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Background:

Mountain Pine Beetle is a pest of significant concern in the southern interior due to the rapidly increasing mortality of pine species caused by this forest insect.

Hazard rating systems provide an objective framework for evaluating the risk of a particular pest, at the stand level, based on a series of quantifiable factors known to be correlated with hazard.
Overview:

This documentation provides detailed information on the process used to create the Mountain Pine Beetle hazard spatial dataset using the most appropriate information and processes, it will also document the data structure of the resultant dataset.
This document and accompanying spatial dataset is a collaboration of the Ministry of Forests and Range and the Integrated Land Management Bureau.
Project Scope:

The project involves creating mountain pine beetle hazard rating  datasets for the southern interior forest region, on a per district basis, on non TFL lands.  
Data Sources:

Vegetation:  
VRI exported from the LRDW in March of 2006.

Basal Area:
Exported from VDYP 7 November of 2006.

Elevation:
Derived from 25 metre TRIM digital elelvation model data

(  Note: basal area data was provided by Sam Otokul using VDYP 7 beta )

 Process:
The process for creating the hazard rating model was based upon the following resource:

"Decision support systems. 2006. Shore, T.L.; Riel, W.G.; Safranyik, L.; Fall, A. Pages 193-230 (Chapter 8) in L. Safranyik and W.R. Wilson, editors. The mountain pine beetle: a synthesis of biology, management, and impacts on lodgepole pine. Natural Resources Canada, Canadian Forest Service, Pacific Forestry Centre, Victoria, British Columbia. 304 p."
This methodology is similar to the one described in the Bark Beetle Management Guidebook , located at the URL below.
http://www.for.gov.bc.ca/tasb/legsregs/fpc/fpcguide/beetle/chap3a.htm#Link18
The main difference is the newer methodology is updated to provide continuous functions for age and density, versus the discrete functions of the earlier methodology.

The hazard rating method describes four major hazard factors used to create the final hazard rating:

Hazard Rating = P * A * D * L

Factor P:  Proportion of Basal Area
The percentage of susceptible pine basal area equation was modified slightly from the new methodology to take into account the standard utilisation level of 12.5 cm dbh.  Basal area data for these utilisation levels are much more readily available than the 7.5 cm and 15 cm dbf utilisation levels described in the new methodology.
                ( Average basal area / ha of pine >= 12.5 cm dbh )

P =       _______________________________________________   * 100


   ( Average basal area / ha of all species >= 12.5 cm dbh )

Basal area data was kindly obtained from Sam Otukol of MOFR in Victoria who is involved in developing VDYP 7. As VDYP 7 is still in the final beta stages of development, data was provided with the disclaimer that there may be small errors in the data.  This risk was considered acceptable as the errors would likely be smaller than that which would be present in obtaining basal area data by alternative methods, such as stand and stocking tables, which would also be a considerably more time consuming method.
Pine basal area was obtained by multiplying the total percentage of pine in the stand by the stand basal area.  Species codes included as pine were {'P','PJ','PF','PL','PLI','PXJ','PY','PLC','PW','PA'}.
The provided basal area tables did not contain spatial data, but rather linked to the spatial data using a combination of map_id and polygon_id fields as a composite key.
Factor A: Age
The age factor was implemented as outlined in the newest methodology. The proj_age_1 attribute was used from the vegetation inventory to estimate age.

Age 

Factor

40-80

0.1 + 0.1 * [( proj_age_1 - 40) / 10] ** 1.585
81-120

1.0

121-510
1.0 – 0.05 [(proj_age_1 - 120) / 20]
<40 or > 510
0.1
Factor D: Density
The density factor was implemented as outlined in the newest methodology with continuous functions for density factors less than 1.  The tph_125 (trees per hectare at 12.5 cm dbh utilisation level ) attribute from the resultant file was used to estimate tree density.  This attribute originated from VDYP 7 basal area lookup tables and was joined to the spatial resultant file.

Density
Factor

<650

0.0824 * [sph125_all/250] ** 2.0
650-750
1.0 – 0.7 * [3 – sph125_all / 250] ** 0.5
751-1500
1.0
>1500

1.0 / [0.9 + [ 0.1 ** (0.4796 * (sph125_all / 250) – 6.0 )]]
Factor L: Location
The location factor was implemented almost exactly as outlined in the new methodology.  The formula was modified slightly to use the absolute value of the longitude as GIS systems represents all longitudes west of Greenwich, England as negative, and the formula requires an unsigned value to work correctly.
Y = (24.4 * abs(longitude)) - (121.9 * latitude) - (elevation (m)) + ( 4545.1 ) 
Y

Factor
>0

1.0

0 to -500
0.7

< -500

0.3

The lat and lon coordinate used is that of the label point of the stand polygon.  The elevation was calculated as an average elevation for the stand, based on TRIM digital elevation model data which had been resampled to a 50 metre resolution.
Resultant Data Model:
The overarching goal for the resultant dataset, was to retain all the core VRI attributes which are typically used to characterize a stand, as well as all attributes used as inputs to the hazard rating calculation.  In addition it was also considered a goal to retain the individual hazard rating factors within the resultant dataset.  This approach would allow individuals to re-calculate the hazard rating based on a modified approach, such as for example, discounting the location factor. 
A data dictionary for the resultant dataset is provided below:

	Attribute
	Description
	Definition
	Value Range
	Source or comment

	Feature_id
	Unique ID
	Char 32
	
	VRI attribute

	Open_ind
	Opening indicator
	Char 1
	
	VRI attribute

	Np_cd
	Non-productive code
	Integer 2
	
	VRI attribute

	Spc_1
	Species 1 (layer 1 rank1)
	Char 4
	
	VRI attribute

	Spc_2
	Species 2
	Char 4
	
	VRI attribute

	Spc_3
	Species 3
	Char 4
	
	VRI attribute

	Spc_4
	Species 4
	Char 4
	
	VRI attribute

	Spc_5
	Species 5
	Char 4
	
	VRI attribute

	Spc_6
	Species 6
	
	
	VRI attribute

	Spcpct_1
	Species 1 percentage
	Integer 2
	
	VRI attribute

	Spcpct_2
	Species 2 percentage
	Integer 2
	
	VRI attribute

	Spcpct_3
	Species 3 percentage
	Integer 2
	
	VRI attribute

	Spcpct_4
	Species 4 percentage
	Integer 2
	
	VRI attribute

	Spcpct_5
	Species 5 percentage
	Integer 2
	
	VRI attribute

	Spcpct_6
	Species 6 percentage
	Integer 2
	
	VRI attribute

	Proj_age_1
	Stand projected age
	Integer 2
	
	VRI attribute

	Proj_ht_1
	Stand projected height 
	Numeric 6
	
	VRI attribute

	Crown_clos
	Crown closure
	Integer 2
	
	VRI attribute

	Site_index
	Site Index
	Numeric 6
	
	VRI attribute

	Stk_class
	Stocking Class
	Char 1
	
	VRI attribute

	Ba125_all
	Stand basal area at 12.5 cm dbh
	Float 4.4
	
	Sourced from vdyp 7 data

	Ba175_all
	Stand basal area at 17.5 cm dbh
	Float 4.4
	
	Sourced from vdyp 7 data

	Ba125_pine
	Pine basal area at 12.5 cm dbh
	Float 4.4
	
	Derived by multiplying pct_pine by ba125_all

	Ba175_pine
	Pine basal area at 17.5 cm dbh
	Float 4.4
	
	Derived by multiplying pct_pine by ba175_all

	Pct_pine
	Total percentage of pine in stand
	Integer 2
	
	Derived by summing the  percentage of pine across all 6 species

	Tph125_all
	Trees per hectare at 12.5 cm utilization level
	Float 4.4
	
	Sourced from vdyp 7 data

	Tph175_all
	Trees per hectare at 17.5 cm utilization level
	Float 4.4
	
	Sourced from vdyp 7 data

	Qmd125_all
	Quad mean diameter at 12.5 cm utilization level
	Float 4.4
	
	Sourced from vdyp 7 data

	Qmd175_all
	Quad mean diameter at 17.5 cm utilization level
	Float 4.4
	
	Sourced from vdyp 7 data

	Lon
	Longitude of stand centre point
	Float 4.4
	
	Derived from feature geometry

	Lat
	Latitude of stand centre point
	Float 4.4
	
	Derived from feature geometry

	Elevation
	Stand mean elevation
	Integer 2
	
	Obtained from TRIM digital elevation model

	Factor_p
	Hazard factor P
	Float 4.1
	
	Derived from basal area

	Factor_a
	Hazard factor A
	Float 4.1
	
	Derived from stand age

	Factor_d
	Hazard factor D
	Float 4.1
	
	Derived from tree density

	l_value
	Location value used to calculate hazard factor l.
	Float 4.1
	
	Derived from lat, long and elevation

	Factor_l
	Hazard factor L
	Float 4.1
	
	Derived from l_value

	Haz_rating
	Overall hazard rating
	Float 4.1
	
	Derived from factor p, factor a, factor d, and facto_l

	Haz_range1
	The range of hazard rating in the hazard class
	Char 6
	
	Example:

“20-40”

	Haz_class1
	Hazard rating class 1 – 20% hazard rating classes.
	Char 3
	Classes:

Nil

VL = very low

L = low
LM = low-med.

M = medium

H = high

VH = very high
	Haz_rating:
0
0.001-4.999
5-19.999
21-39.999
41-59.999
61-79.999
81-100

	Haz_range2
	The range of hazard rating in the hazard class
	Char 6
	
	Example:

“20-40”

	Haz_class2
	Hazard Rating Class 2 – 33% hazard rating classes
	Char 3
	Classes:
Nil = nothing

VL = very low

L = low

M = medium

H = high


	Haz_rating:
0

0.001-5

5-33

34-66

67-100

	Hectares


	Area of stand polygon in hectares
	Float 4.2
	
	Derived from feature geometry


