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Executive Summary

The Road Rehabilitation Algthm Modeling Updateproject is one component of a larger, myfthase
process currently being developed and implemented by the Society for Ecosystem Restoration in
Northern BC (SERN) to identify and reforest unused forest roads. A GIS algorithm wassyrev
developed that classified existing access structures as temporary or permanent as defined in the Forest
Planning and Practices Regulation (FPPR)is report describes modificationte this GIS algorithm
focused on improvements to classificationcaracy in the identification of road reforestation
opportunities. The objective is to improve upon the classification algorituuse infuture road
rehabilitation programs The longerm vision is to develop an algorithm that can be adapted and
applied to any land base in the province. To achieve this, a modified algorithm was developed and
tested on a smaller land base, the Stuart Nechako District, with the intendedtagpmh for any low

relief terrain in the Interior of the Province.

Experience in developing the new algorithm showed an improvement in classification accuracy by
defining a core road network as the first steflassificationaccuracy was 89.6%, rangifrgm 65 to

100% on individual validation map tiles, and 90% in the Francois Lake @healeading causes of
misclassification where: internal roads in NFG cutblocks, roads th@& metrneeded to maintain access

for harvest opportunities, and in the Freois Lake area, reclassification to ensure NOE continuity. The
largest single cause of misclassification were roads internal to NFG cutblocks. Overall, the classification
accuracy adeved by the modified algorithm wasonsidered acceptable as a stagipoint for road
rehabilitation planning projects, large scale cumulative effects analysis, and access management
planning. To frther improvements on thealgorithm and increase classification accuracy, it is
recommended that further work be completed Wwitthe approach and assumptions applied to NFG
cutblocks, harvest opportunity and intentional reserve areas, and adjacent stand age. The algorithm is
optimized fa use in low relief terrainit is recommended that prior to its use in steeper terrain that
modifications to algorithm assumptions be investigated.
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Introduction

The provincial governmerttas initiated severatoad rehabilitationinitiatives in the Stuart Nechako
Resource District (the District) as a result of significant timber harvesting that occurred in response to
Mountain Pine BeetléMPB) Thisproject is one component of a larger, muyfifhase process currently

being developed and implemented by the Society for Ecosystem Restoration ireNoBI(SERNo

identify andreforest unused forest roadsA GIS algorithm was previously developed thissified
existing access structures as temporary or permanent as defined in the Forest Planning and Practices
Regulation (FPPRYhis report describes modifications this GIS algorithnfocused on improvements

to classification accuracy in the idertdtion of road reforestation opportunities.

The obijective of this project is to improve uptire previously developed road classification algorithm to

be used for future road rehabilitation planning and program implementatidihe log-term vision is to
develop an algorithnthat can beadapted andapplied to any land base in the provinc&o achieve this,
amodifiedalgorithmwasdeveloped and tested on a smaller land batbe Stuart Nechak®istrict, with

the intendedapplicationfor any low reliefterrain in the Interior of the Rvince This project will assist

in the delivery of the overall RoaBehabilitation Program currently underway in the District by
improving theaccuracy of roadlassificatiorfor the purpose of identifyng reforestation opportunities in
support ofprovincial forest carbon initiatives (i.e. FAMmprovements to the algorithm will increase the
effectiveness of the program and its ability to assist in meeting a number of other objectives, including
improving timber supply, managing access, and improwitdlife forageavailability.

Algorithm development and validatiowas focused on the Stuart NechaResourceDistrict (formally

the Vanderhoof and Fort St. James Districts), as weB agsarbyResourceDistricts in Central and
Northern B.C.Nadina, Qusrel and Prince Georg&igurel). Initial development of the algorithm was
based on a 37,000a project area south of Francois Lake Provincial Pdrkvas then validated on 19
map tiles distributed across théDistricts. The Francois Lake area was selected because of its size and
recent experience gained frothe road rehabilitationprogram currentiybeingdelivered by SERN

FORSITE Modeling Update 1
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Figurel Location of theFrancois Lakarea (blue)and \alidation map tiles (red) across 4 Natural
Resource Districts (black)

Approach

The following steps were undertaken in the implementation of thejget. Additional details regarding
final algorithm parameters and procedures applied in the GIS analysis can be foyppeindix 1¢ GIS
Analysis

Table 1 lists the databases available through GeoBC that were assefobiegut data sourcesand
organized ina geodatabase A slope layer was manually generated using TRIM data to identify
inoperable areas where slopes are greater than 40Phe original algorithm was reviewed and GIS
modifications to address known issues were defineflhrough an iterative process of refinement,
specific sets of modifications were reviewed visually and redefined as needed.

