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1. Using TIPSY to Simulate Yield Impacts of Stand Damaging Agents - A Primer

There are no facilities within TIPSY for simulating the impacts of specific damaging agents. In order for such effects to be included in yield tables, it is necessary to first know something about how a particular agent impacts on stand development, and then estimate the magnitude of that impact. Several user-adjustable features in TIPSY can then be used to include those impacts in the yield tables produced:

Site Index: Where the impact of a damaging agent is a permanent loss of height growth, the effects can be simulated using a reduction in site index. Such cases will be rare.
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Regen Delays: Where the impact of a damaging agent is a temporary reduction in growth, the impacts can be simulated using a regeneration delay. All of the same stand development milestones are achieved, but at a later date. This methodology has been used in the past to simulate the temporary effects of overtopping competition, and could readily be used to simulate the impacts of defoliators that do not cause mortality.
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Stocking Reductions, Spatial Distribution and Stratification: Where the impact of a damaging agent is tree mortality, there are several options depending on the spatial distribution of the killed trees.

For randomly distributed mortality, a simple reduction in trees/ha may be appropriate, possibly coupled with a shift from a “planted” distribution to a “natural” distribution (square spacing versus random spacing). Where the mortality typically occurs in small to medium sized clusters (approximately 10 to 30 trees), the reduction in stocking might be accompanied by a shift to a clumped distribution, although this option is only available for coastal hemlock and interior lodgepole pine. Note, however, that for plantations with patchy mortality, the “clumped” option will likely underestimate yields as the supporting TASS simulations are for tree distributions with tighter clumps and bigger open patches that will normally be the actual case.

For mortality that occurs in large clumps, where a majority of both the remaining crop trees and the post-disturbance regeneration are not “edge” trees (clumps of approximately 30 or more trees), consideration should be given to stratifying the disturbed and undisturbed patches. In this case, the undisturbed stratum would be simulated as if no disturbance had occurred, and the disturbed patches as a newly established stand.
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While this methodology can be very effective for simulating the impacts of a disturbance agent on yield, simulating remedial treatments can be problematic. Options for realistically simulating the impacts of fill planting coupled with a stocking reduction are not readily available, but a “work-around” method is provided in Section 2.

Operational Adjustment Factors (OAFs): 

TIPSY offers two options for adjusting predicted yields using scaling factors. Collectively they are known as Operational Adjustment Factors (OAFs), and are used to adjust the yields of models based on fully stocked, healthy research plots to a level that is expected under average operational conditions. 

The first of these (OAF1) is a constant factor (i.e. 0.85 equals a 15% reduction in yield at all ages) that is commonly used to scale predicted yields to account for unstocked gaps, growing space occupied by non-commercial species, small patches of non-productive ground, endemic losses to diseases and other pests, and low level losses to environmental factors such as wind and snow/ice. In the context of this report, an OAF1 might be used to collectively represent the growing space that has been left unoccupied in a plantation resulting from some disturbance agent. An OAF1 will also commonly be used to include user-determined scaling factors for impacts that cannot be simulated in TIPSY using a more biologically realistic approach.

The TIPSY OAF2 is a variable adjustment factor, the impact of which increases with age. The adjustment factor is set by the user at age 100 (i.e. 0.95), and incremented annually at a rate that is 1% of the user defined level (i.e. scaling factor = 1-(1-OAF2)*0.01*age  ). For an OAF2 of 0.9 then, the scaling factor would be 0.999 at age 1, 0.95 at age 50, 0.9 at age 100, and 0.80 at age 200. In the context of this report, there are likely few applications for an OAF2.
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2. Using TIPSY to Simulate Yield Impacts of Remedial Treatments

In the context of this document, simulating the impacts of a damaging agent is not sufficient for a thorough analysis. Also required is a comparison to post treatment yield expectations, so that the benefits of treatment can be evaluated. Two general scenarios for including treatment effects in yield tables are described below:

