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Introduction 

Alberta Environment and Sustainable Resource Development’s Wildland Fuels Inventory 

Program began in 2006.  Wildland Fuels Inventory Crews establish monitoring plots throughout 

the province of Alberta to quantify pre-burn fuel load and vegetative composition, immediate 

post-burn effects, and long-term vegetative response to prescribed fire, wildfire, and mechanical 

treatments. The objective of this program is to build a provincial database and decision support 

tool for prescribed fire and FireSmart planning. 

Sampling for the Alberta Wildland Fuels Inventory Program is stratified according to the Alberta 

Natural Region and Natural Subregion classifications (Table 1.1). The program objective is to 

sample prescribed burns, mechanical fuel treatments, and wildfires in each of the Natural 

Subregions located within Alberta’s Forest Protection Area. See Figure 1.1 for a provincial-scale 

map of Alberta’s Natural Subregions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

 

Table 1.1. Natural Regions and Subregions of Alberta 

 

 

Natural Region Natural Subregion 

Rocky Mountain  Alpine 

 Subalpine 

 Montane 

Boreal Central Mixedwood 

  Dry Mixedwood 

  Northern Mixedwood 

  Boreal Subarctic 

 Peace-Athabasca Delta 

 Lower Boreal Highlands 

  Upper Boreal Highlands 

 Athabasca Plain 

Foothills Lower Foothills 

 Upper Foothills 

Canadian Shield Kazan Uplands 

 Parkland Foothills Parkland 

 Peace River Parkland 

 Central Parkland 

Grassland Dry Mixedgrass 

 Foothills Fescue 

 Northern Fescue 

 Mixedgrass 
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Figure 1.1. Natural Subregions of Alberta  

Plot locations sampled within a prescribed burn, FireSmart treatment, or wildfire area are further 

stratified by fuel type and aspect. The Canadian Forest Fire Behavior Prediction (FBP) System is 

used to classify fuel types. Aspect is categorized into four cardinal directions – North (315-45°), 

East (45-135°), South (135-225°), and West (225-315°). The program objective is to sample 

locations in each fuel type and aspect combination within a prescribed burn, FireSmart treatment, 

or wildfire area. 
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Figure 1.2  Example of FBP Map for Meadowland Creek, Willmore Wilderness Area 

FBP Fuel Type Code Description 

Coniferous C-1 Spruce-lichen woodland 

 C-2 Boreal Spruce 

 C-3 Mature jack or Lodgepole pine 

 C-4 Immature jack or Lodgepole pine 

 C-5 Red and White pine 

 C-6 Conifer plantation 

 C-7 Ponderosa pine/Douglas-fir 

Deciduous D-1 Leafless aspen 

Mixedwood M1 Boreal mixedwood – leafless aspen 

 M-2 Boreal mixedwood – green 

 M-3 Dead balsam fir mixedwood – leafless 

 M-4 Dead balsam fir mixedwood – gree 

Slash S-1 Jack or Lodgepole pine slash 

 S-2 White spruce/Balsam slash 

 S-3 Coastal cedar/Hemlock/Douglas-fir slash 

Open O-1 Grass 

**See Field Guide to the Canadian Forest Fire Behaviour Prediction (FBP) 

The methodologies used by this program are a combination of those used by the United States 

Firemon Inventory system, the Alberta Permanent Sample Plot (PSP) program, the Alberta 

Prescribed Burn Fuel Sampling Handbook, Canada’s National Forest Inventory Ground 
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Sampling Guidelines, as well as methodologies used in various fire research work. References 

for methodologies used can be found at the end of each chapter. 

Plot Establishment 
 

Equipment Checklist  

Global Positioning System (GPS)  Clicker 

Compass  DBH tape 

Vertex Hypsometer Hammer and nails 

Four 25 meter Loggers tapes  Tree tags 

1 Center Pin  Spray paint 

4 depth of burn pins  Plant ID books 

3 Mini rod Measuring Tape (2m)  Tree borer 

Topographical Map of Area  Sharpie 

Camera Pencils 

Tripod Ruler 

Clipboard Soil Core 

Go-no-go gauge Hand saw 

Datasheets Trowel 

Photocards Ziplock and Paper bags 

 

 

Site description includes all the site variables that describe sampling events. This includes the 

Plot Id, location name (i.e. Meadowland Creek), the date, the project name, the agency that 

completed the plot survey (i.e. ASRD, FP Innovations – FERIC), the Ecozone, Ecosite, and the 

Natural Sub-Region.  

 

A plot name must be recorded at the top of every data sheet at the time of plot establishment. 

Plot names include the two identifiers listed below.  
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1. Location Code – a two letter acronym based on the general location and/or name of the 

treatment unit. The Project ID will always be consistent for all plots located within the 

same treatment unit.  

 

2. Coordinate Code – a unique eight-digit identifier based on the plot’s Latitude and 

Longitude coordinates. The identifier is created from the first four decimal-point digits 

for Latitude followed by the first four decimal-point digits for Longitude. 
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Example:  You have established a plot in the Meadowland Creek prescribed burn unit located in 

the Willmore Wilderness Park. The plot coordinates are 53° 13.789 (Latitude) by 119° 50.381 

(Longitude).   

Project ID = MC (acronym stands for Meadowland Creek) 

Location ID = 1378-5038  

Plot Name = MC-1378-5038  

 

Ecosite must be determined in the field on a daily basis (so that information is fresh) using the 

“Field Guide to Ecosite” book appropriate for the location. 

 

Plot Description 
  

There are four types of treatments that are sampled depending on the project objectives: 

prescribed burn, FireSmart (mechanical, hand, mulch, thin, prune, etc), wildfire, and natural. For 

each of these treatment types there are three types of sample events that can occur: pre-treatment 

(the stand before any treatment has been applied), post-treatment (sampling that is completed 

following site treatment), and control (the stand outside the treatment area). On the datasheets, 

“Sample Event” includes the number of times the sample event has occurred (i.e. if the site has 

been visited 2 times prior to treatment, the second visit would be recorded as PR2). Record on 

the data sheet both the treatment type and the sample event. If the site you are sampling is going 

to be used as a “control” plot (will not have any treatment applied) mark on the data sheet that it 

is a “control.”  

 

Agency refers to the group that is completing the sampling for each specific location (i.e. Alberta 

Sustainable Resource Development, FP Innovations, University of Alberta, etc.).  

