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Executive Summary 

In 2019, Ecora was retained by the Stó:lō Service Agency to conduct a pilot project for the 

Collaborative Stewardship Forum, addressing the modeling of plants throughout the Jones Creek 

watershed that have cultural significance to the Cheam First Nation.   

Plants have long been an important part of the traditional way of life for the Cheam people. A wide 

range of plant species have been and continue to be used for a variety of purposes including for food, 

medicinal, cultural and spiritual practices. To develop management strategies for the long-term 

protection of plant resources, baseline information on their distribution and abundance, and an 

understanding of the biophysical factors controlling their occurrence, are required. Specific objectives of 

the project include: 

1) Acquiring a range of existing source data and inventory information, and assessing its utility to 

meet the project’s objectives, 

2) Determining the culturally significant species for inventory and mapping, 

3) Acquiring traditional knowledge of the selected plants and related habitats,  

4) Conducting a field program to collect site, soil, vegetation and habitat attribute data, 

5) Generating model input data from various sources, and 

6) Developing and validating plant models using advanced machine learning technology. 

Ecora has assembled a team of technical experts with a proven record in conducting projects of a 

similar nature. An innovative method is developed that is specifically tailed to the project objective and 

availability of existing data information. The key features of the method are outlined below. 

• Field data collection: site attribute and occurrence / percent cover information were recorded for 

all vegetation species within a field plot, enabling the assessment of additional plant species in 

the future.  

• Attribute development: existing inventories, digital elevation models (DEM) and remote sensing 

images were used to develop environmental, structural and landform (input) data attributes. 

• Model development and validation: advanced machine learning (ML) technology was used to 

develop and validate plant species models. 

• Abundance class output: In addition to species occurrence, the predicted abundance for each 

target plant was provided in the resultant.  

 

Field sampling was initiated in November 2019, with a total of 138 ecological field plots established to 

support the predictive model development and validation. In 2020, an additional 64 plots were 

established at high elevations. Through an iterative process, numerous model input variables were 

generated though analyses of a digital elevation model (DEM), satellite imagery (Landsat 8), and 

existing land base inventories. Advanced machine learning software (k-NN and Random Forest) were 

used for the model development and validation.  

 

Models were developed for several plants of cultural significance. For those target species with a 

minimum number of field samples, the output included species occurrence as well as three abundance 

classes (High, Medium, and Low). The final validation accuracy of the developed models ranged from 

0.33 to 0.89.  
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The pilot project achieved the intended results through an innovative modelling method. Since the 

machine learning modelling method is highly sensitive to both data quantity and quality, the addition of 

future field-based data will improve the robustness of the developed models. Based on the knowledge 

and experience gained through the initial modelling, a series of recommendations are developed to 

help drive the for next steps towards continual improvement. 

 

 

   



Cultural & Medicinal Plants – Jones Creek Watershed Pilot Project (Year Two) File No: 190211 | April 2021 | Version 0  

 

 
 iii 

 
 

Table of Contents 

1. Introduction .................................................................................................... 1 

2. Objectives ...................................................................................................... 1 

3. Study Area ..................................................................................................... 2 

3.1 Ecological Setting ....................................................................................................................... 4 

4. Methodology .................................................................................................. 5 

4.1 Background ................................................................................................................................ 5 

4.2 Species Selection ....................................................................................................................... 5 

4.3 Data Compilation & Assembly ..................................................................................................... 6 

4.4 Development of Model Input Variables ........................................................................................ 7 

4.4.1 Ecological Exceptions .................................................................................................................. 7 

4.4.2 Climate Variables ........................................................................................................................ 9 

4.4.3 Soil Moisture ............................................................................................................................. 10 

4.4.4 Soil Nutrient Regime .................................................................................................................. 12 

4.4.5 Vegetation Resources Inventory ................................................................................................. 13 

4.4.6 Slope Position ........................................................................................................................... 14 

4.4.7 Slope Gradient and Aspect ........................................................................................................ 15 

4.4.8 Surface Curvature...................................................................................................................... 16 

4.4.9 Terrain ...................................................................................................................................... 17 

4.4.10 Geology & Soils ......................................................................................................................... 18 

4.4.11 Field Sampling ........................................................................................................................... 20 

4.4.12 Remote Sensing Variables ......................................................................................................... 22 

5. Model Development and Validation............................................................. 26 

6. Results and Discussion ............................................................................... 27 

6.1 Field Plot Data .......................................................................................................................... 27 

6.2 Plant Distribution....................................................................................................................... 29 

6.3 Model Validation Accuracy ........................................................................................................ 31 

7. Closure and Recommendations .................................................................. 33 

References ............................................................................................................ 34 



Cultural & Medicinal Plants – Jones Creek Watershed Pilot Project (Year Two) File No: 190211 | April 2021 | Version 0  

 

 
 iv 

 
 

 

List of Tables in Text 

Table 3-1. BEC Unit Summary .............................................................................................................................................. 4 

Table 4-1. Cultural Plant Species for Assessment .................................................................................................................. 6 

Table 4-2. Mapped Ecological Exceptions ............................................................................................................................. 8 

Table 4-3. Relative Soil Moisture Classes ............................................................................................................................ 10 

Table 4-4. Soil Nutrient Regime Summary ........................................................................................................................... 12 

Table 4-5. Slope Position Summary .................................................................................................................................... 14 

Table 4-6. Slope and Aspect Classification .......................................................................................................................... 16 

Table 4-7. Curvature Class Summary .................................................................................................................................. 17 

Table 4-8. Terrain Entity Summary ...................................................................................................................................... 18 

Table 4-9. Bedrock Classification Summary ......................................................................................................................... 19 

Table 4-10. Landsat Data Summary .................................................................................................................................... 24 

Table 6-1. Plot Distribution Summary, by BGC Unit and Soil Moisture Class ......................................................................... 27 

Table 6-2. Cultural Plant Frequency Summary ..................................................................................................................... 27 

Table 6-3 Mapped Plant Distribution by Abundance Class.................................................................................................... 29 

Table 6-4 Prediction Accuracy for each Plant Species.......................................................................................................... 31 

 

List of Figures in Text 

Figure 3-1. Jones Creek Project Area .................................................................................................................................... 3 

Figure 4-1. Mapped Ecological Exceptions ............................................................................................................................ 9 

Figure 4-2. Sample of Soil Moisture Classes ........................................................................................................................ 11 

Figure 4-3. Sample of Soil Nutrient Regime Classes ............................................................................................................ 13 

Figure 4-4. Sample of Slope Position Classes...................................................................................................................... 15 

Figure 4-5. Sample of Standard Curvature ........................................................................................................................... 17 

Figure 4-6. Landsat Imagery (Cheam territory in yellow; Jones Creek area in red) ................................................................ 23 

Figure 6-1. Field Plot Distribution ........................................................................................................................................ 28 

Figure 6-2. Sample of Model Output (Devil’s-club) ............................................................................................................... 30 

 

Appendices 

Appendix A 

Appendix B 

Appendix C 

Appendix D 

Appendix E 

 

Soil Nutrient Regime (SNR) Knowledge Base 

Field Data Form Template 

Sample – Completed Field Form 

Model Output for Each Species 

Data Dictionary for Model Input Variables 

 
 

 



Cultural & Medicinal Plants – Jones Creek Watershed Pilot Project (Year Two) File No: 190211 | April 2021 | Version 0  

 

 
 v 

 
 

Acronyms and Abbreviations 

BC British Columbia 

BEC Biogeoclimatic Ecosystem Classification 

CC Crown Closure 

Cheam Cheam First Nation 

BGC Biogeoclimatic 

EM Ecosystem Mapping 

GPS Global Positioning System 

DEM Digital Elevation Model 

KB Knowledge Base 

LiDAR Light Detection and Ranging 

MFLNRORD Ministry of Forests, Land and Natural Resource Operations and Rural Development 

NASA National Aeronautics and Space Administration 

SMR Soil Moisture Regime 

SNR Soil Nutrient Regime 

SP Slope Position 

SRRMC Stó:lō Research & Resource Management Center 

Stó:lō Stó:lō Nation, the political amalgamation of eleven Stó:lō communities 

TauDEM Terrain Analysis Using Digital Elevation Model 

TRIM Terrain Resources Information Management 

TSA Timber Supply Area 

USGS U.S. Geological Survey 

VRI Vegetation Resources Inventory 

 



Cultural & Medicinal Plants – Jones Creek Watershed Pilot Project (Year Two) File No: 190211 | April 2021 | Version 0  

 

 
 1 

 
 

1. Introduction 

The Cheam First Nation (Cheam) people have resided on the banks of the Fraser River, in the 

shadows of the Cascade mountains for countless generations. Cheam is a strong member of the 

Pelhowxlh’ Tribe, a tribe among the Stó:lō Nation. Livelihoods and traditions in historical and modern 

villages have revolved around maintaining intrinsic relationships to the land, the waters and rich flora 

and fauna within the traditional territories. 

Plants have long been an important part of the traditional way of life for the Cheam people. A wide 

range of plant species have traditionally been and continue to be used for a variety of purposes 

including for food, medicinal and spiritual practices. In addition to anticipated impact from climate 

change, the cumulative impact of past, present and future industrial developments, forest practices 

throughout Cheam traditional territory are resulting in changing dynamics of plant availability and 

quantity. The ability to locate suitable areas within which to practice a traditional way of life, often areas 

that have not been subject to prior disturbance from human and industrial activities, is becoming 

increasingly difficult for many members of the community. 

