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EXECUTIVE SUMMARY 

PROBLEM 

Increasing demands for fo res t produc ts from Idaho's 14 mill ion acres of commercial forest land , 
coupled with a decreasing forest land base, have triggered concern about Idaho 's future forest productivity. 
This conce rn is foc used o n the economic potential of Idaho's fores t lands and the corresponding implica
tions to the state's economy. 

OBJECTIVES 

1. To identi fy stand manageme nt practices and evalua te the frequency and intensities with which 
they might be employed over the rotation period. 

2. To analyze and evaluate forest investment decis ions under financial and biological maturity 
cri ter ia . 

PROCEDURES 

Exist ing forest inventory data weTe used to classify the commercial fo rest stands in Idaho into 117 
sepa rate age-class and species composition groups. An additional 39 hypothe tically regenerated sta nds were 
fo rmulated. Separate y ield tab les were developed for five leve ls of management intensity fo r each stand . 

Each of the stands was analyzed employing bo th economic and biological management crite ri a. TIle 
biological crit eria were based on maximizing annual wood fi ber product ion, while the econom ic crit eri a 
were based on maximizing long-run financial returns. Under assumptions re flec ting reasonable future eco
nomic conditions, these two types of management cri teria we re evaluat ed. Sensitivity of the result s to 
deviat ions in assumed future econom ic conditions was also assessed. 

RESULTS AND CONCLUSIONS 

I . Idaho has high timber production potentia l. 
The best qua li ty sites produced 498 board fee t/ acre/yea r. 

2. Idaho forest lands can be financially produc tive. 
The least product ive land resulted in posit ive econom ic returns from investment in forestry 
under at least one of the evaluated management regimes. 

3. Bio logica lly determined rotation ages are cos tly. 
Implementing bio logical management instead of fi nancial management co ul d result in fo rgoing 
po tential reve nues of2 1 million do llars annually. 

4. In tensive fo rest managemen t is no t always an opt imal investme nt. 
The optimal management regime in 89 pe rcent of the case study stands was the no-t rea tment 
alt ernative. Planting was the financially op timal management regime in on ly one of the 195 
art ifiCially regenerat ed stand combi nations. Management regimes including fertiliza tion and 
commercial thinni ng compri sed 85 perce nt of the optimal management regimes. 

A number of crucial assum ptions are made at each stage of thjs analysiS which in fluence the result s. 
The bio logical producti on fun c tions consist of assumed yield responses by management regimes; economic 
variables are based on hist ori cal trends which mayor may not continue in the futur e. The list of manage
ment regimes considered is by no means exhaustive. Of the economic assumptions ut ili zed in the analysis, 
the results were fou nd to be most se nsitive to the discount rat e, the rate of real stumpage price increase 
and the stum page va lue change . 
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RECOMMENDATIONS FOR FURTHER STUDY 

I. In view of the magnitude of the potential revenue losses indicated in this study, a complete and 
detailed comparison between financial and biological management criteria should be undertaken for 
specific ownerships within the state. 

2. The case study approach in this analysis should be converted to a total timber system approach for 
commercial forest lands in the state. This would enable fo rest products industries to more adequately 
project timber 110ws within the state and enable them to adjust to and capitalize on new oppor
tunities. 

3. Recent studies suggest that timber fl ow constraints actually cause economic instability. Therefore, 
even-flow timber patterns should be assessed in terms of their impacts on the sta te's economy. 

4. In view of potential reductions in commercial fore st land acreage through wilderness withdrawals, 
impacts of these withdrawals on Idaho's economy and forest industry should be evaluated. Without 
knowing these implications, withdrawals may be made which are detrimental to both the State of 
Idaho and the nation . 

5. Information regard ing the economic impacts associated with silvicultural practices is incomplete and 
should be further assessed. 

vi 



CHAPTER I 
INTRODUCTION 

BACKGROUND 

IncreaSing demands for forest products, coupled 
with a decreasing commercial forest land base, have 
trigge red concern about forest productivity in Idaho. Thi s 
conce rn foc uses on the economic poten tial of Idaho's 
fo res t lands. 

It is genera lly recognized that Idaho's 14 million 
acres in commercial forest land play an important role in 
the economic well-bei ng of the state. Thus, Idah o is parti
cularl y sensit ive to any changes in the forest industry . 

I This study is timely for Idaho, where changes affect ing the 
forest industry, such as wild erness classifications and 
commercial fo rest land e ncroachments, are indeed taking 
place. 

In the first phase of the Idaho Forest Prod uctivity 
Study (Hatch et al. 1977) timber supplies were projec ted 
for a given se t of yield assumptions and utili zation in ten· 
sities. The results led to the conclusions that under 1976 
fo rest manage ment practices Idaho's commercial forest 
lands could continue to produce existing levels of timber 
volume through the yea r 2045, and wou ld likely exceed 
the existing levels under more intensive management. 
These conclusions were reached assumi ng the comme rcial 
forest land base and the social , economic and environmen
tal management object ives would remain unchanged 
throughout the entire projection period. 

In this phase of the productivit y study, the emphasis 
is shifted from physical supply projections to economic 
projections under alternative management regimes. The 
regimes represent various manageme nt intensit ies and in
vestment levels measured in economic rat es of return . 

THE PROBLEM 

The Idaho Forest Productivity Study Phase II , is 
concerned with the analysis of economic investmen t 
criter ia associated with alternative forest stand manage
ment strategies. Rates of return under finan cial manage
ment will be compared with those obtainab le under 
regimes st rictly following biological criteria. The analyt i
cal fram ework exa mines stands to be harvested at 
financial as well as at biological maturity. The difference 

between the two measurements is defined as the oppor· 
tunity cost of the biological harvest criteria. 

It is impor tant to no te that the forest is examined 
on an individual stand basis, with separate and distinct site 
and stand characteristics, no t as a to tal entity. This stand 
approach to the investment analyses ensures that the in· 
vestments mad e to produce rapid growth in a young stand 
will have no revenue counterpa rts from harves ting old age 
timber elsewhere in the forest. That is, the analyses are not 
subject to an "allowable cut effect" (Dowdle 1976). 
Resulting cash nows are site and stand specific. 

PURPOSE AND OBJECTIVES 

The purpose o f this phase of the productivity study 
was to es timate economic benefits and cos ts associa ted 
with va rious investment alternat ives. Specific objectives 
we re I ) to iden tify stand management prac tices and 
evaluate the frequency and intensity with which they 
might be employed ove r the ro tation period and 2) to 
analyze and eva luate forest inves tment alternatives under 
fina ncial and biological maturity criteria. 

The delineation of a se t of investment alternatives 
must necessarily be based on numero us var iables, including 
the physical characteristics of the site and the composition 
of the stand being studied . Case study and regenerated 
stands portray a range of commercial forest stand condi· 
tions in Idaho. Chapter 2 ident ifies the physical and 
biological in pu t factors considered in this study and 
presents the biological produc tion fun ctions, se tting the 
stage for subsequent economic analyses. Chapter 3 outlines 
the structure of the economic analysis, li sts the economic 
assumptions, and develops a base case to represent the 
future sta tus of commercial fores try in Idaho. Chapt er 4 
singles out for fu rther deta iled ana lys is stands rep resenting 
two species growing abundan tly in Idaho . In 'Chapter 5 
the base case is subjected to sensi tivity analyses to cove r 
alternative assumptions concerning the outlook for 
commercial fores try in Idaho. Chapter 6 presents conclu
sions and recommendations and also includes a discussion 
of resea rchable areas. 



CHAPTER 2 

DEVE LOPM ENT OF THE BIOLOGICAL 
PRODUCTION FUNCTIONS 

INTRODUCTION 

A biological production function desc ribes the 
amoun t of wood fiber produced with varying levels of dif
ferent in puts. In this stud y, the inputs include site and 
stand characteristics as well as management regimes. This 
chapter defi nes each of the inputs and explains how they 
were used to develop the biological production functions. 

ST AND SELECTION AND DESCRIPTION 

This section outlines the methods and procedures 
used to select the case st udy and regenerated stands that 
are used th roughout the analysis. It also describes the 
general composition and structure of both types of stands. 

Case Study Stand Selection 
In Phase I of the Idaho Forest Productivity Study, 

the most recent fo rest inventory data collected on the Stat e 
of Idaho's commercial forest lands were ob tained from 
federal and state land management agencies and from 
fo rest indust ry (Hatch et al. 1977). These data were used in 
this study to separate fo rest stands into similar age-class 
and species composition groups. 

The growing stock on each inventory plot was classi
fied by age and species composition using 20-yea r age
class categories. The 20-year-old category was defin ed as 
predominately containing growing stock between 0 and 
20 years of age. The last age-class category, 160 years old , 
contained all inve ntory plots 160 years of age or older. 

Within each age-class cat egory, species composition 
was designated fo r two levels o f stocking. The fi rs t level, 
denoted 75 perce nt , consisted of inventory plots where a 
single species comprised 75 percent o r mo re of the basal 
area per acre. The second level, denoted 50 percent , con 
sisted of inventory plots where a single species comprised 
at least 50 percent but less than 75 percent of the basal 
area per acre. A majority of the forest inventory plots were 
represented by one o f these stocking levels. Separa te age
species composition groups were developed for northern 
and southern Idaho, using the Salmon River as a general 
dividing line. The age-species composition groups for 
nor thern and souOlern Idaho totaled 11 7 case study situ
ations. Each group represented a unique se t of conditions 
and was analyze d separately. 
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Case Study Stand Composition and Structure 
A tabula r desc ription of the I 17 case study stands is 

given in Appendix I a. Case study stands I th rough 70 were 
located in northern Idaho. Grand fir , subalpine fir , Douglas
fir, western larch, lodgepole pine, western white pine. pon
derosa pine, western hemlock and western red cedar were 
represented by these stands. The case study stan ds were also 
well distributed th roughout the age-class groups. 

The primary species represented by the remaining 47 
case study stands, located in southern Idaho, were grand fir, 
subalpine fir, Douglas-fir, Engelmann spruce, lodgepole pine 
and ponderosa pine. Only age-class groups 60 years of age 
and olde r were represen ted by case study stands in southern 
Idaho since younger age-class groups are not included in the 
existing forest inventory data bases. 

Table 2.1 provides an estimate of the acreage associ
ated with each of the 11 7 case stu dy stands. These stands 
reflect the growing stock condition on over 60 percent of 
the public commercial forest land acreage in Idaho. 

Few if any of the 11 7 case study stands have been 
managed using intensive forest management pract ices. 
Younger age-class case study stands are a function of past 
cutting practices. Previous management may also have 
created stands conta ining two or more size classes. 

Case study stands were summa rized over a range of 
soil and topographic conditions. Site quality was deter
mined on the basis of estima ted yield capabilities at the cul
mi nation of mean an nual net cubic foot volume increment. 
A stand was defined as being on high si te quality land (H) 
if it could produce at least 85 cubic feet per acre per year, 
on medium site quality land (M) if it could produce 50 
to 85 cubic feet per acre per year, and on low site quality 
land (l) if it could produce less than 50 cubic feet per acre 
per year. Table 2 .2 lists es timates o f the site quality associ
ated with each of the 117 case study stands. These es ti
mates were derived from yield capacities associated with 
habitat type classifications. 

Regeneration Stand Selection 
The forest invento ry data associated with Phase I of 

the Idaho Forest Productivity Study did not include infor
mation on recently regenerated commercial fo rest land 
acreages. Federal and state land management agency per
sonnel and private commercial forest land owners were 
queried conce rning current forest stand regeneration 



Table 2. 1. Est imated acreages associated wit h case study sta nds. 

Case Study 
Stand No 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 

Acreage 
( J 000 acres) 

37.3 
25.6 

6.0 
36.4 
20.5 
16.0 
5.2 

4 1.6 
2 .4 

37 .8 
1.4 

57.4 
10.9 
9.7 

106.0 
16.8 
18.1 
56.2 
42.7 
16.8 
92.5 
18.8 
13.7 
44 .J 
20.2 
16.3 
55.0 
17.4 
36.5 
20 .7 
28.2 
11.1 
32.7 
14.9 
16.8 

14 1.1 
56.6 

124.2 
66 .1 

Case Stu dy 
Stand No. 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

practices. Based on their responses, 39 hypothetical regen
erated stands were formulated to represent growing stock 
condit ions on artificially and naturally regenerated acreages 
in northern and southern Idaho. Each stand was designed to 
represent a unique se t of condit ions and was analyzed 
separate ly. 

Regeneration Stand Composition and Structure 
Hypot hetical regenerated stands were assumed to be 

even-aged and to contain not more than two species. Seed
lings were assumed to be 3 years old in 1977 and to average 
1.5 feet in heighl. Each stand was formulated at three 
stocking levels: 300, 450 and 600 Irees per acre. umbers I 
through 2 1 were form ulated for northern Idaho species 
mixes. The rema ining 18 stand s reflected southern Idaho 
species mixes. A tabular description of the 39 stands is 
given in Appendix 2. 

The range of stocking levels in Ihe regenerated stands 
was intended to reflect management strategies of different 
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Acreage 
( 1000 acres) 

37.2 
9.9 

19.3 
8.4 
5. 1 

14.4 
59. 1 
18 .3 
23.5 
9.5 

36.5 
4 3.6 
13.0 
24 .8 
12.3 
n .o 
25.3 
9. 1 
7.6 

21.7 
13.7 
13.2 
10.3 
25 .8' 
14 .3 
II .8 

123.0 
33.0 
69 .8 
75.6 
27 .4 
34.3 
10.6 
31. 7 
40.9 
52.3 

105. 1 
25.5 

127.2 

Case Study 
Stand No. 

79 
80 
8 1 
82 
83 
84 
85 
86 
87 
88 
89 
90 
9 1 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
II I 
112 
113 
11 4 
115 
116 
117 

Acreage 
(1000 acres) 

172.0 
203. 1 

22.4 
16.0 
97.4 
59.7 

132.9 
13.7 
42. 1 
14. 1 

104.5 
34.6 

197. 1 
34 .9 

2 11.1 
106.9 
240.0 
322.8 
917 .2 

12.4 
11.5 
19.2 
13 .5 
20.8 
16.5 
44.8 
II .8 
19.2 
32.3 
9.0 

2 1.0 
3 12.8 
29 .4 
45.8 

114.3 
62.8 
85.8 
67.9 

242 .4 

intensities and phil osophies. It may also refl ec t envi.on
ment al and ecological factors which diffe r widely from .lite 
to sit e. 

These stands could be established by natural or 
artificial means, or by a combination o f bo th. For example. 
du ring the period following planting a stand may incur 
natura l regeneration which supplements the ini tial planting 
density. To represent this phenomenon in the analyt ical 
fram ework , the 450 trees per acre density may be in ter
preted as a stand initially planted with 300 Irees, fo llowed 
by Ihe addition of 150 trees per acre through natur.1 
regeneration. Regenerated stands cont aining 450 trees 
per acre coul d also represe nt ei ther natural or artificial 
stands of that density. 

The site qualit y was based on es timated yield capa
bilit ies at the culmination of mean annual net cubic foot 
vo lume increment under the optimal biological manage
ment regime. Table 2.3 li sts estimat es of site quality 
associated with each of the 39 regenerated stands. 



Table 2.2. Site quality classes associated with each of the case study stands. 

Case Study Site • Case Study Site Case Study Site 
Stand No. Cla ss Stand No. Class Stand No. Class 

L H 40 Ii 79 M 
2 M-L 41 H 80 M 
3 H 42 Ii 81 M 
4 M 43 M 82 L 
5 11 44 H 83 M-L 
6 M·L 45 M 84 M 
7 M 46 Ii 85 M 
8 M·L 47 M 86 M 
9 H 48 M-L 87 L 

10 M 49 H 88 M 
II H 50 M 89 M-L 
12 H 51 Ii 90 M 
13 M-L 52 M 91 M 
14 M 53 M-L 92 M 
IS M-L 54 H 93 L 
16 Ii 55 M 94 M 
17 M 56 H 95 M-L 
18 M 57 M 96 M 
19 H 58 H 97 M 
20 M·L 59 M 98 L 
21 M-L 60 H 99 M-L 
22 H 61 M 100 M 
23 M 62 H 101 L 
24 M ~3 H 102 M-L 
25 H 64 M 103 M 
26 M-L 65 H 104 M 
27 M-L 66 H 105 L 
28 M 67 Ii 106 M-L 
29 M 68 M 107 M 
30 H 69 H 108 M 
31 M 70 H 109 L 
32 H 71 M-L 110 M 
33 H 72 M III M-L 
34 M 73 L 11 2 M 
35 I-I 74 M-L 113 L 
36 H 75 M 114 M 
37 M·L 76 M liS M-L 
38 M 77 L 11 6 M 
39 Ii 78 M-L 11 7 M 

* H - capable of producing more than 85 cubic feet /acre/year 
M - capable of producing between 50 and 85 cubic feet /acre/year 
L - capab le of producing less than 50 cubic feet /acre/year 

MANAGEMENT REGIMES 

The preceding section addresses the stand and site 
characteristics which were used as inputs to the biologica l 
production functions. This section addresses the manage
ment regime inputs. Management regimes are represented 
by combinations and variations of individual forest 
management practices. 

Case Study Stands 
The case study stands were subjec ted to each of the 

following management regimes: I) no management , 2) 
commercial thinning, 3) commercial thinning and ferti liza
tion, 4) overstory removal and commercial thinning, and 
5) overs tory removal, commercial thinning and fertiliza
tion . 

4 

When the com mercial thinning management regime 
was employed in this study, stands were commercially 
thinned whenever I) minimum removal volume was 1500 
board feet per acre on trees with diameters at least 5 inches 
and 2) the removal volume and tree size constraints could 
be met without reducing the residual stand below 100 
square fee t basal area per acre. 

When fertili za tion was employed, it was applied at 
the same time as the intermediate harvest operation. An 
annual cubic foot volume growth rate response of 12 per
cent was assumed for a S-year period fo llowing application 
(Scanlin et aL 1976)_ Only stands 60 years or less in age 
were subjected to management regimes containing fertiliza
tion. 



Table 2.3. Site quality classes associated with each of the hypo
thetical regenerated stands. 

Regenerated Stand No. 

1- 3 
4- 6 
7- 9 

10- 12 
13 - 15 
16- 18 
19- 21 
22- 24 
25 - 27 
28- 30 
31- 33 
34 - 36 
37- 39 

Site Quality Class· 

M 
H 
M 
M 
L 

M 
M 
M 
H 
L 
M 
L 
M 

· H - capable of producing more than 85 cubic feet/acre/yea r 
M - capable of producing between 50 and 85 cubic feet/acre/year 
L - capable of producing less than 50 cubic feet/acre/year 

Because of past management practices, the younger 
case study stands frequently contained trees from the 
previous stand . The ove rstory removal management regime 
converted these to stands containing a more uniform size 
and age-class structure by immediately removing all trees 
12 inches and larger in diameter. This management regime 
was only applied 10 case study slands 40 yea" or less in 
age. A tabular descript ion of the case study stands follow
ing the overstory remova l management regime is given in 
Appendix lb. 

Regenerated Stands 
The regene rated stands were t reated both as naturally 

established and as artific iall y eSlablished. A 10-yea r 
regeneration lag was assumed for naturally established 
stands. In the artificially established stands 2-year-old 
seedlings were planted I year following the harve st cut. 
Regenerated stands were subjected to each of the following 
management regimes: I) no management, 2) commercial 
thinning, 3) com mercial thinning and fertilization , 4) pre-

5 

commercial and commercial thinning, and 5) precommer
cial and commercial thinning and fertili za tion. 

Management regimes containing cOlllmercial thinning 
and ferti li zation were applied to these stands according to 
the const raints and conditions defined for case study 
stands. 

When the precomlllercial thinning management 
regime was employed, regenerated stands 20 years old 
and containing more than 300 trees per acre were pre
commercially thinned to a res idual stand density of 300 
trees pe r acre. 

YIELD TABLE DEVELOPMENT 

Biological production functions, or yield tables , are 
a tabulation of the volume of wood fiber in a stand by 
species at the beginning of each decade. A separate yield 
table was derived for each management regime. 

Stand Prognosis Model 
A mathematical stand projection system was used to 

construct the yield tables (Stage 1973). The system is 
designed to project the development of a specific stand 
through time. A stand is described by its site charac teristics 
as well as by information on the numbe r of trees per acre 
and the size and species of t rees in the stand. This informa
tion serves as projection system input. The stand develops 
th rough time subject to a speci fied management regime. 
The output of the projection system includ es both the 
volume of the residual stand and the volumes removed 
at the beginning of each decade. 

Yie ld Tables 
The projection sys tem was used to const ruct a 

separate yield table for each management regime for the 
11 7 case study stands and the 39 regenerated stands. These 
tables are available on request. 



CHAPTER 3 
STRUCTURE OF ECONOM IC ANALYSIS 

I [RODUCTION 

This chapter in trod uces the analytica l framewo rk 
lor economic analys is, including methodology, economic 
!]s<:umptions employed , and a description o f the economic 
ba~~ case criteria. These criteria can be used to es timate 
the fu ture forest investment environment in Idaho. 

"1 HODOLOGY 

Economic analysis of forest management alterna tives 
IS 3 process of assembling re levan t econ omic information 
0') transforming it into a meaningful economic pict ure for 
'h planning horizon. In this study net present values 
(l-J and so il expecta tion values (SE V) were used as 
inwstment decision indica tors. These analyt ical cri teria 
arf" sim ilar ill methodology, utili ze the same data base, 
~" yield different interpretive results. The NPV and SEV 
"'I" rlJ. are used to rank the economic att ract iveness of the 
mana ement regimes considered for case study stands and 
frgenerated stands, respectively. 

Both fina ncial crit eria are particularl y sensitive to the 
iimmg o f events. Early events will have a greater impact 
th,m late r ones of the same magnitude , which explains, in 
part, the economic difference between fina ncial and bio-
10gi-a1 m,turity. 

In a biological se nse the ideal ro tat ion o f a stand is 
determined at the point where the mean an nual increment 
(MAl) reaches a max imum - Le., where annual wood pro
duction is maximized. This point , of course , va ri es with 
species , density and site character istics, but not with 
economic criteria . In this st udy the magnitud es and timing 
o f costs and revenues associated with the biological produc
tion function are used to determine the ideal financial 
ro ta lion age of a stand. This age is defined as the point 
in time when NPV o r SEV reaches a maximum. 

Net Present Value 
The NPV (dollars/ acre) cri terion, as employed in 

this study, analyzes the economics of further investment 
in the case study stands. The issue is what sho uld be done 
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with stands in the futu re. Existing va lue, composition and 
structure a re functions of past management. Previous 
expendi tures are sunk cos ts in a present-day context. 

In NPV analys is, projected net cash flows (benefits 
minus cos ts) are discounted to the present by an 
appropriate rate of discount. (The choice of an appropriate 
discount rate is an impo rt ant one and is discussed in deta il 
la ter in this chapter.) The result indicates the present value 
of a stream of net incomes ant icipated over the planning 
horizon. The mathematical fo rmulation is given in 
Appendix 3. A posit ive PV sugges ts econom ic feaSibility, 
particularly if the discount rate chosen equals o r exceeds 
the opportunity cost of capital. The opportunity cost of 
capita l is defined as the highes t ra te of return obtainable 
fro m alternative investments. 

The maximum NPVs reported for the case study 
stands were adj usted for land rent. L.and rent is defined as 
the capitalized va lue of so il rent, which is the annual 
opportunity cost of occupying the land fo r the purpose 
of growing trees. The maximum SEV for a regenerated 
sta"d hest corresponding to the case study stand being 
analy. J is conve rttll to land rent. The land rent is applied 
only ·" ;l.:n maximum SEV is .positive; o therwise it equals 
ze ro. Tht! mathemat ical formulation for land rent is 
desc ribed in Appendix 3. 