 

Aspect refers to the general direction in which the plot is facing. It is recorded in degrees 

magnetic north. Make sure the declination is set to zero on the compass.  When using the 

compass it is important to ensure that you are not wearing or in close proximity to any metal 

objects or magnets as these can skew the reading from the compass.  

 

Slope is measured from the centre of the plot using a hypsometer to a point 10m down each 

transect. It is easiest to get someone else the same height as you to stand down-slope and aim the 

hypsometer at their eye level (Figure 1.3). Slope should be recorded as a percentage. 

 



10 
 

 

 
Figure 1.3 Measuring Slope using a Vertex Hypsometer (Lutes et.al. 2005)  

Elevation (meters) is recorded from the GPS unit 

 

Plot Location  
 

Location information is mandatory and must be recorded for all plots. Plot coordinates are 

obtained using a handheld Global Positioning System (GPS). Coordinates should be taken while 

standing overtop of plot center. Ensure to record the declination from the GPS unit as this 

changes depending on where you are in the province. WGS84 is the Map Datum used. Degrees 

Decimal Minutes (hddd° mm.mmm’) is the position format for recording Latitude and Longitude 

coordinates on the data sheets. GPS accuracy is also recorded from your GPS unit and recorded 

in this section.  

 

At this time it is also important to record the site access information. There is a spot near the 

bottom of the data sheet to record GPS coordinates, distance to and compass bearing from the 

helipad or parking spot to the plot and type of access (Heli or vehicle). GPS coordinates should 

have been stored in the GPS unit before you began hiking to the plot, if for some reason this 

point was not marked you can get this information when you return to the helipad or parking spot 

at the end of the day. This will help in relocating the plot for future sampling. There is also room 

at the bottom of the sheet to include any other relevant notes related to plot location and site 

access.  

 

The GPS error should be kept to 10 meters or less, if you are experiencing errors greater than 10 

m then wait to acquire more satellites, you can also try the following to reduce GPS error: 

 

 Give your GPS time to acquire satellites. When you start up your GPS, allow it to acquire 

at least three satellites before you start using it.  

 Face south as most satellites orbit the USA which means that most satellites will be in the 

southern part of our horizon.  

 Don’t block your GPS unit. If you are having trouble acquiring satellites hold the GPS 

away from your body and other equipment. If you are in an area with a thick canopy or 
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steep mountainous terrain it may be difficult to avoid poor satellite reception, climbing to 

higher ground or an area where the canopy is not as dense may assist in correcting this.  

 

Plot Topography  
 

The fire behavior triangle is made up of fuel, weather and topography. Site topography includes 

the aspect (magnetic), slope %, slope shape, and topographical location on the slope. 

Topography and other biophysical characteristics significantly affect the spread of fire across the 

landscape. Site relief and topographic location are recorded based on the characteristics present 

at the plot but should also be reflective of the area as a whole.  

 

Slope shape describes the general contour of the terrain. From the centre of your plot, survey the 

ground upslope, down-slope and cross-slope. Determine the shape class combination that best 

describes the upslope/downslope and cross slope of the site and record this on the data sheet.  

 

Topographic Location refers to the position of the plot in relation to the terrain. There are four 

options for topographic location: hollow, flat, slope and hilltop. Select one of the four options.  

 

Plot Characteristics  
 

Moisture regime provides information regarding the amount of moisture available on a site for 

plant growth (Nesby 1997). Drainage provides information regarding plot position, soil texture, 

humus depth, location of water table, permeability and water storage capacity (ASRD 2005). The 

Alberta Wildland Fuels Inventory Program (AWFIP)  has combined these two site descriptors 

into one for the purpose of assessing overall moisture composition of the site.  

 
Figure 1.4 Ecological Moisture Regime (Taken from Nesby 1997) 
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Erosion severity describes the level of erosion present on the site at the time of sampling. This 

information is most important for future sampling, as it will indicate the effect the treatment had 

on the stability of the site (i.e. was stability compromised?). The AWFIP categorizes erosion 

severity into six classes: 

Erosion Code Erosion Type Erosion Description 

0 None No sign of erosion 

1 Low <25% of upper 20cm of soil surface 

2 Moderate 25 – 75% of upper 20cm of soil surface 

3 High >75% of upper 20cm of soil surface 

4 Very High All of the upper 20cm of soil surface 

Table 1.5 Erosion severity classes and descriptions. 

Transects  
 

Transect lines are laid out using four 25 meter loggers tapes (1 for each transect).  Four 25 m 

transect lines are oriented in one of two ways depending on slope and aspect: If the site is flat 

(slope <=5%) the four transect lines run north (Transect 1), south (Transect 2), east (Transect 3) 

and west (Transect 4) from plot center. If the slope is > 5% the four transect lines run up-slope 

(Transect 1), cross-slope to the right (Transect 2), down-slope (Transect 3), and cross-slope to 

the left from plot center (Transect 4) (Alexander 2006).  When setting up the transect lines, use a 

compass to determine the direction the line will go from plot center (Alexander, 2006). Keep the 

line as straight as possible by ensuring it goes under/through/over, rather than around vegetation 

along the transect line. Should there be a tree directly in the path of the transect line, keep the 

line as close to the tree as possible and then return to the compass heading once you are around 

the tree. For pre-treatment sampling, depth of burn pins (aka duff pins) are inserted at the 25 

meter mark of each transect to mark the line. Pins should be inserted such that the cross bars lie 

level with the top of the duff layer. If it is not possible to insert them to this depth then you can 

cut them to the appropriate length using the wire clippers provided. In order to reduce 

compaction and disturbance to ground cover along the transect line, try to walk only on the left 

hand side of the transect line and take measurements on the right hand side. 
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Figure 1.5 Laying out a transect line (Lutes et al. 2005).  Keep the line as straight as possible by 

going under and through vegetation whenever possible. 

Small and large tree plots are laid out an appropriate length from plot center.  For the small trees, 

the plot radius is 3.57 or 5.64 meters, depending on the density of trees. For the large tree plot 

the radius will be 5.64, 7.98 or 11.28 meters depending on the density of trees in the plot. This is 

covered in more detail in the chapter on sampling trees. 