To develop appropriate management strategies for the long-term protection of culturally important 

plants, baseline information on their location, distribution, abundance, and factors controlling their 

presence is required. The overarching objective of this project is to collect baseline information on a set 

of identified plants and related environmental variables. Predictive models will be developed based on 

the baseline information collected for the purpose of mapping plant species and their abundance at site 

specific locations.  

The modeling conducted in fiscal 2020-2021, Year Two of the project, builds on the process and 

deliverables from Year One (fiscal 2019-2020. 

Described within the Year One report, field verification remains an important element in the model 

development and sampling at high elevation throughout the watershed formed a key component of the 

Year Two program. The ongoing collection of spatially accurate observations of tree and understory 

vegetation cover, and description of associated site, soil and terrain characteristics, provides data that 

is critical to the continual improvement of the modeling. Being a data-driven process, rather than a 

process driven by professional interpretation and application of subjective knowledge bases, the more 

field data points that can be entered into the model, the more reliable and locally representative will be 

the output. 

2. Objectives 
 

The objectives for Year Two of this project are to: 

 

• Build upon the inventory and spatial source data sets acquired and assessed in Year One. 

• Retain the target plant species of cultural importance, as identified in Year One, and adding to 

the existing Year One plant database through completion of additional field plots. 
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• Conduct the field inventory within areas not assessed in Year One (high elevations within and 

above the Mountain Hemlock BGC Zone) to collect site-level data on plants and 

environmental variables at high elevations. 

• Generate and/or update the existing input data sources. 

• Develop and validate the species-specific models using advanced machine learning 

technology. 

3. Study Area 

Consistent with the modeling in Year One, the study area is defined by the extent of the Jones Creek 

watershed, with a short addition of steep, west-facing slopes along the west side of the study area 

(Figure 3-1). The 16,152-hectare area (approximately 30 km northeast of the City of Chilliwack) is 

bounded on the west side by Highway 1 and, to the east and south, by a rugged mountainous 

landscape. Elevations within the project area range from approximately 30 metres (above seal level) 

along Highway 1, to the mountain tops including the peak of Mount Cheam (2,100 m), and numerous 

other peaks. The 2,400-m Welch Peak, approximately 7 km east of Mount Cheam and representing the 

southern point of the study area, is the highest summit in the immediate surrounding landscape. 

This area was selected as a suitable assessment area for several reasons: 

• The area, within a region of significant cultural importance, is the focus of other key concurrent 

studies under the Collaborative Stewardship Forum. 

• Its proximity to Chilliwack reduces travel time and associated expense in the field inventory 

program. 

The area is small enough to support an efficient field program, yet large enough to have a wide 

diversity of ecosystems and plant representation. The area supports a range of tree species, forest 

cover types, and accessible silviculture disturbances. 
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Figure 3-1. Jones Creek Project Area 
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3.1 Ecological Setting 

Typical of conditions throughout many watersheds within the Chilliwack Forest District, the study area 

contains a wide range of elevation and topographic relief, from lush, nutrient-rich valley bottoms to 

steep, rock-dominated upper slopes, all within a relatively short distance.  

The provincial biogeoclimatic ecosystem classification (BEC) system describes four biogeoclimatic 

zone / subzone / variant combinations (Table 3-1). Reflecting the location east of the coastal maritime 

influence, ecosystems within the lower and middle elevation Coastal Western Hemlock (CWH) variants 

are mapped within a region mapped as a submaritime climate. Upper elevations within the Mountain 

Hemlock (MH) Zone are mapped as part of a wide area throughout mountainous regions of the south 

coast within a moist maritime climate. Typical vegetation and environmental conditions for these areas 

are described in the Field Guide for Site Identification and Interpretation for the Vancouver Forest 

Region (Green and Klinka 1994).  

Table 3-1. BEC Unit Summary 

BEC Unit BEC Unit Name Area (ha) Area (%) 

CWHds1 
Southern Dry Submaritime Coastal Western Hemlock 
Variant 

2,903 18.0 

CWHms1 
Southern Moist Submaritime Coastal Western Hemlock 
Variant 

7,677 47.5 

MHmm2 Leeward Moist Maritime Mountain Hemlock Variant 3,827 23.7 

CMAunp 
(Undifferentiated) Coastal Mountain-heather Alpine and 
Parkland 

1,745 10.8 

Total  16,152 100.0 

 

The study area is characterized by a diverse assemblage of tree species and stand structure. As with 

many coastal valleys, the area is predominantly comprised of second growth stands, following 

extensive harvesting of accessible timber throughout the mid to late 1900’s. The leading tree species 

are western hemlock (species code Hw), Amabilis fir (Ba), and several deciduous species, comprised 

largely of red alder (Dr), bigleaf maple (Mb), black cottonwood (Act), and paper birch (Ep). Less 

abundant coniferous species include western redcedar (Cw), yellow cedar (Yc), coastal Douglas-fir 

(Fdc), and mountain hemlock (Hm). 
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4. Methodology 

4.1 Background 

Ecosystem-based methods for conducting plant inventories (including for cultural and medicinal plants) 

are among the most popular and widely practiced approaches. The methods assume that occurrence 

and abundance of plants are largely controlled by ecosystems and typically involve the prediction of 

plant species using available ecosystem and related forest structural attributes, followed by field 

verification. The method is scientifically based with relatively acceptable results. However, a common 

limitation of this method, including patchy availability of available ecosystem inventory information, is a 

lack of reporting on abundance patterns of the target species, with focus more commonly placed on 

prediction of presence and absence. 

Described in the Year One report, this project presents an innovative method for prediction and 

mapping, with an output that includes the inclusion of abundance class predictions. The method is 

specifically tailored to the project objectives and incorporates existing spatial data for many different 

environmental variables and attributes. The following is a broad overview of the project’s components: 

• Field data collection: site attribute and occurrence / percent cover information were recorded for 

all vegetation species within a field plot, enabling the assessment of additional plant species in 

the future.  

• Attribute development: existing inventories, digital elevation models (DEM) and remote sensing 

images were used to develop environmental, structural and landform (input) data attributes. 

• Model development and validation: advanced machine learning (ML) technology was used to 

develop and validate plant species models. 

• Abundance class output: In addition to species occurrence, the predicted abundance for each 

target plant was provided in the resultant.  

The following sections provide detailed descriptions of the model input variable attributes, metadata 

and processes. 

4.2 Species Selection 

The selection of target plant species, or mapping entity determination, is an important first step in the 

project. The opportunity to access the area using readily accessible road networks is a consideration 

that can influence the selection of appropriate species. Described later, there are access challenges 

through the project area that limit the opportunity to describe habitat for all species. The project area is 

relatively small relative to the Cheam First Nation traditional territory (Error! Reference source not f

ound.).  

Ms. Carrielynn Victor, a team member and administrative facilitator for the Collaborative Stewardship 

Forum, has been key in acquiring and compiling traditional knowledge of plant uses, and formulating 

the target list for the project. Carrielynn is a recognized local expert on cultural plants and has worked 

for many years with Stó:lō community Elders, leadership and membership.  
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The list in Table 4-1 identifies tree and plant species historically and currently used by the Cheam 

Nation for a wide variety of food, medicinal, cultural and spiritual purposes (collectively referenced as 

cultural plants). This list of plants can be readily expanded if the project is proven to be successful. 

Table 4-1. Cultural Plant Species for Assessment 

Growth Form Species - Common Species - Halq'eméylem Species – Latin Name 

Tree Western redcedar X’pá:yelhp Thuja plicata 

Shrub 

Black huckleberry Kwxó:mólselhp Vaccinium membranaceum 

Alaskan blueberry Léth'ílets Vaccinium alaskaense 

Oval-leaved blueberry Xwíxwekw' Vaccinum ovalifolium 

Devils-club Qwó:pelhp Oplopanax horridus 

Black cap Tselqó:mé Rubus leucodermis 

Elderberry (Red) Sth'íweq' Sambucus racemosa 

Salmonberry Elílá:lhp Rubus spectabilis 

Labrador-tea Mó:qwem Rhododendron groenlandicum 

Willow Xwá:lá:lhp Salix sp. 

Dull Oregon grape Séliyelhp Berberis nervosa 

Thimbleberry T'qwemelhp Rubus parviflorus 

Herb / Forb 

Glacier lily Qw'emétxw Erythronium grandiflorum 

Cliff paintbrush Sp'áqem Castilleja rupicola 

Stiff clubmoss Qwò:m Lycopodium annotinum 

Comfrey n/a Symphytum officinale 

Skunk cabbage Ch'ó:kw'e Lysichiton americanum 

Stream violet Skámets Viola glabella 

Cow-parsnip Yóle Heracleum maximum 

Scouring rush Xweqw'él:a Equisetum hyemale 

Cattail Sth'á:qel Typha latifolia 

False Solomon's Seal Xexq'elá:lhp Maianthemum racemosa 

Stinging nettle Th'éxth'ex Urtica dioica 

4.3 Data Compilation & Assembly 

Existing data assessed for utility and compiled for use in this project includes digital imagery, provincial 

base and climatic data, resource inventories, map and modelling products, and field plot data. All data 
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were assembled and assessed for utility prior to inclusion in the modelling process. Remediation 

measures were taken whenever issues were encountered, and data could be cleaned. The data 

sources outlined below were assembled and assessed. 

