia.




Overview of Tier | completion status.

# Task

Conceptual design
Select indicators:

1.Hydrology
2.Surface erosion
3.Riparian buffer
4.Mass wasting

Establish benchmarks for indicators

5 Assemble WAP-lite in GIS
environment

Input/apply data
Write up draft Tier | methods

Climate change indicators

Validate/calibrate

Complete?

Est. Date of
Completion

Spring 2010
Summer 2010

Spring 2011
Spring 2011

Spring 2011
Spring 2011

Fall 2011
Fall 2011




Question 2: What is the status of FSW watershed processes and habitat attributes in
relation to indicator thresholds identified at Tier 1?

Tier 2
-5 L RodaAoamodache iy siod: " 2 v FSW scale
Threshold (C de sel (red—yellow-green)
Refinemen FSWs,




Tier Il sampling design considerations

A Long term, field-based monitoring of natural resources
requires:

I Sampling/survey designs that achieve statistical
rigor, but

I are flexible to inevitable logistical or practical
constraints related to field data collection

A As 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
A Sampling from a series of random locations; simple and flexible
A Tends to cluster samples or create areas devoid of samples

Systematic sampling

A 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)

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

Spatially balanced sampling

A 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)

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

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

EPA provides software (in R) to develop GRTS designs

GRTS has provided the sample frame for :

i US EPAG6s EMAP Wat er Quagwillpsgthegirstn
i USFS6s AREMP Forest MdIPiappicatiprog

i ODFW6s Oregon Coast al GBBHWBCMOo n i
I PNAMPOs master sample for US Pa



GRTS 1 design flexibility

There are a variety of factors that can affect sampling design, so a
flexible design is paramount

A primary uncertainty Is that the number of samples that can be
collected in the field is generally not known at design construction

Uncertainties around sampling include: changed funding levels,
change in population (study area) extent, denial of access to
sampling | ocations, | ocatio

ns h &
donoét exist (e.g. dried up st an

t
r e
GRTS is robust to these uncertainties because it allows

oversampling, and can regenerate additional sample locations that
remain spatially balanced and statistically valid



GRTS and GIS

A GIS is used to establish the sample frame for a GRTS
design T the extent/location of the study area and the set
of geographic features to be sampled from

A GIS allows the visualization of the completed GRTS
design, within the context of other geographic features
(e.g. roads, cutblocks, vegetation, etc.)

A GIS provides the flexible platform to work with GRTS
designs



B Attributes of Trinity.sites "
B T T 7 O 7 M L7 (15 selected sites)

(30 selected sites)

B Attributes of Trinity.sites

| | Fn | Shape | sited |  xcoord |  yooord | mdeaty |

Ultimately, GRTS generates a

database with an ordered list of s
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spatially balanced sample points at
desired densities within the defined
sample unit. The number of sites to
sample is then selected from the list.




Depiction of GRTS sample site selection within a GIS

All potential GRTS points 80 GRTS points selected from
ordered list (blue highlighted)

80 GRTS sites to be sampled




Develop a sampling
frame and associated
sampling protocols for
field-based (Tier II)
monitoring

Sampling Design Elements for FSW Tier Il Field Monitoring

Monitoring Target: 4 FSW designation units far the [akelse Study Area

Sampling Frame;: BC's 120K Freshwater Atlas stream hydralooy netwark

Sample Site Selection: bazsed on EPA's GRTS design for resource sampling

(bjective I) Riparian Habitat Assessment

Objective Il) Water Quality Assessment

(Objective lll) Fish Passage Assessment

FREP Riparian & Water Quality pratocols and MOE Fish Passage protocals will be used at
selected sample sites

Strata for riparian sampling:

1.

2,
3,
4,

Logaing influence [guthlocks (2 age categories) and downslope from cutblocks vs. never
cut areas]

Fish habitat criteria (habitat va. Non-habitat)

Strearn Size (19420 order ve. 2 39 Order )

Froximity to road (Clase < 100m vs. Far » 100m)

Number of samples:

Suggested densification of GRTS points selected riparian points = average 250m
separation along the 1:20K stream netwaork,

Minimum af 4 ripanian samples / strata category combination.

Suggested target of 9 samples / strata category combination (or even mare if possible;
oversampling is useful for intial develapment of power analyses)

Water quality and fish passage sampling piggybacked on riparian sites




Lakelse Drainage

* Terrace




Lakelse FSWs

D Lakelse Drainage

Lakelse FSWs

|:| Furlong Ck
- Lakelse Rr

| schulbuckand Ck

I wiliams Ck




Lakelse 1:20k streams (sampling frame)

|:| Furlong Ck STREAM_ORD

[ | Laketse Rr 1

| | schulbuckand Ck

[ wiltiams ck




Lakelse Stratifications for Riparian Sampling



Fish Habitat (MOE model for 1:20K streams)

|| Furlong Ck Fish Habitat (1/2 order)
|| Lakelse Rr == Fish Habitat (=>3 order)
|| Schulbuckand Ck Non Fish Habitat

| williams Ck