 

Figure 1.6 Plot and transect layout 
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Plot Photographs  
 

Photographs of the site are taken from plot centre towards the end of each transect. The center of 

the camera lens should be positioned 1.3 meters above the ground. Five photos in total will be 

taken: 1 of the plot identification card (this will be the first of the 5 photos taken so that when 

photos are downloaded in the office it is easy to determine which photos belong to which plot) as 

well as one photograph of each transect. For photos of the individual transects, a photo card 

indicating the transect number will be placed at the 5 meter mark from plot centre. The photo 

card should be positioned at the bottom centre of each photo. On the data collection sheet, be 

sure to record the picture number from the camera and its corresponding compass direction.  

 

References  
 

Alberta Sustainable Resource Development. 2005. Permanent Sample Plot (PSP) Field 

Procedures Manual. Public Lands and Forests Division, Forest Management Branch, Edmonton, 

AB.  

 

Alexander, M.E. 2006. Alberta Prescribed Burn Fuel Sampling Handbook. Wildland Fire 

Operations Research Group. Forest Engineering Research Institute of Canada – Western 

Division. Hinton, Alberta.  

 

Lutes, D.C., Keane, R.E., Caratti, J.F., Key, C.H., Benson, N.C., Sutherland, S., Gangi, L.J. 

2005. FIREMON: Fire Effects Monitoring and inventory system. Gen. Tech. Rep. RMRS-GTR-

XXX-CD. Ogden UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain 

Research Station.  

 

Taylor, S.W., Pike, R.G., Alexander, M.E. 1997. Field guide to the Canadian Forest Fire 

Behavior Prediction (FBP) System. Nat. Resour. Can., Can. For. Serv., North. For. Cent., 

Edmonton, Alberta. Spec. Rep. 11.  

 

Natural Regions Committee. 2006. Natural Regions and Subregions of Alberta. Compiled by  

D.J. Downing and W.W. Pettapiece. Government of Alberta. Pub. No. I/005.  

 

Nesby, R. 1997. Alberta Vegetation Inventory Standards Manual. Alberta Sustainable Resource 

Development, Environmental Protection Resource Data Division. Edmonton, Alberta. 

 

 

 

 



15 
 

 

Soil Measurements 

Introduction 

Keep the fire triangle in mind while measuring soils (ground fuels). The three sides of the fire 

triangle -fuel, heat, and oxygen- are required for a fire to burn. Organic surface horizons (duff) 

are the only soil layers with both the fuel and oxygen components available. Van Wagner (1972) 

defines duff as the layer of organic material on the forest floor (the fibric and humic layers) 

between the litter (L) and the mineral soil (Van Wagner 1978 as cited in Miyanishi and Johnson 

2002). In the boreal forests, duff is made up of both litter and mosses (Miyanishi and Johnson 

2002). For the purposes of the Fire and Vegetation Monitoring Program, soil measurements 

(depths and bulk densities) focus only on organic surface horizons. Measurements of mineral 

horizons are not required. 

Depth-of-burn and soil consumption are important severity measures that can be related to 

physical, biological, and ecological fire effects. The magnitude of soil consumption is a product 

of the fire type (ground, surface, or crown), intensity and residence time and is determined 

primarily by bulk density, moisture content and depth. At the time of plot establishment one 

depth of burn (DoB) pin is inserted at the 25 meter mark on each of the four transects. Prior to 

burn activities (<2 weeks preceding ignition activities) additional DoB pins should be inserted at 

each 5 meter mark along all four transects (and the pin at the 25 meter mark reset, such that the 

crossbar is again level with the top of the duff horizon) to determine average depth of burn 

throughout the plot. At the time of plot establishment samples of duff/litter are collected at the 10 

and 20 meter mark along each transect. These samples are then taken to a lab where they are 

oven dried and weighed to determine the bulk density of the litter and duff material. 

Equipment Checklist: 

Four 25m Loggers tapes Sharpie marker 

Mini Rod Measuring Tape (2m) 4 Duff pins 

Ruler (30cm) Clipboards 

Folding hand saw Pencil 

Trowel Datasheet 

Soil Core Ziplock bags 
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Transect lines are numbered from 1 to 4 in a clockwise direction. Transect #1 always runs north 

or up-slope from plot center. Soil-depths are measured at 5 m intervals along all four transect 

lines (Alexander 2006). Soil-cores are taken at the 10 meter and 20 meter marks along all four 

transect lines. 

 

Figure 2.1 Transect length, orientation, numbering convention, and locations for soil depth and 

soil core measurements. 

Methodology  

 
Locate your soil-depth measurements at 5, 10, 15, 20, and 25 m from plot center along each 

transect. Each measurement should be taken 15 cm to the right and perpendicular to the transect 

line (Alexander 2006).  

 

Use a hand saw to make a deep cut into the soil. The cut should be 15-20 cm long and deep 

enough to reach the first mineral horizon. Use a trowel and/or your hands to expose a profile of 

the organic surface horizons down to the first mineral horizon. Be gentle when peeling back the 

soil’s surface layers to avoid compacting or loosening of the organic surface horizons.  

 

Classify the upper mineral soil type using one of the soil order categories listed below:  

Mineral Soil  



17 
 

 

Organic Soil  

Cryosolic Soil  

 

Classify the mineral soil texture using one of the 13 soil texture classes in the soil texture triangle 

below: 

 

Figure 2.2 Soil texture classes triangle (Soil Classification Working Group 1998). 

The soil colour is recorded at the top of the data sheet as one of 4 colours: Dark, Medium, Light 

and No Soil. 
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Table 2.2 Soil Colour Codes 

Soil Colour Code Soil Colour Description 

D 

Dark, chocolate brown or black (Munsell colour value <4 when 

moist) 

M Medium, intermediate colour (most commonly encountered) 

L Light, very pale soil (Munsell colour value >6 when moist) 

No Soil No soil  

 

The depth of organic surface horizons should always be measured from the bottom up. Measure 

the depth of organic surface horizons from the top of the mineral layer to the top of the litter 

layer, and from the top of the mineral, to the top of the duff layer using a ruler. Figure 2.3 

illustrates how to record surface horizon depths for mineral, cryoslic, and deep organic soils. 

Measurements extend down to the top of the mineral horizon unless a permafrost layer (or water) 

is reached first (Fig 2.3). Duff (F+H or Om+Oh) horizons are grouped and recorded as a single 

depth measurement. Litter (or Of) horizons are measured as a part of the entire organic profile 

L+F+H. The L layer is a complex containing varying percentages of moss, litter and lichen. The 

percentage of each component in this complex should be estimated at each 5m sampling interval 

(to a total of 100%). Moss is often included as part of organic surface horizons. Use the 

following rules when including moss in organic surface horizon measurements: 

 Moss is a minor component of the soil surface (Mineral Soils)  

 Consider live (green) moss to be part of the L horizon. Differentiate each 

measurement of the L horizon as either L-litter or L-moss.  