Complete Mortality; Partial Natural Regeneration Expected

In cases where incomplete natural regeneration is expected after a disturbance such as fire, two TIPSY yield tables based on different regeneration expectations will be required:

Run 1: Untreated regeneration scenario using natural regeneration assumptions

Run 2: Treated regeneration scenario using treated stand assumptions (plantation or enhanced natural regeneration)

For the first of these runs, an estimate of the level of natural regeneration expected will be required (trees per hectare by spatial distribution), along with the expected regeneration delay. As the level of natural regeneration will often be difficult to predict, several runs with different levels of natural regeneration may be appropriate (each supporting a separate comparison to the treated stand). In this way, a risk assessment regarding the assumed level of natural regeneration can be completed (i.e. below what level of assumed natural regeneration does the plantation option become financially attractive?).

The second of these runs will represent the treated stand. The descriptive stand parameters used in TIPSY should include the entire expectation for number of trees (planted trees plus natural regeneration contributing to the final crop) along with the appropriate distributional descriptor (the planted stand option should be used even if a significant amount of natural regeneration is expected).

Partial Mortality; Fill Planting is Anticipated

More complex is a situation where only some trees have been killed. In this case, a fill planting regime is required, a set of treatments that are not well supported in TIPSY using any of the standard adjustments. Instead, the impacts of the lost trees must first be determined for the untreated stand, and the remedial effects of fill planting must be estimated (see example in Table 1). The yield impacts of disturbances and treatment can then be applied to the yield curves using OAF1 multipliers.

Table 1. Yield reductions resulting from partial loss of trees in a plantation, along with potential remedial growth as a result of fill planting, have been estimated using a set of custom TASS simulations. For each of lodgepole pine (top) and Douglas-fir (bottom), losses due to mortality are listed on the left hand side, and proportions of lost volume potentially regained through fill planting are listed on the right. For example, a lodgepole pine stand losing 25% of its trees in medium sized clumps (average diameter = 15 m) at age 14 would have its yield reduced by 14%. Fill planting this stand at age 15 would recover 65% of the lost volume, or 9.1% (0.65 x 0.14) of the non-impacted stand yield. Stands as simulated assumed a pine plantation with a site index of 22m and a plantation density of 1600 trees/ha, and a Douglas-fir plantation with a site index of 32 m and a plantation density of 800 trees/ha.
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To apply values from Table 1 in generating TIPSY yield tables, there are two optional approaches:

Option 1: Use Stocking Reductions in TIPSY to estimated untreated stand yield losses

Under this option, you will generate three TIPSY runs:

Run 1 =
yield table with no losses due to disturbance (for initial calculations only – not used in final analysis)

Run 2 =
yield table with losses due to disturbance, simulated using stocking reductions and possibly with a spatial deviation

Run 3 = treated stand yield table (Run 2 with adjusted OAF1)

The first step is to calculate the difference in yield at culmination age for the un-impacted and disturbed stands as a proportion of the impacted yield.


A = (Un-impacted MAI – Impacted MAI) / Impacted MAI

The next step is to interpolate a value (B) from the right hand side of Table 1 that matches the stand conditions (species x stocking loss x clumpiness x fill plant age) being experienced.

The final step is to calculate the final OAF1 value to be used for the treated stand:

Final OAF1 (Run 3)= Default OAF1 * (1 + A*B)

This new OAF1 value will be applied in place of the OAF1 used in Run2 – note that the adjusted OAF2 will increase the Run 2 yields by a proportion of the volume lost as a result of the disturbance. Note also that the default OAF 1 is the standard OAF1 already used in the un-impacted stand base case, which will typically be 0.85. If no OAF1 was applied to the un-impacted stand, this value will be 1.