• Provincial Biogeoclimatic unit mapping, version 11 (2018, 1:250,000 scale)  

• Vegetation Resources Inventory (VRI) data (source date 1987, projected to 2018, 1:20,000); 

• Terrain mapping (source data 2016, 1:50,000) 

• Orthophotography (image year unknown) 

• Satellite imagery (Landsat 8, SPOT, 2018) 

• Terrain Resources Information Management (TRIM) II DEM and water features 

• Bedrock geology data (source date 2014, 1:100,000 scale) 

• ClimateBC modelling products (Daly et al. 2008) 

• Regional Field Guide to Site Identification and Interpretation (Green and Klinka 1994) 

• Ecosystem field plots (source date 2019 and 2020, as collected for the project) 

The project also investigated LiDAR (Light Detection and Ranging) data availability for the project area. 

Compared to TRIM II DEM which has a resolution of approximately 25-30 m, the LiDAR DEM provides 

much finer, sub-metre resolution. LiDAR data is presently unavailable for all but the western slopes, 

representing a very small portion of the project area. The project team prepared cost options to the 

Collaborative Stewardship Forum for acquisition of new LiDAR data throughout both the project area 

and wider Cheam traditional territory.  

The model uses a raster analysis method, i.e., the landscape is segmented by 25-m x 25-m pixels. A 

total of 258,416 pixels occur within the study area.  

4.4 Development of Model Input Variables  

4.4.1 Ecological Exceptions 

In ecological modelling, specific input data sources such as soil moisture prediction models, typically 

assume uniformity in the depth and texture of surficial materials and soils. For example, forested 

ecosystems at lower and middle elevations are generally assumed to occur on deep and medium-

textured (i.e., loamy) soils. However, this is rarely representative of conditions across project areas in 

complex or varying topography. Within the study area, soils are predominately deep at low to mid 

elevations, although localized areas of shallow soil occur across the landscape. Conversely, at higher 

elevations, within the alpine and parkland ecosystems, shallow, coarse-textured soils typically dominate 

the landscape. At high elevations, localized areas with deep and medium-textured soils are the 

exception (to the assumed state). These areas that depict conditions contrary to the ‘expected typical’ 
situation on a landscape are considered ecological exceptions. Other common exceptions include a 

variety of landscape features such as talus and rocky slopes, avalanche chutes, glaciofluvial terraces, 

active floodplains, and wetland.  

The above exception entities and landscape features typically cannot be reliably predicted through 

digital modelling. As these features are largely visible on digital imagery such as orthophotos, they can 

be reliably captured (digitized) through a manual image interpretation process and isolated from the 

modelling. The mapped exceptions within the project area comprise 3,615 ha (Table 4-2 and Figure 

4-1).  
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Although not mapped in Year One, the high elevation landscape was assessed in Year Two, and the 

Ecological Exception data set was expanded to include the full landscape, including high elevation 

parkland and mountain-heather dominated alpine ecosystems.  

Table 4-2. Mapped Ecological Exceptions 

Mapping 
Code 

Entity Description Area (ha) 
Mapping 
Code 

Entity Description Area (ha) 

AS avalanche shrub 148.2 RK Rock / krummholz 50.9 

AV Avalanche chute 282.3 RR Rural infrastructure 7.7 

CF Cultivated field 174.7 RZ Road surface 50.1 

ES Exposed soil 13.1 SS Shallow soil 986.2 

FN Fluvial fan 103.7 TA Talus 396.0 

FP Flood plain 98.1 TH Talus herb 1.4 

MO Moraine 333.8 TM Talus shrub mix 188.0 

RO Exposed rock 620.9 UR Urban 10.9 

HC Mtn-heather crest 112.1 WL Wetland 20.6 

HS Herb-sedge meadow 16.2  
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Figure 4-1. Mapped Ecological Exceptions 

4.4.2   Climate Variables 

Two climate-related data sources were assembled for use in this project: 

1) Biogeoclimatic (BGC) unit mapping (version 11 map product from BC government at a map 

scale of 1:250,000 for coastal region); and  

2) ClimateBC (modelling products).  

 

For each mapped BEC unit (i.e., CWHms1), each unit was further divided into three elevation zones, or 

bands, representing lower, middle and upper sub-strata of a given BEC unit. The lower and upper 

strata each comprise 20 % of the total elevation range within a BEC unit, while the middle elevation 

stratum comprises 60 %. The purpose of the division is to model / reflect the areas of expected climatic 

transition at the lower and upper boundaries. Compared with the middle of the elevation range, it is 

expected that the lower and upper strata will have species occurrence and composition that are 

considered transitional between the adjacent BEC unit. For example, within the upper elevation strata 
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of the CWHms1 variant, one can expect to see some tree and understory plant species that are 

common in the higher elevation MHmm2 variant. 

For ClimateBC data, the 1961-1990 Normals and 1981-2010 Normals were obtained by running the 

model using the X, Y and elevation data for each 25-m x 25-m pixel. Using the ClimateBC model with 

the elevations enabled down-sampling of the climate data to the specific pixel/elevation and provided 

for more appropriate climate data. The following six attributes are included in the dataset: 

1) Average annual precipitation 

2) Average annual temperature 

3) Annual growing degree days 

4) Annual frost-free days 

5) Annual snow depth 

6) Annual solar radiation  

Each of the above attributes are continuous variables and therefore not categorized into classes for the 

machine learning process.   

4.4.3 Soil Moisture 

Soil moisture is considered the most important landscape attribute in controlling the occurrence and 

distribution of ecosystems and associated vegetation.  

TauDEM, software developed by Tarboton (1997, 2004), was used as the soil moisture modelling input 

for this project. Tarboton’s hydrologic flow analysis algorithms use a multi-direction, infinite angle flow 

direction model. An enhanced TRIM DEM was used as the main input for the model and the output 

includes landscape attributes including specific catchment area and wetness index. The wetness index, 

a surrogate for soil moisture regime, was classified into seven classes of relative moisture ranging from 

xeric, at the driest end, through to subhydric at the wettest end (Table 4-3). The soil moisture modelling 

is an iterative process where results were assessed using existing field plots and viewed against 

available images where no field plots are available. After each assessment, the moisture model was 

adjusted, and new results were produced until results deemed consistent and reliable (Figure 4-2).    

Table 4-3. Relative Soil Moisture Classes 

/Moisture 
Class (Code) 

CWHds1 
(ha) 

CWHds1 
 (%) 

CWHms1 
(ha) 

CWHms1 
(%) 

MHmm2 
(ha) 

MHmm2 
(%) 

CMAunp 
(ha) 

CMAunp 
(%) 

Xeric (1) 49.1 1.7 63.4 0.9 135.9 3.6 319.5 18.4 

Subxeric (2) 229.1 7.9 243.9 3.4 415.1 10.8 326.9 18.8 

Submesic (3) 695.3 24.0 593.6 8.3 1186.2 31.0 466.8 26.8 

Mesic (4) 1576.6 54.3 4278.1 59.6 1704.3 44.5 541.0 31.1 

Subhygric (5) 312.1 10.8 1536.8 21.4 349.4 9.1 79.4 4.6 

Hygric (6) 31.4 1.1 404.5 5.6 35.8 0.9 7.0 0.4 

Subhydric (7) 8.7 0.3 62.4 0.9 0 0 0 0 

Total 2902.2 100.0 7182.6 100.0 3826.7 100.0 1740.7 100.0 
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Figure 4-2. Sample of Soil Moisture Classes  
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4.4.4 Soil Nutrient Regime 

Soil nutrient regime is considered an important attribute in the successful prediction of plants on a 

landscape. However, there is no existing dataset that reliably predicts soil nutrient status. Although 

nutrient regime is one of the attributes in a VRI database, the quality and thematic accuracy of the 

attribute remains of questionable value. The primary objective of a VRI is to estimate high quality 

attributes for trees and stands; many non-essential attributes such as soil moisture and nutrient status 

are pre-populated using default values by many interpreters. The independent VRI quality assurance 

review process also pays little attention to these non-essential attribute estimations.  

For purposes of this project, several existing and derived data sources were used for soil nutrient 

regime prediction, including DEM-derived slope position, results of the exceptions mapping, and a 

variety of VRI attributes (soil nutrient regime, non-forested and non-vegetated entities, selected leading 

species, forest cover type (conifer, mixed, deciduous), and estimated site index for leading species 

within a given BEC unit). The relationships between model output and input data attributes (knowledge 

base) are documented in an Excel table and provided in Appendix A. 

Three nutrient regime classes were developed, categorized as nutrient Rich, Medium, and Poor (Table 

4-4). Figure 4-3 depicts an example of the soil nutrient output.    

Table 4-4. Soil Nutrient Regime Summary 

Soil Nutrient Name  Soil Nutrient Code Area (ha) Area (%) 

Rich D 2984.6 19.1 

Medium C 8441.8 53.9 

Poor B 4225.8 27.0 

Total n/a 15652.1 100.0 
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Figure 4-3. Sample of Soil Nutrient Regime Classes 

4.4.5 Vegetation Resources Inventory 
 

The existing VRI for the Fraser Timber Supply Area (TSA), despite its source date of 1987, represents 

an important input data source for the modelling. The occurrence and abundance of many understory 

plants are often strongly associated with the composition of the overstory canopy. 