 Consider dead (brown) moss to be part of the Duff (F and H horizons).  

 Moss is a major component of the entire surface profile (Organic Soils)  

 

 

Figure 2.3 How to record surface horizon depths for mineral, cryosolic, and organic soils (Soil 

Classification Working Group 1998). 
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Collect soil cores at the 10 and 20 meter marks along each transect line. Soil-cores should be cut 

using the 10 x 10 cm soil box as a guide. Once the square is cut, press the soil box onto the core 

until it reaches the bottom of the litter layer, and slowly remove. Should the sample depth exceed 

10cm, only collect the uppermost 10cm (the uppermost 10cm for duff and litter). If the soil 

sample is not a full 10cm, the sample depth should be recorded (to the nearest 0.5cm) on the data 

sheet. Bag and clearly label each sample separately with the plot ID, location on transect, and 

transect number. 

 

If working in a Post-Burn plot, the depth of burn should be recorded by examining the depth of 

burn pins.  

 

Oven-dry soil core samples for 24 hours. Immediately weigh oven-dried soil core samples as 

oven-dried soil samples will start absorbing water from the surrounding air as soon as they are 

removed from the oven. Soil bulk density will be over-estimated if this occurs. 

% Litter Composition of Soil Core 

For the litter sample collected from the soil core at 10 and 20 m of each transect, the litter 

composition is recorded.  This is recorded as a percentage of foliage, moss, and lichen.  The 

percentage for each of these three components should add up to 100% (i.e. 20% foliage, 75% 

moss, 5% lichen).  

Precision Standards  
 

Record organic horizon depths to the nearest 0.1 cm.  

 

Record kiln-dried soil core samples to the nearest 0.01 g.  

 

Calculations  
 

Bulk Density = Oven-Dried Weight (kg) ÷ In Situ Volume of Interval (m3)  

 

Average Depth (F+H) by transect = (Sum of F depths + sum of H depths) ÷ 5  

 

Average Depth (L) by transect = sum of L depths ÷ 5  

 

Definitions  

 

All soils definitions have been taken from The Canadian System of Soil Classification (Soil 

Classification Working Group 1998). Refer to this publication for more information on Canadian 

soil classification and taxonomy.  

 

Soil Order Categories  
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Mineral Soil – Soil composed of A, B, and C mineral horizons with the exception of Regosolic 

soils which do not contain a recognizable B horizon. Organic surface horizons (LFH) are shallow 

if present. Mineral horizons contain 17% or less organic carbon (about 30% organic matter) by 

weight. The following soil orders are considered mineral soils: Brunisolic, Chernozemic, 

Gleysolic, Luvisolic, Podzolic, Regosolic, Solonetzic, and Vertisolic.  

 

Organic Soil – Soil composed largely of organic material. Most organic soils are saturated with 

water for prolonged periods and are composed of organic horizons (Of, Om, Oh, and/or LFH). 

Organic soils contain more than 17% organic carbon (30% or more organic matter) by weight. 

They include most of the soils commonly known as peat, muck, bog, and fen soils. Organic 

horizons generally extend to a depth of at least 40 cm. Organic soils are easily distinguished 

from Mineral soils by the depth of their organic horizons.  

 

Cryosolic Soil – Soil formed in either mineral or organic material that has permafrost within 1 

meter of the surface. Cryosolic soils predominate north of tree line, in subarctic forest areas, and 

in some boreal forest and alpine areas in organic materials. These soils have a mean annual 

temperature of < 0°C. The depth of the permafrost layer must be determined to identify 

Cryosolic soils.  

 

Organic Surface Horizons  
 

LFH Horizons (Folic Materials) – Organic horizons developed primarily from the accumulation 

of leaves, twigs, and woody material with or without a minor component of mosses. LFH 

horizons are normally associated with upland forested soils. 

L (Litter) – characterized by an accumulation of organic matter in which the original structures 

(leaves, twigs, and woody material) are easily discernible.  

 

F (Fibric) – characterized by an accumulation of partly decomposed organic matter. Some of the 

original structures are difficult to recognize.  

 

H (Humic) – characterized by an accumulation of decomposed organic matter in which the 

original structures are indiscernible. It is frequently intermixed with mineral grains, especially 

near the junction with a mineral horizon.  

 

O Horizons (Peat Materials) – organic horizons developed mainly from mosses, sedges, rushes, 

and other hydrophytic vegetation. O horizons are normally associated with organic soils 

saturated with water for prolonged periods.  

 

Of (Organic Fibric) – consists largely of fibric materials that are readily identifiable as to 

botanical origin.  
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Om (Organic Mesic) – consists of mesic material, which is at a stage of decomposition 

intermediate between fibric and humic materials. The material has been altered both physically 

and biochemically.  

 

Oh (Organic Humic) – consists of humic material, which is at an advanced stage of 

decomposition. The horizon has the lowest amount of fiber, the highest bulk density, and the 

lowest saturated water-holding capacity of the O horizons. The rubbed fibre volume is less the 10 

% or less.  

Duff – Cote et al. (2000) defines duff as the fibric and humic forest floor materials (F and H 

horizons). Duff does not include any of the mineral horizons (A, B, C horizons).  
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Dead & Down Woody Material  
 

Introduction 

  
Measuring dead and down woody material at a site can provide important fuel load information 

related to making decisions regarding prescribed burn plans, fire hazard reduction, fire behavior 

and many other fuel management issues (Brown 1974). Down woody material includes all the 

twigs, branches, stems and boles of trees that lie on or above the forest floor (Brown 1974).  

There are two categories for dead woody material: Fine woody debris (FWD) and coarse woody 

debris (CWD). Fine woody debris is down woody material smaller than 7.0 cm in diameter. Fine 

woody debris has five diameter size classes: 0.0-0.5 cm, 0.5-1.0 cm, 1.0-3.0 cm, 3.0-5.0 cm and 

5.0-7.0 cm diameter (Delisle and Woodard 1998). Coarse woody debris is all down woody 

material with less than a 45 degree angle to the ground and larger than 7.0 cm in diameter (Hely 

et. al. 2000).  

