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Figure 6. -Predicted lodgepole pine trees and volume loss from mountain 
pine beet'e by habitat type o'ler time for Madison Ranger District, 
Beaverhead National Forest. and Hebgen Lake Ranger D;str;c t. Gal/atin 
National Fores t, Mont. 
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Figure 6.-(con.) 

Stand data were then subjected to anaJysis of variance 
and analysis of covariance for completely randomized 
design and graphed to show lodgepole pine mortality by 
habitat type over time lfig . 6). Analysis shows that the 
percentage of lodgepole pine killed and volume loss vary 
by habitat type. 

In some habitat types. tree mortality increased rapidly 
and most susceptible trees and all volume are killed in a 
relatively short timt! (fig. 6; ABLA /VASC-VASC. 
ABLA /ALSI) . In others. mortaJity may occur over a 
10·year period and never exceed 30 percent of the stand 
(fig. 6. ABLA ICARU. ABLA ILIBO-LIBOI . All suscepti­
ble trees may be killed in other habitat types. but it 
may require 8 to 10 years. These data provide guidance 
as to which stands within those classed as high hazard 
should receive priority management. For example. 
management may be postponed until the next decade if 
stand mortaJity does not exceed 20 to 30 percent over a 
lO·year period. Meanwhile. stands can be rated and 
management implemented in the stands containing 
habitat types where considerable tree mortality or 
volume loss is predicted to occur over a short time. By 
putting the higher risk stands under management. loss 
would probably be prevented in some high-, many 
moderate-. and many low-risk stand<l. 
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INTEGRATION WITH FORPLAN 

.. ,. 

The Forest Service currently uses FORPLAN, a linear 
programing model (Johnson and uthers 1980). for land 
management planning which is the basis for land use 
allocations and scheduling of management activities. The 
management activities and associated products, costs. 
and environmental effects used in FORPLAN are 
renected in prescriptions for stands within analysis 
areas. In the Forest Service Northern Region, analysis 
areas are lands that meet certain common classifi cation 
criteria; these lands are not usually contiguous. 
Classification criteria include habitat type. timber size 
class. slope class. and other characteristics. Prescriptions 
describe specific management practices used to manage 
specific stands. 

One approach to modeling tree mortality caused by 
the mountain pine beetle using FORPLAN has been to 
predict susceptible areas within analysis areas and prob· 
able mortality over two decades. Although it might be 
possible to predict rate of loss caused by the beetles 
throughout a forest. this information would be of littl e 
value for adjusting yield tables if the locations of high·, 
moderate-. and low·risk stands are not identified within 
analysis areas. The FORPLAN model would spread bark 
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beetle effects over t he next two decades for aU Hands 
within analysis areas. which would not allow scheduling 
earlier harvest of stands with a high probability of in­
festation and mortality. 

Another approach is recommended when the location 
of s Lands within analysis areas is identified through 
timber surveys or stand examinations. Beetle attack 
may then be simulated by a " prescription" that s hows 
the effec ts of an epidemic in the absence of timber 
management. If other management practices were not 
implemented. it would be necessary to constrain t he bee­
tle "prescription" by assignment ta a certain acreage. 
Thus there would be two prescriptions- one for some 
stands in parts of the analysis area with infestation. and 
one for other parts with no effects of infestation. 

Stands in t he Helena National Forest were analyzed in 
a FORPLAN -un by grouping habitat types so mortality 
factors could ~e directly applied to yield t ables. A pro­
cedure was J.dopted and used to adjust yield tables based 
on t"" n Jefficients developed for the Helena National 
Forest plan (Brohman and others 19821. Coefficients 
were IJased on the assumption that a 50 percent loss of 
lodgepole pine would occur over a 5·year period. The 
estimated loss as a percentage of volume by age classes 
was determined as shown: 

where 

Y,' = Y I n - If. 1.1 
Y ,' = Y'l (1 - '/4 L) 
Y, ' = Y, II - LI. j .? 3 

L = proportion of volume los t to beetles ISO percent = 0.501. 
Y

J 
= tabular volume for decade j of the plan. and 

V
J

' = adj usted volume expect.ed to exist in decade j . 

Such coefficients must be derived for each habitat 
type or habitat type group to be applicable to the model. 
Decade I. 2. or 3 of the Forest Plan may correspond to 
different decades in the yield table for different stands 
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or habitat type groups within analysis areas. For exam· 
pie. if groups of stands are 105 years old. then Y, is the 
tabular yield shown at 110 years 125 perce:1t loss by 
year 5). If the current age is 165 years. then Y I is the 
tabular yield shown for l70 yurs 125 percent loss by 
year 5. and 75 percent loss by year 10 at 175 years). The 
graphs in figure 7 were developed using this approach 
and the INDIOS/Rate of Loss Model for the Helena Na· 
tional Forest in the absence of beetle attack. The factor 
or proportionality is 11 - LI . t he !iroportion of stand 
volume not killed. 

That the predicted result .. graphed in figll!'e 7 will ac· 
tually happen is questionable. Beetle-induced mortality 
will reduce competition for trees that are not att acked. 
However. trees not susceptible to bark beetle attack are 
usually smaller and less vigorous. These trees will pro­
bably respond to a decrease in competition. But amount 
of response will depend on tree age and various site fac· 
tors. We do not know at what rate the remaining live 
stand will grow compared to what it would have done 
without attack. 

The (inal step in the FORPLAN run for the Helena 
National Forest plan was to adjust existing yield tables 
by the appropriate coefficient for each habitat type 
group. Regenerated stand tables were not adjusted. 
because management should prevent mountain pine bee­
tle outbreaks over a rotation. The assumption that the 
beetle will infest susceptible stands throughout the 
National Forest in the next 20 years may not be totally 
correct. but it seems probable based on available infor· 
mation. By including coefficients in the yield tables. the 
FORPLAN model should show which highly susceptible 
lodgepole stands need immediate harvesting. ~nd which 
stands should be harvested before becoming highly 
susceptible. By using assessment.s from FORPLAN and 
harvesting in high· hazard. susceptible stands before an 
epidemic develops. land managers shouJd be able to 
minimize tree mortality caused by the beetle. 
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Figure 7.- Projected tree and votume toss from mountain pine beetle for 
lodgepole p ine habitat type groups within dry fir. cool slopes. and mesic 
sites on the Helena Nat/onal Forest. 
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Forest managers have less than a 50 percent chance of growing lodgepole 
Rine to 16- inch diame.ters. in unmanaged stand~ because of recurrent depreda­
tion from the mountain pine beetle. Hazard rating methods provide techniques 
for managers to identify susceptible stands. The Rate of Loss Model ref ines ex­
isting risk r~ting systems, and provides a method for predicting. tree and volu me 
I?SS by habitat ~ypes . Th,ls model Is provided to assist land managers in projec­
ting tree mortality over time, and as a link with the FORPLAN Model for use in 
forest planning, 
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