Soil Expectation Value 

The SEV (do ll ars/acre) investment criterion used in 
th is st udy was applied o nly to regenera ted stands. Eco
nomic criteria are b rought into the analy tical framework by 
means of a generalized Faustman n for mulation , a mathe
matical method of compounding and discounting cash flow 
in analyzing fore st inves tments (Faus tmann 1849). In this 
analysis the Faustmann approach has been modi fied to pro
vide for price and cos t increases ove r time (Gofort h and 
Mills 1975). It is mat hematically fo rmulat ed in Appendix 3. 
n t is fo rm of PV ana lysis takes the frequency and mag
nitudes of benefits and cos ts into account in determining 
the optimal rotation age of a stand over an infini te number 
of rotat ions, assuming that the hi ghest and best potential 
use of the land is reflec ted in its present usage. Since the 
land in this st udy has bee n c lassified as commercial fo rest 



land, the maximum SEV was assumed to reflect the species 
composition and growing stock level which provides the 
greates t potential use of the land . Thus, the best potential 
use is for wood fiber production. 

I The optimal rotation age occurs when the SEV 
reaches a maximulll. Figure 3.1 illustrates the probable 
behavior of a financial yield curve over rotati on length 
for an even-aged stand subjected to a speci fic management 
regime. Between points A and C the bare land is valued 
positively, and the curve renects the present value of 
potentia l income streams. At point B the SEV reaches a 
maximum that identifies the age of financial maturity. 
Consequently , B wou ld reflect the stand rotation age 
that would maximize finan cial returns. The lower curve 
illustra tes a financial yield curve for a lesser valued species 
or a more cost ly management regime. Here the present 
value of cos ts exceeds the presen t value of the growing 
stock and resulting SEVs are negat ive. Actual SEV horizons 
for Douglas·fir/grand fir and lodgepole pine are presented 
in Fig. 5.3. 

Financial yield curves such as those shown in Fig. 3.1 
t were not derived for case study stands because the informa
I tion needed to determine the shape of the SEV curve prior 
Ito the present age of the stand was not avai lable. As illus· 
I trated in Fig. 3.2, the present age and mixture of species 
and tree sizes within a stand can provide a situation where 
the point of financial mat ur ity has already occurred 
(curve a), coincides with the present age of the stand 
(curve b), or occurs soon after present age (curve c). 

Opportunity Costs 
The management regimes conside red for all stands 

cover the period from stand initiation (or , alternatively , 
from the present age of the stand) through the culmina tion 
of mean annual board foot increment (MAl). Opportunity 
costs, in the context of this study , represent the values for
gone by not harvesting at financial maturity. 

SOIL EXPECTATION VALU E (SEV) 

MAX"-________ ~~~--~ 
SEV 1 

o+-~'-------------'----,--------"<,----

ROTATION LEMiTH (TIME) 

Fig. 3.1. Soil Expectation Value over time, even-aged siand. The 
lower curve ill ustrates a lesser valued species or more 
costly management regime. 
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Fig. 3.2. Soil Expectation Value over time. casc study stands. 
Curve a = stand already matured; curve b = financial 
maturity at present age of stand; curve c = fina ncial 
maturity soon after present age of stand. 

ECONOMIC ASSUMPTIONS 

This section describes the justifications and assump
tions that were made concerning the discount rate. values. 
cos ts and market conditions. The selection of numerical 
values fo r each of these variab les directly influences the 
magn itude of the analy tical resu lt. It is important that the 
reader understand the rat ionale behind their selection. 

Rate of Discount 
The magni tudes of NPVs and SEVs depend primari ly 

on the selected rea l discount rate. The rate chosen is likely 
to vary among decision-makers, depending on individual 
financia l cond itions. 

In this study, a 3 percent real rate of interest is used 
in combination with a risk premium of 2 percent , which 
provides a discount rate of 5 percent. Yohe and Karnosky 
(1969) found that between 1962 and 1969 the real rateof 
interest flu ctuated around 3 percen t plus or minus 0.45 per
cent , based on the yields of the AAA corporate bonds 
adjusted by the gross national product price deflator. An 
extension of thei r work to 1977 done fo r this report deter
mined that , except for a sign ificant I-year drop during 
1975, the real rate has remained at 3 pe rcent. 

There is no well -documented estimate of the ri sk 
premium applicable to forestry. The 2 percent estimate 
may seem conservat ive in view of the biological or physical 
risks associated with forestry, such as change of climate , 
fire , disease and insect infestation . Fi nancial ri sks may also 
see m high in view of the widely fluctuating nature of 
stumpage prices. Between 1968 and 1976 the average price 
for public sawtimber stumpage in real terms deviated up to 
250 percent from its trend. Corporate bond ratings for 
major wood products companies , however, indicate low 
risk. Their asset portfolios tend to be well diversified and to 
compensate for the fi nancial and biological ri sks associated 
with forest investment. 



Real before-tax corporate capital yields have dropped 
from a previous IS percent to 10 percent in the early 19705 
(Nordhaus 1974). Presuming forestry is close to the norm , a 
5 percent discount rate as a measure of the opportunity 
cost of capital then becomes plausible. Public agencies 
under direction of the Office of Management and Budget 
have used the 5 percent rate. The USDA Forest Service 
used 5 percent in its recent Timber Harvest Scheduling 
Issues Study (1976) and in its RPA assessment for 1975 
(1977). Marion Clawson, in his £Conomics of National 
Forest Management (1976), also used a 5 percent rate . 
Modifications of the discount rate assumption are covered 
in Chapter 5 on sensitivity. 

Stumpage Values 
Real prices of sawtimber stumpage have increased 

over time. TI,e Olltlook for Timber (USDA Forest Service 
1973) measured the real increase in stumpage since 1910 at 
3.5 percent per year for Douglas-fir and 3.2 percent per 
year for southern pine. Goforth and Mills (1975) note 
3. 1 percent in ponderosa pine, and this study measured 
average public land stumpage in Idaho between 1968 and 
1976 at 3.2 percent real annual increase. Real lumber prices 
have increased at a rate between 1.7 and 2 percent si nce 
1850 (USDA 1973). 

To extrapolate trends from these two real price 
increases would be meaningless, si nce by 2008 stuIllpage 
prices would exceed lumber prices. Instead, the real price 
increase used in this paper is 2 percent extrapolated for the 
first rotation , after which price increases cease. That is, 
stum page prices during the second and subsequent rotation 
are equal to stumpage prices at the end of the first rotation . 
This assumption corroborates the one made in the Phase II 
Washingtoll State Forest Productivity Study (Larsen 1977). 

The stumpage prices used as the base data points 
from which future cash flows are computed are taken from 
State of Idaho weighted average prices paid for the time 
period 1972 to 1976 (Table 3. 1). These prices are based on 
actual bids rather than appraised values and are inflated to 
1976 prices by means of the wholesale lumber price index. 
The prices are also adjusted for development costs to neu
tralize the accessibility fac tor. All case study stands and re
generated stands are assumed accessible. Yearly state harvest 
volumes and corresponding 1976 prices for northern and 
southern Idaho are given in Appendix 4. Sensitivity ana lysis 
of alternative price assumptions will be explored in 
Chapter 5. , 

Costs 
Three management practices include costs: planting, 

precol11merciai thinning and fertilization . Each practice 
represents an investment in the stand at the beginning of or 
during the rotation for which returns are realized only at 
intermediate cuttings or final harvest. The cost of each 
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Tablc 3.1. Weighted Idaho statc avcragc stumpagc valucs, 1972-
1976. 

Species 

Westcrn white pine 
Wcstcrn larch 
Douglas-fir 
Grand fir 
Western hemlock 
Western redccdar 
Lodgepole pine 
Engclmann spruce 
Subalpine fir 
Ponderosa pine 
Pulp 
Other 

Weighted average 
stumpage va lues 
($ pcr MBF*) 

89.86 
46.11 
46.t 1 
42.14 
42.t4 
90.50 
30. 13 
45.88 
42.14 
54.58 

4.20 
42.t4 

Source: Idaho Department of Lands, 1977. 

*MBF = thousand board feet. 

management practice is employed in accordance with the 
constraints outlined in Chapter 2. Costs represent inputs 
with alternative employment possibilities and therefore real 
costs are not expected to increase. 

Planting Costs. Plan ti ng costs used as base data points 
are taken from State of Idaho weighted average costs 
incu rred between 1972 and 1976 (Table 3.2). The costs are 
innated to 1976 levels by means of the wholesale lumber 
price index, to be consistent with the stumpage price base 
figures. 

The $61.59 figure was divided into a fixed cost com
ponent of $45 per acre plus 6¢ per seedling. The regenerated 
stand for which this total cost estimate applies has approxi
mately 300 stems per acre. Varia nts of this density with Cor
responding cost adjustments will be discussed in Chapter 5_ 

Precommercial Thinning. Precoll1me rcial thinning 
costs are also taken from state data covering the period 
1972 to 1976 (Table 3.2) and are weighted by the acreages 
involved and innated to 1976 levels by the wholesale 
lumber price index. The $83. 18 es timat e is generally higher 
than precommercial thinning costs incurred by private 
industry , but lower than those incurred all USDA Forest 
Service lands. Chapter 5 will address the situations more 
applicable to individual ownerships. 

Fertilization. Fertilization cost estimates are also 
based on sta te data , innated to 1976 levels and weighted by 
the acreages fertilized (Table 3.2). The $56.19 estimate 
represents the total cost of fertilizing one acre based on 
aerial application costs. Variants of this cost will be dis
cussed in Chapter 5. 



Table 3.2. Weighted Id aho state silvi cultural costs, 1972- 1976, nom inal and inflated 1976 leve ls. 

Planting Pre-Commercial Thinning Fertilizat ion 

Nominal 1976 
Year Acres S/Acre S/ Acre Acres 

1972 1969 49.03 71.67 374 
1973 1657 44.72 50.78 5 15 
1974 383 90.28 101.57 1056 
1975 11 90 54.99 66.56 879 
1976 6384 57.97 57.97 165 

Totals 11 583 61.59 2989 

Source: Idaho Department or Land , 1977. 

! Market Conditions 
The behavior of the market for forest products is 

directly dependent upon prices, costs, population , income 
and a number of other interacting variables. Yet, with the 
iong time horizon applicabie in forestry and the difficulty 
in forecasting market fluctuations with any degree of con-

I 
fidence, the assumption is made that buyers are readily 
availabie when harvested quantities are put up fo r saie. 

I 
I 
I Base Case Summary 

it shouid be emphasized that the resuits given in this 
report are strictly a fu nction of the assumptions. These 
reflect existing commercial forest stand conditions in Idaho 
and also provide analytical fl exib ility in an "if-then" 
context (i.e" if a stand has certain characterist ics and a 
particular management regime is appli ed, then what would 
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Nom inal 1976 Nom inal 1976 
S/Acre S/Acre Acres S/Acre S/Acre 

76.06 111.1 8 469 40.46 59.14 
55. 10 62.56 635 30.63 34.78 
58. 12 65.39 
83.63 101.22 1598 57.29 69.34 

101.75 101.75 1316 49.48 49.48 

83. 18 4018 56.19 

be the outcome?). The assumptions describe the "base 
case" for which the economic analyses were conducted. 
Variants of the base case will be discussed in Chapter 5, 
where alternative assumptions are made. 

For case study and regenerated stands, the base case 
real discount rate was 5 percent , coupled with a 2 percent 
real rate of stumpage increase for the first or present 
rotation. Costs (piant ing, precommerciai thinning, fert iliza
tion) were held constant over the rotation period. 

Each regenerated stand was subjected to all five 
management regimes and to planting or no-planting alter
natives. A IO-year regeneration lag was assumed for the 
iatt er. Younge r case study stands were subjected to all 
five management regimes, whereas older ones were sub
jected to oniy regimes i, 2 and 3 . 



CHAPTER 4 
RESULTS, REPRESENTATIVE STANDS 

- BASE CASE 

INTRODUCTION 

This chapter se lects 4 representative stands from 
among the I 17 case study and 39 regenera ted stands and 
follows those examples through a complete analysis. 
Stands were picked to co nform to the area and va lue of 
species in Idaho. 

Predominant species, Douglas- fir and lodgepole pine , 
comprise 38.9 percent and 18.2 percent of the sa mpled 
public land base , respectively. These represent medium
and low-valued species in the analysis. Regenerated and 
case study stands both were se lected unde r these crit eria. 

Base case results fo r all case study and regenerated 
stands are given in Appendices Sa and b. The tabl es pre
sented in these appendices show the economic behavior 
of the stands only for the points in time whe n they reach 
biologica l and financial maturity. In this chapter, however, 

results for these four representat ive stands are presented 
in more detail. 

CASE STUDY STANDS 

The representa tive case study stands chose n were 
stands 100 and 8. These were subjected to the following 
management regimes: I (no treatment) and 2 (commercial 
thinning) for stand 100, and I , 4 (overstory removal and 
commercial thinning) and 5 (overstory removal. comme rcial 
thinning and fe rtilization) for stand 8. Other management 
regimes were not considered for these stands because of 
assumpt ions cited ea rlier. 

Step I : Stand Composition and Structure 
The physical makeup of case study stands 100 and 8 

is give n in Table 4. J. Stand 100, SO percent Douglas-fir, 

Table 4 . 1. Compos ition and stru cture of representative case study stands, Idaho, 1977. 

Species; 

GF AI' WL ES LP WP PP DF we WH DTH TOl 

Case Study Stand No. 100: Southern Idaho, 80 years o ld - 50% Do uglas-fir 

Basa l Area/ Acre 7.3 6.2 0.5 0.0 5.8 0.0 26.7 79.0 0.0 0.0 8.5 134.( 
(sq. f t.) 

Trees/Acre 31.6 35.7 1.3 0.0 32.6 0.0 68.0 206.8 0.0 0.0 59.7 435: 

Average DBH* 6.5 5.6 8.5 0.0 5.7 0.0 8.5 8.4 0.0 0.0 5. 1 7.: 
( inches) 

Case Study Stand No.8: Northern Idaho, 40 years o ld ~ 75% Lodgepole pine 

Basa l Area/ Acre 0.5 0. 1 1.0 0.0 87.5 0.8 0.0 1.1 0.0 0.6 0. 1 91. . 
(sq . f t.) 

Trees/Acre 6.1 4.4 0.7 0.0 378.5 5.2 0.0 15.4 0.0 2.0 2.2 414. 

Average DBH 4.1 2.1 16.6 0.0 6.5 5.4 0.0 3.6 0.0 7.3 2. 1 6.-
(inches) 

*DBH = diameter at brcast height. 
t GF = gra nd f ir, AF = alpinc f ir, WL = western larch, ES = Engelmann spru ce, LP = lodgc l>ole pinc, WP = wcstern wh ite pine, PP = pondero5 

pin e, OF = Doug la s-fir , WC = western redcedar, WH = western hemlock, OTH = ot her, and TOT = tota l. 

Source : Appendix I a. 
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T able 4.2. Economic response to management alternatives, Idaho, 1977. 

Case Study Stand No. 100 : Southern Idaho, 80 years o ld - 50% Douglas-fir 

Managcment Alternative 1 

Stand Invest ment Land 
Age Age MA lt NPV· Rent 

Year (yrs) (yrs) (bd ft /.e/yr) (S /·e) (S I.e) 

1977 80 0 114 477.93 0.0 
1987 90 10 109 379.53 45.09 
1997 100 20 104 29 1.1 3 72.78 
2007 110 30 103 235.07 89.78 
201 7 120 40 102 189.09 100.2 1 
2027 130 50 100 150.36 106.61 

037 140 60 98 11 8. 13 11 0.55 

NPV 
(S I·e) 

477.93 
334.44 
2 18.35 
145.29 

88.88 
43.75 

7.58 

Management Alternative 2 

MAl 
(bd ft /.e/yr) 

114 
109 
104 
107 
109 
109 
108 

NPV* 
(S /.e) 

477.93 
379.53 
291.13 
258.29 
230.80 
202.32 
176.50 

Land 
Rent 
(S I·e) 

0.0 
45.09 
72.78 
89.78 

100.2 1 
106.6 1 
110.55 

NPV 
(S /.e) 

477.9 3 
334.44 
218.35 
168.5 1 
130.59 
95.71 
65.95 

Opportunity Costs: 0.0 Opportunity Costs: 0.0 

*NPV unadjusted for land rent. 
I MAl = mean annual increment ; PV = net present va lue. 

on tained 436 trees per acre, with an average diameter at 
reaS! height (dbh) of 7.5 inches. Average dbh for indivi
ual species also exceeded the minimum merchantable 

l
ize requirement of 5 inches. The second most dominant 
ingle species was ponderosa pine. Case study stand 8, 
5 percent lodgepole pine, had 4 15 stems per acre and an 
verage dbh of 6.4 inches. 

tep 2: The Biological Production Function 
The biological yield and timing of treatments for 

ach management regime in each case study stand is 
vailable on request. Case study stand 100 was subjected 
a only the first two management regimes. Stand 8 was 
ubjected to management regimes 1, 4 and 5. An overstory 
emoval of 2054 board feet per acre took place at the pre
ent age of the stand. 

Step 3: Economic Results 
The economic response of the representative stands 

to different management regimes is given in Tables 4.2 
and 4.3. Table 4 .2 shows that case study stand 100 has 
reached a maximum MAl at its present age (80 years). 
Maximum refers to the point in time closest to culmination 
or MAl, because the present age of the stand may already 
have passed the point where the growth culminated. Figure 
3.2 illustrates the investmen t horizon which gives rise to 
this problem . 

Under both management regimes I and 2 the NPVs 
maximize at the present age. This means that the economic 
response to the commercial thin ning operation was not 
suffic ient to surpass the NPV of the no-treatmen t alterna
tive. Therefore, the optimal economic management regime 

able 4.3. Economic response to management alternatives, Idaho, 1977. 

Case Study Stand No.8: Northern Idaho, 40 years old - 75% Lodgepolc pine 

Management Alternative I Management Alternative 4 Managemen t Ahernative 5 
Stand Investment land Land Land 
Ago Age MA l t NPV* Rent NPV f,.·IA I NPV* Ren t NPV MA l NPY· Rent NPV 

eo< (Y") (y,,) (bd ft l ao IY' ) (S/ao) (51" ) (S/ac) (bd ft lac Iy, ) (S I, e) (S /, e) (SI, e) (bd ft /ae /y,) (51,,) (S/, e) (S/ae) 

77 40 0 158 353. 11 0.0 353. It 158 353.11 0.0 353.1 1 158 353. 11 0.0 353. 11 

~ 8 7 SO 10 156 233.96 30.8 1 203.15 157 258.81 30.81 228.00 163 210.57 30.81 179.76 
97 60 20 164 188.28 49.72 138.56 174 26 1.60 49.72 2 11.88 183 2 13.36 49.72 163.64 
07 70 30 170 164.53 61.34 103.19 173 244.01 61.34 181.67 184 194.99 61.34 133.65 

DI7 80 40 160 132.30 68.46 63.84 179 226.39 68.46 157.93 182 172.08 68.46 103.62 
bn 90 so 1St 105.66 72.82 32 .84 168 200. 18 72 .82 127.36 168 143.91 72.82 71.09 
~37 100 60 136 80.85 75 .5) 5.31 162 180.27 75.53 104 .74 161 123.56 75 .53 48.03 
47 ItO 70 126 60.9 7 77.12 ·1 6. 15 147 161.3 5 77. 12 84.23 146 104.40 77.12 27.28 

r
7 I~O 80 11 3 45.00 78. 19 ·:;3. 19 137 1-17. 19 78. 19 69.00 136 90. 5~ i lU9 l L~ 3 

67 130 ~O 103 33.07 78.31 44 .':14 115 135.58 78.31 56 .77 124 78.99 73.81 0.13 
77 140 100 93 24 .99 79.19 ·54.20 115 126.64 79.19 47.45 1t 4 70.24 79.19 ·8.95 

Opp0rlunity Cos ts: 5249 .92 Opportunity Costs: $195. 18 Opportunity Costs : 5219.46 

tpy un::u.ljusted for b nJ ren t. 

1Al = mea n annual increment; NPV = net present va lue. 

II 



for this stand would be to cur tail any furthe r investments 
in the stand and to liquida te it immediately. Opportunity 
costs under this regime would be zero , since maximum 
MAl and fin ancial maturity coincide. 

Case study stand 8, subjected to management regimes 
I , 4 and 5, also shows fin ancial maturity at present age of 
the stand in all cases (Table 4.3). Biological maturi ty, 
however, is reached at different points in time. Under 
management alternative I , MAl culminates at age 70 
(inves tment age 30), where NPV equals $103. 19 per acre. 
Maximum NPV for that alternative is $353. 11 per acre a t 
the present age of the stand . The di fference in NPV 
between the two maturity criteria is the opportunity cost 
of deferring harvest until biological maturity, or $249.92 
per acre. 

Culmination of MAl for management alternative 4 
occurs at age 80 (inves tme nt age 40), where the correspond· 
ing NPV is $ 157.93 per acre, significantly higher than the 
NPV associated with biological maturity in the previous 
regime, as reflected in the lower opportunity cost ($195.18 
per acre) . However, even when the stand is released by 
removi ng the overstory, the economic response is not 
sufficient to surpass the NPV of immediate liquidation. 

The benefits gained from fe rtili za tion (management 
regime 5) are biological. This trea tment slightly increases 
the growth rate, when compared with bo th management 
alternatives I and 4 . Biological growth culminates at age 
70, with a co rresponding NPV of $133.65 per acre. The 
opportunity cost is $2 19.46 per acre. In this case the 

. application of fer tilizer would be costly in relation to its 
economic returns. 

In summary, the o ptimal management prescription 
fo r stand 8 is no treatment coupled with liquidation at 
present age. Although this stand is only 40 years old , 
further inves tment is not economically feasible because o f 
existing stand composition and structure. 

Case Study Stands, Summary 

The tables given in Appendix Sa show the NPVs 
associated with biological and fin ancial maturity criteria 
for each management alternative considered. Table 4.4 
shows which management regime is optimal for each case 
study stand under the base case assumptions. 

The optimal financial management regime for 94 per· 
cent of the case study stands is the no-treatment alterna
tive. Several of these stands, however, were not subjected 
to any treatment because of their existing composition 
and structure. The fourth management regime, overstory 
removal and commercial thinning, was the optimal fi nancial 
management regime for six stands 40 years old or younger. 
In these cases the biological response of the residual stands, 
coupled with the revenues fro m the ove rstory harvests, 
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econom ically just ifies the additional investments associated 
with that management treatment. Management alternative 
2, com mercial thinni ng, was the o ptimal fin ancial manage
ment regime fo r only one stand ( 19). The alternatives 
involvi ng fertilization (3 and 5) were not economically 
optimal. 

The relationships betwee n management treatments 
representing stand investments and the economic response 
as shown in Table 4.4 were expected. Few stands respond 
economically to treatments except the youn ger ones, 
where biological growth is still increasing at an increaSing 
rate. This identifies the problem of economic productivity 
directly as one of rotation age. This important va riab le is 
re fl ected in the opport unity cos t colu mn of Table 4.4 , 
showing va lues fo rgone by deferring harvest unt il biological 
maturity . 

The optimal biological management regime is no
treatment, coupled wi th longer ro tation ages in most cases, 
in 83 percent o f the 11 7 case stands. Only 20 case study 
stands would benefit biologically from applying any 
management regime more intensive than the no-treatment 
alternative. 

All case study stands considered to be mat ure or over
mature by the financial criterion were aggregated and are 
shown in Appendix 6. In these stands, the max imum NPVs 
occur at present age and indicate economic ad visabili ty o f 
immediate liquidation. 

The estimated value o f financially mat ure or over
mature stands represe nted by this sa mple amounts to 
5. 11 billi on dollarS. Deferring the harves t of the portion 01 
these stands not ye t biologically mature to biological 
maturity would result in estimated additional holding cost 
of 4 16.7 million dolla rS in present terms. 

