Description of the Mountain Pine Beetle Susceptibility Rating Program                           November 28, 2001

 Title:   MPB_SUSC.AML

Software Package:  ESRI ArcInfo Vers.7.2.1

Operating Platform: Unix 

This version of the aml requires input data from the Rank1 Layer of the B.C Vegetation Resources Inventory (VRI). The methodology for the rating system was developed by T. Shore & L.Safranyik and is described in the report, ‘Susceptibility and risk rating system for the mountain pine beetle in lodgepole pine stands’.

Requirements:

· Forest cover polygon data must be in ArcInfo format (exist as a coverage)

· Must have Vegetation Resources Inventory (VRI) attributes either within the .pat or in an associated info file. Attributes are from the Rank 1 Layer only, and must include leading species code, leading species percent, basal area, projected age, and VRI  live stems per hectare

· Polygons must also be populated with latitude and longitude and  mean elevation 

· The aml requires that forest inventory data, usually in the form of a 1:20,000 scale map sheets, be placed in a subdirectory called map_coverages. At the start of the aml the program will automatically go to the map_coverages directory and look for coverages beginning with the prefix map for example ‘map073N022’. All of the map coverages will be displayed in a pop-up menu and the user will be prompted to chose one using a left-mouse-click on the desired coverage. Once the aml has gone through an entire iteration, the program will prompt the user if they wish to process another map sheet. If yes the pop-up menu will re-appear, if no the program will terminate.

Generation of a Report

Within the aml there is a subroutine which will generate a report. The report contains information as to the number of pine stands within a map sheet and a breakdown as to various pine species.

Formula for Calculating Susceptibility Index 

  S = P * A*D*L

 Where


P  is the percentage of susceptible pine basal area


A is the age factor


D is the density factor


L is the location factor

Unfortunately, the percentage of susceptible pine basal area factor (P_ba) is not contained within the VRI data, therefore it must be estimated as follows:

 
P_ba =  ( Basal Area *  Pine Species percent) / 100        

One can then calculate (P), the percentage of susceptible pine basal area as follows:


P = (P_ba * 100) / Basal area

The age factor (A) is derived using the following table:


The average age of dominant or codominant pine

Age factor

           ------------------------------------------------------------                --------------

less the or equal to 60 years



0.1

61 to 80 years





0.6

more than 80 years




1.0

The density factor (D) is derived as follows:


Density of the stand in stems per hectare


Density Factor

            -------------------------------------------------                               -----------------



less than or equal to 250



0.1



251 to 750





0.5



751 to 1500





1.0



1501 to 2000





0.8



2001 to 2500





0.5



more than 2500




0.1

The location factor (L) varies with the latitude, longitude and elevation of the forest stand according to the following formula:



Y = [24.4  * Longitude] – [121.9  * Latitude] – [Elevation (m) + 4545.1]

Using the parameter  (Y) the location factor can be determined as follows:

Parameter Y 




Location Factor

--------------




------------------

greater than or equal to zero


1.0

between 0 and –500



0.7

less than –500




0.3 





Discussion

· This version of the aml requires VRI data from only the rank 1 or primary forest layer. If pine exits within the secondary rank layer it is ignored. As well, the aml is only concerned with the leading species and ignores all other ranked species 

· All species of pine are used in the rating system. Pine species within the VRI database include: Lodgepole Pine, Western White Pine, Whitebark Pine, Yellow Pine and Jack Pine

· In order to calculate the percentage of susceptible pine basal area as per Shore and Safranyik, certain ground survey data is required specifically the average basal area of pine >= 15 cm dbh. As mentioned above, this data is not contained in theVRI and therefore it is estimated by taking the percent of pine in the stand and multiplying by the stand basal area. If the pine within the stand were mature then one could expect that most of the trees would meet or exceed the 15 cm diameter requirement. In this case, the estimated basal area of pine should be reasonable. If on the other hand we were dealing with younger trees, a much larger number would not meet the minimum diameter resulting in an over-estimation of the area. In this case the susceptibility rating would also be over-estimated.

· Longitude and latitude are referenced to the label point within the forest polygon. The mean elevation was determined by overlaying a dem on top of the stand polygon data and calculating the average elevation value per polygon. The dem must be of sufficient density (1:50,000 scale) to ensure at least one ground point intersects a polygon.

· During the execution of the aml, a number of items are added to the coverage. Most of the items will be for storing results from calculations. The only item that need be kept is mpb_susc which contains the susceptibility index.

· The susceptibility index is an indicator of the susceptibility of a stand if the mountain pine beetle should attack it. The susceptibility index ranges from 0 to 100, with the higher values indicating the most susceptible stands. The index does not include information on the presence of the mountain pine beetle.  A stand may be highly susceptible but without the presence of the beetle it is not at risk

Reference - Shore , T.L. and Safranyik, L Susceptibility and Risk Rating Systems for the Mountain Pine Beetle 

in Lodgepole Pine stands, Canadian Forest Service Information report BC-X-336

.