 

The VRI attributes were projected to 2018 for analysis. Due to the age of the VRI, several database 

errors were encountered during attribute selection. For example, multiple codes for a given species; 

species codes that are known to not occur in the coastal or coast / interior transition; incorrect species 

codes, and inconsistent history codes to define forest harvesting etc.  Prior to use in the project. all 

encountered errors were remediated to the extent possible.   

 

The VRI attributes assessed as suitable and incorporated into the subsequent modelling are listed 

below: 

 

1) Individual tree species and percent covers 

2) Leading species 
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3) Deciduous species 

4) Crown closure 

5) Age class 

6) History codes for disturbance regime, such as harvesting 

7) Estimated site index for the leading tree species 

8) Soil nutrient regime (SNR) 

9) Non-vegetated, sparsely vegetated units and anthropogenic units, consistent with codes and 

descriptions used for provincial forest inventory and ecosystem interpretation projects. 

 

The above attributes were either used directly by the model or were used to derive new attributes. For 

example, species composition and total crown closure were used to calculate the abundance of 

individual tree species, and the relative abundance of conifer and deciduous species.  

4.4.6  Slope Position 

Many physical and biological processes acting on a landscape and shaping the development of 

ecosystems are correlated closely with topographic position and expression (i.e., macro-scale features 

such as hilltops, valley bottoms, level plains, and upper or lower slopes). Examples of processes 

influencing ecosystem development include soil deposition and erosion, hydrological balance and 

response, wind exposure, and cold air drainage. These biophysical attributes are key predictors of plant 

habitat suitability, community composition, species distribution and abundance. Slope position is a key 

landform classification input attribute. For this project, slope position calculations were developed using 

the ArcGIS Raster Toolbox. 

A total of ten slope position classes were defined (Table 4-5). In addition to classes that are conventionally 

mapped, the classification includes several erosional and local relief processes and features, such as 

incised slopes and minor ridges. Figure 4-4 depicts the slope position results. 

Table 4-5. Slope Position Summary 

Slope Position Class Code Area (ha) Area (%) 

Mountain Tops/High Ridge CR 1412.8 9.0 

Upper Slope UP 2071.1 13.2 

Upper Incised Slope US 220.2 1.4 

Middle Slope MD 6328.2 40.4 

Mid Incised Slope MS 1154.4 7.4 

Middle Slope Ridge MR 845.3 5.4 

Lower Slope LW 1676.0 10.7 

Lower Incised Slope LS 726.0 4.6 

Local/Minor Ridge LR 27.0 0.2 

Plain/Level LV 1191.1 7.6 
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Slope Position Class Code Area (ha) Area (%) 

Total n/a 15652.1 100.0 

 

 

Figure 4-4. Sample of Slope Position Classes  

 

4.4.7 Slope Gradient and Aspect 

Slope gradient (expressed in degrees or a percentage) describes the steepness or degree of incline of 

a surface. For a specific location, it is computed as the maximum rate of elevation change between that 

location and its surroundings. Gradient modelling was developed using the TRIM DEM as the sole input 

data source. A total of ten gradient classes were derived for this project (Table 4-6). 

Aspect describes the slope orientation, measured clockwise in degrees from 0 to 360, where ‘0’ is 

north-facing, ‘90’ is east-facing, ‘180’ is south-facing, and ‘270’ is west-facing. Based on the description 

within the Standard for Terrestrial Ecosystem Mapping in BC (RIC 1998), a total of four aspect classes 
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were derived from the TRIM-derived DEM (Table 4-6). Aspect does not get modelled for level / flat 

sites, defined as slope gradients equal to or less than 10%.  

 
Table 4-6. Slope and Aspect Classification 

Slope Class (Code) Criteria  
Class Area 

(ha, %) 

SLOPE 

Level (LV) 0-10% 1244.7 (8.0) 

Gentle slope (GE1) 11-20% 2118.5 (13.5) 

Gentle slope (GE2) 21-30% 4596.6 (29.4) 

Moderate slope (MO1) 31-40% 5065.5 (32.4) 

Moderate slope (MO2) 41-50% 2034.3 (13.0) 

Moderately steep slope (MS1) 51-60% 482.2 (3.1) 

Moderately steep slope (MS2) 61-70% 103.2 (0.7) 

steep slope (ST1) 71-80% 7.1 (0.0) 

Steep slope (ST2) 81-90% 0.0 (0.0) 

Very steep slope (VS) <90%+ 0.0 (0.0) 

ASPECT 

Level  No aspect 1295.1 (8.3) 

Neutral (n) 91º-135º, 271º-315º 4489.8 (28.7) 

Warm (w) 136º-270º 5315.8 (34.0) 

Cool (k) 316º-90º 4551.4 (29.1) 

4.4.8 Surface Curvature 

The surface curvature describes the shape of a slope as concave, convex or straight, at a micro-scale. 

There are three types of curvature functions: 

1. Profile (vertical); parallel to the direction of the maximum slope which affects the acceleration or 

deceleration of flow across a surface.  

2. Planiform (horizontal); perpendicular to the direction of the maximum slope, which relates to the 

convergence and divergence of flow across a surface.  

3. Combined (standard) curvature; combination of the two curvatures yielding a combined 

curvature effect. .  

Table 4-7 (depicted in Figure 4-5) describes the curvature (standard, combined) class summary 

throughout the study area. 
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Table 4-7. Curvature Class Summary 

Profile Curvature Area (ha) Area (%) 

Convex 4347.9 27.8 

Concave 5273.7 33.7 

Straight 6030.5 38.5 

Total 15652.1 100.0 

 

 

 

Figure 4-5. Sample of Standard Curvature 

4.4.9 Terrain 

The type and texture of surficial materials are important attributes in predicting the potential occurrence 

and abundance of plants.  

The product of prior work completed by Bulmer et al. (2016) was used as the primary terrain source data. 

That project utilized the legacy provincial soil mapping data as a main input, and developed terrain and 



Cultural & Medicinal Plants – Jones Creek Watershed Pilot Project (Year Two) File No: 190211 | April 2021 | Version 0  

 

 
 18 

 
 

soil attributes through a machine learning approach. Their modelled products are produced at a 100-

metre grid cell resolution.  

All potential terrain mapping entities were selected, including glaciofluvial (GF), glaciolacustrine (GL), 

morainal till (TI), colluvium (CO), fluvial (FL); lacustrine (LA), and organic (OR). Although most of the 

landbase is covered by few terrain types (Table 4-8), with an abundance of bedrock mapped at high 

elevations, the less common terrain components are important as they often depict localized areas of 

importance in species prediction models.  

Table 4-8. Terrain Entity Summary 

Terrain Entity  Terrain Codes  Area (ha) Area (%) 

Bedrock RO 6185.8 39.5 

Colluvium CO 5010.8 32.0 

Till TI 3124.6 20.0 

Fluvial FL 630.4 4.0 

Glaciofluvial FG 561.1 3.6 

Lacustrine LA 96.4 0.6 

Organic OR 22.1 0.1 

Freshwater FW 21.0 0.1 

Total n/a 15652.1 100.0 

4.4.10 Geology & Soils 

Bedrock geology data is a similarly important input attribute for plant prediction modelling. The nature 

and composition of bedrock plays an important role in determining soil nutrient status, particularly in 

areas where soil depth is a limiting factor, which is common in mountainous regions across coastal BC.  

The British Columbia Geological Survey (BCGS) offers an integrated province-wide coverage of 

bedrock geology data, at map scales ranging from 1:50,000 to 1:250,000. The BCGS maps and 

lithology types were selected as input attributes for the modelling. 

Summarized in Table 4-9, one bedrock type (granodioritic intrusive) comprises approximately 70 % of 

the project area, with three other types between 5 and 10 % respective cover. This reveals that use of 

bedrock geology on its own would not play an important role in species prediction. Through visual 

assessment of the geology over the larger region, there appears to be much a wider diversity in 

bedrock types compared to the study area.  

 

 

 



Cultural & Medicinal Plants – Jones Creek Watershed Pilot Project (Year Two) File No: 190211 | April 2021 | Version 0  

 

 
 19 

 
 

Table 4-9. Bedrock Classification Summary 

Bedrock Entity Entity Code Area (ha) Area (%) 

quartz dioritic intrusive rocks MKqd 1153.3 7.4 

undivided sedimentary rocks DOC 1547.1 9.9 

mudstone, siltstone, shale fine clastic uTrJCu 0.3 0.0 

greenstone, greenschist metamorphic rocks KTSI 1088.3 7.0 

granodioritic intrusive rocks Migd 10670.7 68.2 

dioritic intrusive rocks PrPzY 104.4 0.7 

mid amphibolite/andalusite grade metamorphic rocks KTmm 1057.3 6.8 

granodioritic intrusive rocks OlMigd 30.8 0.2 

Total  15652.1 100.0 
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4.4.11 Field Sampling 
 

4.4.11.1 Sampling Objective 

Field data were collected mainly for purposes of: 

 

1) building and validating the species prediction models, and 

2) understanding the local ecology and species occurrence and distribution patterns of culturally 

important plants. 

The intent of data collection across large landscapes is typically to conduct ‘representative sampling’, 
with field plots in each BEC unit completed in relative proportion to their proportion on the landscape. 