REGENERATED STANDS 

The representative regenerated stands selected fOJ 
this study were 10, II , 12, 22, 23 and 24 . These were 
subjected to all five management regimes. Furthe rmore. 
each stocking density (300, 450 and 600 trees per acre: 
was represented, whether planted o r naturally regenerated. 

Step I : Stand Composition and Structure 

The physical make·up of the regenerated stands was 
less complicated than that given for the case study stands. 
The even-aged regenerated stands contained a maximum 
of two species. The composition and structure are given 
in Table 4.5. 

Step 2 : The Biological Production Function 
The only diffe rence between the yield func tions fo 



Table 4.4. Summary of case st udy investment analyses, base case assumptio ns, Idaho, 1977. 

r inancial Bio logical 

Adju sted 
Present Opt imal Invest ment Max imum Optimal Invest me nt Max imu m Adju sted Opportun ity 

Case Study Age Management Age NPV Management Age MAl NPV Costs 
Stand No. (yrs) Alter nat ive (yrs) ($/,e) Alternative (yrs) (bd fI /.e/y r) (S/,e) (S/,e) 

I 20 0 508.5 1 5 90 532 41 5.99 92.53 
2 20 0 137.34 4 50 199 26.49 11 0.84 
3 20 4 30 1354.3 1 0 73 1 908.44 445 .87 
4 20 4 10 782.25 I 0 499 566. 17 216.08 
5 40 4 50 613.82 5 90 437 539.50 74 .32 
6 40 0 139.94 5 70 186 45.08 94.86 
7 40 0 187.40 5 80 III 87.66 99.74 
8 40 I 0 353. 11 5 30 184 133.65 219.46 
9 40 4 50 878.92 4 100 262 777.76 101. 16 

10 40 0 644.57 5 60 200 454.6 1 189.96 
II 40 0 695 .41 I 0 399 695.4 1 0.0 
12 60 0 888. 15 3 70 352 392. 13 496.02 
13 60 0 393.62 30 155 197.23 196.39 
14 60 0 147.93 80 84 5.9 1 142.02 
15 60 0 22 2.69 40 12 3 71.60 151.09 
16 60 20 445.63 80 248 148. 19 297.44 
17 60 0 303.96 50 125 55 .41 248.55 
18 60 I 0 585.57 I 0 157 585.57 0.0 
19 80 2 10 1443.92 2 60 334 723.57 720.35 
20 80 0 4 26.4 9 2 40 14 3 182.17 244.32 
21 80 0 374.99 10 108 287. 19 87.80 
22 80 0 11 25.38 50 220 437.86 687.52 
23 80 0 594.65 0 137 594 .65 0.0 
24 80 0 1540.4 1 0 247 1540.4 1 0.0 
25 100 0 969.72 60 20 1 202.97 766.75 
26 100 0 713.51 10 139 467.23 246.28 
27 100 0 527. 18 10 119 352.2 1 174.97 
28 100 0 888.4 1 0 164 888.4 1 0.0 
29 100 0 1245.49 0 183 1245.49 0.0 
30 120 0 104 1.92 40 188 348.52 693.40 
31 120 0 851.74 0 148 851.74 0.0 
32 120 0 1000.92 60 133 256.74 744. 18 
33 140 0 1403.53 0 195 1403.53 0.0 
34 140 0 488.99 0 79 488.99 0.0 
35 140 0 2629.2 1 0 248 2629.2 1 0.0 
36 160 0 1623.37 0 183 1623.37 0.0 
37 160 0 532.24 40 81 146.02 386.22 
38 160 0 934.54 0 109 934.54 0.0 
39 160 0 24 34.23 0 176 2434 .23 0.0 
40 160 0 1407.73 0 203 1407.73 0.0 
41 20 4 20 1382.40 0 1380 1379. 13 3.27 
42 40 0 825.57 5 60 461 773.40 32. 17 
43 40 0 475.90 I 0 219 475.90 0.0 
44 40 4 30 1088.06 5 70 432 1000.40 87.66 
45 40 0 818.97 I 0 343 818.97 0.0 
46 60 0 931.87 3 60 393 604.73 327.1 4 
47 60 0 45 1. 30 0 162 451.30 0.0 
48 60 0 627.57 I 0 191 627.57 0.0 
49 60 20 605.72 3 60 285 376.69 229.03 
50 60 0 820.Q3 0 203 820.Q3 0.0 
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Table 4.4. Continued. 

Fina ncial Bio logical 

Adjusted 
Present Optima l Invest ment Max imum Op tima l In vestment Max imum Adjusted Opporluni t) 

Case Study Age Management Age NPV Management Age MA l NPV Costs 
Stand No. (yrs) Alternat ive (yrs) ($/ae) Alternat ive (yrs) (bd ft/ae/y r) (S/ae) (S/ae) 

51 80 0 1145.44 2 60 319 739.53 405.9 1 
52 80 0 425.93 0 11 4 425.93 0.0 
53 80 0 694.06 0 199 694.06 0.0 
54 80 0 1738.43 2 50 296 960.52 777.9 1 
55 80 0 803.87 I 0 196 803.87 0.0 
56 100 0 1316.73 2 40 256 766.03 550.70 
57 100 0 727.89 0 149 727.89 0.0 
58 100 0 1060.63 50 2 11 400.2 1 660.42 
59 100 0 1029.01 0 225 1029.0 1 0.0 
60 120 0 1322.39 0 2 11 1322.39 0.0 
6 1 120 0 11 72.30 0 185 1172.30 0.0 
62 120 0 1371.90 40 173 523.02 848.88 
63 140 0 1354.59 0 209 1354.59 0.0 
64 140 0 1597.79 0 185 1597.79 0.0 
65 140 0 20 15.7 1 0 193 20 15.71 0.0 
66 160 0 1850.97 0 229 1850.97 0.0 
67 160 0 3092.68 0 246 3092.68 0.0 
68 160 0 1520.89 0 166 1520.89 0.0 
69 160 0 3408.05 0 282 3408.05 0.0 
70 160 0 1769.50 0 2 16 1769.50 0.0 
71 60 0 46.54 60 88 7.76 38.78 
72 60 0 145.68 80 90 15.9 1 129.77 
73 80 0 319.62 40 11 4 148.57 171.05 
74 80 0 192.59 50 84 34.90 157.69 
75 80 0 495.5 1 0 120 495.5 1 0.0 
76 80 0 472. 17 0 11 3 472.17 0.0 
77 100 0 514 .55 0 11 8 51 4.55 0.0 
78 100 0 365.57 0 83 365.57 0.0 
79 100 0 632.23 0 121 632.23 0.0 
80 100 0 640.49 0 147 640.49 0.0 
81 120 0 767.02 0 146 767.02 0.0 
82 120 0 374.20 40 90 157.16 217.04 
83 120 0 424.37 0 72 424 .37 0.0 
84 120 0 692.35 0 106 692.35 0.0 
85 120 0 95 1.90 0 165 95 1.90 0.0 
86 140 0 917.54 0 153 917.54 0.0 
87 140 0 482.28 40 91 188.70 293.58 
88 140 0 II 9 1.48 0 190 11 9 1.48 0.0 
89 140 0 603.63 0 94 603.63 0.0 
90 140 0 736.87 0 97 736.87 0.0 
9 1 140 0 735.69 0 123 735.69 0.0 
92 160 0 735.53 60 107 137. 19 598.34 
93 160 0 558.80 40 83 210.04 348.76 
94 160 0 1283.54 0 175 1283.54 0.0 
95 160 0 37 1.96 60 54 21.3 1 350.65 
96 160 0 1130. 15 0 136 11 30. 15 0.0 
97 160 0 1071. 17 I 0 149 1071.17 0.0 
98 80 0 377.45 2 50 140 187.73 189.72 
99 80 0 266.53 60 80 45.66 220.87 

100 80 0 477.93 0 11 4 477.93 0.0 
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Table 4.4. Continued. 

Financial 

Adjusted 
Present Optimal Investment Max imum 

Case Study Age Management Age NPV 
Stand No. (yrs) Alternative (yrs) (S /.e) 

101 100 0 677.04 
102 100 0 418.63 
103 100 0 973.52 
104 100 0 658.05 
105 120 0 497.55 
106 120 0 442.12 
107 120 0 746. 10 
108 140 0 899.89 
109 140 0 788.97 
11 0 140 0 11 55.06 
III 140 0 606.71 
11 2 140 0 853.32 
113 160 0 738. 15 
114 160 0 1217.98 
115 160 0 454.51 
116 160 0 1339.95 
11 7 160 0 111 8.09 

planled and naturally regene rated stands is a 10-year dis
placement of the volume data in the tables for the 
unplanted option. The biological yield and timing of treat
ment for each of the regenerat ed sta nds is available on re
quest. 

Under the no-t reatment management regime, biologi
cal yie ld for stands 10, II and 12 tends to favor lower 
stocking densities. Stands 22, 23 and 24 do not exhibit 
the same pattern. Here, denser stocki ng is consisten t with 
larger total volumes. 

Under the second management regime, intermed iate 
removals take place at the same poi nts in time for each 
stocking denSit y (stands 10, 11 and 12). The volumes 
removed increase with increasing stocking density, as do the 
residual stocking volumes after the removal. The same 
pattern is evident in stands 22 , 23 and 24. 

Under the third management regime , fertiliza tion in 
conj unction with commercial thinning increases volume 
growth considerably, and hence, volumes available for inter-

I 
mediate harvests. The frequency of intermediate removals 
for stands 10, II , 12 and 22 does not change from the pre-

I 
vious regime, nor does the timing of removals. For stands 
23 and 24, however, the yields from the combined thinning 
and fert ili za ti on treatments are large enough to produce 

I 
merch~ntable timber for additional com mercial th inning 
operations. 

Regime 5 is the most intensive management regime 
considered. It consists or precommercial thinning, commer
cial thinning and rert ilization. Only the two denser stocking 
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Biological 

Optimal Invest ment Maximum Adjusted Opportunity 
Management Age MA l NPV Costs 
Alternative (yrs) (bd ft /.e/y,) J (S /.e) (S/.e) 

2 10 156 593.05 83.99 
0 91 418.63 0.0 
0 179 973.52 0.0 
0 132 658.05 0.0 

40 102 181.53 316 .02 
0 86 442.12 0.0 
0 129 746.10 0.0 
0 14 3 899.89 0.0 
0 128 788.97 0.0 
0 180 11 55.06 0.0 

10 79 434.45 172.26 
0 126 853.32 0.0 
0 91 738. 15 0.0 
0 170 1217.98 0.0 
0 69 454.51 0.0 
0 156 1339.95 0.0 
0 152 111 8.09 0.0 

levels were candidates for precol11ll1ercial thinning. This 
combination or practices does not produce any significant 
increase in volume relative to the other management 
regimes. 

Step 3: Economic Results 
The economic response or the regenerated stands to 

di rferent management regimes is shown in detail for the 
"best" and "worst" cases only. Rerer to the tables in 
Appendix 5b ror the economic responses for all man age
ment regimes. Changes in the base case assumptions may 
alter the results , as indicated in Chapter 5. 

Best Case: Douglas-Fir/Grand Fir. Of the three repre
senta tive Douglas-fir/grand fir regenerated stands, the third 
management regime (commercial thinning and fert ili zation) 

Tab le 4 .5. Composition and structure of regenerated stands, Idaho, 
1917. 

Regenerated Stand Stocking Densit y % Species· 

No. (trees/acre) LP DF GF 

10 300 50 50 
11 450 50 50 
12 600 50 50 
22 300 100 
23 450 100 
24 600 100 

*lP = lodgepole pine, DF = Douglas-fir, GF = grand fir. 



Table 4.6. Economic stand resuits, Idaho, 19 77. 

Regenerated Stand o. 12 : Northern Idaho, Stocking 600, 
50% Douglas-fir - 50% Grand 
iu 

Management Alternative 3, Planting 
1st 2nd 

Stand Investment MAl Soil Rot Rot 
Age Age (bd fI / SEV Rent SEV SEV 

Year (yrs) (yrs) ac/yr) ($/ae) ($/ae) (S/ae) ($/ae) 

1977 3 2 0 -87\.26 0.0 -81.00 -790.26 
1984 10 9 0 -227.92 0.0 -8 1.00 -146.92 
1994 20 19 0 -134.05 0.0 -8 1.00 -53.05 
2004 30 29 0 -106.99 0.0 -8 1.00 -25.99 
20 14 40 39 0 -95.20 0.0 -8 1.00 -14 .20 
2024 50 49 0 -88.76 0.0 -80.63 -8. 13 
2034 60 59 6 -78.12 0.0 -73.73 -4 .39 
2044 70 69 72 -46.82 0.0 -45.20 -1.62 
2054 80 79 193 -9.81 0.0 -9.60 -0.21 
2064 90 89 267 6.69 0.33 6.54 0. 15 
2074 100 99 320 15.69 0.78 15.4 3 0.25 
2084 110 109 403 30.28 \.5 1 29.95 0.33 
2094 120 119 461 36.67 1.83 36.38 0.30 
2104 130 129 489 34.84 1.74 34.61 0.24 
2114 140 \39 493 29.34 1.47 29. 15 0. 18 

Oppor tunity Costs: S7.33 

MAl = Mean annual increment ; SEV = Soil equivalent va lue. 

produced the highest SEVs for bo th Ihe plan ting and 
natural regeneration al ternatives with 600 stems per acre 
stocking density (Tables 4 .6 and 4.7). 

The stand age and investmen t age are offset by 1 yea r 
fo r the planting alte rnative, since seedlings are 2 years old 
when plan led and the regeneration lag is I year. Thus the 
stand is 3 years old, while the investment age is only 2 
years. 

Table 4 .6 shows the behavior of the SEV funclion 
over the entire rotat ion for management alternative 3. 
Because of plan ling costs incurred al the begin ning of Ihe 
rotation, SEVs are negative for seve ral decades, unt il the 
stand reaches merchantable size. The op timal fi nancial 
rotat ion occurs at investment age 11 9. 

The biological rotat ion, identified at maximum MAl, 
occurs at investment age 139. The corresponding SEV at 
that poin t is $29 .34 per acre, compared with the SEV of 
$36.67 for the fi nancial rotation. The $7.33 di fference is 
the opportuni ty cost of deferring the final harvest. 

The SEVs are based on all costs and revenues taking 
place within the rotation. The timing of revenues is part icu
larly important, since the base case assumes a 2 perce nt real 
rate of increase in stumpage prices during the first rotation. 
This topic will be covered in detail in Chapter 5. 

The natural regeneration alternative is economically 
superior to the planting al ternative (Table 4 .7). The SEV 
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fo r unplanted regime 3 is $49.53 higher than the SEV fo r 
planted regime 3. In this case plant ing is not econo mically 
preferable. 

Unplan ted stand 12 matures biologically at invest
ment age I SO with an SEV of $80.53 and financially at 
investment age 130 with a maximum SEV of $85.90. The 
opportunity cost between the two maturity criteria within 
this single management alternative is $5.37 per acre. 

Best Case: Lodgepole Pine. The best possible out
come fo r the representative lodgepole pine stand in the 
planting category ( regenerated stand 23) is management 
regime 3 in conjunction with 450 stems per acre stocking 
density. The SEV in this case, howeve r, remains negative 
fo r the entire rotation, again a function of planting cost 
dominance. The least negative SEV occurs at investment 
age 79 (-$9.36 per acre), which identifies the financial 
maturity of the stand. Biological maturity is reached at 
investment age 99, with a corresponding SEV of -$15.05 
per acre. The opportunity cost be tween the two maturity 
criteria is $5.69 per acre (Table 4 .8). 

In the no-planting category , regime 3 SEVs are all 
positive (Table 4 .9). Mo reover, a denser stocking (600 
stems per acre) is economically preferab le. The difference 
in value between the planting and no-planting regimes at 
fi nancial maturity is $6 1.64 per ac re. 

Worst Case: Douglas-Fir/ Grand Fir. The worst of all 
possible outcomes for the representative Douglas-fir/grand 

Table 4.7. Econontic stand resutts, Idaho, 1977. 

Year 

1977 
1984 
1994 
2004 
2014 
2024 
2034 
2044 
2054 
2064 
2074 
2084 
2094 
21 04 
2114 

Regenerated Stand No. 12: Northern Idaho, Stocking 600, 
50% Douglas-fir - 50% Grand 
iu 

Management Alternat ive 3, Na tural Regeneration 
1st 2nd 

Stand Investment MA l Soil Rot Rot 
Age Age (bd rt/ SEV Rent SEV SEV 

( yrs) (yrs) acJyr) ($/ae) ($/ac) ($/ac) ($/ae) 

3 \3 0 0.0 0.0 0.0 0.0 
10 20 0 0.0 0.0 0.0 0.0 
20 30 0 0.0 0.0 0.0 0.0 
30 40 0 0.0 0.0 0.0 0.0 
40 50 0 0.0 0.0 0.0 0.0 
50 60 0 0.28 0.01 0.27 0.02 
60 70 5 5.46 0.27 5.28 0.18 
70 80 62 26.56 1. 33 26.03 0.54 
80 90 169 52.55 2.63 5 1.90 0.65 
90 100 237 64.33 3.22 63.81 0.52 

100 110 288 70.76 3.54 70.38 0.38 
11 0 120 366 81.31 4.07 81.00 0.3 1 
120 130 422 85.90 4.30 85.67 0.23 
130 140 451 84.55 4.23 84.38 0. 16 
140 150 457 80.53 4.03 80.42 0.12 

Opportunity Costs: S5.37 



fir regenerated stand is associated with ma nagement alter
native 4 (precommercial thinning) and the highest stocking 
density for the planted regime (Table 4. 10). All SEVs are 
negative , indicating that investment in precomme rcial 
thinni ng is not econom icall y desirable. When stands are 
naturally regenerated the fina ncial rotation SEV is a posi
tive $42.92 per acre at investment age 120 (Table 4 .11). 
The negative SEVs appearing earlier in the rotation stem 
from the precommercial thinning operation, for which 
there is no revenue counterpart. 

The value difference between the "best" and "worst" 
outcomes at financial maturity is $55.80 pe r acre when 
stands are planted. Similarly, under natural regene ration the 
difference is $42.71 pe r acre. 

Worst Case: Lodgepole Pine. As in the previous case , 
management regime 4 produces the least economically 
att ractive results in both planted and naturally regenerated 
stands. Stocking de nsit ies were 600 and 300 stems per acre, 
respectively. As expected , planting costs and precommercial 
thinning costs dominate the SEV estimates. as shown in 
Tables 4 .1 2 and 4. 13. Opportunity costs between fi nancial 
and biological maturity were $2.46 per acre fo r plan ted 
stands and $6.01 per acre for unplanted stands. Between 
regene ration regimes the difference in value at fina ncial 
maturity is $82.30 per acre, and between the "wo rst" and 
"best" cases , it is $ 116.84 in terms of revenues forgone. 

Tab le 4.8. Economic stand results, Idaho , 1977 . 

Regenerated Stand No . 23: Southern Idaho , Stocking 450 , 
100% Lodgepole pine 

Management Alternative 3, Planting 

1st 2nd 
Stand Investment MAl So il Rot Ro t 

Age Age (bd ft/ SEV Rent SEV SEV 
Year (yrs) (yrs) ac/yr) ($/ae) (S/.e) ($/ae) ($/ae) 

1977 3 2 0 -774.45 0.0 -72.00 -702.45 
1984 10 9 0 -202.60 0.0 -72.00 -130.60 
1994 20 19 0 -11 9.15 0.0 -72.00 -47. 15 
2004 30 29 0 -95. 11 0.0 -72.00 -23.1 I 
20 14 40 39 0 -81.7 1 0.0 -69.53 -12. 19 
2024 50 49 0 -63.83 0.0 -57.98 -5.84 
2034 60 59 66 -39.40 0.0 -37. 19 -2.2 1 
2044 70 69 166 -19.98 0.0 -19.29 -0.69 
2054 80 79 244 -9.36 0.0 -9.26 -0. 11 
2064 90 89 262 -11.16 0.0 -1 1.1 7 0.00 
2074 100 99 265 -15.05 0.0 -15.10 0.04 
2084 110 109 251 -20.95 0.0 -2 1.00 0.05 
2094 120 119 232 -26.49 0.0 -26 .55 0.06 
2104 130 129 2 11 -31.23 0.0 -31.69 0.06 
2114 140 139 190 -34.97 0.0 -35.02 0.06 

Opportun ity Costs: $5.69 
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Table 4.9. Economic stand results, Idaho, 1977. 

Regenerated Stand No. 24: Southern Idaho , Stocking 600, 
100% Lodgepo le pine 

Management Alternative 3, Natural Regenerat ion 

1st 2nd 
Stand Investment MA l So il Rot Rol 

Age Age (bd rt/ SEV Rent SEV SEV 
Year (yrs) (yrs) ac/yr) ($/ae) (S/ae) ($/ae) (S/ae) 

1977 3 13 0 0.0 0.0 0.0 0.0 
1984 10 20 0 0.0 0.0 0.0 0.0 
1994 20 30 0 0.0 0.0 0.0 0.0 
2004 30 40 0 0.0 0.0 0.0 0.0 
20 14 40 50 0 1.70 0.08 1.55 0. 15 
2024 50 60 0 7.24 0.36 6.85 0.39 
2034 60 70 70 30.22 1. 51 29.23 0.99 
2044 70 80 125 37.38 1. 87 36.63 0.75 
2054 80 90 223 5 1.00 2.55 50.31 0.69 
2064 90 100 253 52.28 2.6 1 51.80 0.49 
2074 100 it O 268 51 28 256 50.94 0.34 
2084 It O 120 267 48.67 2.43 48.43 0.24 
2094 120 130 25 1 44.95 2.25 44.79 0. 16 
2104 130 140 230 4 1.53 2.08 41.41 0. 12 
2 11 4 140 150 209 38.82 1.94 38.74 0.09 

Opportunity Costs: S 1.00 

Regenerated Stands, Summary 
Tables in Appendix 5b give a de tai led picture of the 

economic response of all regenerated stands to differe nt 
ma nagement regimes. Table 4.14 summarizes this info rma
ti on, showing only the optimal management treatment and 
co rresponding va lues under base case assumptions. The 
results are the best possible outcomes under both fi nancial 
and biological criteria, given stand condit ions. Thus, if the 
objective is to maximize economic returns, then the fi nan
cial results in Tab le 4 .1 4 are applicab le. If the objective is 
to maximize biological ou tput, then the best biological 
management regime is applicable. The difference between 
the SEVs associated with these two objectives is the oppor
tunity cost. 

Planting costs incurred at the beginning of the rota
tion , representing the initial investment in the stand, are 
dominant, since they are offset by subsequent revenues in 
only I of the 39 regenerated stands (stand 6). (This stand 
contained the re lat ively mo re highly valued ponderosa pine 
species growing on a high product ivity site.) Therefore, 
natural regeneration is generally preferable to planting. 

Increasing Ihe stocking density of the stands to 600 
stems per acre increases SEVs in almost al l cases. Only 
stands 14 , 17,32 and 38 deviated from this pattern . None 
of the opti mal stands had a stocking density of less than 
450 stems per acre. 

Except for stand 9, which responded to the second 
management alte rnative , the th ird manageme nt alte rnative 



Table 4.10. Economic stand results, Idaho, 1977. Table 4 .12. Economic stand results, Idaho, 1977. 