Option 2: Use Table 1 to estimated untreated stand yield losses

Under this option, you will generate two TIPSY runs:

Run 1 =
yield table with adjusted OAF1 to account for disturbance losses (no other adjustments for stocking losses are required)

Run 2 =
yield table with adjusted OAF1 to account for both disturbance losses and fill planting recovery

The first step is to interpolate a value (C) from the left hand side of Table 1 that matches the stand conditions (species x stocking loss x clumpiness x disturbance age) being experienced in the disturbed stand. The adjusted OAF 1 for Run 1 then becomes:

Adjusted OAF1 (Run 1) = Default OAF1 * (1 – C)

The second step is to interpolate a value (D) from the right hand side of Table 1 that matches the stand conditions (species x stocking loss x clumpiness x fill plant age) being experienced in the treated stand. The adjusted OAF 1 for Run 2 then becomes:

Adjusted OAF1 (Run 2) = Default OAF1 * (1 – C) * (1 + C* D)

As with the first option above, the default OAF1 is the standard OAF1 value used to adjust yields experienced under fully stocked, healthy research plot conditions to those that are typically experienced under operational conditions.

Several caveats are required for using the values in Table 1 to simulate fill planting. These are:

· In its current form, the TASS model is imperfectly suited to simulating multi-layer stands. This limitation becomes more severe the wider the age discrepancy between different cohorts, and is not believed to be overly significant in these examples.

· A limited range of conditions were used to generate the tables – only one site index and one establishment density were used for each species, and square spacing with only minimal latitude (+/- 0.5 m) was assumed in all cases.

· It was always assumed that the same species would be regenerated as was originally established. It is likely that this will not always be the case in an operational setting, particularly if the remedial treatment seeks to avoid problems with pest agents that caused the original mortality. In many cases, fill planting using a different species may result in different volume recovery rates.

In other words, the values in Table 1 should be applied with appropriate skepticism.

Aside from adjustments based on values in Table 1, OAF1 values can also be used to adjust yields upward or downward based on user-perceived yield changes not otherwise supported by TIPSY. A few examples include:

· Cases where a plantation is mostly destroyed and will be simulated as a bare ground scenario, but the advanced development of residual trees from the previous plantation will provide a small amount of extra volume

· Cases where partial mortality in a plantation will be replaced with a different species of greater or lesser productivity (or greater or lesser shade tolerance)

· Cases where low level, ongoing losses are expected

In all cases where user-defined adjustments are made, there is an even greater importance than normal to perform sensitivity analysis around the assumptions used. Sensitivity analysis can be performed either by completing multiple yield comparisons, or by applying a harvest revenue multiplier in the final analysis 

3. Using TIPSY to Simulate Yield Impacts of Dothistroma Needle Blight – A Case Study

Dosthistroma needle blight, caused by the pathogenic fungus Mycosphaerella pini, is currently having devastating impacts on lodgepole pine stands in the ICH biogeoclimatic zone of northwestern British Columbia
.The disease attacks all ages of needles, effectively defoliating severely affected trees. With repeated attacks, tree mortality frequently occurs. Stand level impacts range from temporary growth losses to almost complete mortality.

In almost all cases of Dothistroma needle blight, growth losses will occur as a result of defoliation. Woods (2004)2 documented two cases of attack in mid-rotation stands where radial growth has been significantly reduced (>65%) during periods of infestation. Such growth losses could be modeled as a 2-year regeneration delay for every three years of attack. Note that growth losses in many young stands may be more severe and of greater duration. Note also that there is a great deal of uncertainty related both to the duration of current attacks and the frequency & duration of future episodes.

In stands where little mortality is occurring, the simulation of pest effects using regeneration delays will be sufficient. Where mortality is occurring, however, there will need to be corresponding reductions in stocking and/or further regeneration delays (related to natural ingress) for the untreated stand.

Listed below are two different stand descriptions for plantations impacted by Dothistroma needle blight. Below each description is a set of modeling assumptions that might be used to simulate yields for both the untreated and treated stands.