Field plots are also planned to assess as much variation as possible in other criteria, including a range 

of slope gradient and positions, landform types, and forest and vegetation types (successional stages).  

To help achieve the objectives, a variety of large-scale field maps were developed and uploaded to the 

field iPads to support the site-level selection of field plots. These digital maps included key data sets 

including BEC units, VRI-derived leading species and age class, slope position, and soil moisture.  

Appendix B provides the form template used for data collection in the field. 

4.4.11.2 Field Data Collection 

The collection of Year Two field data occurred between September 28th and October 1st, 2020, using a 

single three-person field crew, comprised of two senior ecologists with extensive experience collecting 

data of a similar nature, and a local cultural expert and member of the Cheam First Nation.  

Field sampling was undertaken at high elevations to establish plots in those areas that were 

inaccessible in Year One due to the late season and snow conditions at middle and high elevations. 

There were no plots established in Year One at elevations above the lower reaches of the CWHms1 

variant.  

With very few opportunities to access high elevations throughout the study area via foot or vehicle, 

efficient sampling required the use of helicopter, which was provided by Librico Helicopters based out 

of Chilliwack Airport. The clear and warm weather presented ideal conditions for ecosystem and 

vegetation assessment at high elevations. Data was recorded on the field forms developed in Year One 

(Appendix B). Key items included on the form are listed below.  

• Administrative information 

• BGC summary (Zone, Subzone, Variant) 

• Site, soil and terrain attributes 

• Forest composition and structure (main canopy and understory) 

• Vegetation species and percent covers (tree, shrub, herb/forb and moss layers) 

• Plant community distribution 

• Signs of cultural use 

• Signs of wildlife use 

• Comments on land use / disturbance 
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The distribution of the plots (see results section) reflected the landscape accessibility. Several areas 

were deemed accessible by helicopter that enabled safe completion of a transect between the drop-off 

location and a pick-up location, typically downslope. Specific routing was determined on the ground, 

with plots established to describe a variety of different ecosystem types, different surficial material and 

soil types, and on a range of slope positions and aspects.   

In addition to the 138 plots established in Year One, an additional 64 plots were completed in Year Two 

for a combined total of 202 plots within the study area. This achieves the initial target field intensity of 

between 200 and 220 plots.  

All data was collected with high confidence, both in terms of species and site identification, but also in 

spatial accuracy. An example of a completed field form is appended in Appendix C. 

 

4.4.11.3 Field Data Compilation and Analysis 

Upon completion of sampling, the data from the forms was entered into an Excel spreadsheet for 

subsequent compilation and analysis. The data was appended to the Year One dataset and a final 

master spreadsheet was completed. Given the size of the database, with every individual plant 

recorded on a single row, extensive quality assurance and error checking was required prior to 

analysis. Some preliminary analyses were carried out to address target species associations, and their 

respective relationship to varying environment attributes and canopy structural variables, etc. The 

analysis results formed an important knowledge information for the next step model development and 

validation. 

Species percent cover data were classified into three abundance class, i.e., High (H), Medium (M) and 

Low (L). Table 4-10 summarizes the abundance criteria used. 

Table 4.10. Species Abundance Class Criteria 

Common Name Halq'eméylem Name Low (%) Medium (%) High (%) 

Western redcedar X’pá:yelhp <10 10-30 >30 

Dull Oregon-grape Séliyelhp <1 1-5 >5 

Stiff clubmoss Qwò:m <1 1-2 >2 

Skunk cabbage Ch'ó:kw'e <5 5-20 >20 

Devils-club Qwó:pelhp <5 5-20 >20 

Black cap Tselqó:mé <1 1-5 >5 

Thimbleberry T'qwemelhp <5 5-20 >20 

Salmonberry Elílá:lhp <5 5-20 >20 

Willow Xwá:lá:lhp <5 5-20 >20 

Red elderberry Sth'íweq' <5 5-20 >20 

Stinging nettle Th'éxth'ex <0.5 0.5-1 >1 

Oval-leaved blueberry Xwíxwekw' <1 1-5 >5 

Stream violet Skámets <0.5 0.5-1 >1 

Black huckleberry Kwxó:mólselhp <1 1-5 >5 

Alaskan blueberry Léth'ílets <1 1-5 >5 
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4.4.12 Remote Sensing Variables 

Satellite imagery, using Landsat data jointly managed by NASA and the U.S. Geological Survey 

(USGS) was used to derive a wide range of spectral indices. Two Landsat 8 scenes (46-25 and 46-26) 

were downloaded from the USGS EROS Data Center using EarthExplorer (Figure 4-6 and Table 4-10): 
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Figure 4-6. Landsat Imagery (Cheam territory in yellow; Jones Creek area in red) 
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Table 4-10. Landsat Data Summary 

Band ID Spectral Range (nm) Pixel Size (m) Name 

1 430 - 450 30 Coastal Aerosol 

2 450 -510 30 Blue (B) 

3 530 - 590 30 Green (G) 

4 640 - 670 30 Red (R) 

5 850 - 880 30 Near-Infrared (NIR) 

6 1570 - 1650 30 
Short Wavelength Infrared 
(SWIR) 1 

7 2110 - 2290 30 SWIR 2 

8 550 - 680 10 Panchromatic (P) 

9 1360 - 1380 30 Cirrus 

10 10600 - 11190 100 Thermal Infrared Sensor (TIRS) 
1 

11 11500 - 12510 100 TIRS 2 
 

The two Landsat scenes were mosaiced and resampled to 20-m by 20-m pixel size. Spectral indices 

were generated from the analysis of the Landsat scenes (Table 4-).  

Table 4-12. Generated Vegetation Indices 

Index Name Index Code Criteria 

Difference Vegetation Index DVI  NIRª-Rª 

Normalized Difference Vegetation NDVI (NIR-R)/(NIR+R) 

Ratio Vegetation RVI_a R/NIR 

Normalized Ratio Vegetation NRVI (RVI-1)/(RVI+1) 

Transformed Vegetation TVI [(NIR-R)/(NIR+R)+0.5]^0.5 

Corrected Transformed Ratio Vegetation CTVI [(NDVI+0.5)/abs(NDVI+0.5)] * [abs(NDVI+0.5)]^0.5 

Thiam's Transformed Vegetation RVI [abs(NDVI)+0.5]^0.5 

Soil Adjusted Vegetation SAVI [(NIR-R)/(NIR+R)] * (1+Sª) 

Normalized Burn Ratio NBªR (B5-B7)/(B5+B7) 

Normalized Burn Ratio 2 NBR2 (B6-B7)/(B6+B7) 

Normalized Difference Moisture Index NDMI (B5-B6)/(B5+B6) 

Modified Soil Adjusted Vegetation Index MSAVI {2*B5+1-sqrt[(2*B5+1)2-8*(B5-B4)]}/2 

Soil Adjusted Vegetation Index SAVI2 [(B5-B4)/(B5+B4) +0.5]*1.5 

Enhanced Vegetation Index EVI 2.5*[(B5-B4)/(B5+6*B4-7.5*B2+1)] 

Red and Blue band ratio RB B4/B2 
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Red and Green band ratio RG B4/B3 

Blue and Near IR band ratio BNIR B2/B5 

Green and Near IR band ratio GNIR B3/B5 

Red and Near IR band ratio RNIR B4/B5 

ªNote: (NIR=near infrared, R=red, S=soil adjustment factor, B#=band ID listed in table xxx) 
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5. Model Development and Validation 
 

Plot data was developed from the raster datasets and from the field plots with recorded species. The 

plot dataset included data that were listed in Section 4.3, in addition to the data that was validated in 

the field.   

 

1) Digital Biogeoclimatic unit map, version 11 (2018, 1:250,000 scale)  

2) Digital VRI maps (1987, projected to 2018, 1:20,000) 

3) Digital terrain maps (2016, 1:50,000) 

4) Orthophoto images (image year unknown) 

5) Satellite images (Landsat 8 and SPOT, 2018) 

6) TRIM II DEM and water features 

7) Digital bedrock geological data (published 2014, 1:100:000 scale) 

8) ClimateBC modelling products (Daly et al. 2008, modelling products) 

9) Ecosystem regional field guide (Green and Klinka, 1994) 

10) Ecosystem field plots (2019, project collected) 

 

Additional indices can be added if/when LiDAR or finer resolution imagery data becomes available. The 

higher elevation shrub species collected in the 2020 field program, black huckleberry and Alaskan 

blueberry, have abundance predicted using the same general approach used in Year One.   
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6. Results and Discussion 

6.1 Field Plot Data 
 

A total of 64 field plots were established during the sampling conducted in 2020, for a combined total of 

202 plots. Scanned copies of the data forms and digital data (Excel) are delivered under separate 

cover. The distribution of plots by BEC unit and site factor (soil moisture) are summarized in Table 6-1, 

and the frequency distribution of target plant species is presented in Table 6-2. Figure 6-1 depicts the 

spatial distribution of field samples throughout the project area. 