Regenerated Stand No. 12 : Northern Idaho. Stocking Regenerated Stand No. 24: Southern Idaho, Stockin! 
600, 50% Douglas-fir - 600, 100% Lodgepole pim 
50% Grand fir 

Management Alternative 4, Planting 
Management Alternative 4 , Planting 

I Sl 2nd 1st 2nd 
Stand Investment MAl Soil Rot Rot Stand Invest ment MAl Soil Rot Rot 
Age Age (bd rt l SEV Rent SEV SEV Age Age (bd rtl SEV Rent SEV SEV 

Yea r (yrs) (yrs) ac/yr) (S/.e) ($Ioe) (S/.e) (S/.e) Year (yrs) (yrs) .e/yr) (S/.e) ($I.e) (S/·e) ($I·e ; 

1977 3 2 0 -871.26 0.0 -8 1.00 -790.26 1977 3 2 0 -87 1.26 0.0 -81.00 -790.26 
1984 10 9 0 -227.92 0.0 -8 1.00 -146.92 1984 10 9 0 -227.92 0.0 -81.00 -146.9; 
1994 20 19 0 -134.05 0.0 -8 1.00 -53.05 1994 20 19 0 -134.05 0.0 -81.00 -53.0~ 
2004 30 29 0 -150.48 0.0 -113.92 -36.56 2004 30 29 0 -150.48 0.0 -11 3.92 -36.56 
2014 40 39 0 -133.89 0.0 -113.92 -19.97 20 14 40 39 0 -129.77 0.0 -110.41 -19.36 
2024 50 49 0 -123.74 0.0 -112.4 1 -11.33 2024 50 49 0 -110.99 0.0 -100.83 -10.16 
2034 60 59 26 -101.75 0.0 -96.03 -5.72 2034 60 59 92 -81.51 0.0 -76.93 -4.5! 
2044 70 69 133 -58.28 0.0 -56.27 -2.0 1 2044 70 69 159 -68.45 0.0 -66.09 -2.36 
2054 80 79 208 -35.06 0.0 -34.36 -0.70 2054 80 79 208 -64.56 0.0 -63.20 -1.31 
2064 90 89 257 -24.24 0.0 -24.05 -0.19 2064 90 89 219 -67.02 0.0 -66.18 -0.84 
2074 100 99 309 -19.58 0.0 -19.57 -0.0 1 2074 100 99 217 -72.58 0.0 -72.04 -0.5 3 
2084 11 0 109 320 -20.45 0.0 -20.52 0.07 2084 110 109 209 -78.35 0.0 -78.01 -0.34 
2094 120 119 325 -24.55 0.0 -24.64 0.09 2094 120 119 195 -83.93 0.0 -83.72 -0.21 
2104 130 129 332 -28.57 0.0 -28.66 0.09 2104 130 129 175 -88.97 0.0 -88.84 -0.1 :: 
211 4 140 139 335 -33.17 0.0 -33.25 0.08 2114 140 139 156 -92.83 0.0 -92.75 -O.O! 

Opportunity Costs: S13.59 Opportunity Costs: S2 .46 

Table 4. 11. Economic stand results, Idaho, 1977. T.ble 4.13. Economic stand results, Idaho, 1977. 

Regenerated Stand No. 10: Northern Idaho, Stocking Regenerated Stand No. 22: Southern Idaho, Stockinl 
300, 50% Douglas-fir - 300, 100% Lodgepole pint 
50% Grand fir 

Management Alternative 4 , Natural Regeneration 
Management Alternative 4, Natural Regeneration 

1st 2nd 1st 2nd 
Stand Investment MAl Soil Rot Rot Stand Investment MAl Soil Rot Rot 
Age Age (bd rtl SEV Rent SEV SEV Age Age (bd rtl SEV Rent SEV SEV 

Year (yrs) (yrs) ac/yr) ($I.e) (S/·e) ($I.e) ($I.e) Year (yrs) (yrs) ac/yr) (S/.e) ($I.e) ($I.e) ($I·eJ 

1977 3 13 0 0.0 0.0 0.0 0.0 1977 3 13 0 0.0 0.0 0.0 0.0 
1984 10 20 0 0.0 0.0 0.0 0.0 1984 10 20 0 0.0 0.0 0.0 0.0 
1994 20 30 0 0.0 0.0 0.0 0.0 1994 20 30 0 0.0 0.0 0.0 0.0 
2004 30 40 0 -22.43 0.0 -19.25 -3.19 2004 30 40 0 -22.43 0.0 -19.25 -3. 1 ~ 
2014 40 50 0 -2 1.09 0.0 -19.25 -1.84 20 14 40 50 0 -18.35 0.0 -16.75 -1.6C 
2024 50 60 0 -18.01 0.0 -17.05 -0.96 2024 50 60 0 -10.00 0.0 -9.46 -0.54 
2034 60 70 29 -5 .27 0.0 -5. 10 -0. 17 2034 60 70 4 1 1.07 0.05 1.03 0.04 
2044 70 80 96 15.97 0.80 15.65 0.32 2044 70 80 148 17.74 0.89 17.39 0.36 
2054 80 90 160 30.33 1.52 29.95 0.38 2054 80 90 178 17.03 0.85 16.81 0.2 1 
2064 90 100 215 39.09 1.95 38.77 0.32 2064 90 100 197 15.60 0.78 15.47 O.}; 
2074 100 110 251 42.85 2.14 42.60 0.25 2074 100 110 201 11.73 0.59 11.66 O.Oi 
2084 11 0 120 27 1 42.92 2.15 42.74 0.18 2084 110 120 198 8.43 0.42 8.39 0.04 
2094 120 130 293 41.69 2.08 41.56 0.13 2094 120 130 189 4.94 0.25 4.9 1 0.0, 
2104 130 140 311 39.30 1.97 39.21 0.09 2104 130 140 177 1.92 0.10 1.90 O.O~ 
2114 140 150 323 36.11 1.81 36.04 0.07 2114 140 150 163 -0.61 0.0 ·0.63 0.0 1 

Opportunity Costs: S6.81 Opportunity Costs: $6.0 1 
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Table 4.14. Optimal regenerated stand management by stand type, Idaho, 1977. 

Financial Criterio!] Biolog!c:l1 Criterion ComQarison 

Stocking Investment Maximum Soil Stocking Investment Maximum Maximum Opportunity 
PI:ml3tion Level Management AS' SEVt Rent Le\'eI Management Age MAlt MAI5EV Costs 

No. (Stems/at) Alt ernative (yn) (51,,) (5/y,) (Stems/ac) Altern:llive (yrs) (bd ft lae Iy r ) (4)(5{,,) (5/oe ) 

Northern Idaho, 100% Lodgepole pine. Site M, Yield 69 eu ft/ac/yr 
1·3 600 3N· 90 79.86 3.99 600 3P 89 376 26.54 53.32 

Northern Idaho, 100% Ponderosa pine. Site 1-1 , Yield 130 eu ft /ac/y r 
4-6 600 3P'" 69 323.67 16.48 600 31' 69 600 313.67 0.0 

Northe rn Idaho, 50% Grand fir - 50% White pine. Site M, Yi eld 70 eu ft /ae/y r 
7·9 600 2N 130 98.30 4 .9 1 600 31' 129 43 1 42.7 1 55.59 

Northern Idaho, 50% Douglas-fir - 50% Grand fir. Site M, Yield 7S eu ft /ac /y r 
10-12 600 3N 130 85.90 4.30 600 3P 139 494 29.34 56.56 

Northern Idaho. 50% Douglas-fir - 50% Western larch. Site L. Yi eld 45 eu ft/ac/y r 
13· 15 450 3N 100 48.36 2.41 600 3P 129 233 -22.6 1 70.97 

Northern Idaho. 50% Dougla~-fir - 50% White pine. Site 1\1 Yield 71 ell ft /aelyr 
16·18 450 JoN 110 'n.su 4.69 600 .P J.39 ' ,->" ·27.94 121. 74 

orthern Idaho. 50% Douglas-fir - 50% Ponderosa pine. Site M. Yield 74 cu f( /ac/yr 
19-21 600 3N 110 115.56 6.28 600 3P 99 410 90.51 35.05 

Southern Idahl). 100% Lodgepole pine. Site M. Yield 54 ell ft / ae/yr 
':1·~4 000 3N [00 5~.28 ~.b[ 600 3P 99 :9lJ -11.5-l 63 .82 

South!!ln IJ aho. 100'';- Ponde rosa pine. Site II. Yidd 88 ell (lfac/},T 
:'5-~i bOO 3N 40 157.35 7.87 600 3P 79 ]lJ] 134.18 23. 17 

Southern Idaho, 5lY,4 Spruce - 50% Lodgepole pine , Site L. Yield 42 eu ft /:lc/yr 
28·30 600 3N 100 37.71 1.89 600 31' 109 2 18 ·33.61 71.33 

Sou thcTIl Idaho, 50% Douglas·fir - 50% Grand fir . Site M, Yield 50 cu (t /ac/y r 
3 1-33 450 3N 130 4 2.13 2. 11 450 31' 139 287 ·20.42 61 .55 

Southern Idaho, 50% Douglas·CiT - 50% Lodgepole pine, SilC L, Yield 42 eu ft /ae/y r 
34·36 600 3N 120 33.44 1.67 600 31' 129 203 ·39.73 73.17 

Southern Idaho. 50% Doug1a~·fir - 50~T Pondcros:l pine. Site M. Yield 80 eu ft /ac/yr 
37·39 450 3:-1 100 11 6.70 5.IH GOO 51' 109 379 27.76 88.94 

*N = Natural regenerat ion ; P = Planting 
tSEV = Soil equivalent va lue; MAl = Max imum an nual increment 

(commercial thinning and fert iliza tion) was the most desir
able economicaIly. This indicates that fertili za tion in con
junction with commercial thinning generally pays off under 
conditions of real in creases in stumpage prices. A change in 
the price assumption, however, is likely to alter the results, 
as will be shown in the following chapter. 

ated. It is interesting to note that the fifth and most inten
sive management alternative was biologically optimal in 
only one case and in only a single stand , stand 6 , did finan
cial and biological maturity coincide . 

Under the biologica l criteria (maximum MAi), the 
third management regime remained preferable in I I of the 
13 o ptimal cases. When compared with the optimal fin an
cial management regime, stand 9 changed from regime 2 to 
3 , stand 17 changed from 3 to 4 , and stand 38 from 3 to 5. 
All biologically optimal regimes were artificially regener-
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The opportunity cost of fo llowing biological criteria 
in fo res t management is substantial. Maximum SEVs under 
financial c riteria are all positive. On the biological side, 
however , six SEVs are negative , even under the most favor
able o f possible outcomes. Moreover, those stands that are 
positive under Ihe biological c riteria are still substantially 
lower in terms o f SEVs than those under financial criteria, 
as measured by the opportunity cost column in Table 4.14. 



CHAPTER 5 
SENSITIVITY ANALYSIS 

INTRODUCTION 

Sensitivity analysis , the response of an estimate to 
input changes, is commonly used in evaluating model 
output. In the Goforth·Mills (I975) model used in this 
analysis , as in any formula approach , a change in assump
tions and inputs will obviously change the derived 
estimates. The question becomes, "To what extent?" 
For example, sensitivities of forest investment analyses 
are summarized in Mills , Goforth and Hart (1976) and 
in Schwei tzer (I970) for differences in investment input 
assumptions. 

Schweitzer ut ili zed a partial derivative technique 
which is difficult to apply to this formulation bu t wh ich 
points out the relative importance of changes in various 
input s. For example. in jack pine he measured the re lative 
error in input necessary to cause a $ 1.00 change in the 
NPV estimate as shown in Table 5. 1. These magnitudes 
would change for other species, but forest investment 
theory indicates that the order of importance should 
remain unchanged. 

Table 5.1. Critical va luation inputs (in order of impo rtan ce) to 
cause a S I .00 change in NPV. 

% In put 
Rank Input Change Required 

t Rotation length 2.5 
2 Discount rate 3.0 
3 Harvest returns 5.0 
4 Establishment costs t o.O 
5 Annual costs 17.5 

Additionally, Goforth and Mills (1975) indicate 
that "given the long term of forestry investments , rela
tively small inflation rates (in stumpage prices) produce 
large changes in assumed future prices." In their study , 
treatment costs varied between -190 percent and +52 per
cent and returns ranged from ·269 percent to +106 percent 
before the internal rate of return changed by I percent. 
Although criteria differ in the two examples, ranking of 
input sensitivity is similar. 
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While a partial derivative approach is awkward to 
formulate , the basic philosophy remains useful. Holding 
all other variables constant , what is the change in the esti
mate with respect to a change in one of the variables? 
In most cases the direction of response is apparent but 
the magnitude is not. For example, the magnitude depends 
on the original value of all variables and on the amount of 
change in the altered variable. The sensitivity analysis 
follows the order of importance indicated in Table 5.1. 

Modification of all stands by each individual variable 
over even a small range of sensit ivity levels was estimated 
to have required over 600,000 separate computations. The 
mass of output would be unintelligible in its profusion. 
Consequently, two groups of stands were selected as repre
sentative of Idaho forest conditions in both their incidence 
in local forests and their tim ber production potential 
(regenerated stands 10 , II , 12 and 22 , 23 , 24). 11,e use of 
these particula r stands does not suggest any inference to 
general forest conditions in Idaho. They are used as an 
illustration, to put estimation changes in perspective. 

Sensitivity analysis is performed only on regenerated 
stands. Case study stands differ in that mature timber is 
usually present as a harvestable stand or overstory. Crucial 
changes in discount rate , real rate of stumpage increase, 
fertilization cost and planting costs are clearly time depen
dent. These make little difference in the optimal value of a 
mature stand although they might have changed the poin t 
of maturity for some of the case study stands. For you nger 
case study stands a close approxima tion of sensitivity is 
available from comparable regenera ted stands. 

THE RATIONAL OPTIMIST, RATIONAL PESSIMIST 
AND BASE CASE SCENARIOS 

As shown in Chapter 3, a wide range of investment 
assumptions could easily be employed, depending on 
one's posture toward forestry as an investment. To portray 
reasonable extremes, these input assumptions are grouped 
to reflect the expectation of rational pessimists and rational 
optimists (Table 5.2). The procedure establishes a range 
of likely outcomes and optimal practices, as indicated 
in Table 5.3. The unplanted , commercially thinned and 
fertili zed stands appea r to dominate. The financia l SEV 



Table 5.2. Assumption scenarios (stocking constant at 450 stems/ 
acre, medium quaUty site). 

Ra tional Base Rational 
Parameter Pessimist Case °Etimist 

Discount rate 7% 5% 3% 

Stumpage values State· 20% State values State + 20% 

Stumpage real increases 0% 2%/year for 3%/year ad 
I rotation infinitum 

Cos ts State + 10% State values State· 10% 

Cost real increase 2%/ycar 0% 0% 
ad infini tum 

column in dicates the range which can be expected. For 
example, the range in the Douglas-fir/grand fir stand was 
$ 1.1 8 to $6346.30. An investor's percep tion of market 
conditions as reflected in his se lect ion of assumptions 
becomes a critical determinant of the valuation exercise. 
In the remaining sections only the base case assumpt ions 
are altered. 

THE DISCOUNT RATE 

The 5-percent discount rate applied to fores try in 
this study is not a consensus, as exemplified in the follow
ing quotations: 

"Under sustained-yield fo restry, there is no 
compound interest." (Shepard 1925) 

" if, for example , it were certain that there 
would be a steady market fo r fat lambs or 
knotty pine timbe r in the future and that 
there were no risks involved in producing 

Table 5.3. Scenario resu lts. 

Lodgepole pine 

Financia l 
Rotat ion 

(yrs) 

(Regenerated Stands 22, 23, 24) 

Rat iona l pessimist 
Best guess 
Rational optimist 

Douglas-fir/grand fir 

80 
100 
130 

(Regenerat ed Stands lO, II , 12) 

Rational pessimist 
Best guess 
Rat ional optimist 

90 
130 
150 

Financial 
SEV 

(S/ae) 

1.4 2 
52.28 

88 1.00 

1. 18 
85.90 

6346.30 

Opt imal 
Financial 
Reg ime 

NRt, I 0' 3 
NR,3 
NR,3 

NR, I or 3 
NR,3 
NR,3 

these products, there would be, in national 
or social terms, no reaSon to discou nt the 
capital investment at all. " (Helliwell 1974) 

"What interest rate is appropriate for 
forest ry? I hesita te to pronounce on such a 
complex matter. A dozen years ago i might 
incautiously have said 12 percent or more." 
(Samuelson 1974). 

This study took the representative stand through 
percent intervals, from the real rate of I percent to a 

risk-averse investor's real rate of 10 percent. The latter is 
currently equivalent to a nominal ave rage cost of capital 
of 18 to 20 percent. 

As discount rates increase , both financial optimum 
rotation age and soil expectati on value decrease. For the 
Idaho Douglas-fir/g rand fir (J 0, II , 12) and lodgepole 
pine (22, 23, 24) representative stands, the relationships 
are presented in Fig. 5. 1 and Fig. 5.2, respectively. Not e 
that as the discount rate approaches ze ro the soil expec
tation value approaches infinity. A non-discou nted sum 
of the va lue of an infinite series of rotations must 
necessa rily equal infinity. 

The lowest discount rate measured (1 %) is not por
trayed here because of its disproportionate magnitude 
(e.g., $4 175 for the lodgepole pine stand and $14 ,428 fo r 
the Douglas-fir/grand fir stand). These large va lues are the 
result of a compounded real rate of stumpage increase 
greater than the discount rate, causing the effect ive di s
count rate to approach zero and negative values. (Effective 
discount rate is measured by the equation 

I 0 + discollnt rate _I 

J.O + real rate o f increase 

[Goforth and Mills 1975 ] .) 

Maximum 
MA l 

(bd ft /ae/y,) 

265.2 
298.0 
265.2 

426.9' 
493 .5 
426.9' 

Max imu m 
MA l 

~otation 
(y rs) 

99 
99 
99 

139 
139 
139 

Tab le 
MA l 
SEV 
(S/ae) 

-78.32 
-11.54 
789.99 

-87.55 
29.34 

6299.70 

Opt imal 
Bio logica l 

Regime 

Plant, 3 
Plant, 3 
Plant, 3 

Plant, 3 
Plant, 3 
Plant , 3 

Opportunit y 
Cost of 

MA l 
($/ae) 

79.74 
63.82 
9 1.01 

88.73 
56.56 
46.60 

*These solut io ns arc max imized at the analysis age limi t and may not be the highest value. 
tNaturally regenerated. 
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High er discount rates disc rimin ate against lo nger 
rotat ions and aga ins t many intensive silvicultural practices, 
particularly those associated with early stages of stand 
development. The Douglas-fir/grand fir stand example 
(Fig. 5. 1) demonstrates this effect. At a 3 percent discount 
rate, the most in tensive practices (3 and 5) tend to 
dominate, with significantly highe r SEVs. At a 4 percent 
real rate, the regime ranking has begun to shift. By 5 per
ce nt there is a clea r fe-o rd ering of prefe rred alternatives 
caused by (he compounded costs of regenerat ion practices. 
The remainder of the silvicultu ral practices have little effect 
on value . Patt erns in the lodgepole pine stand are similarly 
grouped. In the lower-valued species, the planting effec ts 
become obvious at 4 perce nt (see Fig. 5.2). 

The SEV is mo re sensitive to discount rate selection 
below 7 percent than to higher rat es (Table 5.4). Using the 
5 pe rcen t base case as a norm, the percent response 
associated with the o ther discou nt rates commonly used in 
fo restry is Significant even in a naturall y managed stand. 
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Fig. 5.2. Effect of discoun t r3te on SEV - lodgepole pine. 



Table 5.4. Response of SEV to discount rat e changes. 

Discount Rate Douglas·fir /gr:md fir Lodgepole pine 
(%) % Change % Change 

3 + 762 + 476 
5 Norm ~orm 

7' - 97 - 95 

*Rates higher than 7% cause little additional change. 

Great care must be taken in the application of this 
analysis. Almost any desired position on forest investment 
can be justified by selecting the appropriate discount rate. 
H is as misleading to artificially favor an investment as to 
discriminate against it. 

ROTATION AGE 

The rotat ion age is not an assumption variable in this 
study as it was in the Schweitzer reference (see Table 5. 1). 
For the Idaho Productivity Study it is a decision variable. 
The optimal rotation ages have bee n reported in Chapter 4. 
It may be of interest , however, to compare time horizons 
in our representative stands to assess the influence of a 
misplaced rotation decision. 

Figure 5.3 indicates the present value ho rizons 
of Douglas·fir/grand fir and lodge pole pine stands, respec· 
lively. All cases exhibit convexity. Cost items dominate 
in earlier decades and are later displaced by stand value 
growth until the point where compounding of cost items 
again causes a downward shift in SEV. The financial 
manager will choose the regime and rotation which maxi· 
mize the SEV - non-planted regime 3 at 130 years in this 
particular Douglas-fir/grand fir example and non-planted 
regime 3 at 90 years in the lodge pole pine stand. 

Just as discount rate selection affects the value of 
forestry alternatives, it also shifts the rotation age at which 
that value is maximized. Although rotation determination 
is evaluated in decades, a significant shift is apparent. 

Figure SA is an estimation of Ihe rotations in non· 
planted, naturally managed stands of Douglas- fir /grand fir 
md lodgepole pine compared with th ose in planted, inten
;ively managed stands of the sa me species. As in SEVs, 
the rotations associated with intensive management prac· 
tices are the more sensit ive to changes in discount rates, 
,videnced by the steeper slopes. Although these rotations 
ue the opt imal ones for the regime, positive SEVs are no t 
,uaranteed. An optimal SEV may also be the smalles t 
Jalue of a se ries of negative solutions. 
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STUMPAGE VALUES 

As noted in Chapter 3 , there a re a nu mber of factors 
which affect stumpage value. As stumpage is a residua l 
va lue, changes in costs of retrieval , as well as in the value 
of the timber as a raw material , affect its market price . 
In weighing the effects of such changes, the stumpage 
price is shifted by incremental percentages. It is again 
important to note that the same unit stumpage price is used 
for all ages o f material , so that distinctions in grade or 
logging costs by age or size of material have been otherwise 
ignored. 

A comparison of the stumpage values used in this 
study with other estimates (Table 5.5) indicates a possible 
discrepancy among sources. Whether this is due to 
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Table 5.5. 1976 Id aho weighted average stumpage prices (S/ MBF). 

Species State USFS' % difrt Industry· · % duff 

Douglas-fir 46.1 I 37.26 -19 50 +8 
Ponderosa pine 54.58 52.27 -4 40 -27 
Western white pine 89.86 70.31 -22 150 +67 
Lodgepole pine 30. 13 18.96 -37 NAtt NA 
Englemann spruce 45.88 33.46 -27 45 -2 
Western hemlock 42.14 20.77 -51 50 +19 
Western redcedar 90.50 39.99 -56 200 +121 
Western larch 46.11 39.86 -14 50 +8 
True firs 42.14 25 .77 -39 50 +1 9 

• USFS from 2400-17 Regio ns 1 & 4; Region I 1972-76; Region 4 
1974-76, inllatcd to 1976. 

•• Averaged corporate estimates. 
t % diff uses state data as a norm. 
tt NA = not applicable. 
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differences in management , contracting, physical character
istics or estimation procedures is not clear. It doe~ 

emphasize the need for any user of the results presented 
in Chapter 4 to adjust prices according to their application. 

A range of alternative stumpage va lues was tes ted by 
using a series of deviations from the base case norm in 
10 percent increments. The lIse r may then select what he 
feels is the appropriate adjustment (Table 5.6). 

Six applications of altered stumpage input were 
made in each representative species to determine the magni· 
tude of value change. Although stumpage value was thought 
to be a dominant variable, Fig. 5.5 indicates that the SEV 
response is small and linear. (Although the ratio o f percent 
response to percent perturbation , or elasticity, is commonly 
used , it is dependent on the magnitude of the norm. In a 
linear relationship that ratio is not a constant.) 

The most extreme response is found in planted, 
intensively managed Douglas- fir/grand fir stands, as indi
cated by the steepness of the slope. For each 10 percent 
change in stumpage values, SEV changes $ 11.00. The 
minimum response is in the naturally regenerated, inten
sively managed lodgepole pine stand , which shifts $3 .00 
for each 10 percent stumpage change. Although statisti
ca lly Significant, this level of response is smaller than 
expected. 

The most use ful factors would be those for the 
optimal regimes (non-planted option 3) for both species. 
In the Douglas-fir/g rand fir stand , the linear relat ionship 
is calculated as follows: Adjusted SEV = Previous optimal 
SEV + $0 .75 (percent st umpage change). This gives a $7.50 
sh ift for each 10 percent change. In the same option for 
the lodgepole pine stands, the slope of the line is 0.47, a 
$4.70 shift for each 10 percent change. 