The key factors driving road cl#fgsation are: the definition of future harvest opportunity, the
geographic location of roads relative to the opportunity, free growing status of a cutblock, and
constraints limiting road construction and harvesting. Based on these assumptions, roads were

FORSITE Modeling Update 2
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classified as either a Reforestation Opportunity (ROP) or No Opportunity Expected (NOE). This

Of FaaATFAOlIGAZ2Y RAFFSNARA FNRBY (GKS 2NAIAYEFE Ff3A2NAIGK
the FPPR because not all temporary access will qualiyraforestation opportunityand in some cases

permanentroads are no loger required for access.

Tablel Datasets Assembled for Algorithm Development

Type Name Dataset Download Date

Roads Integrated Road Database

Roads FTEN Roads FTEN_ROAD_SECTION_LINES 1/24/2018
Opportunity VRI VEG_COMP_LYR_R1 POLY 1/25/2018
Cutblock VRI Cutblocks VEG_CONSOLIDATED_CUT_BLOCKS 1/24/2018
Cutblock RESULTS Openings RSLT_OPENING 1/25/2018
Cutblock Forest Cover Reserves RSLT _FOREST_COVER_RESERVE 1/24/2018
Cutblock FTEN Cutblocks FTEN_CUT_BLOCK_POLY 1/24/2018
Hard Constraint OGMA OGMA_LEG 1/23/2018
Hard Constraint Integrated Cadastral Fabric  pmbc_parcel_fabric_poly 1/23/2018

(Private Land)
Hard Constraint FTEN Recreation Polygons FTEN_RECREATION_POLY 1/23/2018
Hard Constraint Provincial Parks, Ecological TA_PARK_ECORES_PA 1/23/2018
Reserves, Protected Areas

Hard Constraint National Parks CLAB_NATIONAL_PARKS 1/23/2018
Hard Constraint Slope greater than 40% TRIM

Hard Constraint FWA Lakes FWA_LAKES_POLY 1/23/2018
HardConstraint FWA Rivers FWA_RIVERS_POLY 1/23/2018
Hard Constraint FWA Streams (major) FWA_STREAM_NETWORKS 1/23/2018
Soft Constraint FWA Streams (minor) FWA_STREAM_NETWORKS 1/23/2018
Soft Constraint Wetlands NRC_WATER_WETLAND_ 250K 1/24/2018

INTEGRATED ROADS BBASE

The Integrated Roads Database (IRDB) provided the raw data for road classification and identification of
reforestation opportunities. Roads in the IRDB are comprised of numerous smakrssgthat are
frequently duplicated. As an initial step in data preparation, all road segments were merged into a single
segment that started and ended at a road junction. This process was expected to reduce classification
errors experienced from short gments and provide a uniform classification over longer distances,
which alsareduces time spent relassifying roads later in the planning process.

A second step in preparing the roads database was to define a core road network using all Forest Service
Rads (FSRhamed roadsresidential roads, highways, etc.), and activENpermit roads longer than 5

km. Defining a core road network facilitated the use of path analysis which was a key method in
accurately identifying access to harvest opportunitied anoiding multiple, redundant roads accessing

a single opportunity.

HARVEST OPPORTUNITY

Harvest opportunity was defined as a function of three attributes: merchantable conifer vojuaieh
size and distance betweewegetation resource inventory}/R) polygons that were combined into larger
opportunity polygos. Quantitative limitsfor these grouping criterivere defined as:

FORSITE Modeling Update 3
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1. Merchantable conifer volume minimum volume of 140 Atha in lodgepolepine leading stads
at 12.5 cm dbh, and82 n#/ha in all otherconifer leadingstandsat 17.5 cm dbh.

2. Minimum areaof 20 ha obtained by grouping VRI polygdihat met the aboveconifer volume
thresholds.

3. Distance between grouped VRI polygons less than 50 meters.

Volume criteria correspond to the valuesed in the most recent Prince Georg&ATimber Supply
Review(TSR) A minimum area of 20 hectares was selected to avoid small isolated patches of timber
that would be unlikely to be harvested. The separation distance of 50 meters was selected to include
nearby patches of timber that were not contiguous, while avoiding patches at greater distances that
may be on opposite sides of riparian or gully features.