Table 6-1. Plot Distribution Summary, by BGC Unit and Soil Moisture Class 

BGC Unit / 
Soil Moisture  

Xeric 
(1) 

Subxeric 
(2) 

Submesic 
(3) 

Mesic 
(4) 

Subhygric 
(5) 

Hygric 
(6) 

Subhydric 
(7) 

Total  

CWHds1 0 2 4 14 9 3 0 32 

CWHms1 0 1 2 30 44 22 5 104 

MHmm2 0 2 10 6 6 0 2 26 

MHmmp2 0 0 2 0 0 0 0 2 

CMAunp 1 19 3 1 1 0 0 25 

Total  1 24 21 51 60 25 7  

Table 6-2. Cultural Plant Frequency Summary 

Common Name 
Halq'eméylem 
Name 

CWHds1 CWHms1 MHmm2 
MHmmp2 
CMAunp 

Total 

Salmonberry Elílá:lhp 26 65 15 0 106 

Red elderberry Sth'íweq' 20 55 9 0 84 

Thimbleberry T'qwemelhp 17 49 1 0 67 

Devils-club Qwó:pelhp 10 48 3 0 61 

Western redcedar X’pá:yelhp 22 34 2 0 58 

Oval-leaved 
blueberry 

Xwíxwekw' 4 29 8 3 44 

Willow Xwá:lá:lhp 5 25 3 0 33 

Black cap Tselqó:mé 5 20 0 0 25 

Skunk cabbage Ch'ó:kw'e 1 13 0 0 14 

Stinging nettle Th'éxth'ex 2 7 0 0 9 

Stream violet Skámets 1 2 0 0 3 

Dull Oregon-grape Séliyelhp 1 0 0 0 1 

Stiff clubmoss Qwò:m 1 0 2 0 3 

Black huckleberry Kwxó:mólselhp 0 0 18 24 42 

Alaskan Blueberry Léth'ílets 0 0 27 27 54 

Total  115 347 88 54 604 
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Figure 6-1. Field Plot Distribution 

 

Of the four BGC units in the project area (Table 3-1), three are forested units and one is a sparsely to 

non-treed parkland / alpine unit (CMAunp) . Field sampling occurred within the lower elevation CWH 

and high elevation MHmm2 and CMAunp BGC units. In the field, it became apparent that there is very 

little opportunity to access steep mid slopes throughout the landscape. Most of the forestry roads 

associated with forest harvesting conducted several decades ago are long overgrown and current road 

networks are limited through a combination of gates and active harvesting at the time of sampling. 

Other roads that appeared on imagery to be potential access routes were found to be inaccessible due 

to large slides. In Year One, the crews coordinated with security stationed near the south end of Jones 

Lake to obtain limited access up the forestry roads during active harvest operations. 
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The sample distribution, when assessed by dominant soil moisture class, appears reasonable and 

consistent with the relative proportions of moisture classes expected on steep landscapes (Table 6-1). 

Circum-mesic sites (submesic and mesic soil moisture) are typically the most common within 

mountainous landscape, and the distribution of field samples reflects this fact.  

As evident on Figure 6-1, there is some bias in the spatial distribution of field plots. The samples, 

distributed along major and accessible road networks, are often associated with lower to toe slope 

positions and drainage channels. While the lower slopes, and especially drainage channels, may 

contain many of the targeted plant species, the biased distribution of samples can cause issues for the 

machine learning modelling process. Although biased input data could potentially lead to biased 

occurrence predictions, it is often difficult to avoid some level of bias in sampling, especially where 

access is constrained, and steep mountainous valleys limit effective sampling of middle and upper 

macro slope positions.    

6.2 Plant Distribution 
 

Table 6-3 presents a summary of the plants carried through to mapping, with a summary of their 

respective areas that were mapped in the High, Medium and Low abundance classes. Based on the 

frequency distribution of the target plants presented in the table, eight species were deemed common 

and widespread within the project area. Those plants, with the total number of recorded observations in 

parentheses, included: 

 

1) salmonberry (106), 

2) red elderberry (84), 

3) thimbleberry (67), 

4) devil’s-club (61), 

5) western red cedar (58), 

6) Black huckleberry (42), 

7) Alaskan blueberry (54), and 

8) Willows (34). 

Table 6-3 Mapped Plant Distribution by Abundance Class 

Species - Common Species - Halq'eméylem High (ha) Medium (ha) Low (ha) Total (ha) 

Western redcedar X’pá:yelhp 260.6 1865.9 355.9 2582.4 

Devils-club Qwó:pelhp 6.3 27.4 221.3 254.9 

Red elderberry Sth'íweq' 24.8 285.2 554.0 864.0 

Salmonberry Elílá:lhp 169.2 672.5 874.5 1716.2 

Thimbleberry T'qwemelhp 70.4 208.3 434.0 712.7 

Black cap Tselqó:mé - 93.9 - 93.9 

Oval-leaved blueberry Xwíxwekw' 0.0 2.0 238.6 240.6 

Skunk cabbage Ch'ó:kw'e 7.5 - - 7.5 

Stinging nettle Th'éxth'ex - - 17.6 17.6 

Black huckleberry Kwxó:mólselhp 
650.3 299.5 745.6 1,695.4 

Alaskan blueberry Léth'ílets 
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It is notable that not all species with field observations, as listed in Table 6-2, have final predictions in 

the output. The main reason relates to the numbers of observations from the field program. Since the 

machine learning process has a lower limit, those with fewer than 30 field observations were predicted 

within a single abundance class (i.e., indicating ‘presence’). Those species with fewer than 10 

observations were disregarded until more observations can be added in a future field sampling 

program. In this modelling process, more field data results in continual improvement in the model’s 
ability to reliably predict both occurrence and abundance. Species that were disregarded due to 

insufficient plot numbers included dull Oregon-grape and stiff clubmoss. Black huckleberry and Alaskan 

blueberry were modelled together, given the close relationship in their occurrence throughout the 

project area.  

 

Other target plants from Table 4-1 are either locally rare or were not present within the land base 

sampled in either 2019 or 2020. Described previously, a lack of observations is at least partially 

explained by their presence in regions. Species not identified during field sampling in either 2019 or 

2020 include:  

 

• Glacier lily 

• Cliff paintbrush 

• Comfrey 

• Cow-parsnip 

• Cattail 

• False Solomon’s seal 
 

Appendix D presents the modelling output for each of the species listed in Table 6-3. Figure 6-2 

presents a screen capture of the output for Devil’s-club.  

 

 

Figure 6-2. Sample of Model Output (Devil’s-club) 
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The species’ occurrence and abundance pattern is considered reasonable based on professional 

vegetation assessment and inventory experience. For example, Devil’s-club is a species occurring 

predominantly on seepage-prone sites that are often related to drainage channels upon lower to toe 

slopes that receive significant moisture input from above. Black cap is a species typically occurring 

within recent cutblocks that receive abundant solar insolation. Other species such as salmonberry, 

thimbleberry and red elderberry are locally common, which is supported by the occurrence and 

abundance patterns in the output. The predicted results suggest that the species-specific mapping 

concepts were well applied, and modelling was able to derive an output that aligns with the expected 

type of habitat. With additional field observations added to the dataset for each species, the robustness 

of the models will be improved.  

6.3 Model Validation Accuracy 
 

As alluded to in Section 5, predicted overall accuracy were generated for each species. It is important 

to note with some species having a lack of species abundance classes (Low, Moderate and High) in the 

field data, the machine learning is more accurately predicting where the plant species would not be 

found. It is important to cover the range of natural variation for each plant species and abundance 

classification. A more targeted field plot program to capture this variation could be implemented in a 

subsequent stage of the project. To provide an example, when using machine learning to produce 

forest inventories, 30-50 plots are typically used for each stratum to adequately develop an inventory 

with good species accuracy, assuming that the range of variation is covered. Some of this data can 

come from photo-based plots, confirmed by field checks, but the goal for the field program should be to 

capture enough plots of where the species is most likely to occur, with an assigned abundance class. 

From that, during the machine learning, the important variables are identified, and the species 

abundance class predictions are developed.   

The overall classification accuracy, provided in Error! Reference source not found., for each species a

re assessed against the 30% of reserved validation plots. The fall 2020 field sampling program was 

concentrated in the high elevation areas (MHmm2 and CMAunp BGC units). More data is still required 

to produce robust plant species abundance predictions. Future sampling programs should consider the 

current species abundance ranking distributions in determination of sample site selection to bolster the 

data for a given species. The variables available to the ML processes and descriptions are summarized 

through a data dictionary (Appendix E).  .  

Table 6-4 Prediction Accuracy for each Plant Species  

Species - Common Species - Halq'eméylem Accuracy 

Western redcedar X’pá:yelhp 0.67 

Devils-club Qwó:pelhp 0.33 

Red elderberry Sth'íweq' 0.54 

Salmonberry Elílá:lhp 0.38 

Thimbleberry T'qwemelhp 0.41 

Black cap Tselqó:mé 0.85 

Oval-leaved blueberry Xwíxwekw' 0.73 

Skunk cabbage Ch'ó:kw'e 0.85 

Stinging nettle Th'éxth'ex 0.85 
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Willow Salix sp.  0.63 

Black huckleberry  Kwxó:mólselhp 0.89 

Alaskan blueberry Léth'ílets 0.89 
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7. Closure and Recommendations 

This project has achieved results through an innovative method that is tailored specifically to the 

objectives and availability of input data. A significant amount of knowledge and experience has been 

gained through the application of mapping concepts, model building and model validation processes. 