The change by percent is useful , but it is abstract. 
To put this in perspective , a sample calculation is presented 
in Appendix 7. 

Table 5.6. Stumpage va lue inputs (S/MBF). 

Percent Change 

Species -30 -20 -10 Norm +10 +20 +30 

Dougla s-fir 32.28 36.89 41.50 46. 1 I 50.72 55.33 59.94 

Grand fir 29.50 33.7 1 37.93 42. 14 46.35 50.57 54.78 

Lodgepole 
pine 21.09 24.1 0 27.12 30. 13 33. 14 36. 16 39. 17 
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% STUMPAGE VALUE CHANGE 

Response of SEV to changes in stumpage val ue - Dougla s
fir /gra nd f ir and lodgepole pine. 

REAL STUMPAGE APPRECIATION RATES 

The modification -of the real price increase assump
tion takes two forms. Both the rate of increase and the 
duration of that increase are var iable . The base case pre
iUmed a 2 percent rise only over the initial rotation. Annual 
ra te appreciations from -I percent to 3 percent, represent· 
.ng the range of historical trends, were also tested. Histori
:ally rates decline slightly in fiber-oriented stumpage, but 
;how regular increases in sawtimber stumpage. McKetta and 
'<ledema (1977) point out that while rotation age can be 
engthened slightly by real stumpage increases, the signifi
;ant impact is in magnification of the SEV. This analysis 
neasures that response in SEV. Figures 5.6 and 5.7 indicate 
angle rotation real rate response in the representative 
:pecies. 
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Since this response is a funct ion of the effect ive 
discount rate applied to revenues, one would expect the 
inverse of relationships that appeared in ea rlier calcula
tions due to discount rate changes. As the discount rate 
increases, the revenue effective discount rate increases. 
As the real rat e of stumpage change increases, however, 
the effective discount rate decreases. Therefore , the nega
tive response of SEV to discount rate is consistent with a 
positive response of SEV to real stumpage appreciation 
rate. 

At low or negative real stumpage rate changes. the 
management regimes are grouped according to planting 
options. The critical effect of early rotation costs indicates 
the dominance of the base case 5 percent discount rate. 
A stumpage rate increase in excess of 2 percent shifts 
optimal management to the intensive practices which 
increase vo lume response. As stumpage value is magnified , 
harvest revenues become the dominant variable. This is 
especially true in the Douglas-fir/grand fir stand , due to 
its higher initial value . It is clear that a rea l stumpage value 
increase assumption is a crit ical determinant of valuation 
results and must be made with care. 

Extension of the real rate of increase to an infinite 
se ries of rotations has minimal effect at low rates of in
crease. Table 5.7 shows only the planted alternative 3 
results for both species and makes a comparison between 
single and multiple rotation assumptions. At higher rates, 
the effect is predictably larger. Only planted , commercially 
thinned and fertili zed stands at 450 stems per acre are 
used in this example. 

Stumpage prices escalate Significantly. however, due 
to this adjustment. In 130 years Douglas-fir 's 1976 rate of 
$46. II /MBF becomes a real price of $2 150.97/MBF at 
only 3 percent per year. At 260 years, the end of a second 
rotation , the real price becomes $100,339.87 /MBF. 

COST CHANGES 

Variation in costs of silvicultural practices was 
observed among ownerships (Table 5.8). This renects 
differences in standards as well as in operating conditions. 
In addition , a variety of practices are optional ly applied. 
This cost adjustment analys is determines the response 
of value est imations to changes of input cost. 

Modified State of Idaho data were used in the base 
case. This analysis looks at 10 percent incremental changes 
in cost assumptions as indicated in Table 5.9. The planting 
cost has been augmented to renect additional labor and 
seedling costs at the example stocking level of 450 stems 
per acre . Results presume al l costs are uniformly adjusted 
by the same perce ntage. 

The effect of a cost change on SEV is linear, similar 
to the harvest value response. The more costly regimes 



Table 5.7. Effect on SEV of extending real rate of stumpage increases to subsequent rotations. 

Douglas-fir/grand fir Lodgepole pine 

Real rate Increase over 1st Over all Increase oYer 1st Over all 
of increase rotation o nly rotations Difference rotation only rotations Difference 

(%) (S) (S) (S) 

- I -67.2 1 -67.29 -.08 
0 -58.81 -58.81 .00 

+1 -34.96 -34.60 +.35 
+2 (base case) 29.42 32.34 +2.92 
+3 210.24 234.96 +24.72 

Table 5_8. Costs per acre of silvi cultura l pract ices. 

State of Woodlot 
Item Idaho USFS Firm I Firm 2 owners 

Planting 6 1.59 135.00 61.25 NA ' 65.00 

Precommcrcia l 
thinning 83.18 161.43 32.42 23.00 40.00 

Fertilizer 56.16 NA 43.85 9.00 NA 

*NA = no t applicable. 
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(S) (S) (S) 

-67.6 1 -67.73 -.12 
-60.63 -60.63 0.0 
-44.21 -43_38 .83 

-9.36 -3.41 5.95 
68.67 99.21 30.54 

are more sensitive. The dominant cost is planting. The 
four naturally regenerated stands have slightly negative 
relationships compared with Ihe planted sel (Fig. 5.8). 
The addition of the precommercial thinning cost of regime 
5 to regime 3's fer tilization charges shows only sligh t 
influence. 

REA L RATE IN COST CHANGES 

Unlike stumpage real values, which indicate llistori
cally increasing economic scarcity, base case real costs have 
been presumed constant. That is, nominal costs are 
expected to nuctuate with the gene ral economy. Signifi
cant technological change and ext raord in ary specialized 
forest labor costs may occur , but they have not been 
predicted in this model. 

There is speculation on rising energy cos ts which 
may have an effect on forest product ivity; however, most 
of the costs measured are not energy intensive. J-i arvestin,§ 
and collect ion costs could rise, but would only affect the 
stumpage residual , lowering harvest va lues. 

The one cos t that wou ld be directly affected i, 
fertilization. Urea is an energy-intensive product and it~ 

price is keyed to the prices of its natural gas o rigins. Only 
recently have real (1967) urea prices increased from 
570.24/ton in 1971 to 59 1.80/t011 in 1976 (USDA Agr 
Price Rep_ Svc. 1976). 

Using a real rate of increase of all costs as a genera 
indicator, the model was run with real cost increases ove! 
all rotations. The levels tested were - I , 0, I , 2 and 3 per 
cent annually. The negative is included should energy 
intensive mate rials return to the ir previous real pricE 
decline. Figure 5.9 indicates the change in the va lue 0 
Idaho forest productivity which could be expected as , 
result. 

Regime 3 analyses were used to isolate the ferti liza 
tion cost effect from precommercial thinning escalation 
As the real rate of cost increase rises , the SEV declines: 
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Fig. 5.9. Effect o f rea l cost ra te Changes on o ptimal SEV - Douglas
flT/grand fir and lodgepole pine. 

Douglas-fir/grand fir s tands exhibit a grea ter impact due 
to longer fin ancial ro tations which include additional 
fertilizati on cycles. 

At real rates o f I percent and less, the effect is less 
than $3.00 pe r percentage point change. Beyond that level 
the change becomes $11 .00 to $ 13.00 per percentage 
point. It is doubtful that fertili zation cost increases will 
drive naturally regenerated stand SEVs into negative 
values. Whe re the carrying cost of planting investment 
is present , SEVs will become negative at higher real cost 
rate increases. Planted Do uglas-fir/g rand fir , regime 3, 
is a good example o f planting cost dominance . 

STOCKING LEVELS 

In the base case analyses, initial stand density had 
little effec t on SEV. The stocking options ex plored (300 , 
450 and 600 stems/acre) did not re nect situations where 
precomme rciaJ thinning would be an eco nomically feasible 
management prac tice. 

This sensitivity analysis, using the naturally regen
erated Douglas-fir/grand fir stan d, tested initial st and 
densities of 1200, 1800 and 2400 stems per acre. From a 
bi ological perspec tive , stands not precolllme rcially thinned 
begin to have Significantly lower maximum MAIs at den
sit ies greater than 900 stems per acre , due to stagnation. 

Table 5.9. Cost inputs (S/acrc). 

Percent Change 

Procedure -30 -20 -10 Base +10 +20 +30 

Plant ing 5004 0 57 .60 64 .80 72.00 79.20 86.40 93.60 
Preco lll-

merc ia I 
thinni ng 58.22 66.54 74 .86 83. 18 91.50 99.82 108.14 

Fe rt iliza-
tion 39.30 44.92 50.54 56. 16 61.78 67.40 73.02 



Yields from naturally regenerated regime 3 declined 
rapidly from 457 board feet per acre per yea r at 600 
stems per acre to 217 board feet per acre per year at 
1200 stems per acre. This regime's precommercial ly thinned 
counterpart, regime 5, dropped only from 336 board feet 
per acre per year to 328 board feet per acre per year over 
the same stocking change. Thinning was from below, so 
the residual stand contained a greater percentage of more 
highly va lued Douglas-fir as initial stocking increased 
thus the increase in SEV with increasing initial stocking. 
From an initial stand containing 2400 stems per acre 
thinned at stand age 20 , regime 5 eve ntually yields 421 
board feet per acre per year. 

Financial and biological perfonnance are similar 
with respect to initial stand denSity. A density of 600 
stems per acre remains optimal , returning the financial 
maximum SEV of $85 .90 which was found in regime 3 
(no precommercial thinning). If high initial stem density 
is a given condition , Fig_ 5.10 indicates that the regimes 
with precommercial thinning are preferable at greater 
than 1000 stems per acre. The biological response due to 
thinning compensates for the carrying cost of an expendi
ture early in the rotation. 

ANNUAL CHARGES 

In this type of analysis constant annual cash fl ows 
have a direct effect on SEVs but not on financial rotation 
age. The base cases considered no annual costs or revenues, 
since each valuation would vary by ownership , taxation 
techniques and levys, overhead charges, regular main
tenance or protection costs, and annual revenues. 

Any of the resultant SEVs may be modified to 
include annual cash fl ow by adding the capitalized value of 
the payment stream. The net present value of a perpetuity 
is simply the annual value divided by the appropriate real 
discount rate, which was assumed to be 5 percent in the 
base case. 

For example , 1976 Latah County fo rest land taxes 
averaged $.43 per acre. If the forest also faced annual 
overhead and protection costs of $1.00 per acre , the net 
annual cash fl ow would be -$ 1.43. Then -$1.43/.05 equals 
a wealth deduction from SEV of $28.60. In the Douglas
fir/grand fir representative stand with natural regeneration 
and management regime 3 at 600 stems per acre, the 
maximum SEV was $85.90 without annual charges. This 
reduces to $57.30 when these annual costs are applied . 
likewise, the lodgepole pine stand example would drop 
from $42.29 to $13.69 under the same management and 
cost assumptions. If the net annual cash flow is negative , 
as in the preceding examples, SEVs of low-valued stands 
may become negative . . 
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ADDITIONAL ADJUSTMENTS 

Irregular charges such as animal control, pruning or 
other single stand entries can be easily discounted at the 
appropriate discount rate from their projected time o f 
occurrence. If these procedures have an impact on outpu1 
values, a stumpage adjustment procedure as outlined 
previously must be applied . Volume adjustments are 
integral to the computer program and not directly in
corporated into this analysis. A proxy using a compensa· 
tory stumpage value change ' is preferable_ End-of-rotatior 
costs such as slash or yield taxes or additional developmenl 
costs may also be accounted for by the stumpage chang' 
technique . 

SUMMARY OF INPUT CHANGE EFFECTS 

Most sensitivity responses are non-linear. An estima 
tion of sensitivity is made in the immediate vicinity 0 

the base case. The percent input change in the base cas. 
(Table 5.1 0) required to cause a $1.00 change in optima 



SEV for Douglas ·fir/grand fir regime 3 can be compared 
with the Schweitzer results. Rankings from the Idaho Pro
ductivity Study are compa rable, with the single exce ption 
of rotation age. Changes in magnitude and ranking may be 
attrib uted to the differences between jack pine in the o rigi
nal example and Douglas-fir/grand fir in this case. A change 
in the longer rotation or the higher va lue is divided by a 
large r norm in the Douglas·fir/grand fir example. 

Again, it should be emphasized that results are 
extremely responsive to input levels. This is apparent in 
the preced ing tab le and from the forest management 
optimist/pessimist comparison. In the latter, combinations 
of sensitive assumptions caused SEV deviations of -99 per
cent to +3373 percent from the Douglas·fir/grand fir 
base case. Since the adherence to these assumptions va ries 
by investor and owner, it is tenuous to apply this se t of 

es timates wholesale to the State of Idaho without addi· 
tional indicators of Idaho fores t management incentive 
and behavior. 

Table 5. 10. Crit ical va luation input s (in order of impo rtance). 

Rank In put 

I Discount rate 
2 Real rate of stumpage increase 
3 Stumpage value change 
4 Cost changes 
5 Rotatio n age 
6 Stocking 
7 Rea l rate of cost in crease 
8 Annual costs 

* Undefined results from division by zero. 

% inpu t change 
from base case va lue 

0.4 
0.6 
L3 
1.4 
2.6 

17.0 
undefined * 
undefined 

CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

This section is composed of three parts. FirSt , it higll· 
lights im portant conclusions stem ming from the analysis. 

I Second, it briefly discusses limitations associated with the 
use and application of the analys is, and third , it suggests 
direction for further research. 

Conclusion I : Idaho has high timber production potelltial. 

The Rocky Mou ntain states are generally charac ter
ized as having low forest product ivity potent ial. Within 
this region, however, Idaho has the highest potential , as 
indica ted by the distribut ions in Table 6. 1. Idaho has a 

Table 6. I. Rocky Mountain commercial forest lan d sites 
percent. • 

Qual itr 

State High Medium Low 

Idaho 38.4 25.9 29. 1 
Montana 35 .6 30.0 33.6 
Wyoming 1. 8 11.2 64 .8 
Arizona 4.7 53.2 60.6 
Colorado 4.1 1 1. 8 62.2 
New Mexico 3.2 29.0 65.6 
Utah 2.2 9.5 82.9 

· Percentages may not to tal 100.0% due to o perabilit y constraints. 

Source: USDA 1973. 

by 
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large area of commercial forest and is the nali on's fourth 
largest lumber producer from an annual cut which is 
regularly exceeded by growth. 

The stand simulato r used yield tables derived from 
actual stand conditions to generate physical productivity. 
The 39 regenerated stands subject to 10 management com
binations resulted in 13 biologically optimal treatment 
combinations. None of these resulted in annual growth 
less than 200 boa rd feet per acre per year. High sites 
ave raged 496 SF per acre per yea r, medium sites 377 SF 
per acre per year, and even low sites averaged maximum 
MAls of 2 14 BF per acre per year. 

Conclusion 2 : Idaho fo rest lands can be financially produc· 
tive. 

Although financial returns from forestry investment 
in Idaho may be low relative to Pacific coastal states, no 
stands are sub-marginal under the base case assumptions 
applying op timal management regimes. Several management 
alternatives may result in negative returns, but for each 
case st udy and regenerated stand at least one alternative 
is positive . 

The best index of financial forest productivity in 
Idaho is the regenerated stand financial return synopsis in 
Table 4.4 . Even on the lowest quality si te the optimal 
SEV is $32.75 per ac re, while 4 of the 13 optimal regimes 
exceed $100.00 per acre. High qua lit y site ponderosa pine 
has the highest SEV ($323.67), which compares fa vorably 
with Pacific Northwest coastal va lues. 



Conclusion 3: Biologically determined rotations are costly. 

In only one instance does the rotation which opti
mizes biological product ivity coincide with a financially 
optimal rotation. This occurs in a high quality site, high 
va lue ponderosa pine regenerated stand. Within the 390 
separate regenerated stand combinations of management 
and stand condi tions, only 23 (5 .9%) have the same 
economic performance for biologically and financially 
determined rotations. 

This resul t is Significant , particularly as increases in 
real stumpage prices assumed for all combinations favor the 
longer rotation associated with biologically oriented 
management. In no case do biological values exceed 
finan cial values. Applied to actual Idaho conditions as 
reflected in the case study stands (which represen t approxi
mately 60% of Idaho's public commercial forest land base), 
waiting for biological maturity instead of financial maturity 
could result in forgoi ng potential revenues of $417 million 
in present terms, the equivalent of $20.8 million annually. 

Conclusion 4 : Intensive forest management is not always 
an optimal investment. 

Intensive forest management , ofte n ca lled "good 
forest ry," can detract from financial productivity. For 
example, planting resu lts in positive economic returns in 
only 95 (49%) of 195 planted managcment combinations 
considered in the regenerated stand analysis. Due to the 
early planting cost outlay and displacement of retu rns to 
the end of the rotation , non-planted stands ge nerally 
result in higher returns, even though stand establishment 
is defe rred 10 years. Only one planting option in this 
study was regarded as optimal and that was in a high 
quali ty site, high species va lue regenerated stand. Although 
precommercial thinning was not isolated as a unique prac
tice, none of the management regimes which use it show up 
as optimal. However, as shown in the sensitivity analysis, 
it becomes economically desirab le in densely stocked 
stands. Similarly, commercial thinning (not accompanied 
by fertiliza tion) is optimal in only two stands. This may 
be att rib utable in part to the growth response to thinning 
assumed in the yield simulator. 

Economically , fertilization is a surprisingly feasible 
investment. Even though the cost data include record high 
urea prices, fert iliza tion and its assumed response payoff 
regularly. Fert ilization (accompanied by com mercial 
thinning) comprises I I of the 13 optimum management 
regimes. 

LIMITATIONS OF THE ANALYSIS AND RESULTS 

This report examines the wide range of forest produc· 
tivity conditions present in Idaho. The examinat ion does 
provide valuable insight in to the economic potent ial of 
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timber production in the stat e in general. Other forest 
values are not addressed here , but must not be ignored 
in impact analyses. 

A number of crucial assumptions are made at each 
stage of the ana lysis. The biologica l product ion funct ion 
consists of assumed yield responses by management 
regimes, while prices and costs are based on historical 
trends which may or may not cont inue in the fut ure , 
and the list of management regimes considered is by no 
means exhaustive. Chapter 5 of this report addresses 
these uncertainties by measuring the extent to which 
economic assumptions can alter results. 

The possible link between this report and the spec
t rum of possible forest policies should be in terms of 
techniques used rather than results obtained. The results 
presented are a funct ion of the assumptions and do not 
address any specific policy issues. Finer resolutions could 
be obtained by tailo ri ng the assumptions to particular 
investment and policy questions. 

RECOMMENDATIONS FOR FURTHER RESEARCH 

The set of analytical techniques and results used 
in the Idaho Forest Productivity Study Phase II could 
be used to examine forest management and policy ques
tions which have important economic ramifications for 
the State of Idaho. Several major researchab le areas became 
evident during th is st udy. 

Management Goals and Criteria 
Two basic management objectives were used to out

line the potent ial of northern Rocky Mountain forest 
types under seve ral levels of management intensity. As 
noted in the conclusions, a significant gap ex ists between 
the financia l returns of the two se ts of criteria. TIle income 
potential of forests managed to optimize financial return 
is higher than that of forests managed to optimize biologi
cal retu rns. To allow the sample 's 30 percen t of stands 
not yet biologically mature to reach that maturity would 
cost $4 17 million in present-term income potential. That 
t ranslates to a $20.8 million annual loss on the sample of 
60 percent of the public com mercial forest land in Idaho. 
This loss is based solely on a rotation age difference. A 
more detailed reliab le accounting could be developed on 
specific owne rships by refinement of the model inputs. 

Economic Timber Flow Projections 
Timber flow is not solely a function of biological 

forest product ivity. Wood fiber markets are dcscribed by 
economic indicators. The major signals of prices, costs and 
interest rates have been proven in this study to Significan tly 
affec t the va lue of timber investment and hence the produc· 
tion of timber. 



By convert ing case studies into a tota l timber system , 
the conditio ns of wood production and utilization in Idaho 
could be more accurately projected 10 enable the Idaho 
fores t economy to adjust to and capitali ze on new oppor
tunities. 

Analysis of T imber F low Constraints 
As shown by the sensitivity analysis, the model is 

highly responsive to input level changes. The United St ates 
economy is a dynamic one, in which all economic variables 
undergo constant fluctuation. The lo ng horizon of timber 
production is thought to mitigate against this osci llation. 
Howeve r, long- te rm investme nts arc also uncer tain , as they 
are subjec t to the variability of economic condit ions. 

Some timber managemen t systems attempt to elimi
nate changes by regulation and now constraint. One 
technique, sustained yield non-decl ining even fl ow, pur
ports to increase forest industry and dependent forest 
community stability. Recent analyses , howeve r, sugges t 
that fl ow constraints actually cause instabil ity (Waggener 
I 977). 

An extension of the Idaho Fo rest Productivity 
Study could simulate economic timber fl ow patterns 
from strict even flow to price responsive flow. These 
results could be used in conjunction with an impact analysis 
model to assess the effects of arbitrary timber fl ow control 
on the Idaho economy. 

Reserved and Roadless Area Designation 
In the State of Idaho more than 2.7 million acres o f 

national forest lands are in existing wilderness or primitive 
areas and over 7 milli on acres are cu rrently tied up in the 
RARE II process. These statistics do not add ress the issues 
and implicat ions involved in allocating land to non-timber 
use. 

To date, the potential impacts on Idaho 's economy 
and fores t industries which would result from a red uction 
in commercial forest land acreage are not knowJl. The 
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Idaho Forest Product ivity Study has the potential to 
address this issue. Rational decisions involving forest 
resource allocation require a full eva luatio n of the trade
offs involved, as well as redistribution of associated 
benefits. Without knowing the implica t ions to Idaho's 
economy of alt ernative levels of non-t imber use , land 
allocation decisions which are detrimental to bot h the 
State of Idaho and the nation are li kely. 

Deferred Harvest Decisions 
The indecision surrounding the RARE II process 

has caused the dererral of silvicultural investments and 
harvests on public lands. The forest is not an object which 
remains inert. There is a cost associated with holding an 
unused asset and there are losses associated with neglecting 
invest ment opportunities. The struct ure or the Idaho 
Forest Productivity economic model is well suited to that 
analysis. 

Economic Analysis of Silvicultural Prac tices 
Resea rch on the biological effec ts of forest silvi

cul tural and management practices has always been heavily 
emphaSized. It is important to measure not only the 
response of the biota but also the benefits and returns to 
man or investments in forestry. The economic analys iS o f 
"good forest ry" in Idaho is spotty and incomplete. Trad i
tional stand manipulations must be eva luated economically. 