	Stand #1
	Stand #2

	· Pl planted @ 1600 trees/ha

· Stand age = 10; SI = 22

· 60% mortality, randomly distributed

· 700 trees/ha natural Hw (SI = 18), patchy distribution (60% of area); ave. age = 3

· Current attack duration = 6 yrs, another 6 yrs expected
	· Pl planted @ 1600 trees/ha

· Stand age = 10; SI = 22

· 60% mortality, randomly distributed

· Current attack duration = 6 yrs, another 6 yrs expected

	Modeling Assumptions
	Modeling Assumptions

	· Split into two strata: with and without Hw; portion with Hw has 1167 per ha (700 ÷ 0.6)

· Assume 2-yr Pl regen delay for each 3 yrs of attack – Hw and Pl will be close to even footing on age basis – run all simulations with 8-yr regen delay

· Assume no treatment on Hw portion; stocking becomes 640 Pl, 1167 Hw

· Non-treated stocking for portion without Hw becomes 640 trees/ha Pl

· Assume fill plant with 700 trees/ha Sx on portion with no Hw; treated stocking becomes 640 Pl, 700 Sx

· Use TIPSY default SI adjustments for adding new species
	· Assume 8-yr regeneration delay to account for growth losses in pine.

· Assume 30% growth loss for dead trees based on extrapolating to 60% mortality in Table 1, Appendix 2

· Extrapolate from Table 1, Appendix 2 to get 40% volume recovery if pine is fill planted; increase to 50% for spruce (more shade tolerant)

· OAF1 becomes 0.60 for the untreated stand, and 0.75 for the treated stand.

· For the treated stand, roughly half of the trees won’t be affected by future Dothistroma events, so reduce the regen delay by 2 years to compensate.


4.0 Guidelines with respect to how to calculate the ROI for stands with initial stocking density below 287 stems/ha and Regeneration Delay ( R.D. )over 50 years.

In order to extract the yield information from TIPSY which consists a series of yield tables generated from TASS, the Regeneration Delay period (number of years) and the initial density must be entered into TIPSY ‘s stand specification screen.

The highest RD value which TIPSY allows is 50 years and the lowest estimated initial density which TIPSY allows is 287 stems /ha. TIPSY does not have the capability to generate the yield information for stands with such long R.D. and stands with an initial density below 200 stems/ha were found to have a very low economical value. Because of these limitations, it is necessary to modify some of the input data in order to obtain reasonable yield estimation for the treated and untreated options for stands destroyed by the fires or occupied by vigorous brush species.

To run TISPY for stand with RD equal to or higher than 50 years and stand with an initial density less than 200 stems /ha.
 (1) Assume the Regeneration delay is 0
 (2) Choose the lowest stocking density, which TISPY allows (287 stems/ha)

(3) Lower the OAF1 value from 1 to 0.5

5.0 Using Data from DFP Surveys in MPB Residual Stands

Stands attacked by mountain pine beetle often have a residual structure that has two layers, complicating G&Y modeling and subsequent analyses (see figure below). Financial investment decisions for such stands using the IRR workbook and data from DFP surveys requires use of the Variable Retention options in TIPSY. These options will account for the effects of the residual overstorey on growth of understorey trees.

In addition to the yield impacts of the overstorey, we must also account for reductions related to low stocking. Where normally we would use establishment densities to account for these differences, with the DFP surveys we have another method. Reductions in yield due to low stocking have already been assessed and are represented in the calculated DFP values. For use in TIPSY, we will convert the DFP values into a new or additional OAF.

[image: image7.emf]
Compared to a fully stocked stand with no overstorey, a fully stocked stand under an overstorey will produce less volume due to the competitive effects of the overstorey. If the understorey is not fully stocked, there is a further yield penalty. In the IRR workbook, we will typically be comparing the understorey yields for fully stocked versus partially stocked stands, both with very similar levels of overstorey (the only differences being those caused by treatment).
Step 1: Compile DFP statistics

From the DFP survey, compile the stratum level basal area and DFP statistics. For

detailed descriptions of procedures, refer to MoF 2004, MoF 2005a.