Description of the Mountain Pine Beetle Susceptibility Rating System                                 November 28, 2001

 Title:   MPB_SUSC_FIP.AML

Software Package:  ESRI ArcInfo Vers.7.2.1

Operating System: Unix 

This version of the aml requires input data from the Rank1 Layer of the Forest Inventory Planning (FIP) Database. The Stand Susceptibility Index is derived by using the methodology of K. Howse with the exception of the Location Factor which follows the Shore and Safranyik model.

Requirements:

· Forest cover polygon data must be in ArcInfo format (exist as a coverage)

·  Must have Forest Inventory Planning (FIP) attributes either within the .pat or in an info file.

Attributes are from the Rank 1 Layer only, and must include species code and species percent, from the first four species (Note: FIP data can accommodate up to 6 species), projected age and mean diameter second utilization level.

· Polygons must also be populated with latitude and longitude and a mean elevation 

· The aml requires that the input forest cover data, usually in the form of a 1:20,000 scale map sheet, be places in a subdirectory called map_coverages. At the start of the aml the program will automatically go to the map_coverages directory and look for coverages beginning with prefix map for example ‘map073N022’. All of the map coverages will then be display in a pop-up menu and the user will be prompted to left-click on the desired coverage. Once the aml has gone through an entire iteration the program will prompt the user if they wish to enter another map sheet. If yes the pop-up menu will re-appear, if no the program will terminate.

Generation of a Report

Within the aml there is a subroutine which will generate a report when activated. The report contains information as to the number of pine stands within a map sheet and a breakdown of the various species.

Formula for Calculating Susceptibility  Index 

S = P *A*D*L

 Where


P  is the percentage of pine in a stand


A is the age factor


D is the average diameter (dbh) factor


L is the location factor

In order to select those stands containing pine, the first four species are queried for Lodgepole Pine, Western White Pine, Whitebark Pine, Yellow Pine and Jack Pine. If pine is found, the species percent is entered into the parameter (P) 

The age factor (A) uses the projected age from the primary layer within the FIP database. The following table is used to derive the age factor:

 The average age of dominant or codominant pine

 Age factor

           ------------------------------------------------------------                --------------

less the or equal to 60 years



0.1

61 to 80 years





0.6

more than 80 years




1.0

The density factor is based on the mean diameter second utilization level. If the mean diameter field is vacant but an age is present, a density factor is still applied as shown in the following table:



Mean Diameter (DBH)


Density Factor

            
-----------------------------                                 -----------------



less then or equal to 20cm



0.1



20 to 22.5 cm





0.6



22.5 to 25.0 cm



            0.8



greater than 25.0 cm




1.0



diameter = 0 and age between 60 – 80                        0.8



diameter = 0 and age greater than 80


1.0



diameter = 0 and age less than 60


 0.1

The location factor L varies with latitude, longitude, and elevation according to the following formula:



Y = [24.4  * Longitude] – [121.9  * Latitude] – [Elevation (m) + 4545.1]

Using the parameter  (Y) the location factor can be determined as follows:

Parameter Y 




Location Factor

--------------




------------------

greater then or equal to zero


1.0

between 0 and –500



0.7

less than –500




0.3 

Note:  The method for determining the location factor was not taken from Howse rather from Shore and Safranyik.. Howse used a rating system solely based on Biogeoclimatic zones since latitude, longitude and elevation data are not included in the FIP database.





Discussion

· As mentioned above, this version of the aml requires FIP data from only the rank 1 or primary forest layer. If pine exits within the secondary rank layer it is ignored.  The FIP attributes required by the program are; percent of pine by volume for the first four ranked species (although the FIP database contains six) and stand information such as mean diameter (dbh) and projected age. Although it would be more desirable to use basal area and stems per hectare as per Shore and Safranyik, these fields are seldom populated. 

· All species of pine are used in calculating the susceptibility rating. Pine species within the database include: Lodgepole Pine, Western White Pine, Whitebark Pine, Yellow Pine and Jack Pine

· Longitude and latitude are referenced to the label point within each forest polygon. The mean elevation was determined by overlaying a dem on top of the stand polygon data and calculating the average elevation value per polygon. The dem must be of sufficient density (1:50,000 scale) to ensure at least one ground point intersects a polygon. 

· During the execution of the aml, a number of items are added to the coverage. Most of the items will be for storing results of computations. The only item that need be kept is mpb_susc which contains the susceptibility indices.

· The susceptibility index is an indicator of the susceptibility of a stand if the mountain pine beetle should attack it. The susceptibility index range from 0 to 100, with the higher values indicating the most susceptible stands. The index does not include information on the presence of the mountain pine beetle.  A stand may be highly susceptible but without the presence of the beetle it is not at risk
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