A number or counterintuitive result s were eviden t 
ill the gene ral application of the Idaho Forest Productivity 
Study Phase II model, where optimal management practice 
combinations were identified. Applica tions to specific 
stand conditions could be accomplished such that any 
se t of investmen ts could be evaluated without waiti ng a 
rotation ro r results, as is commonly done in post-mortem 
approaches. Continued use and modification o f the model 
should improve both its accuracy and its applicability. 
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GF = gra nd fir, AF = suba lpine fir, WL = western larch, ES = Engelmann spruce, LP = lodgepole pine, WP = western white pine, PP = ponderosa 
pine, DF = Douglas-fir, WC = western redcedar. WH = western hemlock, OTH = other species 

GF AF WL ES LP WP PP OF we WII OTH Total 

Case Study Stand o. I : orthern Idaho. 20 year o ld - 75% grand fir 

Basal Area 
(sq. ft./acre) 58.2 0.0 0.0 0.0 0.0 1.4 0.0 0.8 0.3 1.2 0.0 62.0 

Trees/Acre 150.9 2.3 0.0 0.0 0.0 0.7 0.0 7.3 2.7 4.8 0.0 168.7 
Average DBH 

(inches) 8.4 1.9 0.0 0.0 0.0 19 .3 0.0 4.5 4.7 6.7 0.0 8.2 

Case Study Stand No. 2: Northern Idaho , 20 year o ld - 75% lodgepo le pine 

Basa l Area/Acre 0.0 0.0 0.0 0.0 44.4 0.0 0.0 0.0 0.7 0.8 0.0 45.9 
Trees/ Acre 0.0 0.0 0.0 0.0 261.5 0.0 0.0 0.0 6.3 0.9 0.0 268.7 
Average DBH 0.0 0.0 0.0 0.0 5.6 0.0 0.0 0.0 4.4 13.0 0.0 5.6 

Case Study Stand No.3: Northern Idaho, 20 year old - 75% western white pine 

Basa l Area/Acre 5.5 0.0 0.0 0.0 0.0 74.4 0.0 2.5 1.0 2.5 0.0 85.9 
Trees/Acre 25.8 0.0 0.0 0.0 0.0 124.7 0.0 I.3 18.8 7.7 0.0 178.3 
Average DBH 6. 2 0.0 0.0 0.0 0.0 10.5 0.0 18.8 3.2 7.7 0.0 9.4 

Cast Study Stand No.4: o rthern Idaho. 20 year o ld - 75% Douglas-fir 

Basal Area/Acre 1.6 0.6 1.1 0. 1 0.0 0.5 0.6 81.4 0. 1 0.0 0.0 86.2 
Trees/Acre 16.7 4.4 1.0 4.0 0.0 0.3 0.2 140.0 4.0 0.0 0.0 170.6 
Average DBH 4.2 5.2 13.9 2.5 0.0 18.2 24.3 10.3 2.5 0.0 0.0 9.6 

Case Study Stand No.5: Northern Idaho, 40 year o ld - 75% grand fir 

Ba sal Area/Acre 69.4 0.2 0.4 0.3 0.0 0.2 0.0 3.0 1. 1 l.l 0. 1 75 .7 
Trees/Acre 247.0 1.4 0.5 1.8 0.0 0.2 0.0 11 .1 2. 1 4.2 1.5 269.8 
Average DB H 7. 2 5.1 12.3 5.5 0.0 13.0 0.0 7.1 9.7 6.8 3.3 7.2 

Case Study Stand No. 6: Northern Idaho, 40 year o ld - 75% suba lpine fir 

Basal Area/ Acre 0. 1 49.7 0.0 2.2 0.9 0.1 0.0 1.5 0.9 0.0 0. 1 55.5 
Trees/Acre 5.6 312.5 0.0 6.2 6. 1 5.6 0.0 5.9 0.3 0.0 5.6 347.8 
Average DBH 1.5 5.4 0.0 8.1 5.2 1.8 0.0 6.7 23.3 0.0 2. 1 5.4 

Case Stud y Stand No.7; Northern Idaho, 40 year o ld - 75% western larch 

Basa l Area/Acre 0. 1 0.2 59.3 0. 1 0.0 0.0 0.0 2.0 0.4 0.0 0.0 62.0 
Trees/ Acre 5.4 5.4 203.4 5.4 0.0 0.0 0.0 23.9 14 .3 0.0 0.0 257.8 
Average DBH 1.9 2.7 7.3 1.8 0.0 0.0 0.0 3.9 2.1 0.0 0.0 6.6 

Case Study Stand No.8: Northern Idaho, 40 year o ld - 75% lodgepole pine 

Basal Area/ Acre 0.5 0. 1 1.0 0.0 87.5 0.8 0.0 1. 1 0.0 0.6 0.1 9 1.8 
Trees/Acre 6.1 4.4 0.7 0.0 378.5 5.2 0.0 15.4 0.0 2.0 2.2 414.5 
Average DB H 4.1 2. 1 16 .6 0.0 6.5 5.4 0.0 3.6 0.0 7.3 2.1 6.4 

Case Stud y Stand No.9: Northern Idaho, 4 0 year old - 75% western white pine 

Basa l Area/Acre 0.7 0.0 0.0 0.0 0.0 50.0 0.0 1.8 0.4 0.0 0.0 52.9 
Trees/Acre 26.0 0.0 0.0 0.0 0.0 98.9 0.0 1.9 26. 1 0.0 0.0 152.9 
Average DOH 2.2 0.0 0.0 0.0 0.0 9.6 0.0 13.0 1.7 0.0 0.0 8.0 

Case Study Stand No. 10; Northern Idaho, 40 year o ld - 75% Douglas-fir 

Basal Area/Acre 2.6 0.7 0.3 0. 1 0.3 0.4 0.8 79.2 0.4 0.0 0.3 85. 1 
Trees/Acre 27.4 9.0 2.5 3.5 2.0 2.2 3. 1 316 .0 11 .9 0.0 0.3 377.9 
Average DBH 4.2 3.7 4.7 2.7 5.4 5.5 6.9 6.8 2.6 0.0 13.6 6.4 
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Casc Study Stand No. I J : Northern Idaho, 40 year o ld - 75% western hem lock 

Ba sa l Area/Acre 3.3 0.0 0.2 0.0 0.5 0.6 0.0 0.0 0.0 88.0 0.0 92.6 
Trees/ Acre 23.5 0.0 3.7 0.0 0.7 0.3 0.0 I 0.0 0.0 189. 1 0.0 2 17.3 
Average DBH 5.0 0.0 3.5 0.0 1 1.3 19 .0 0.0 0.0 0.0 9.2 0.0 8.8 

I 
Case Study Stand No. 12: Northern Id aho, 60 year o ld - 75% gra nd fir 

BasaJ Area/ Acre 93.2 1.5 1.2 1.3 0.4 0.0 0.0 5. 1 1.0 0.5 0.0 104.3 
Trees/Acre 267.3 5.3 0.6 2.2 0.4 0.0 0.0 15.9 11.3 0.7 0.0 303.7 
Average DBH 8.0 7.3 19.5 10.4 14 .0 0.0 0.0 7.7 4.1 11.1 0.0 7.9 

Case Study Stand No. 13, Northern Idaho, 60 year old - 75% subalpine fir 

Basal Areal Acre 0.0 103.4 0.0 3.8 1.9 1.0 0.0 0.0 0.0 0.0 2.9 11 3.0 
Trees/Acre 0.0 350.9 0.0 14.5 2.5 1.6 0.0 0.0 0.0 0.0 14.4 383.9 
Average DBB 0.0 7.3 0.0 6.9 11.9 10.5 0.0 0.0 0.0 0.0 6.1 7.3 

Case Study Stand No. 14: Northern Idaho, 60 year old - 75% western la rch 

Basa l Area/Acre 2.5 0.0 81.5 0.0 0.4 0.0 0.8 3.0 3. 1 0.4 0.0 91.6 
Trees/Acre 29.2 0.0 413 .5 0.0 4.3 0.0 4.8 34.9 58.7 19.6 0.0 565.0 
Average DBH 3.9 0.0 6.0 0.0 4.2 0.0 5.5 3.9 3. 1 1.9 0.0 5.5 

Case Study Stand No. IS: Northern Idaho, 60 year o ld - 75% lodgepo le pine 

Ba sal Areal Acre 0.4 0.3 0.3 0.3 100.7 0.1 0.2 1.0 0.1 0. 1 0.1 103.6 
Trees/Acre 8.5 8.7 3.3 8.6 488.1 2.9 1.2 12.0 2.0 2.0 4.8 542.1 
Average DBH 2.9 2.6 4.2 2.7 6. 1 3.0 5.2 3.9 2.9 2.6 2.0 5.9 

Case Stud y Sta nd No. 16 : Northern Idaho. 60 year old - 75% wester n wh ite pine 

Basal Areal Acre 1.3 0.0 2.8 1.1 3. 1 50.7 0.0 5.3 0.0 0.0 0.0 64.3 
Trees/Acre 15.6 0.0 10. 1 1.7 2.6 163.2 0.0 21.6 0.0 0.0 0.0 2 14.8 
Average DOH 3.9 0.0 7. 1 10.7 14 .8 7.6 0.0 6.7 0.0 0.0 0.0 7.4 

Casc Study Stand No. 17 : Northern Idaho, 60 year o ld - 75% ponderosa pine 

Basa l Area/Acre 0.0 0.0 0.0 0.0 1.8 0.0 )3.4 1.6 0.0 0.0 0.0 76 .7 
TreeS/Acre 0.0 0.0 0.0 0.0 5.5 0.0 177. 1 3.4 0.0 0.0 0.0 186.0 
Average DBH 0.0 0.0 0.0 0.0 7.7 0.0 8.7 9.3 0.0 0.0 0.0 8.7 

Case Study Stand No. 18: Northern Idaho, 60 year old - 75% Douglas-f ir 

Basal Area/Acre 2.6 0.5 0.4 0.1 0.4 0 .4 0.1 9 1.9 0.4 0.3 0.1 97.3 
Trees/Acre 40.2 2.2 2.2 2.4 0.9 4. 1 0. 1 29 1.9 9.8 5.8 1.2 360.8 
Average DBH 3.4 6.6 5.6 2.3 9.6 4 .5 15.0 7.6 2.8 2.9 4.6 7.0 

Case Study Stand No. 19 : Northern Idaho, 80 year old - 75% grand fir 

Basal Area/Acre 11 8.7 0.0 2.3 1.1 0 .5 0.6 0.2 4.2 1.7 0.4 0.0 129.7 
TreeS/Acre 269.4 0.0 3.2 0.8 1.1 0.3 0.1 4.8 6.5 3.4 0.0 289.6 
Average DBH 9.0 0.0 11.6 16.0 8.9 18.6 20.6 12.6 6.8 4.7 0.0 9. 1 

Case Study Stand No. 20 : Northern Idaho, 80 year old - 75% subalp ine fir 

Ba sa l Area/Acre 1.2 11 5.9 1.1 3.0 0.6 0.0 0.0 1.2 0.0 0.0 2.9 125.8 
Trees/Acre 2.7 345.0 0.4 6.7 0.4 0.0 0.0 2.9 0.0 0.0 29.3 387.4 
Average DBH 9.1 7.8 22. 3 9.0 16.4 0.0 0.0 8.6 0.0 0 .0 4.2 7.7 
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Case Study Stand No. 21: Northern Idaho, 80 year old - 75% lodgepole pine 

Ba sal Area/Acre 1.2 0.7 1.2 0.4 116.8 0.3 0 .0 1.3 0.2 0.0 0.6 122.7 
Trees/Acre 16.5 14.6 5.4 3.2 5 11.5 1.6 0.0 11 .3 4.4 2.2 2.4 573.1 
Average DBH 3.7 3.0 6.3 4.5 6.5 5.5 0.0 4.6 3. 1 2.0 7.0 6.3 

Case Study Stand No. 22: Northern Idaho. 80 year o ld - 75% western wh ite pine 

Basal Areal Acre 2. 1 1.5 0.0 1.0 0.0 79.3 0.0 1.3 0.0 0.0 0.5 85.8 
Trees/Acre 8.2 2.1 0.0 8.3 0.0 104.2 0.0 6.1 0.0 0.0 0.4 129.3 
Average DBH 6.9 11.6 0.0 4.6 0.0 11 .8 0.0 6.4 0.0 0.0 15.2 11.0 

Case Study Stand No. 23: Nort hern Idaho, 80 year old - 75% ponderosa pine 

Basal Areal Acre 0.0 0.0 0.6 0.0 0.0 0.0 83.8 6.2 0.0 0.0 0.0 90.7 
Trees/Acre 0.0 0.0 0.2 0.0 0.0 0.0 161.7 17.2 0.0 0.0 0.0 179.1 
Average DBH 0.0 0.0 23.0 0.0 0.0 0.0 9.8 8.2 0.0 0.0 0.0 9.6 

Case Stud y Stand No. 24: Northern Idaho, 80 year old - 75% DougJas-frr 

Ba sal AIeal Acre 3. 1 0.1 0.8 0.5 1.1 0.4 1.9 108.8 0.6 0.2 0.0 11 7.4 
Trees/Acre 24.7 0.2 4.8 2.3 2.0 1.8 2. 1 252.7 6.4 5.0 1.0 303.0 
Average DBH 4.8 10.9 5.5 6.1 10.0 6.2 12.8 8.9 4.1 2.4 2.7 8.4 

Case Study Stand No. 2S: Northern Idaho, 100 year old - 75% gra nd fir 

Basal Area/Acre 97.7 0.0 0.4 1.0 0.0 0.7 0.0 5.1 0.7 0.3 0.0 106.0 
Trees/Acre 231.2 0.0 0.4 0.9 0.0 1.2 0.0 4.7 2.9 0.5 0.0 241.8 
Average DBH 8.8 0.0 14 .3 14 .3 0.0 10.6 0.0 14.1 6.7 10.8 0.0 9.0 

Case Study Stand No. 26: Northern Idaho, 100 year old - 75% subalpine fir 

Basa l Area/Acre 0.0 135.9 0.0 6.0 0.0 0.7 0.0 1.6 0.2 3.3 3.3 151.0 
Trees/Acre 0.0 390.3 0.0 18.2 0.0 0.2 0.0 5.2 5.9 2.3 4.3 426.4 
Average DBH 0.0 8.0 0.0 7.8 0.0 25.6 0.0 7.5 2.4 16.2 11 .9 8. 1 

Case Study Stand No. 27: Northern Idaho, 100 year o ld - 75% lodgepole pine 

Basal Area/Acre 1.1 2.6 1.8 1.1 131.0 0.5 0.4 2.7 0.6 0.0 0.0 141.9 
Trees/Acre 6.2 21.0 3.5 1. 8 45 3.8 0.8 2.7 16.2 2.3 0.0 0 .0 508.3 
Average DBH 5.7 4.7 9.7 10.8 7.3 10.8 5.3 5.6 7.2 0.0 0.0 7.2 

Case Study Stand No. 28 : Northern Idaho, 100 year old - 75% ponderosa pin e 

Basal Area/Acre 0.0 0.0 0.0 0.0 0.4 0.0 115.1 5.2 0.0 0.0 0.0 120.7 
Trees/Acre 0.0 0.0 0.0 0.0 0.8 0.0 145.9 17.5 0.0 0.0 0.0 164.2 
Average DBH 0.0 0.0 0.0 0.0 9.4 0.0 12.0 7.4 0.0 0.0 0.0 11.6 

Case Study Stand No. 29: Nort hern Idaho, 100 year o ld - 75% Douglas-fir 

Basal Area/ Aere 2.0 0.3 1.3 0.0 0.2 0.4 1.1 110. 7 1.4 0.0 0.2 11 7.7 
Trees/Acre 12.2 2.2 2.8 0.0 1.6 1.1 0.3 213 .7 7.0 2.8 1.4 245. 1 
Average DBH 5.5 5.1 9.2 0.0 5.3 7.9 25.6 9.7 6.2 1.5 4.6 9.4 

Case Study Stand No. 30: Northern Idaho, 120 year old - 75% grand fir 

Basal Area/ Acre 108.9 0.0 1.1 0.2 0.4 2.3 0.0 6.8 1.9 0.3 0.0 121.8 
Trees/Acre 220.5 0.0 1. 8 0.2 0.3 4.7 0.0 9. 1 2.7 0.4 0.0 239.7 
Average DBH 9.5 0.0 10.8 14.1 15.8 9.4 0.0 11.7 11.3 11.0 0.0 9.7 
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Case Study Stand No. 3 1: Northern Idaho, 120 year old - 75% Douglas-fir 

Basal Areal Acre 3.8 0.0 I.! 0.0 0.4 0.2 3.0 106.2 0.6 0.0 0.0 115 .3 
Trees/ Acre 24.2 0.0 2.1 0.0 0.9 0.2 1.4 170.6 4.8 0.0 0.0 204.2 
Average DBl-! 5.3 0.0 9.7 0.0 9.3 12.0 19.9 10.7 4.8 0.0 0.0 10.2 

Case Study Stand No. 32: Northern Idaho, 120 year old - 75% western rcdccdar 

Basal Areal Acre 6.0 0.0 0.4 1.8 0.0 0.5 0.0 0.5 96.4 0.0 0.6 106. 1 
Trees/Acre 15.9 0.0 0.5 1.1 0.0 0.4 0.0 9.6 161.2 0.0 0.6 189.3 
Average DBH 8.3 0.0 12.7 17.2 0.0 14.4 0.0 3.0 10.5 0.0 13.4 10. 1 

Case Study Stand No. 33: Northern Idaho, 140 year old - 75%gra nd f ir 

Basal Areal Acre 112.5 0.0 1.2 0.2 0.2 2.8 0.0 4.3 1. 8 0.9 0.1 124.1 
Trees/Acre 148.6 0.0 0.7 0.2 1.4 2.6 0.0 5.7 2.7 1.1 2.4 165.4 
Average DBH 11.8 0.0 18.1 13.6 5. 1 14.0 0.0 1 1.8 11.1 12.4 2.0 11.7 

Case Study Stand No. 34 : Northern Idaho, 140 year old - 75% Douglas- fir 

Basal Area/ Acre 0.8 0.0 1.5 0.0 0.5 0.3 1.2 89.4 0.5 0.0 0.6 94.8 
Trees/Acre 7.1 0.0 5.7 0.0 0.9 1.0 4.4 128.0 1.4 0.0 6.3 154.8 
Average DBB 4.5 0.0 6.9 0.0 10.3 7.9 7.0 11.3 8.2 0.0 4.3 10.6 

Case Study Stand No. 35: Northern Idaho, 140 year o ld - 75% western rcdccdar 

Basal Areal Acre 8.7 0.6 1.2 1.4 1.0 0.3 0.0 2.5 148.9 0.0 0.0 164.5 
Trees/Acre 32.6 0.4 0.6 0.9 1.0 6.5 0.0 1.0 142.8 3.9 0.0 189.7 
Average DBH 7.0 15.9 18.9 17.0 13 .6 2.9 0.0 21.4 13.8 1.4 0.0 12.6 

Case Study Stand No. 36: Northern Idaho, 160 year o ld - 75% gra nd fir 

Basal A real Acre 11 3.8 0.3 1.2 0.8 0.3 2.2 0.0 4. 1 3.4 0.9 0.0 127.0 
Treesl Acre 215.2 1.9 1.2 1.1 0.7 2.0 0.0 6.6 10.2 3. 1 0.0 242. 1 
Average DBH 9.8 5.3 13.4 11.5 8.6 14.3 0.0 10.7 7.9 7.2 0.0 9.8 

Case Study Stand No. 37: Nort hern Idaho, 160 yea r o ld - 75% su balp ine fir 

Basal Area/ Acre 0.0 104.4 0.2 5.3 1.0 0.2 0.0 0.4 0.0 0.0 5.6 117.2 
Trees/ Acre 0.0 281.0 0.0 12.7 1.0 0.0 0.0 0.1 0.0 0.0 8.9 303.8 
Ave rage DBH 0.0 8.3 37.0 8.8 13.2 33.6 0.0 27.0 0.0 0.0 10.7 8.4 

Case Study Stand No. 38: Northern Idaho, 160 year o ld - 75% Douglas-fir 

Basal Area/ Acre 3.2 0.5 0.7 0.1 0. 1 0.6 1.6 107.3 0.5 0.3 0.1 114.9 
Trees/Acre 17.9 0.7 0.7 2.0 0.3 0.6 0.4 197 .7 3. 1 1.4 0.1 225.0 
Average DB H 5.7 10.6 13.8 3.4 6.8 12.9 27.0 10.0 5.5 6.3 9.8 9.7 

Case Study Stand No. 39: Northern Idah o, 160 year old - 75% western rcdcedar 

Basal Area/ Acre 1 I. 7 0. 1 1.8 1.4 0. 1 2.7 0.0 1.8 141.0 0.4 0.2 16 1.0 
Trees/Acre 30.4 0.5 0.7 1. 1 0. 1 0.8 0.0 2.7 120.9 0.4 0.1 157.6 
Average DB H 8.4 6.8 22.0 15.4 10.3 24.7 0.0 10.9 14.6 14.2 24 .5 13.7 

Case Study Stand No. 40 : Northe rn Idaho, 160 year o ld - 75% western he mlock 

Basa l Area/ Acre 3.4 0.9 1.3 2.5 0.0 2.2 0.0 0.0 3.1 136.6 0.0 150.0 
Trees/Acre 12.3 0.4 5.9 1.6 0.0 3.0 0.0 0.0 2.2 236.5 0.9 262.8 
Average DBH 7. 1 20.0 6.5 17 .2 0.0 11.6 0.0 0.0 15 .9 10.3 1.6 10.2 
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Case Study Stand No. 41 : Northern Ida ho , 20 yea r o ld - 50% western wh ite pine 

Ba sal Area/Acre 15.5 0.0 8.1 0.0 2.6 85.9 I.3 17.5 3.9 11 .9 0.0 146.6 
Trees/Acre 15. 1 0 .0 3.9 0.0 6.7 86.9 0.6 45.5 27.2 12. 1 0.0 198.0 
Average DBH 13.7 0.0 19.5 0.0 8.5 13.5 19.6 8.4 5. 1 13.4 0.0 11.7 

Case Stud y Stand No. 42: Northern Idaho, 40 year old - 50% grand fir 

Basa l Area/Acre 77. 1 2.7 3.6 0.4 4 .8 2.5 0.9 16 .1 10.1 13.4 0.0 131.6 
Trees/Acre 215.9 7.6 4.3 0.5 10.2 8.2 1.0 47.6 24.3 41.9 0.0 361.5 
Average D OH 8. 1 8.1 12.4 12.4 9. 3 7.5 12.7 7.9 8.7 7.6 0.0 8.2 

Case Study Stand No. 43: Northern Idaho, 40 year old - 50% western larch 

Basal Area/Acre 10.2 2.6 69. 1 3.3 4 .6 2.4 0.1 24 .1 2.6 1.4 0.6 121.0 
Trees/ Acre 45.7 5.0 199.5 23.4 11.8 7.2 4 .9 79 .9 42.9 26.6 2.1 449.0 
A verage DBH 6.4 9.8 8.0 5. 1 8.4 7.9 1.4 7.4 3.3 3. 1 7.5 7.0 

Case Stud y Stand No. 44 : Northern Idaho, 40 year o ld - 50% western white pine 

Basal Areal Acre 17.4 2.6 5.0 0.0 1.3 59. 1 0.0 13.3 5.3 6.8 0.2 111.1 
Trees/Acre 108.0 4 .1 4.2 0.0 1.9 120.9 0.0 28.2 15.4 28.1 19.4 330.2 
Average DOH 5.4 10.7 14 .8 0.0 11.1 9.5 0.0 9.3 8.0 6.6 1.5 7.9 

Case Stud y Stand No. 4S : Northern Idaho. 40 year o ld - 50% Dougla s-fu 

Basa l AIeal Acre 23.9 I.3 7.7 1.7 2.7 2.9 7.3 72.0 3.8 1.2 0.6 125.2 
Trees/Acre 116. 1 3.8 23.9 3.8 10.6 9.9 7.5 216 .1 47.7 8. 1 3.9 45 1.4 
Average DOH 6. 1 8.0 7.7 8.9 6 .8 7.4 13.3 7.8 3.8 5.3 5.5 7. 1 

Case Study Stand No. 46: Northern Idaho, 60 year o ld - 50% grand fir 

Ba sal Area/Acre 94.3 2.3 4. 1 9 .3 5.8 2.7 0.0 27.2 10.0 0.6 0.0 156.4 
Trees/Acre 429.0 3.4 5.8 11 .0 8.9 5.3 0.0 84.5 24.4 8.3 0.0 580.6 
Average DBH 6.3 Il.l 11.4 12.4 10.9 9.7 0.0 7.7 8.7 3.6 0.0 7.0 

Case Study Stand No. 47: Northern Idaho, 60 year old - 50% western larch 

Basal Area/Acre 10.3 1.6 75.2 6.3 6.6 3.6 0.5 16 .2 2.8 1.3 1.3 125.6 
Trees/Acre 110.0 6.5 18 1.3 44.5 38.8 21.1 1.9 89.1 24.4 35.3 10.5 563.4 
Average DBH 4.2 6.6 8.7 5. 1 5.6 5.6 6.8 5 .8 4 .6 2.6 4.8 6.4 