 

All dead and down woody measurements are corrected for slope by multiplying the mass per unit 

area (fuel load) by the following formula (Brown 1974): 

√[1+(% slope/100)2] 

Equipment Checklist 

Counter Go-no-go gauge 

Four 25 meter loggers tapes Clipboard 

Mini Rod Pencil 

Caliper Datasheets 

DHB tape  

 

Sampling Design 

Dead and down woody material is sampled along all four transects originating from plot center. 

For plots with a slope of greater than 5%, transects should be orientated cross slope and down 

slope, otherwise transects should be orientated in the four cardinal directions (Alexander 2006). 

Transect numbers start at the top (north or upslope) and are numbered successively in clockwise 

direction.  
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Both categories (CWD and FWD) of dead and down woody debris are measured in 5 meter 

intervals along the entire length of each transect. 

 

Figure 3.1 Dead and Downed Woody Debris plot layout. 

Methodology 

Dead and Down woody material measurements are taken to determine readily available fuels. 

Only consider woody materials superficial to the duff layer, which are not attached to a living 

tree or shrub. The diameter of each piece is measured at the point where it crosses the line. If a 

piece is questionably crossing the line, first identify the central axis and be sure the central axis 

crosses the transect line. Pieces crossing the transect more than once are measured at each 

intersection with the line. Stumps can often be an area of confusion; if a stump is uprooted and 

not covered in dirt it is considered to be part of the down woody material, measure the stump at 

the point it crosses the transect. For coarse woody debris, pieces are only included if they are at 

an angle of 45 degrees or less (with reference to the ground). The only exception to this is if the 

piece is the broken bole of a snag and at least one end is touching the ground and not supported 

by its own branches or vegetation. (Lutes et. al. 2005). Slope and general overstory species 

composition should be measured for each transect. These can be used should there be no 

available data on site slope (from GIS) and trees.  



24 
 

 

Measurements required for Fine Woody Debris are different from those required for Coarse 

Woody Debris. For FWD, only a stem tally per size class is required. There are 5 diameter size 

classes (Alexander 2006) that have been established for the purposes of the AWFIP. 

FWD measurements are completed using a “Go-No-Go” gauge (Brown 1974). To use a “Go-No-

Go” gauge, select the smallest of the five size class slots that the piece fits into without force. 

Record the number of pieces that fall into each size class at the end of every five meter section 

along all four transects. 

 

Figure 3.2 How to determine whether a piece of down woody material should be counted 

(Browns Transect Guide 2004). 

 

Figure 3.3 Determining whether the central axis of CWD is being crossed. 
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Figure 3.4 The “go-no-go” gauge used for determining the size class of Fine Woody Debris 

For CWD (>7.0 cm) record the diameter, decay class and tree species. If there is difficulty 

determining tree species record the most predominant species in the plot as the species. When 

recording tree species, use the 4 letter species code to identify each piece that crosses the transect 

line.  

 

A minimum sample number (n) of 100 is required for down woody material in each plot. If 100 

pieces have not been sampled over all transects another transect will be added. The orientation of 

the fifth transect will be half way between the first two transects. For example, if transect one if 

orientated at 360° and transect two is orientated at 90° then the added transect would be 

orientated at 45° (Lutes et. al. 2005). 
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Table 3.1 Quick reference for decay classes (Adapted from browns Transect Guide 2004). 
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Shrubs  

 

Introduction  

 
Shrubs are defined as woody perennial plants which differ from trees in their shorter stature and 

multi-stemmed base (Natural Regions Committee 2006). Shrubs are considered to be light, 

flashy fuels due to the fact that they ignite easily and burn rapidly and therefore can affect the 

rate of spread for a fire (Cotton 2003). For the purpose of the Alberta Fire and Vegetation 

Monitoring Program (AWFIP), shrubs are measured using the line intercept method. The shrub 

cover along each 5 meter interval (length of shrub crossing transect) and average height (per 5 

meter interval) are recorded for each species. Species intercept lengths are then summed and 

divided by the total transect length to determine the percent cover for that species. (Lutes et.al. 

2005)  
 

Equipment Checklist 

Four 25m loggers tapes Book: Plants of the Rocky Mountains 

Mini Rod measuring tape Clipboard 

30cm ruler Pencil 

Book: Plants of the Western Boreal… Datasheets 

 

Sampling Design 

The shrub plot measurements are performed along all four transects originating from plot centre. 

Transects are oriented either in the four cardinal directions (N, S, E, W) OR upslope, down slope 

and cross slope (If the slope of the site is >5%). Transect numbers start at the top of the plot 

(north or upslope) and are numbered successively in a clockwise direction with west or side 

slope being transect 4 (Alexander, 2006).  

 

When laying out the transect lines, it is important to keep them as straight as possible following 

the compass bearing from plot center. This is achieved by going under (or over if necessary) 

obstacles rather than zigzagging around them. Straight transect lines help to ensure that the same 

vegetation is sampled each time the plot is revisited. (Lutes et.al. 2005). Shrub measurements are 

taken along all four 25 m transects. 
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Figure 4.1 Shrub Layout plot 

Methodology  

 
Shrub cover is measured using the line intercept method. Shrub species are identified to species 

using plant identification field guides. A four letter item code is used to record the species 

present along each transect. The item code is comprised of the first two letters of the genus 

followed by the first two letters of the species of a shrub. (ie. Alnus crispa has an item code of 

ALCR; Lonicera involucrata has an item code of LOIN). A list of codes for the most commonly 

found shrub species in the Alberta Forest Protection Area can be found at the end of this chapter.  

 

The shrub frequency and coverage along each transect as well as the average height will 

determine the percent cover and the bulk density for a given species. Shrub status is categorized 

as live or dead. To be considered dead a shrub must have no living tissue visible on the plant; 

never assume a shrub is dead because it does not have leaves on it. Status is a deterministic call 

which does not qualify the health of the shrub but rather identifies if water is flowing through the 

plant.  

 

Shrub coverage is measured as the total distance along each transect that is covered by that 

shrub, measured in meters. For example, if a shrub first crosses the transect at 1.2m, and 

continues to 2.5m, the shrub occupies 1.3m of distance. This distance should be recorded for 

each species over each 5 meter interval along the transect. Shrubs often grow in a patchy 

arrangement; record a closed shrub canopy unless there is a gap for that species greater than 10 
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cm along the transect line. As shrubs do not grow in perfect circles one specimen may cross the 

line more than once, record this as two different measurements.  