Procedures and modelling can be improved if applied to a larger scale (i.e., throughout the Cheam 

territory). With quality input data, this pilot project has demonstrated the possibility of predicting spatially 

explicit species abundance classes over a landscape. This featured outcome is new and has not been 

accomplished by traditional methods of mapping to date, in which site series (available through 

ecosystem map products) are commonly associated with overstory canopy structure to map the 

potential occurrence of selected plant species. 

The following recommendations address future work to improve and expand upon the results to date: 

 

1) Sample quantity: a minimum of 30 field observations is required for a given species to meet the 

model training and validation requirement. If abundance classes (H, M, L) of each species are 

desired, a target minimum of 30 observations will be required for each class. Assuming 3 

abundance classes for all listed species in Table 4.1 (i.e., 22 times 3), a total of 66 classes will 

result. With a minimum 30 observations for each class, the total required observations will be 

approximately 1,980 (i.e., 66 classes x 30 observations). Based on an average of 3.3 plant 

observations per established plot in 2019 (i.e., 462/138), the 1,980 observations would require 

an estimated 600 field plots. Deducting the 202 field plots established in 2019 and 2020, a total 

of 462 additional field plots are recommended across the broader Cheam territory. 

 

2) Field plot distribution: Although recognized that 30 observations per species may not be 

possible given the current access constraints on the mapping landscape, future field sampling 

should attempt to focus effort on less common species to reach an acceptable sample size for 

modelling.  

 

3) Machine learning-based modelling is strongly driven by both the availability and quality of the 

input data. Theoretically, all population variations must be represented by the data in order to 

produce unbiased results. In practice, this may not be possible given the available resources 

and other constraints over the mapping landscape. The ecological knowledge of the mappers 

becomes an important supplementary consideration in the modelling process. Without large 

data sets, the data driven machine learning process requires oversight by practitioners 

experienced in ecological description and mapping.  

 

4) A LiDAR-derived digital elevation model would provide improved spatial resolution of the 

predicted results, as well as higher thematic accuracy. LiDAR data was made available for the 

project area late in Year Two, but not used due to budget consideration. The developed models 

can be updated to incorporate the newly acquired LiDAR data under a future workplan. 
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Appendix A 
Soil Nutrient Regime (SNR) Knowledge Base 

BGC Unit Attributes Class Description Poor (B) Medium (C) RICH (D) 

CWHms1, 
CWHds1, 
MHmm2, 
CMAunp 

Slope Position Crest, Ridge X     

Upper X     

Upper Incised   X   

Middle Open   X   

Middle ridge X     

Middle incised     X 

Lower     X 

Lower incised     X 

Local ridge X     

Plain   X   

VRI SNR=A, B X     

SNR=C   X   

SNR=D, E     X 

bclcs_level_4=TC   X   

bclcs_level_4=TM     X 

bclcs_level_4=TB     X 

bclcs_level_4=ST   X   

bclcs_level_4=SL   X   

bclcs_level_4=HE     X 

bclcs_level_4=HF     X 

bclcs_level_4=HG   X   

bclcs_level_4=BY X     

bclcs_level_4=BM X     

bclcs_level_4=BL X     

bclcs_level_4=SI X     

leading Spp=SS     X 

leading Spp=Pl X     

VRI_Nveg_cover_typ_1 BR,TA,RI,LA,RE,RN,RZ, 
PN,GL,OT,BE,GP,UR 

X     

LS,ES,RS, MU,CB,ES   X   

Exception Mapping RO, DAM, TA, UR, RI, RR, MN, RZ, 
TA, TA_R, TA_M, SHLW 

X     
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CB, RS, ES, LS, TA_H,  TA_S, 
WTLND  

  X   

Fp; FN, CF     X 

AV or AV_S + upper slope X     

AV or AV_S + Middle slope   X   

AV or AV_S + lower slope     X 

CWHms1 VRI Site Index est_site_index=Cw>25, Ba>25 
Hw>25, Yc>25, Fd>30 

    X 

est_site_index=Cw15-25, Ba15-25, 
Hw15-25, Yc15-25, Fd18-30 

  X   

est_site_index=Cw<15, Yc<15, 
Ba<15 Hw<15, Fd<18 

X     

CWHds1 VRI Site Index est_site_index=Cw>25, Ba>25, 
Hw>25,  Fd>30, BG>35 

    X 

est_site_index=Cw15-25, Ba15-25, 
Hw15-25, Fd18-30, Bg20-35 

  X   

est_site_index=Cw<15, Ba<15 
Hw<15, Fd<18, Bg<20 

X     

MHmm2 VRI Site Index est_site_index=Cw/Yc>18, Ba>20, 
Hw/Hm>20 

    X 

est_site_index=Cw/Yc10-18, Ba12-
20, Hw/Hm12-20 

  X   

est_site_index=Cw/Yc<10, Ba<12, 
Hw/Hm<12 

X     

CWHunp VRI Site Index n/a       
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Appendix B 
Field Data Form Template 
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Appendix C 
Sample – Completed Field Form 
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Appendix D 
Model Output for Each Species 
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Appendix E 
Data Dictionary for Model Input Variables 
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FIELD DESCRIPTION DETAILS 

uid Unique identifier 
For training data will have field plot id - target data 
is simply incremental numbers 

near_uid Nearest UID of point UID of target data where training data came from 

source Source of points training or target data 

coord_x x coordinate BC Albers 

coord_y y coordinate BC Albers 

vri_ac presence of species AC 0 no, 1 yes 

vri_ac_per percent of species AC Percent of species  

vri_ac_abu abundance of species AC Abundance of species (percent * crown closure) 

vri_at presence of species AT 0 no, 1 yes 

vri_at_per percent of species AT Percent of species  

vri_at_abu abundance of species AT Abundance of species (percent * crown closure) 

vri_ba presence of species BA 0 no, 1 yes 

vri_ba_per percent of species BA Percent of species  

vri_ba_abu abundance of species BA Abundance of species (percent * crown closure) 

vri_bg presence of species BG 0 no, 1 yes 

vri_bg_per percent of species BG Percent of species  

vri_bg_abu abundance of species BG Abundance of species (percent * crown closure) 

vri_bl presence of species BL 0 no, 1 yes 

vri_bl_per percent of species BL Percent of species  

vri_bl_abu abundance of species BL Abundance of species (percent * crown closure) 

vri_cw presence of species CW 0 no, 1 yes 

vri_cw_per percent of species CW Percent of species  

vri_cw_abu abundance of species CW Abundance of species (percent * crown closure) 

vri_dr presence of species DR 0 no, 1 yes 

vri_dr_per percent of species DR Percent of species  

vri_dr_abu abundance of species DR Abundance of species (percent * crown closure) 

vri_ep presence of species EP 0 no, 1 yes 

vri_ep_per percent of species EP Percent of species  

vri_ep_abu abundance of species EP Abundance of species (percent * crown closure) 

vri_fd presence of species FD 0 no, 1 yes 

vri_fd_per percent of species FD Percent of species  

vri_fd_abu abundance of species FD Abundance of species (percent * crown closure) 

vri_hm presence of species HM 0 no, 1 yes 

vri_hm_per percent of species HM Percent of species  

vri_hm_abu abundance of species HM Abundance of species (percent * crown closure) 

vri_hw presence of species HW 0 no, 1 yes 

vri_hw_per percent of species HW Percent of species  

vri_hw_abu abundance of species HW Abundance of species (percent * crown closure) 

vri_mb presence of species MB 0 no, 1 yes 

vri_mb_per percent of species MB Percent of species  

vri_mb_abu abundance of species MB Abundance of species (percent * crown closure) 

vri_pl presence of species PL 0 no, 1 yes 

vri_pl_per percent of species PL Percent of species  

vri_pl_abu abundance of species PL Abundance of species (percent * crown closure) 

vri_se presence of species SE 0 no, 1 yes 

vri_se_per percent of species SE Percent of species  

vri_se_abu abundance of species SE Abundance of species (percent * crown closure) 
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FIELD DESCRIPTION DETAILS 

vri_ss presence of species SS 0 no, 1 yes 

vri_ss_per percent of species SS Percent of species  

vri_ss_abu abundance of species SS Abundance of species (percent * crown closure) 