Case Study Stand No. 48 : Northern Idaho, 60 year o ld - 50% lodgepole pine 

Basal Area/Acre 6.6 11 .7 4. 1 6.0 9 1.5 3.4 0.7 14 .5 1.4 0.0 2.9 147.9 
Trees/Acre 38.3 39.6 24 .5 37.9 271.0 22.2 1. 1 65 .5 43.7 0 .0 19.8 563.6 
Average DBB 5.6 7.4 5.6 5.4 7.9 8.3 11 .0 6.4 2.4 0.0 5.2 6.9 

Case Study Stand No. 49 : Northern Idaho, 60 year o ld - 50% western white pine 

Basal Area/ Acre 4.1 0.0 12.5 1.5 11.4 52.3 1.3 10.4 4. 1 2.5 0.0 100.0 
Trees/Acre 7.3 0.0 32.0 10.2 25.6 116.7 1.6 10.8 6.9 9.9 0.0 221.0 
Average DBH 10.2 0.0 8.5 5.2 9.0 9. 1 12.0 13.3 10.4 6.8 0.0 9. 1 

Case Study Stand No. 50: Northern Idaho, 60 yea r old - 50% Dougla s-fir 

Ba sa l Area/ Acre 17.9 1.5 6.4 2.6 6.5 0.7 9.3 73.7 3.5 0.8 1.9 124.1 
Trees/Acre 121.5 6 .7 21.5 20.9 13.7 1.0 9.3 225 . 1 30.0 5. 1 7.4 462. 2 
Average DBH 5.2 6.3 7. 4 4 .8 9.3 11 .3 13.5 7.7 4.6 5.3 6.9 7.( 
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Case Study Stand No . 5L Northern Idaho, 80 year old - 50% grand fir 

Basal Areal Acre 11 1.2 2. 1 10.2 7.3 5.6 7.3 1.8 2 1.9 13.4 1.6 0.0 182.3 
Trees! Acre 305.9 6.6 17.8 15.8 12.5 8.7 0.5 4 1. 1 42.5 5.6 0.0 457. 1 
Average DBH 8.2 7.7 10.3 9.2 9.0 12.4 25.4 9.9 7.6 7.2 0.0 8.6 

Case Study Stand No. 52: Northern Idaho. 80 year o ld - 50% western larch 

Basal Areal Acre 16.0 2.0 77. 1 1.9 10.3 1.5 0.7 14 .7 4. 3 2.7 0.0 131.1 
Trees/ Acre 11 5.1 7.4 212.0 9.6 19.0 6.4 1.3 40.6 48.3 32.5 0.0 492.2 
Average DBH 5.0 7.0 8.2 6.0 10.0 6.6 9.8 8.2 4.0 3.9 0.0 7.0 

I Case Study Stand No. 53: Northern Idaho, 80 year o ld - 50% lodgepole pine 

Basal Areal Acre 15. 1 10.7 8.7 5.6 104.8 3.5 2.6 18.3 0.9 0.2 1.0 171.7 
Trees/ Acre 105.2 72.3 19.6 26.3 313.5 10.5 3.5 76. 1 17.6 4.0 2.0 650.6 
Average D BH 5.1 5.2 9.0 6.3 7.8 7.9 11.8 6.6 3.1 2.8 9.6 7.0 

Case Study Stand No . 54: Nort hern Idaho , 80 year old - 50% western white pine 

Basal Areal Acre 19.3 1.5 3.3 4.5 1.5 76.5 0.0 12.5 3.6 1.1 0.0 123.7 
Trees/Acre 35.4 1.6 4.9 17.7 1.1 86.9 0.0 25.6 2.0 12.9 0.0 188. 1 
Average DB H 10.0 13.3 11.0 6.8 15.6 12.7 0.0 9.5 18.0 4.0 0.0 11.0 

Case Stud y Stand No. 55: Northern Idaho, 80 year old - 50% Douglas·fir 

Basa l Areal Acre 20.7 1.5 5.7 0.9 14.4 2.0 11.1 88.8 5.3 0.7 0.4 151.4 
Trees/Acre 84.3 3.3 11.7 1.1 37.9 5.0 8.9 191.6 31.0 11.6 1.3 387.7 
Average DBH 6.7 9. 1 9.4 12.2 8.4 8.5 15. 1 9.2 5.6 3.4 7.1 8.5 

Case Study Stand No. 56 : Northern Idaho, 100 year old - 50% grand fir 

Basa l Area/ Acre 101.6 1.6 9.8 5.5 7.2 6.0 1.4 14.1 23.8 4.3 0.0 175.3 
Trees/ Acre 264.0 5. 1 14.3 9.9 15.4 9.3 0.8 2 1. 3 70.0 18.2 0.0 428.3 
Average DBH 8.4 7.6 11.2 10.1 9.2 10.8 18.0 I 1.0 7.9 6.6 0.0 8.7 

Case Study Stand No. 57: Northern Idaho, 100 year o ld - 50% western larch 

Basa l Areal Acre 17.1 2. 1 86.2 2.2 6.6 3.5 1.6 23.0 7.2 2.4 0.0 15 1.9 
Trees/ Acre 112.5 8.7 164.8 3.8 14.9 5.7 0.8 86.7 5 1.7 43. 1 0.0 492.7 
Average DBH 5.3 6.6 9.8 10.4 9.0 10.7 19. 1 7.0 5. 1 3.2 0.0 7.5 

Case Study Stand No. 58: Northern Idaho, 100 year old - 50% western white pine 

Basal Areal Acre I 1.5 1.8 10.3 11.8 2.9 73. 1 0.0 9.6 4.7 3.5 2. 1 13 1. 2 
TreeslAcre 50.3 14.9 15. 1 43.3 4.8 107.8 0.0 26.4 29. 1 29.6 2. 5 323.8 
Average DBH 6.5 4.7 11.2 7.1 10.5 11.1 0.0 8.2 5.4 4.7 12.3 8.6 

Case Study Stand No. 59: Northern Idaho, 100 year old - 50% Douglas-fir 

Basal Areal Acre 26.7 3.1 9.8 3.8 4.9 4.9 10.5 99.0 7.8 0.2 0.0 170.8 
Treesl Acre 70.5 8. 1 20.1 8.7 12.6 8.5 7.5 173.4 32.0 0.6 0.0 342.0 
Average DRH 8.3 8.3 9.5 9.0 8.4 10.3 16.0 10.2 6.7 8.6 0.0 9.6 

Case Study Stand No. 60: Northern Idaho, 120 year old - 50% gra nd fir 

Basal Areal Acre 97.3 2.0 3.8 1.4 2.5 7.4 1. 1 22.5 19.4 0.6 0.0 158. 1 
Trees! Acre 195.5 1.6 2.5 0.7 3.9 9.3 0.7 24.7 29.2 1.0 0.0 269. 1 
Average DBH 9.6 15.3 16.7 19.1 10.9 12.1 16.8 12.9 11.1 10.7 0.0 10.4 
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Case Study Stand No. 61: Northern Idaho, 120 year old - 50% Douglas-fir 

Basal Area/Acre 26.7 1.0 5.2 1.3 1.4 4.1 20.4 90.9 3.3 0.5 0.0 154. ~ 

Trees/Acre 62.3 6.9 7.8 0.3 2.7 5.3 17.8 123.6 18.4 6.6 0.0 251.~ 

Average DOH 8.9 5.1 11.1 28.3 9.6 11 .9 14.5 11.6 5.8 3.6 0.0 10./ 

Case Study Stand No. 62: Northern Idaho, 120 year o ld - 50% western redcedar 

Ba sal Areal Acre 24.3 0.0 12.6 2.7 0.7 7.7 0.0 12.8 91.0 4.0 1.0 156 .~ 

Trees/Acre 45.8 0.0 11 .3 4.2 0.6 6.5 0.0 31.2 213.2 21. 7 0.2 334 .~ 

Average DBH 9.9 0.0 14.3 10.8 14. 1 14.7 0.0 8.7 8.8 5.8 30.3 9.' 

Case Study Stand No. 63: Northern Id aho, 140 year o ld - 50% gra nd fir 

Basal Areal Acre 100.6 1.4 7.7 4.1 1.4 9.9 2.5 16 .7 23. 1 1.1 0.4 169. 1 
Trees/Acre 178.9 1.\ 4.3 4.8 2.5 7.0 0.8 17.3 24. 1 1.6 0.3 242.~ 

Average DBH 10.2 15.4 18.2 12.6 10.0 16.1 24.0 13.3 13.3 11.3 15.9 II., 

Case Study Stand No. 64: Northern Idaho, 140 year old - 50% Douglas-fir 

Basal Areal Acre 27.3 4.6 6.1 3.6 0.0 6.5 6.9 92.7 8.4 0.0 2.8 158 .~ 

Trees/Acre 107.7 17.1 5.5 3.4 0.0 2.9 8.7 13\.2 29.6 0.0 4.6 31O.~ 

Average DBH 6.8 7.0 14.3 13.9 0.0 20.2 12.1 11 .4 7.2 0.0 10.5 9.~ 

Case Study Stand No. 65: Northern Idaho. 140 year old - 50% western redcedar 

Basal Areal Acre 41.0 0.9 4.5 2.6 0.9 5.7 0.0 10.9 117.0 4.6 1.3 189.! 
Trees/ Acre 10\.7 1.0 5.7 11 . 1 0.5 2.4 0.0 25.5 149.4 18.6 0.4 316.: 
Average DBH 8.6 13.1 12.0 6.6 17.7 20.9 0.0 8.9 12.0 6.8 24.4 1O.~ 

Case Study Stand No. 66: Northern Idaho, 160 year o ld - 50% grand fir 

Basal Areal Acre 105.6 1. 8 6.0 4.4 1.3 11 .2 0.7 18.3 19.4 7.0 0.3 176.1 
Trees/Acre 210.5 4.8 7.0 4.0 1.4 6.2 0.2 26.3 27. 1 17.6 3.1 308. : 
Average DBH 9.6 8.2 12.6 14.2 13.3 18.2 25.3 11 .3 11 .5 8.6 4.5 10.: 

Case Study Stand No. 67: Northern Idaho, 160 year old - 50% western white pine 

Basal Area/Acre 27.5 3.6 7.0 0.9 1.8 103.2 0.0 13.1 7.6 16.4 1.6 182.". 
Trees/Acre 55.9 7.0 5.0 1.0 2.4 65.5 0.0 15.4 10.5 27.0 0.7 190.i 

Average DBH 9.5 9.7 16 .0 12.8 11.8 17.0 0.0 12.5 11 .5 10.6 20.5 13.: 

Case Study Stand No. 68: Northern Idaho, 160 year old - 50% Douglas-fir 

Basal Area/ Acre 26.4 2.9 6.0 2.2 1.8 6.8 10.0 96.2 8.5 0.5 1.0 162.: 
Trees/Acre 78.4 3.7 7.3 3.4 3.4 6.1 5.2 132.6 20.3 2.4 3.8 266.1 
Average DBH 7.9 12.0 12.3 11 .0 9.9 14 .3 18.7 11 .5 8.7 6.0 7.0 10 .• 

Case Study Stand No. 69: Northern Idaho, 160 year o ld - 50% western rcdcedar 

Basal Area/Acre 39.2 0 .3 9.4 5.7 1.2 16.7 0.7 15.6 145.8 6.3 0.6 24 I.: 
Trees/Acre 59.1 0.2 6.0 4.2 \.2 6.9 0. 1 22.4 181.1 5.4 0.3 287.' 
Average DBH 11.0 16.0 16.9 15 .7 \3.2 21.1 35.3 11.3 12.2 14.5 19.0 12.' 

Case Study Stand No. 70: Northern Idaho , 160 year o ld - 50% western hemlock 

Basal Area/ Acre 18.2 1.4 13.5 0.9 0.6 20. 1 0.6 4.4 15 .3 11 5.4 2.2 192.. 
Trees/ Acre 23.6 2.6 9.1 0.3 \.0 12.2 0.6 2.6 25.1 232.2 0.6 309.~ 

Average DBH 11 .9 10. 1 16 .5 23.2 10.4 17.4 14.0 17.8 10.6 9.5 25.0 10: 
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Case Study Stand No. 7 1: Southern Idaho , 60 year o ld - 75% lodgepo le pine 

Basal Area/Acre 0.0 0.2 0.0 0. 1 64.1 0.0 0.0 0. 1 0.0 0.0 0.3 64.7 
Trees/ Acre 0.0 9.5 0.0 2.4 805.8 0.0 0.0 7. 1 0.0 0.0 4.8 829.6 
Average DB H 0.0 1.8 0.0 2.0 3.8 0.0 0.0 1.9 0.0 0.0 3.2 3.8 

I Case Study Stand No. 72: Southern Idaho, 60 year old - 75% Douglas-fir 

Basal Area/Acre 1.0 0.0 0.5 0.0 0.0 0.0 1.4 67.7 0.0 0.0 0. 1 70.8 
Trees/Acre 19.5 0.0 6 .5 0.0 0.0 0.0 7.7 438. 1 0.0 0.0 6.5 478.3 
Average DBH 3.1 0.0 3.8 0.0 0.0 0.0 5.8 5.3 0.0 0.0 2.0 5.2 

Case Study Stand No. 73: Southern Idaho. 80 year old - 75% subalpine fir 

Basal Area/Acre 0.0 105.9 0.0 2.4 0.9 0.0 0.0 1.7 0.0 0.0 1.3 11 2. 1 
Trees/Acre 0.0 450.5 0.0 4. 1 10.8 0.0 0.0 5.9 0.0 0.0 21.7 493.0 
Average DBH 0.0 6.6 0.0 10.3 3.9 0.0 0.0 7.2 0.0 0.0 3.3 6.5 

Case Study Stand No. 74: Southern Idaho. 80 year o ld - 75% lodgepo le pine 

Basal Area/Acre 0.0 I.S 0.0 0.4 104.3 0.0 0.0 0.7 0.0 0.0 0.3 107.3 
Trees/ Acre 0.0 36.4 0.0 6.4 754.7 0.0 0.0 9.8 0.0 0.0 7.0 814.3 
Average DBH 0.0 2.8 0.0 3.6 5.0 0.0 0.0 3.6 0.0 0.0 2.9 4.9 

Case Study Stand No. 75: Southern Idaho, 80 yea r old - 75% ponderosa pine 

Basal Areal Acre 0.2 0.0 0.0 0.0 0.0 0.0 92.5 1.6 0.0 0.0 0.3 94.7 
Trees/Acre 1.9 1.4 0.0 0.0 1.4 0.0 212.6 12. 1 0.0 0.0 0. 1 229.5 
Average DBH 4.6 2.0 0.0 0.0 l.l 0.0 8.9 5.0 0.0 0.0 21.6 8.7 

Case Stud y Stand No. 76: Southern Idaho, 80 year o ld - 75% Douglas-fir 

Basal Areal Acre 0.4 0.3 0.0 0. 1 0.2 0.0 1.7 96 .4 0.0 0.0 0.2 99.3 
Trees/Acre 10.5 4.1 0.0 0.7 1.2 0.0 IO .5 321.3 0.0 0.0 4.0 352.3 
Average DBH 2.6 3.4 0 .0 4.7 5.8 0.0 5.4 7.4 0.0 0.0 3.2 7.2 

Case Study Stand No. 77: Southern Idaho, 100 year o ld - 75% subalpine rir 

Basal Area/Acre 0.0 14 8.7 0.9 6.4 5.7 0.0 0.0 1.6 0.0 0.0 1.4 164.7 
Trees/ Acre 0.0 538.6 2.3 21.0 47.4 0.0 0.0 0.5 0.0 0.0 15.5 625.3 
Average DBH 0.0 7. 1 8.4 7.5 4.7 0.0 0.0 23.9 0.0 0.0 4. 1 6.9 

Case Study Stand No. 78: Southern Idaho, 100 year o ld ~ 75% lodgepole pine 

Basa l Area/ Acre 0. 1 1.0 0.0 0.6 11 8.3 0.0 0.0 1.4 0.0 0.0 0.5 121.9 
Trees/Acre 1.9 7.7 0.0 4.7 580.0 0.0 0.0 16.3 0.0 0.0 7.3 617.9 
Average DBH 3.8 4.8 0.0 4.8 6. 1 0.0 0.0 4.0 0.0 0.0 3.6 6.0 

Case Study Stand No. 79: Southern Ida ho, 100 year o ld ~ 75% ponderosa pine 

Basal Area/Acre 0. 1 0.0 0.0 0.0 0. 1 0.0 105.0 2.6 0.0 0.0 0. 1 107.9 
Trees/Acre 1.5 0.0 0.0 0.0 0.6 0.0 226.7 20.2 0.0 0.0 3.0 252.0 
Average DBH 3.9 0.0 0.0 0.0 5.3 0.0 9.2 4.8 0.0 0.0 3.0 8.9 

Case Study Stand No. 80: Southern Idaho, 100 year o ld - 75% Douglas-hr 

Basal Area/Acre 0.0 0.2 0.0 0.0 0.5 0.0 1.4 11 7.9 0.0 0.0 0.2 120.3 
Trees/ Acre 0.8 1.6 0.0 0.0 3.7 0.0 3.8 269. 1 0.0 0.0 2.5 281.5 
Average DBH 3. 1 4.9 0.0 0.0 5.2 0.0 8.2 9.0 0.0 0.0 3.6 8.9 
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Case Stud y Stand No. 8 1: Southern Idaho. 120 year old - 75% grand fir 

Basal Areal Acre 106 .6 0.3 0.8 1.2 0.4 0.0 1.0 4.7 0.0 0.0 0.0 114.9 
Trees/Acre 188.6 4.1 0.5 0.8 6.6 0.0 0.4 3.5 0.0 0.0 0.0 204.5 
Average DBH 10.2 3.4 16.8 16.8 3.2 0.0 20.9 15.7 0.0 0.0 0.0 lO.1 

Case Study Stand No. 82: Southern Idaho, 120 year old - 75% suba lpine fir 

Basal Area/Acre 0.7 108.7 0.0 1.8 3.0 0.0 0.0 2.4 0.0 0.0 1.6 118.3 
Trees/Acre 1.0 407.7 0.0 5.9 24.0 0.0 0.0 6.6 0.0 0.0 19.4 464.6 
Average OBH 11.7 7.0 0.0 7.4 4.8 0.0 0.0 8.2 0.0 0.0 3.9 6.8 

Case Study Stand No. 83: Southern Idaho, 120 year o ld - 75% lodgepole pine 

Basal Areal Acre 0.1 1.6 0.0 0.5 118.7 0.0 0.0 1.2 0.0 0.0 0.2 122.3 
Trees/Acre 1.1 33.6 0.0 5.2 696.4 0.0 0.0 13.4 0.0 0.0 4.5 754.2 
Average DOH 4.3 2.9 0.0 4. 1 5.6 0.0 0.0 4.0 0.0 0.0 3.0 5.5 

Case Study Stand No. 84: Southern Idaho, 120 year o ld - 75% ponderosa pine 

Basa l M ea/Acre 0.5 0.0 0.0 0.0 0.4 0.0 11 1.5 4.7 0.0 0.0 0.1 11 7.2 
Trees/Acre 2.9 0.0 0.0 0.0 3.2 0.0 262.5 19.3 0.0 0.0 0.5 288.4 
Average DOH 5.5 0.0 0.0 0.0 4.8 0.0 8.8 6.7 0.0 0.0 6.2 8.6 

Case Study Sta nd No. 85: Southern Idaho, 120 year o ld - 75% Douglas-fir 

Basal Area/Acre 0.5 0.3 0.0 0. 1 0.8 0.0 0.4 123.0 0.0 0.0 0.3 125.4 
Trees/Acre 0.6 1.0 0.0 0.5 5.5 0.0 0.3 257.2 0.0 0.0 2.3 267.4 
Average DBH 11.8 7.6 0.0 5.7 5.3 0.0 16.0 9.4 0.0 0.0 4.7 9.3 

Case Study Stand No. 86 : Southern Idaho, 140 year old - 75% grand fir 

Basal Area/Acre 128.8 1.2 0.0 1.9 0.3 0.0 0.5 5.1 0.0 0.0 0.0 137.8 
Trees/ Acre 256. 1 7.0 0.0 14 .\ 0.5 0.0 0.\ \0.4 0.0 0.0 0.0 288.2 
Average DB H 9.6 5.6 0.0 5.0 11.\ 0.0 30.5 9.4 0.0 0.0 0.0 9.4 

Case Study Stand No. 87: Southern Idaho, 140 year old - 75% subalpine fir 

Basa l AIea/Acre 0.0 120.0 0.3 3.6 3.7 0.0 0.0 1.9 0.0 0.0 0.9 130.3 
Trees/Acre 0.0 424.1 0.8 12 .8 21.1 0.0 0.0 I 1.2 0.0 0.0 16.0 486.0 
Average DB H 0.0 7.2 7.8 7. 1 5.6 0.0 0.0 5.6 0.0 0.0 3.2 7.0 

Case Study Stand No. 88: Southern Idaho, 140 year old - 75% Engelmann spruce 

Basal Area/ Acre 1. 8 10.0 1.6 150.8 3.4 0.0 0.0 2.6 0.0 0.0 0.0 170.3 
Trees/ Acre 8. \ 39.2 0. 2 21 1.5 21.7 0.0 0.0 2.\ 0.0 0.0 0.0 282.8 
Average DBH 6.4 6.8 38.7 I 1.4 5.4 0.0 0.0 15. \ 0.0 0.0 0.0 10.= 

Case Stud y Stand No. 89: Southern Idaho, 140 year old - 75% lodgepole pine 

Basal Area/ Acre 0.0 1.7 0.0 0.5 133.0 0.0 0.0 1. 8 0.0 0.0 0.1 137. ' 
Trees/Acre 0.8 \ 9. 1 0.0 3.9 637 .9 0.0 0.0 18.8 0.0 0.0 3.9 684. ' 
Average DBH 1.3 4. \ 0.0 5.0 6.2 0.0 0.0 4.2 0.0 0.0 2.4 6.1 

Case Study Stand No. 90: Sout hern Idaho, 140 year old - 75% ponderosa pine 

Basal AIea/Acre 0.0 0.0 0.0 0.0 0.0 0.0 92.0 5.8 0.0 0.0 0.0 97 . ~ 

Trees/ Acre 0.0 0.0 0.0 0.0 0.0 0.0 II 1.8 13.8 0.0 0.0 0.0 125.( 
Average DBH 0.0 0.0 0.0 0.0 0.0 0.0 12.3 8.8 0.0 0.0 0.0 ll.~ 
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Case Study Stand No. 91 : Southern Idaho, 140 year old - 75% Douglas-fir 