 

Figure 4.2 Example shrub transect and data recording 

If two shrubs of the same species overlap along the transect line, count both shrubs as one plant.  
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Figure 4.3. Measuring shrubs if two plants of the same species overlap each other. (Lutes et.al. 

2005) 

To measure shrub height pick a sample that is representative for the coverage interval (5 meters). 

The height of a shrub may not necessarily be the highest point as there may be outlying branches 

that do not give a sound representation of the height. When measuring height chose a part of the 

shrub that represents the average height for the sample. In some cases, it may be necessary to 

take two or more measurements in order to determine the average height.  

 

Precision Standards  

 
Shrub coverage: nearest 0.01 m  

Shrub height: nearest 0.01 m  

 

Calculations  
 

Percent cover = (Σ all distances for a species / total length transect)*100  

Average height = Σ (heights * length) / total length  

Shrub Biomass (kg/m2) = Percent Cover * Height *Constant  

 

Constant: 

live shrub constant = 1.8  

dead shrub constant = 1.5  
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Ground Cover  

 

Introduction  

 
Ground cover includes forbes, mosses, lichens, grasses and ferns as well as litter, wood, ash, bare 

ground, bedrock, boulders, charred material, cobbles, gravel, sand, stones and water. The point 

intercept method is used to measure ground cover by assessing changes in cover type and cover 

height over time (Lutes et. al. 2005). This method uses a small diameter pole to determine “hits” 

for each ground cover class along a transect line. Total “hits” for each cover class can later be 

divided by the total number of sampled points along the transect line to determine % cover 

(Lutes et. al. 2005).  

 

Herbaceous ground cover consists of non-woody vascular plants on the forest floor (Natural 

Regions Committee 2006). Herbaceous cover is sampled by clipping all non-woody vascular 

plants within a 1x1 meter sample plot (Forbs and Graminoids). Vegetation samples are then 

weighed, oven-dried and weighed again to determine fuel load (kg/m2). 

Equipment Checklist 

Four 25m Loggers Tapes Bags (for collecting herb samples) 

Mini Rod Measuring Tape (2m) Sharpie marker 

4m Length of cord (for veg plot) Clipboard 

Sharp Scissors Pencil 

4 Lunch size paper bags Ground Cover Datasheet 

 

Sampling Design  

 
Ground cover features are sampled along all four transects originating from plot center. There 

are two ways to orientate the transect lines: in the four cardinal directions (starting with north) 

OR upslope, down slope and cross slope if the slope of the ground is greater than 5%. Transect 

numbers start at the top (north or upslope) and are numbered successively in a clockwise 

direction (Alexander, 2006).  

Measurements are taken every 0.5m along all 4 transects (for a total of 50 measurements per 

transect and 200 points per plot). Measurements are taken directly on the transect line. 
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Figure 5.1 Herbaceous vegetation and ground cover plot layout. 

Methodology  
 

Ground Cover measurements are performed by holding a pole perpendicular to the transect line 

at every 0.5 meters and tallying all items that come in contact with the pole. It is recommended 

that the sampling pole be approximately 0.64 cm (0.25 inches) in diameter as larger poles can 

result in an overestimation of cover (Lutes et.al. 2005). Position the pole as straight as possible in 

an upright position with the tip on the ground at the transect point. At each point, measurements 

will be tallied as a “hit” for each category that the pole comes into contact with. Only tally items 

once at each sample point, for example a cluster of grass may touch the pole numerous times but 

only receives one tally per measurement location. Herbaceous classes are divided into “dead” 

and “live.” If only a few leaves on the plant are dead consider the plant to still be alive. “Hits” 

are then calculated into a percent cover by dividing the total number of “hits” for each class by 

the total number of sample points for that transect. For example if the transect has 50 sample 

points and an item had 20 tallies then that item receives 40 % cover. A maximum of 100% cover 

can be achieved for each item but the total percent cover for each transect or plot can exceed 

100%.  

 

The categories used for this type of sampling are chosen based on the level of sample intensity 

desired. For the purpose of the AWFIP, sample intensity will remain at a moderate level where 

item codes are divided into general categories (i.e. moss and lichen). If sampling needs dictate a 
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higher level of sample intensity then it is possible to classify item codes into more specific 

categories (i.e. Dicranum scoparium and Peltigera aphosa). 

If you come across something that is not included on the data sheet, there is room at the bottom 

to include a new code. Each code is comprised of four letters. If the category is described by one 

word then the code is just the first four letters of that word (ie. Water = WATE). If the category 

is described by 2 words then the code consists of the first two letters of the first word followed 

by the first two letters of the second word (ie. Basal Forbe = BAFO). When a new item code is 

added it is important to ensure that it is also added into the database. Record the new code in the 

comments section and consistently use the code throughout the sampling program. Use a dot 

tally (figure 5.2) to record the number of “hits” for each category, then sum up the total number 

of “hits” for the entire transect. 

 

Figure 5.2. Dot tally used for tallying herbaceous cover (Lutes et.al. 2005). 

Average heights are recorded for each category along each transect. When measuring average 

height chose a sample piece that best represents that species or category for the entire transect. 

For items that occur on the ground level (i.e. moss) measure the average depth of that item. For 

items that are at the ground height (i.e. bare soil) record zero for the height. If an item is 

drooping or leaning do not make an attempt to straighten the item, measure the item at it highest 

point.  
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Figure 5.3 Herbaceous vegetation and ground cover measurement example.  

Herbaceous Plots 

Destructive vegetation sampling is done at the end of each transect within a 1.0 m x 1.0 m plot. 

The plot is located 1 meter to the right and 1 meter past the end of the transect (Figure 5.1). Use 

a 4 meter length of cord to mark out the four sides of the plot. It is easiest if you use four depth 

of burn pins to mark out the corners of the herb plot. Within each plot, all of the herbaceous 

vegetation (forbs, grasses) will be clipped to ground level and collected in 2 properly labelled 

sample bags. Do not include mosses, lichens or shrubs with these samples. Labels should include 

the Plot Id number as well as the transect number. Samples will then be stored in a ventilated 

Rubbermaid tub until they can be oven dried and weighed to determine fuel load (kg/m2).  