CUTBLOCK FREE GROBVBVATUS

To accommodate potential silvicultural activities, a requirement adlgorithm was to maintain access
to not free growing NIFG cutblocks angin the case of large blocks, provide internal acdes®aintain
safe walking distancesSafe walking diance was defined as 800 m froendriveable roachasedon
consultation wih licensees.Threedifferent methods of classifying NFG roads were evaluated:

1. Classifying all internal cutblock roads longer than 800 meters as NOE

2. Classifying all internal roads of any length as a ROP

3./ flLAaAFTRABFREY NI RASIIKREF G ' NB f SthedNFGKIY ynn Y |
intersecting roads as NOE.

CONSTRAINTS

There were very few modifications to constrnfrom the original algorithm The only significant

change was in the approach to eaam classification and wetland# the original algorithm all rivers and
AONBFYa 2F 2NRSNI H 2NJ AINBFGSNI 6SNE O2y&aARSNBR WKI
and harvest opportunities could not be joined across them. Order 1 streams@&r§’ 8 A RSNBER | W
constraint, meaning there was an added cost to crossing them. Wetlands were not considered a
constraint.

In consideration of the low relief terrain that the modified algorithm is focused on, streams of order 3
and greater weretreatR | & WKIF NRQ O2yaidNIAydas 2NRSNIH aidNBI Y
GSNBE y20 O2YyaAARSNBR I O2yaidNIAyGoD 2 SiflyRa ©SNB

Initial development and testing of the algonithwas completedn the Francois Lake project are@he
modified algorithm was then tested on randomly selected map tiles in $teart Nechakf Nadina,
Quesnel and Prince GeorgesourceDistricts. The goal of the algorithm was to correctly identify dsa
as either Reforestation Opportunities (RQP)No Opportunity Expecte@NOE) Misclassification was
defined simply aanyincorrect identification of these two categorie3he rate of road misclassification

1The Vanderhoof and Fort. St. James Districts have been recently merged to the Stuart Nechako Resource District
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was quantified for each selected map tile Hividing the length of reclassified roads by total road
length.

In each District, all map tiles were categorized by the percentage of available timber already harvested
Three map tiles werdghen randomly selected, one from each of the following classiepercent area
harvested: 180%, 3650%, and 5®0%. Six additional tilesfjwo in each of the area harvested
categories, were randomly selected from tisuart Nechakdistrict. Map tiles clipped by District
boundaries were excluded by only selectiitgs greater than 14,000 ha.

Theclassified road datases designed to be the first step in a mygthase operational planningrocess,
which would generally be structured:as

1. Road classificatioproducedby algorithm

2. Manual eview and modification of road classification usingdditional data sources and
stakeholder consultation

3. Licenseaeviewconsidering future development plans and outstanding obligations
4. Field assessments of identifiegpportunitiesin support of treatment prescrijons.
5. Finalstakeholderand licenseeonsultation

6. Implementation ofreforestation plan

In the case of the Francois Lake project atba original algorithm was reviewdd conjunction with
satellite imagery, known development plannjrand local knowldge to further refine road classification
to be reflective of current practicesln-block roads, spur roads, and general access roadsdildanot
accesduture harvestingopportunities or ongoing silviculture obligations were identified as potential
canddates forreforestation Once his indepth review was completeda list of candidate roads for
rehabilitation were developed and mappedThs established the referral package delivered to the
major forest licensee operating in the area (West Frase)) todfurther refine candidate roads selected
for field assessments.This engagement allowed for integration lidenseeplans, resulting in roads
being identified for rehabilitation that better reflected operational realities.

Field assessments were thecompleted in the fall of 2017 twerify the road selection procedsr
rehabilitation and reforestatioropportunities Data collected from these assessments were used to
update the classified road dataset and analyze results to identify trends or issues that could be resolved
through modifications to the algorithmlinsight gained from this experience was used in develpie
modified algorithm assumptions amdethods.

In addition to this report, a geodatabasentaining the classified road dataseind output data layers

(e.g. opportunities, constraintsjvas producedfor the Stuart Nechako Resource DistriclThe GIS
algorithm was also automated as part of this project, and the resulting collection of scripts with user
defined inputs for land base specific assumptions was provided.