For basal area, you will need two separate values:

1. For basal area in the untreated stand, include all live trees minus those that are obviously likely to die in the near future (the moribund tree class). For newly harvested stands, you may also wish to reduce the basal area to account for expected windthrow losses in the first few years (assuming such information is locally available).

2.  For basal area in the treated stand, you should also exclude trees that will be eliminated during treatment. This may include trees with undesirable form or of a species that is not desired in the future stand.

Step 2: Generate a TIPSY yield table for the treated stand

Start generating a TIPSY yield table for a fully stocked stand (i.e. 1600 trees/ha planted or >2500 trees/ha natural) in the standard fashion. When you get to the Stand Specifications form, select the Variable Retention check box. The following form will appear:
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Here you will enter descriptive parameters for the residual overstorey:

1. First, enter the top height for the residual stand. If this value was not measured in the field, a reasonable estimate will suffice, based on your knowledge of typical values for local mature stands.

2. Second, select the check box beside “Calculate CC% from basal area”. This will enable a secondary form in which you can enter the basal area for the treated stand calculated from the DFP survey plots (make sure to account for anticipated losses either from mortality or due to treatment):

[image: image9.emf]
Enter the basal area of the residual overstorey, then click”OK”
3. Ensure that the Formula radio button is selected under the section titled “Determine edge length by”.

4. If you know the distribution of the residual canopy in aggregated groups versus dispersed stems, enter the values. If unknown, a reasonable distribution is 40% aggregated, 60% dispersed.

5. Click .”OK”
For a portion of the understorey stand that would fall directly under the residual crowns, TIPSY assumes that half of the regenerating trees are killed outright, and growth is reduced on the remainder. The resulting yield table will reflect these effects.

Once the variable retention effects have been added, you can generate a TIPSY economist table and export it for use in the IRR workbook.

Step 3. Generate a TIPSY yield table for the untreated stand

For the untreated stand, start with the same TIPSY run as for the treated stand. If necessary, adjust the residual basal area in the Variable Retention forms to eliminate BA reductions related to the treatment.

Yield impacts due to poor stocking in the understorey are accounted for in the calculated DFP statistics. With the addition of a minor calculation, the DFP value can be incorporated into the TIPSY yield tables as an OAF value. Depending on the magnitude of the DFP value, there are two options:

OPTION 1: Low DFP values

Calculate OAF* where:

OAF* = (1-DFP) x OAF1

If OAF* > 0.5, enter OAF* in place of OAF1. 
Otherwise, you must use Option 2 below.

OPTION 2: High DFP values

TIPSY versions 3.2 and 4.0 do not allow any OAF1 values below 0.5. If the calculated value of OAF* is less than 0.5, a more complicated means of making the required yield adjustments must be employed. For this option, you will leave the OAF1 set as it was for the treated stand, and create a new custom OAF for the DFP value. 
1. In the Stand Specifications dialogue box, select the Custom OAF check  box. The following form will appear:
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2. Select the “Add/Edit Custom OAFs” button. In the form that appears, click the “Add a new OAF” button, and change the name for the new OAF to “DFP”. Toward the bottom of the form, click the “Add” button.
[image: image11.emf]
3. In the form that appears, enter 100 for the age from germination. In the field beside “Low”, enter a value equal to (1-DFP). Click  “OK”.

[image: image12.emf]
4. Click the “Add” button a second time, and repeat step 3, only this time using an age of 40. Duplicate any (1-DFP) values as in step 3 above. Click .”OK”
5. The “Custom OAF Specification” form should now look similar to that shown below, although with different OAF values. Click “OK”.
[image: image13.emf]
6. Ensure that one of the DFP levels is selected on the “Custom OAFs Intensity Form” (below). If you entered a DFP-based OAF for only one stratum, select the “Low” level adjacent to DFP. Click “OK”.

[image: image14.emf]
Once the custom OAF values have been added, you can generate a TIPSY economist table and export it for use in the IRR workbook.

Further descriptions for using the IRR workbook can be found in the workbook documentation (MoF 2005b).
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