   

vri_vb presence of species VB 0 no, 1 yes 

vri_vb_per percent of species VB Percent of species  

vri_vb_abu abundance of species VB Abundance of species (percent * crown closure) 

vri_yc presence of species YC 0 no, 1 yes 

vri_yc_per percent of species YC Percent of species  

vri_yc_abu abundance of species YC Abundance of species (percent * crown closure) 

vri_dec_pe Percent deciduous species  

vri_con_pe Percent coniferous species  

vri_dec_ab Abundance deciduous species  

vri_con_ab Abundance coniferous species  

asp Aspect Continuous aspect 

asp_c Aspect classified Classes of aspect 

bec BEC zones  

bedgeol Bedrock geology  

crwn_cls Crown closure  

cutblk Cutblock Cutblocks younger than 20 yrs old 

disturb Disturbance code  

fluvial Fluvial 
Fluvial (FL) from soil parent materials and FP and 
FN combined 

pf_c Profile curvature Continuous 

pf_cc Profile curvature class Classes 

pl_c Plan curvature Continuous 

pl_cc Plan curvature class Classes 

proj_age Projected age  

proj_hgt Projected height  

slp Slope Continuous 

slp_asp Slope and Aspect Slope and aspect combined from classes 

slp_c Slope classified Classes 

smr Soil moisture regime  

snr Soil nutrient regime  

spm Soil parent materials formerly ter 

snr_smr SMR and SNR combined  

st_c Standard curvature  

st_cc Standard curvature classified  

stems Live stems  

bgcele Biogeoclimatic elevation zones BEC units split into 3 classes based on elevation 

sp30 Slope position Analysis window at 30 

sp40 Slope position Analysis window at 40 

sp50 Slope position Analysis window at 50 

sp60 Slope position Analysis window at 60 

sp70 Slope position Analysis window at 70 

sp80 Slope position Analysis window at 80 

sp90 Slope position Analysis window at 90 

sp100 Slope position Analysis window at 100 
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FIELD DESCRIPTION DETAILS 

ctvi 
Corrected Transformed 
Vegetation Index 

LANDSAT index 

dvi Difference Vegetation Index LANDSAT index 

ndvi 
Normalized Difference 
Vegetation Index 

LANDSAT index 

nrvi 
Normalized Ratio Vegetation 
Index 

LANDSAT index 

rvi relative vigor index LANDSAT index 

savi soil-adjusted vegetation index LANDSAT index 

ttvi 
Thiam's Transformed 
Vegetation Index 

LANDSAT index 

tvi Transformed Vegetation Index LANDSAT index 

blue_nir blue band divided by NIR LANDSAT index 

evi enahnaced vegetation index LANDSAT index 

green_nir green band divided by NIR LANDSAT index 

msavi 
modified soil-adjusted 
vegetation index 

LANDSAT index 

nbr Normalized Burn Ratio LANDSAT index 

nbr2 Normalized Burn Ratio 2 LANDSAT index 

ndmi 
Normalized Difference Moisture 
Index 

LANDSAT index 

ndvi_1 
Normalized Difference 
Vegetation Index 

LANDSAT index 

red_blue red band divided by blue band LANDSAT index 

red_green red band divided by green band LANDSAT index 

red_nir red band divided by NIR LANDSAT index 

savi_1 soil-adjusted vegetation index LANDSAT index 

elevation elevation from dem  

mat_90 Mean annual temp ClimateBC - 1990 normals 

map_90 mean annual precip ClimateBC - 1990 normals 

dd5_90 growing days above 5 degrees ClimateBC - 1990 normals 

nffd_90 Number of frost free days ClimateBC - 1990 normals 

pas_90 Precip as snow ClimateBC - 1990 normals 

mar_90 mean annual radiation ClimateBC - 1990 normals 

mat_20 Mean annual temp ClimateBC - 2010 normals 

map_20 mean annual precip ClimateBC - 2010 normals 

dd5_20 growing days above 5 degrees ClimateBC - 2010 normals 

nffd_20 Number of frost free days ClimateBC - 2010 normals 

pas_20 Precip as snow ClimateBC - 2010 normals 

mar_20 mean annual radiation ClimateBC - 2010 normals 
 

asp_c 

VALUE CLASS NAME CLASS CODE CRITERIA 

1 neutral (n) n 91-135, 271-315 

2 cool (k) k 316-90 degrees 

3 warm (w) w 136-270 degrees 
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0 level (l) l 0 

 

bec 

VALUE BGC 

1 CMAunp 

2 MHmm2 

3 CWHds1 

4 CWHvm2 

5 CWHms1 

6 MHmm1 

7 CWHdm 

 

bedgeol 

VALUE STRAT UNIT 

4 uTrJCu 

8 MKqd 

11 OlMigd 

13 KTmm 

14 PzMzum 

19 DPC 

20 PzMzCS 

24 lKGsv 

27 KTSl 

28 PrPzY 

30 ETgd 

31 Migd 

 

bgcele 

VALUE ELEVATION ZONE 

11 CMAunp - 1 

12 CMAunp - 2 

13 CMAunp - 3 

21 CWHdm - 1 

22 CWHdm - 2 

23 CWHdm - 3 

31 CWHds1- 1 

32 CWHds1 - 2 

33 CWHds1 - 3 

41 CWHms1 - 1 

42 CWHms1 - 2 

43 CWHms1 - 3 

51 CWHvm2 - 1 

52 CWHvm2 - 2 

53 CWHvm2 - 3 

61 MHmm1 - 1 
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VALUE ELEVATION ZONE 

62 MHmm1 - 2 

63 MHmm1 - 3 

71 MHmm2 - 1 

72 MHmm2 - 2 

73 MHmm2 - 3 

 

cutblk 

VALUE CUTBLOCK 

0 no 

1 yes 

 

disturb 

VALUE CODE 

1 Natural 

2 Planted 

 

fluvial 

VALUE CODE 

0 no 

1 yes 

 

pf_cc 

VALUE CUTBLOCK 

1 straight 

2 convex 

3 concave 

 

pl_cc 

VALUE CUTBLOCK 

1 straight 

2 convex 

3 concave 

 

slp_asp 

VALUE 
ASPECT CLASS 
CODE 

ASPECT CRITERIA 
SLOPE CLASS 
CODE 

SLOPE CRITERIA 



Cultural & Medicinal Plants – Jones Creek Watershed Pilot Project (Year Two) File No: 190211 | April 2021 | Version 0  

 

 
 

 

1 l 0 LV <=10% 

2 l 0 GE1 11-20% 

3 l 0 GE2 21-30% 

4 l 0 MO1 31-40% 

5 l 0 MO2 41-50% 

6 l 0 MS1 51-60% 

7 l 0 MS2 61-70% 

8 l 0 ST1 71-80% 

11 n 91-135, 271-315 LV <=10% 

12 n 91-135, 271-315 GE1 11-20% 

13 n 91-135, 271-315 GE2 21-30% 

14 n 91-135, 271-315 MO1 31-40% 

15 n 91-135, 271-315 MO2 41-50% 

16 n 91-135, 271-315 MS1 51-60% 

17 n 91-135, 271-315 MS2 61-70% 

18 n 91-135, 271-315 ST1 71-80% 

21 k 316-90 degrees LV <=10% 

22 k 316-90 degrees GE1 11-20% 

23 k 316-90 degrees GE2 21-30% 

24 k 316-90 degrees MO1 31-40% 

25 k 316-90 degrees MO2 41-50% 

26 k 316-90 degrees MS1 51-60% 

27 k 316-90 degrees MS2 61-70% 

28 k 316-90 degrees ST1 71-80% 

31 w 136-270 degrees LV <=10% 

32 w 136-270 degrees GE1 11-20% 

33 w 136-270 degrees GE2 21-30% 

34 w 136-270 degrees MO1 31-40% 

35 w 136-270 degrees MO2 41-50% 

36 w 136-270 degrees MS1 51-60% 

37 w 136-270 degrees MS2 61-70% 

38 w 136-270 degrees ST1 71-80% 

 

slp_c 

VALUE CLASS NAME CLASS CODE CRITERIA 

1 Level  LV <=10% 

2 Gentle 1 GE1 11-20% 

3 Gentle 2 GE2 21-30% 

4 Moderate 1 MO1 31-40% 

5 Moderate 2 MO2 41-50% 

6 Moderately steep 1 MS1 51-60% 

7 Moderately steep 2 MS2 61-70% 

8 Steep 1  ST1 71-80% 

9 Steep 2 ST2 81-90% 

10 Very steep 1 VS1 91-100% 

11 Vert steep 2 VS2 >100% 

 

smr 
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VALUE CODE 

1 xeric 

2 subxeric 

3 submesic 

4 mesic 

5 subhygric 

6 hygric 

7 subhydric 

 

snr 

VALUE SNR 

1 Poor (B) 

2 Medium (C) 

3 Rich (D) 

 

spm 

VALUE CODE DESCRIPTION 

2 CO Colluvium 

5 FL Fluvial 

6 GF Glaciofluvial 

8 LA Lacustrine 

9 GL Glaciolacustrine 

10 TI Till 

11 OR Organic 

12 BED Bedrock 

15 MA Marine 

16 GMA Glaciomarine 

17 WA Fresh Water 

 

snr_smr 

VALUE SNR SMR 

11 Poor (B) xeric 

12 Poor (B) subxeric 

13 Poor (B) submesic 

14 Poor (B) mesic 

15 Poor (B) subhygric 

16 Poor (B) hygric 

17 Poor (B) subhydric 

21 Medium (C) xeric 

22 Medium (C) subxeric 

23 Medium (C) submesic 

24 Medium (C) mesic 

25 Medium (C) subhygric 

26 Medium (C) hygric 
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27 Medium (C) subhydric 

31 Rich (D) xeric 

32 Rich (D) subxeric 

33 Rich (D) submesic 

34 Rich (D) mesic 

35 Rich (D) subhygric 

36 Rich (D) hygric 

37 Rich (D) subhydric 

 

st_cc 

VALUE CODE 

1 straight 

2 convex 

3 concave 

 

sp30 to sp100 

VALUE CLASS NAME CLASS CODE 

1 Lower incised slopes LIS 

2 Mid incised slopes MIS 

3 Upper incised slopes UIS 

4 Lower slope LAS 

5 Middle slope (open) MAS 

6 Upper slope UAS 

7 Middle slope ridge MSR 

8 Local ridge (minor ridge) LAR 

9 Mountain tops & high ridge MTR 

10 Plains/flat LAV 

 

 

 

 

 