FORSITE Modeling Update 5
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Results

Experience in developing the new algorithm showed an improvement in classification accuracy by
defining a core road network dbke first step. Figure2 shows the core network defined for the Francois
Lake areaisingall Forest Service Roads (FS&) named roadgé¢sidential roads, highways, etc.), and all
active FTEN permit roads longer than 5 iDefining a core road network facilitated the use of path
analysis which was a key method in accurately identifying access to harvest opportunities and avoiding
multiple, redundant roads accessing a single opportunity.

Figure2 Core road etwork (highlighted blue) eéfined for Francoisakearea

Road classification is a function of three key factors: cutblock free growing stasutdpcation relative

to a potential harvesting opportunity, and constraints due to a variety of factors such as private land,
riparian areas and mapped reservesAppendix 1 describes in detail the parameters used to address
each of these factors.This sectionprovides a synopsis of the modified algorithm parameters and
describes theutcomes ofapplyingthese in theroad classification algorithm.

ROAD CLASSIFICATISGCICURACY

Results of algorithm road classificatiat Francois Lake anoh 19 randomly selected map tiles are
summarized inTable2. A total of 2,098 km of road was classified by the algorithm and manually

FORSITE Modeling Update 6
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reviewed for accuracyOverall, classificatioaccuracywas89.6%, ranging fron®5to 100% on individual
validation map tiles, an80% in the Francois Lake area.

As shown in Table 2, the leading causes of misclassification on the validation tiles and Francois Lake
were internal roads in NFG cutblocks (58% and 41% respectively), NOE roads that were not needed to
maintain access (16% and 13% respectively), and raadsssing harvest opportunities that were
reclassified (13% validation tiles). Francois Lake also experienced a high rate of misclassification due to
ROP to NOE continuity. This occurred in a few locations where longer road segments were classified as
ROP however the adjoining road segments were NOE. In order to maintain access along that piece of
the road network, the entire road needed to be classified as NOE.

Table2 Road classification algorithm results

Proportion misclassified by cate
Total N4 S >
(§ ) R4
, Misclass-| ot Total | Accuracy N N S ¥

Map Tile o Correct & S ° N & &

ified . (km) (%) & R Ng & & S &

(km) (km) o SR © S &S )

S S & S N Sl
& I\ & B ) & <
/& /&S S & /&
S = = <~ <& X«
093B0641 3.1 54.0 57.1 94.5% 92% 8% 0% 0% 0% 0% 0%
093F0893 10.0 66.9 76.9 87.0% 86% 1% 0% 9% 0% 4% 0%
093H039 245 453 69.8 65.0% 30% | 34% 0% 9%
093J0431
093K0331 7.3 67.3 74.6 90.2% 92% 5% 0% 0% 0% 3% 0%
093K0481
093L0581
0% _ 6
093N0341 2.2 41.0 432 95.0% 35% 0% 0% 0% 0% 65% 0%
\S/Z‘:;digf; 1387 | 11665 | 13052 | 89.4% 58.2%)| 16.3%| 0.0% | 5.7% | 3.4% | 13.2%| 3.2%
Francois Lake 79.3 713.2 792.5 90.0% 41.3%| 13.1%| 4.8% | 0.7% | 40.2%| 0.0% | 0.0%
ALL 218.0 1879.6 2097.7 89.6% 51.8%( 15.1%| 1.8% | 3.8% | 17.3%| 8.2% | 2.0%
FORSITE Modeling Update 7



Road Rehabilitation Algorithm March 31, 2018

A cumulativefrequency distribution showed that 89% of the 19 randomly selected validation tiles had a
classification accuracy of 85% or bett&igure3). The low classificatioaccuracy of 65% on map tile
93H039.1 was an artifact of missing cutblock and VRI datare Weaes darge areghighlighted inFigure

4) with no denudation historyecorded in the VRI database, despite evidence of old harvesting visible on
Google EarthRigure 5.

- 110%

- 100%
- 90%

- 80%

89% of tiles have
<15% Misclass
ification

- 70%

- 60%

Frequency
N

- 50%

- 40%

- 30%

- 20%

- 10%

0%

Misclassification(%)

Figure3 Cumulative frequency of misclassification errsinown in red.
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Figure4 Examplemap tile with low classificationaccuracy Areas in

yellow are VRI Polygons witmissing nformation ondisturbance and
denudation hstory.

Figure5 Google Earth image of example map tile with low classification accuracy. Red
arrow shows large area of old harvesting with missing information in VRI.
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