 

Precision Standards  
 

Height measurements to the nearest 0.01 m  

 

Calculations  
 

Percent cover = (Number of hits of each category/ total hits)*100  

Average Height = Average height of each category “hit”/number of “hits” for that category  
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Small Trees  
 

Introduction  
 

For the Purposes of the Alberta Fire and Vegetation Monitoring Program (AWFIP), small trees 

are all trees having a diameter at breast height (DBH) less than 9.0 cm (Canadian Forest 

Inventory Committee, 2004, Alberta Sustainable Resource Development, 2005)). Small trees are 

measured within a circular plot located around plot centre. The size (radius) of the sampling plot 

is determined by tree density. The objective is to use the smallest of two radii such that a 

minimum of 20 small trees fall within the sampling area. Small trees are divided into two 

separate classes: seedlings and saplings. Saplings are all trees within the sampling radius that 

have a DBH less than 9.0 cm and a height greater than or equal to 1.3 meters. Seedlings are trees 

with a DBH less than 9.0 cm and a height less than 1.3 meters.  

 

Equipment Checklist 

Loggers tapes Mini rod measuring tape (2m) 

Spray paint Hypsometer (or clinometer) 

Clicker (Counter) Clipboard 

Calipers Pencil 

DBH tape Small tree datasheet 

 

Sampling Design  
 

Understory information is gathered from either a 3.57 m radius (0.004 ha) or a 5.64 m radius 

(0.01 ha) plot, located around plot center (Figure 6.1). The size (radius) of the sampling plot is 

determined by tree density. The objective is to use the smallest of three radii such that a 

minimum of 20 small trees fall within the sampling area. If it is still not possible to measure 20 

trees within the largest plot size, it is not necessary to increase the plot size any further. 

Seedlings are recorded as a tally per height class. For Saplings, record the species, status (D/L), 

height, and DBH (cm). 
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Figure 6.1. Small plot layout (adapted from Lutes et.al. 2005). 

Methodology  
 

Seedling Measurements (trees < 1.3 m in height):  

For seedlings, a stem tally is done by species and status (dead/live). Species codes follow the 

scientific naming convention. They are 4 letter codes determined by combining the first two 

letters of the species name (Latin) with the first two letters of the genus name (Latin). For 

example, Lodgepole Pine (Pinus contorta) would be recorded as PICO. Seedlings are then tallied 

and categorized into one of four height classes: 

Height Class Height (meters) 

1 Less than 0.1 

2 0.1 – 0.5 

3 0.5 – 1.0 

4 1.0 – 1.3 

 

Use a 2.0 meter Mini-rod measuring tape to measure tree heights, if a tree is bent or leaning do 

not straighten it for measurement but rather measure from the base of the tree to the highest 

point.  

 

Tree status is characterized into live, and dead. Dead trees must have no living tissue visible on 

the plant to be classified as dead. Never assume that a tree is dead because it does not have 
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leaves or needles on it. Status is a deterministic call which does not qualify the health of the tree 

but rather identifies if water is flowing through the plant.  

 

Sapling Measurements (trees > 1.3 m tall & < 9.0 DBH)  

 

For sapling trees, record the species, status, DBH (cm) and height (m) for each tree. Use the tree 

descriptions in the “Plants of the Rocky Mountains” field guides to aid in determining tree 

species if you are unsure. DBH is measured using a DBH tape and should be recorded to the 

nearest 0.1 cm. Height is measured using either a 2.0 meter Mini-rod measuring tape or if the 

tree is greater than 2.0 meters tall, a laser hypsometer. Status is recorded as either live or dead.  

 

Calculations  
 

Seedling Average Height: 

Use the height class tally when calculating the average seedling height. Figure out the average 

height for each height class (ie. >0.1m, average = 0.05m), multiply the height class average by 

the number of trees that were in the class, then add these values for all four categories together 

and divide by the total number of seedlings in the plot. 

Height Class Average Height for 

Class (m) 

# of Trees per Class ∑ Height (m) 

>0.1 0.05 6 0.3 

0.1 – 0.5 0.30 2 0.6 

0.5 – 1.0 0.75 1 0.75 

1.0 – 1.3 1.15 5 5.75 

Average height = 0.3+0.6+0.75+5.75 = 7.4 meters / 14 trees = 0.5285m 

 

Seedling Stem Density  
 

To calculate the number of stems per hectare we consider both the density for individual species 

within the plot as well as all seedlings combined. The calculation used is as follows:  

Stems/Hectare = # stems/((π(Plot Radius)2)/10000).  

Where:  

π= 3.141592654  

Plot Radius = 3.57 meters  
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Sapling Average Height  

 
To calculate the average height for both individual species and all species combined, sum the 

individual heights for the trees and divide by the total number of species whose heights you 

combined.  

Average Height = Sum of heights (m)/# of stems  
 

Sapling Stem Density 

To calculate the number of stems per hectare for saplings we again consider the density for both 

individual species and for all saplings combined. The following calculation is used:  

Stems/Hectare = # stems/((π(Plot Radius)2)/10000).  
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Large Trees  
 

Introduction  
 

For the purposes of the Alberta Fire and Vegetation Monitoring Program, large trees are single 

stemmed woody plants that have a DBH greater than 9.0 cm (Alberta Sustainable Resource 

Development, 2005). Large trees form the upper canopy layer within a forest stand. When 

assessing wildfire potential or activity, crown structure can play an important role. The 

measurements laid out in this chapter help to determine the overall height of the canopy, 

continuity of canopy fuels and vertical fuel continuity between the forest floor and the canopy. 

Additionally these measurements assess the overall age, health and past history of the stand.  

 

Equipment Checklist 

Compass Increment Bore 

Hypsometer (or Clinometer) Tree tags 

Loggers tapes Sharpie marker 

Mini rod measuring tape Pencil 

DBH tape Data sheets 

Spray paint  

 

The large trees are measured with a fixed radius plot located around plot centre. The size (radius) 

of the sampling plot is determined by tree density. The objective is to use the smallest of three 

radii such that a minimum of 20 trees fall within the sampling area. The breakpoint radius 

required to sample >20 trees should be used for all plots in a study location as opposed to the 

method used by the National Forest Inventory which uses a standardized 11.28m plot size 

regardless of tree density. There are three plot areas used with the breakpoint radius method: 
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Table 7.1  Large Tree Plot Radii & equivalent areas. 

Plot Radius (m) Plot Size (ha) Area (    

5.64 0.01 100 

7.98 0.02 200 

11.28 0.04 400 

 

11.28m is the maximum plot size, if it is still not possible to measure 20 trees within this plot 

size, then it is not necessary to increase the plot size any further. 

 

Figure 7.1 Large Tree plot layout.  Three radii to choose from: 5.64, 7.98, and 11.28m. 

In order to easily identify the plot radius, use a measuring tape to measure the radius distance 

from plot center and use tree paint to mark at least 4 distances on the ground (At least one mark 

per quadrant).  

 

Trees are numbered in a clockwise direction starting from Transect 1.  The goal is to make all 

tree numbers visible from plot center in chronological order. Tree numbers should face plot 

centre and be painted as high up on the tree as possible. Numbered metal tags should also be 

attached to each tree in order to properly identify sample trees in future sampling. Tree tags do 
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not need to be attached if the plot is to receive a FireSmart treatment where some/all trees will be 

removed.  Tree number should correspond with the numbered metal tag attached to each tree.  

 

The azimuth and distance from plot centre to each tree will be measured and recorded to further 

aid in identifying each tree during post burn sampling.  

 

Methodology  
 

Large trees are all trees (live or dead) within the plot having a DBH greater than 9.0 cm. These 

trees are assessed for:  

 

Species  

Tree status  

DBH  

Crown Widths  

Damage/Mortality codes  

Live Crown Base Height 

Dead Crown Base Height 

Height (Actual)  

Age 

*For prescribed burns, the char height (up and down-slope) and the crown scorch percent will 

also be assessed during the post-burn assessment.  

 

Species is recorded using a 4 letter species codes determined by combining the first two letters of 

the genus name (latin) with the first two letters of the species name (latin). For example 

Lodgepole pine (Pinus contorta) would be PICO.  

 

The status of the tree is categorized as either live or dead. For a tree to be considered dead it 

must have no living tissue visible on the plant, never assume that a tree is dead because it does 

not have leaves on it. There are many reasons for this other than seasonal variation (i.e. 

browsing). Status is a qualitative call that does not qualify the health of the tree but rather 

identifies if there is water flowing through the plant.  

 

DBH measurements are taken at 1.3 meters from the ground. If there are deformities or branches 

at the 1.3 m mark then offset the measurement by 5 cm increments until the measurement is 

located in a representative spot. In the case where two stems are joined together at the base 

follow these rules:  

If the point of separation is > DBH then count as one stem and take one measurement 

around both stems.  

If the point of separation is < DBH, then count the trees as two separate stems and take 

two separate measurements at DBH.  
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Tree height is the height to the highest point on the tree. In most cases, this will be to the tip of 

the tree but in some cases this will be to the highest point of the bole. For the purpose of this 

program we want to investigate where the top of the crown is, as that is where the available fuel 

is. 

 

Figure 7.2.  Height measurements on a sweeping/leaning tree. 

The purpose of measuring crown closure is to determine the % ground cover of all the trees 

within the plot combined. These measurements generally require two people and are done by 

measuring the x and y axis of the tree canopy, where the x axis runs East/West and the y axis 

runs North/South. Measure the average width of the crown as seen from the ground in both the x 

and y directions. Should branches extend significantly beyond the overall width of the crown, do 

not measure to the tip of these braches but rather to the average width of the entire canopy. 



46 
 

 

 

Figure 7.3 Measuring Crown Width 

Mortality/Damage codes are only assessed on standing dead trees or any tree showing visible 

signs of damage from an identifiable source. When looking at a tree look for scars, pitch flow 

and foliage damage. If you are unable to determine the cause of the damage, take pictures and 

descriptive notes so that your supervisor can assess the cause of the damage. If you think you 

may know the specific insect or disease that is present on site then make note of it in the 

comments section. If you are performing a re-measurement survey and you are unable to find a 

tree, note it as missing. 

 

 

 

 

 

 



47 
 

 

Table 7.2 Mortality/Damage Codes for Large Trees 

Damage Code Damage Agent 

F Fire 

W Wind 

M Mechanical 

A Animals 

E Other Environmental Factors 

ID Insects and Disease 

 

The Live Crown Base Height (LCBH) is the height of available fuels in a continuous 

arrangement. Live Crown fuels are defined as: The standing and supported forest combustibles 

not in direct contact with the ground that are generally only consumed in crown fires (e.g. 

foliage, twigs, branches, cones) (Canadian Interagency Forest Fire Centre). Live Crown Base 

Height is measured as the height above ground of the lowest live fuels that have the ability to 

move fire higher in the tree (Lutes et. al. 2005). 

The Dead Crown Base Height (DCBH) is the height of available dead fuels in a continuous 

arrangement.  Dead Crown Base Height is measured as the height above ground of the lowest 

dead fuels that have the ability to move fire higher in the tree. 
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Figure 7.5 Measuring Live/Dead Crown Base Height 

Tree height is measured using either a laser hypsometer or a Suunto clinometer. Keep in mind 

that leaning trees can be troublesome. Leaning trees should be measured perpendicular to lean 

angle the tree. 

 

Figure 7.6 Height measurement of a leaning tree (Taken from AESRD – Permanent Sample Plot 

Field Procedures Manual). 
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Tree age is measured by taking a core sample. A core from a minimum of 4 stand representative 

trees should be taken, or a minimum of 2 cores from each species (whichever is applicable).  I.e. 

if there is only one tree species present, take 4 cores.  If there are 3 tree species present, take 2 

cores from each of the species (total of 6 cores). 

 

The tree core samples are to be collected as well.  Once the core has been aged, collect the core 

inside a straw that has been sealed off with duct tape.  Label the duct tape with the following: 

Date, Species, Tree Number, Plot ID. 

 

Precision Standards  
 

DBH to the nearest 0.1 cm  

Height to the nearest 0.1 m  

Live crown percent to the nearest 10 %  

Crown fuel base height to the nearest 0.1 m  

Age to the nearest 1 year  

 

Calculations  
 

Tree basal area (TBA) = 0.00007854*d2 or π/40,000 * d2  

Stand basal area (SBA) = Σ TBA / plot area (ha), then Convert to m2/ha  

Species % = Number of species “x”/total number of trees (n) (Relative Density)  

Average height = Σ tree heights/n  

Average age = Σ tree age/n  

Average LCBH = Σ tree LCBH/n  

Average DBH = Σ DBH/n  

Overall Stand density = n trees/(π*Plot r2(m2)*0.0001(ha/m2)  

Species density = Stand Density*Relative Density  
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