Basal Area/Acre 
Trees/Acre 
Average DB H 

0.8 
6.5 
4.7 

0.5 
3.0 
5.4 

0. 1 
0. 1 

14.4 

0.1 
1.1 
3.0 

l.l 
5.2 
6.2 

ase Study Stand No. 92: Southern Idaho, 160 year o ld - 75% grand fir 

Basal Arcal Acre 
Trees/Acre 
Average DBH 

98.5 
235 .1 

8.8 

0.2 
0.2 

13.4 

0.7 
1.7 
8.4 

0.9 
7.6 
4.7 

0.6 
l.l 

10.2 

ase Study Stand No. 93: Southern Ida ho , 160 year old - 75% subalp ine fir 

Ba sal Areal A erc 
Trees/ Acre 
Average DBH 

0.0 
0.4 
I.3 

108. 1 
466.7 

6.5 

0.0 
0.0 
0.0 

2. 1 
8.8 
6.7 

2.3 
13.2 
5.6 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

Case Study Stand No. 94: Southern Idaho, 160 year old - 75% Engelmann spruce 

I 
Basa l Area/Acre 
Trees/Acre 
Average DBH 

0.9 
2. 1 
8.8 

8.8 
49 .6 

5.7 

0.5 
0.3 

17 .3 

137.8 
152.1 

12.9 

1.6 
3.7 
8.9 

0.0 
0.0 
0.0 

~rase Study Stand No. 95: Sout hern Idaho, 160 year o ld - 75% lodgepo le pine 

Basal Area/Acre 0. 1 I. 7 0.0 0.5 100.6 0.0 
Trees/Acre 0.6 33 .4 0.0 5.6 527.0 0.0 
Average DBH 4.2 3. 1 15 .3 4.0 5.9 0.0 

r
~ase Study Stand No. 96: Southern Ida ho, 160 year o ld - 75% ponderosa pine 

Basa l Area/Acre 0.4 0.0 0.0 0.0 0.0 0.0 
Trees/Acre 3.0 0.4 0.0 0.0 0.0 0.0 
Average DBH 4.7 4.9 0.0 0.0 0.0 0.0 

base Study Stand No. 97: Southern Ida ho. 160 year o ld - 75% Douglas-fir 

Ba sal Area/Acre 
Trees/Acre 
Average DBH 

0. 1 
2.2 
3.4 

0.7 
6.8 
4.4 

0.0 
0.0 
9.8 

0.1 
1.0 
4.8 

0.8 
6.9 
4.6 

0.0 
0.0 
0.0 

Basa l Area/Acre 0.0 96.6 2.4 23.5 22.5 0.0 

r

ase Study Stand 0.98: Southern Idaho. 80 year old - 50% subalpine fir 

Trees/ Acre 0.0 65 1.6 2.8 95.4 II 0.6 0.0 
Average DBH 0.0 5.2 12.7 6.7 6. 1 0.0 

:ase Study Stand No. 99: Southern Idaho, 80 year old - 50% lodgepole pine 

Basa l Area/Acre 1.0 
Trees/Acre 18.4 
Average DB H 3.2 

23.7 
206.8 

4.6 

0.2 
7. 5 
2.3 

3.4 
39.2 
4.0 

75.8 
385.3 

6.0 

:asc Study Stand No. 100: Southern Idaho, 80 year old - 50% Douglas-fir 

Basal Area/Acre 7.3 
Trees/ Acre 3 1.6 
Average DBH 6.5 

6.2 
35.7 

5.6 

0.5 
I.3 
8.5 

0.0 
0.0 
0.0 

5.8 
32.6 
5.7 
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0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

PP 

l.l 
1.4 

11 .9 

1.9 
0.7 

21.7 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

12.6 

96.9 
11 3.6 

12.5 

0.8 
1. 2 

11 .0 

0.0 
0.0 
0.0 

1.8 
1.4 

15.5 

26 .7 
68.0 

8.5 

DF 

124.1 
261.2 

9.3 

4.1 
10.9 

8.3 

2.6 
6.3 
8.7 

1. 1 
2.5 
9.0 

1.8 
11 .6 
5.4 

4. 1 
21.9 
5.9 

120.4 
205.8 

10.4 

4.4 
11. 7 
8.3 

10.7 
87.3 

4.7 

79.0 
206.8 

8.4 

we 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

WH 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

OTH 

0.1 
0.9 
5.4 

0.0 
1.4 
2.4 

1.7 
4.8 
8.0 

0. 3 
3.8 
3.7 

0.5 
7.0 
3.5 

0. 1 
2.2 
2.2 

0.3 
2.2 
5.1 

9.3 
212.3 

2.8 

5.5 
65.8 

3.9 

8.5 
59.7 

5.1 

Total 

127.9 
279.4 

9.2 

106.9 
25 8.8 

8.7 

116.8 
500.2 

6.5 

150.9 
214.1 

11 .4 

105.2 
585.2 

5.7 

101.5 
141.0 

11 .5 

123.3 
226. 1 

10.0 

158.7 
1084.4 

5.2 

122. 1 
811.7 

5.3 

134.0 
435 .7 

7.5 
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Case Study Stand No. 101: Southern Idaho , 100 year o ld - 50% subalpine flJ 

Basal Area/Acre 0.0 14 !.3 10.6 38.3 14.9 0.0 0.0 15.4 0.0 0.0 7.6 228.: 
Trees/Acre 0.0 583.8 11 .0 100.6 70.4 0.0 0.0 33.6 0.0 0.0 17.0 816.-
Average DBH 0.0 6.7 13.3 8.4 6.2 0.0 0.0 9.2 0.0 0.0 9.1 7.: 

Case Study Stand No. 102 : Southern Idaho. 100 year o ld - 50% lodgepole pine 

Basal Ana/ Acre 0.0 17.0 0.0 3.8 88.3 0.0 0.6 27.5 0.0 0.0 8.4 145 .1 
Trees/Acre 0.0 11 3.1 0.0 25.0 378.7 0.0 0.4 11 8. 1 0.0 0.0 48.5 683.: 
Average DBH 0.0 5.3 0.0 5.3 6.5 0.0 16.2 6.5 0.0 0.0 5.6 6.: 

Case Stud y Stand No. 103: Southern Idaho. 100 year old - 50% ponderosa pine 

Basa l Area/Acre 1.8 0.0 0.0 0.0 0.4 0.0 96.8 49.6 0.0 0.0 6.6 155.: 
Trees/Acre 3.2 0.0 0.0 0.0 0.8 0.0 140.2 130.0 0.0 0.0 41.5 315: 
Average DBH 10.1 0.0 0.0 0.0 9.9 0.0 11.3 8.4 0.0 0.0 5.4 9.: 

Case Study Stand No.1 04: Southern Idaho, 100 year old - 50% Douglas-fir 

Basal Area/Acre 4.9 7.4 1.4 1.4 11 .7 0.0 24.4 83.0 0.0 0.0 6. 1 140.-
Trees/Acre 17.0 23.8 2.3 5.5 58. 1 0.0 36.4 206.6 0.0 0.0 26.5 376.: 
Average DBH 7.2 7.6 10.7 6.9 6.1 0.0 Il.l 8.6 0.0 0.0 6.5 8. : 

Case Stud y Stand No. 105: Southern Idaho, 120 year o ld - 50% subalpine fir 

Basal Areal Acre 2.7 96.8 0.5 13.2 24.1 0.0 0.0 13.2 0.0 0.0 12.9 163.-
Trees/ Acre 3.3 442.7 1.6 58.5 128.7 0.0 0.0 16. 1 0.0 0.0 51.2 702. 
Average DBH 12.3 6.3 7.4 6.4 5.9 0.0 0.0 12.3 0.0 0.0 6.8 6 .. 

Case Study Stand No. 106: Southern Idaho , 120 year old - 50% lodgepo le pine 

Basal Areal Acre 1.6 21.1 0.5 9.9 10 1.4 0.0 0.0 22.5 0.0 0.0 6.3 163. 
Trees/Acre 8.2 121.9 0.1 45.6 446.0 0.0 0.0 90.3 0.0 0.0 27.9 740.1 
Average OBH 5.9 5.6 29.9 6.3 6.5 0.0 0.0 6.8 0.0 0.0 6.4 6.· 

Case Study Stand No. 107: Southern Idaho, 120 year old - 50% Douglas-fir 

Basal Area/Acre 9.8 8.2 0.9 3.4 13.3 0.0 17.7 83.4 0.0 0.0 4.8 141 .' 
Trees/Acre 26.9 43.8 0.9 6.2 47.3 0.0 51.5 162.3 0.0 0.0 16.7 355 .. 
Average DBH 8.2 5.9 13.9 10. 1 7.2 0.0 7.9 9.7 0.0 0.0 7.2 8. 

Case Study Stand No. 108 : Southern Idaho, 140 year old - 50% grand fir 

Basal Area/Acre 90.3 1.6 4.5 11.6 3.3 0.0 7.4 33.7 0.0 0.0 0.0 152.· 
Trees/Acre 235.1 3.5 3.0 15.4 16.9 0.0 30.9 63.5 0.0 0.0 0.0 368. 
Average DBH 8.4 9.2 16.6 11.7 6.0 0.0 6.6 9.9 0.0 0.0 0.0 8. 

Case Study Stand No. 109: Southern Idaho, 140 year old - 50% suba lpine fir 

Basal Area/ Acre 1.0 11 0.7 0.0 21.4 23.0 0.0 0.0 17.2 0.0 0.0 8.7 182. 
Trees/Acre 0.8 596.7 0.0 69.4 100.5 0.0 0.0 39.6 0.0 0.0 47.2 854. 
Average DBH 14.8 5.8 0.0 7.5 6.5 0.0 0.0 8.9 0.0 0.0 5.8 6. 

Case Study Stand No. li D: Southern Idaho, 140 year o ld - SO% Engelmann spruce 

Basal Mea/Acre 6.0 56.5 0.7 120.9 7.8 0.0 0.0 7.2 0.0 0.0 4.8 203. 
Trees/Acre 13.2 182.9 0. 1 216.2 21.4 0.0 0.0 6.5 0.0 0.0 12.0 452. 
Average DBH 9.1 7.5 36.0 10. 1 8.2 0.0 0.0 14.3 0.0 0.0 8.6 9. 
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I 
Southern Idaho, 140 year old - 50% lodgepole pine Case Study Stand No. III , 

Basal Areal Acre \.5 2\.0 0.2 8.4 92.2 0.0 0.0 22.5 0.0 0.0 5.4 15 \, 2 
Trees/Acre 4.8 135.8 0. 1 27.3 387.3 0.0 0.0 82.2 0.0 0.0 34.6 672. 1 
Average DBH 7.6 5.3 17.0 7.5 6.6 0.0 0.0 7. 1 0.0 0.0 5.4 6.4 

ase Study Stand No. 11 2: Southern Idaho, 140 year old - 50% D ouglas-fir 

Basal Areal Acre 9.2 8.5 \.0 \.8 17.3 0.0 14.6 76.9 0.0 0.0 2.0 13\'4 
Trees/Acre 14.7 29.2 0.3 5. 1 75.6 0.0 14.6 139.7 0.0 0.0 12.0 291.2 
Average DBH 10.7 7.3 24.5 8. 1 6.5 0.0 13.5 10.0 0.0 0.0 5.6 9. 1 

ase Study Stand No. t 13: Southern Idaho, 160 year old - 50% suba lpine f ir 

Basal Area/Acre 0.4 102.8 0.3 16.4 16.2 0.0 0.3 19.6 0.0 0.0 1\. 1 167. 1 
Trees/Acre 0.9 522.5 0.2 26.3 52.3 0.0 0. 1 30.4 0.0 0.0 38.9 67 \.6 
Average DB H 9. 1 6.0 19.6 10.7 7.5 0.0 27.0 10.9 0.0 0.0 7.2 6.8 

ase Study Stand No. 11 4: Southern Idaho, 160 year old - SO% Enge lma nn spruce 

Basal Area/Acre 2.5 45.3 \,7 11 6.7 9.6 0.0 0.0 9.4 0.0 0.0 3.7 188.9 
Trees/Acre 12.5 210.9 0.7 170.1 15.0 0.0 0.0 18.4 0.0 0.0 4.5 432.0 
Average DBH 6. 1 6.3 2\.9 11.2 10.8 0.0 0.0 9.7 0.0 0.0 12.3 9.0 

ase Study Stand No. 11 5: Southern Idaho, 160 year old - 50% lodgepole pine 

Basal Area/Acre 0.2 23.9 0.0 6.6 82.8 0.0 0.3 16.8 0.0 0.0 7.4 138.0 
Trees/Acre 0.8 155.8 0.0 13.7 351.7 0.0 0.2 78.2 0.0 0.0 42.3 642.7 
Average DOH 6.0 5.3 0.0 9.4 6.6 0.0 19. 1 6.3 0.0 0.0 5.7 6.3 

ase Stud y Stand No. 11 6: Southern Idaho, 160 year old - 50% ponderosa pine 

Basal Areal Acre 3. 1 0.0 0.4 0.0 0.7 0.0 94.9 48.1 0.0 0.0 2.6 149.8 
Trees/Acre 12.7 0.8 0.3 0.8 3.6 0.0 11 3.9 246.6 0.0 0.0 16.3 394.9 
Average OBH 6.7 \,1 16.4 1.4 5.8 0.0 12.4 6.0 0.0 0.0 5.4 8.3 

ase Study Stand No. 117: Sout hern Idaho, 160 year old - 50% Douglas-fir 

Basal Area/Acre 4.0 13.0 0.3 3.8 10.6 0.0 18.8 81.9 0.0 0.0 4.1 136.5 
Trees/Acre 29.2 56. 1 0.7 7.9 53.5 0.0 13.0 157.2 0.0 0.0 12. 1 329.8 
Average DBH 5.0 6.5 8.8 9.4 6.0 0.0 16.3 9.8 0.0 0.0 7.8 8.7 
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Case Study Stand No. I : Northern Idaho. 20 year old - 75% grand fir 

Basal Area/Acre 23.4 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.7 0.0 24.8 
Trees/Acre 130.3 0.0 0.0 0.0 0.0 0.0 0.0 7.0 0.4 4.3 0.0 142.0 
Average DBH 5.7 0.0 0.0 0.0 0.0 0.0 0.0 3.0 11.6 5.5 0.0 5.7 

Case Study Stand No. 2: Northern Idaho, 20 year old - 75% lodgepole pine 

Basal Areal Acre 0.0 0.0 0.0 0.0 31.9 0.0 0.0 0.0 0.7 0.0 0.0 32.6 
Trees/Acre 0.0 0.0 0.0 0.0 249.3 0.0 0.0 0.0 6.3 0.0 0.0 255.6 
Average DBH 0.0 0.0 0.0 0.0 4.8 0.0 0.0 0.0 4.4 0.0 0.0 4.8 

Case Study Stand No. 3: Northern Idaho, 20 year old - 75% western white pine 

Basal Area/ Acre 3.0 0.0 0.0 0.0 0.0 25 .7 0.0 0.0 1.0 2.5 0.0 32.2 
Trees/Acre 24.5 0.0 0.0 0.0 0.0 94 .1 0.0 0.0 18.8 7.7 0.0 145.1 
Average DBH 4.7 0.0 0.0 0.0 0.0 7. 1 0.0 0.0 3.2 7.7 0.0 6.4 

Case Study Stand No.4: Northern Idaho, 20 year old - 75% Douglas-fir 

Basal Area/Acre 0.4 0.2 0.5 0. 1 0.0 0.0 0.0 29.2 0. 1 0.0 0.0 30.6 
Trees/Acre 8.0 4.0 0.7 4.0 0.0 0.0 0.0 107.2 4.0 0.0 0.0 127.9 
Average oBH 3.2 2.7 11.8 2.5 0.0 0 .0 0.0 7.1 2.5 0.0 0.0 6.6 

Case Stud y Stand No. S: Northern Idaho. 40 year o ld - 75% grand fir 

Basal Areal Acre 33.8 0.2 0.2 0.3 0.0 0.0 0.0 1.4 0.2 0.6 0. 1 36.9 
Trees/Acre 224.5 1.4 0.3 1.8 0.0 0.0 0.0 6.8 1.9 3.8 1.5 242.0 
Average DBH 5.3 5. 1 11.7 5.5 0.0 0.0 0.0 6.2 4.9 5.4 3.3 5.3 

Case Study Stand No. 6: Northern Idaho, 40 year old - 75% subalpine fir 

Basal Area/Acre 0.0 36.9 0.0 2.2 0.1 0.0 0.0 0.7 0.0 0.0 0.1 40. 1 
Trees/Acre 0.0 304.2 0.0 6.2 5.6 0.0 0.0 5.2 0.0 0.0 5.6 326.8 
Average DBH 0.0 4.7 0.0 8.1 2.0 0.0 0.0 5.1 0.0 0.0 2.1 4.7 

Case Study Stand No. 7: Northern Idaho, 40 year old - 75% western larch 

Basal Area/Acre 0.0 0.2 37.3 0.0 0.0 0.0 0.0 2.0 0.2 0.0 0.0 39.7 
Trees/ Acre 0.0 5.4 177.5 0.0 0.0 0.0 0.0 23.9 5.4 0.0 0.0 212.2 
Average DBH 0.0 2.7 6.2 0.0 0.0 0.0 0.0 3.9 2.9 0.0 0.0 5.9 

Case Study Stand No.8: Northern Idaho, 40 year old - 75% lodgepole pine 

Basal Area/Acre 0.5 0. 1 0.0 0.0 73.1 0.6 0.0 0.7 0.0 0.6 0.1 75.6 
Trees/Acre 3.9 4.4 0.0 0.0 304.1 4.9 0.0 6.3 0.0 2.0 2.2 327.8 
Average DBH 4.9 2. 1 0.0 0.0 6.6 4.6 0.0 4.5 0.0 7.3 2. 1 6.5 

Case Study Stand No. 9 : Northern Idaho , 40 year old - 75% western white pine 

Basal Area/ Acre 0.4 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 9.4 
Trees/Acre 13.0 0.0 0.0 0.0 0.0 68.5 0.0 0.0 0.0 0.0 0.0 81.~ 
Average DBH 2.5 0.0 0.0 0.0 0.0 4.9 0.0 0.0 0.0 0.0 0.0 4.f 

Case Study Stand No. 10 : Northern Idaho, 40 year old - 75% Douglas-fir 

Basal Area/ Acre 1.5 0.7 0. 1 0. 1 0.3 0.2 0.3 51.4 0.4 0.0 0.0 55.1 
Trees/Acre 26.4 9.0 2.4 2.3 0.8 2.1 2.8 233.0 11.9 0.0 0.0 290.: 
Average DBH 3.2 3.7 3. 1 3.1 8.2 3.9 4.6 6.4 2.6 0.0 0.0 5.~ 

Case Study Stand No. II : Northern Idaho , 40 year old - 75% western hemlock 

Ba sa l Area/ Acre 0.7 0.0 0.2 0.0 0.5 0.0 0.0 0.0 0.0 21.3 0.0 22.: 
Trees/Acre 14.8 0.0 3.7 0.0 0.7 0.0 0.0 0.0 0.0 121.8 0.0 14 J.( 

Average DBH 3.0 0.0 3.5 0.0 11.3 0.0 0.0 0.0 0.0 5.7 0.0 5.' 
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Case Study Stand No. 41 : Northern Idaho, 20 year old - 50% western white pine 

Basal Areal Acre 4.8 0.0 0.0 0.0 2.6 16.8 0.0 5.6 2.5 2.6 0.0 34.9 
Trees/Acre 8.3 0.0 0.0 0.0 6.7 46.6 0.0 37.2 26.0 4.4 0.0 129.2 
Average DBH 10.3 0.0 0.0 0.0 8.5 8. 1 0.0 5.2 4.2 10.4 0.0 7.0 

Case Study Stand No.4 2 : Northern Idaho , 40 year old - 50% grand fir 

Basal Area/Acre 37. 1 1.6 1.0 0.0 2.6 1.0 0.4 9.0 2.5 6.2 0.0 61.5 
Trees/Acre 161.1 6.6 2.3 0.0 8.4 5.2 0.9 43.2 21.4 28.3 0.0 277.4 
Average DBH 6.5 6.6 8.9 0.0 7.5 5.9 9.2 6.2 4.7 6.3 0.0 6.4 

Case Study Stand No. 43 : Northern Idaho, 40 year old - 50% western larch 

I Basal Area/Acre 7.6 2.6 43.6 2.7 4.6 \.I 0.0 15.4 2.6 1.3 0.6 82.2 
Trees/Acre 43.8 5.0 181.4 22.6 11.8 6.2 0.0 72.9 42.9 16.8 2.1 405.5 
Average DBH 5.6 9.8 6.6 4.7 8.4 5.7 0.0 6.2 3.3 3.7 7.5 6. 1 

Case Stud y Stand No. 44 : Northern Idaho, 40 year old - 50% western white pine 

Basal Areal Acre I 1.9 1.3 1.3 0.0 1.3 30.4 0.0 2.8 2.8 5.6 0.0 57.3 
Trees/Acre 83.8 2.7 1.8 0.0 1.9 103.0 0.0 20.5 14.1 27.7 0.0 255.5 
Average DBH 5.1 9.3 11.5 0.0 11.1 7.4 0.0 5.0 6.1 6.1 0.0 6.4 

Case Study Stand No. 45 : Northern Id aho. 40 year o ld - 50% Douglas-fir 

Basal Area/Acre 16.3 0.9 4.8 1.0 1.7 1.0 0.9 37 .4 3.2 1.0 0.6 68.8 
Trees/Acre 11 \.I 3.5 2\.5 3.3 9.4 8.3 4.4 159.8 47.4 7.9 3.9 380.5 
Average DBH 5.2 7.0 6.4 7.3 5.7 4.7 6.2 6.6 3.5 4.8 5.5 5.8 
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REGENERATED STAND NUMBER 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

TI A = trees per aCre 

Northern Idaho 

Southern Idaho 

GENERAL DESCRIPTION 

300 T I A, 100% lodgepole pine 
450 TIA, 100% lodgepole pine 
600TIA , 100% lodgepole pine 
300 T I A, 100% ponderosa pine 
450 T IA, 100% ponderosa pine 
600 TIA , 100% ponderosa pine 
300 TIA , 50% grand fir - 50% white pine 
450 TIA , 50% grand fir - 50% white pine 
600 TIA , 50% grand fir - 50% white pine 
300 TIA , 50% Douglas-fir - 50% grand fir 
450 TIA , 50% Douglas-fir - 50% grand fir 
600 TI A, 50% Douglas-fi r - 50% grand fir 
300 TIA , 50% Douglas-fir - 50% western larch 
450 T IA , 50% Douglas-fir - 50% western larch 
600 T lA, 50% Douglas-fir - 50% western larch 
300 TIA , 50% Douglas-fir - 50% white pine 
450 T lA, 50% Douglas-fir - 50% white pine 
600 TI A, 50% Douglas-fi r - 50% white pine 
300 TIA, 50% Douglas-fir - 50% ponderosa pine 
450 TIA , 50% Douglas-fir - 50% ponderosa pine 
600 TIA , 50% Douglas-fi r - 50% ponderosa pine 

300 TIA, 100% lodgepole pine 
450 TIA , 100% lodgepole pine 
600 TIA , 100% lodgepole pine 
300 T I A, 100% ponderosa pine 
450 TIA , 100% ponderosa pine 
600 TI A, 100% ponderosa pine 
300 TIA , 50% Engelmann spruce - 50% lodgepole pine 
450 TIA, 50% Engelmann spruce - 50% lodgepole pine 
600 TIA , 50% Engelmann spruce - 50% lodgepole pine 
300 TIA , 50% Douglas-fir - 50% grand fir 
450 TIA , 50% Douglas-fir - 50% grand fir 
600 TIA , 50% Douglas-fi r - 50% grand fir 
300 T I A, 50% Douglas-fir - 50% lodgepole pine 
450 TIA , 50% Douglas-fi r - 50% lodgepole pin e 
600 T I A, 50% Douglas-fir - 50% lodgepole pine 
300 T lA, 50% Douglas-fir - 50% pond erosa pine 
450 TIA , 50% Douglas-fi r - 50% ponderosa pine 
600 TI A, 50% Douglas-fir - 50% ponderosa pine 
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This appendix mathematica lly defines the financial investment criteria used in this paper. Net 
present value (NPV) in do llars per acre is ex pressed as 

k Rt - Ct 
NPV = l:O --

t = 0 (J + i)t 

where 
Rt = revenues received at time t in dollars per acre, 
Ct = costs incurred at time t (exclusive of land rent) in dollars per acre , 

l = time in years, 
k = length of the site occupancy period in yea rs, 
i = disco unt rate. 

The NPV of case study stands will be fu rther adjus ted for land rent as indicated in subseq uent equations. 

The soil expectation va lue (SEV) in dollars per acre was derived using a generalized Faustmann 
formula (StofOe 1977): 

SEV = (NPV o f the fi rst fina ncial rotat ion) + (NPV of all subsequent finan cial ro tations) 

This expression is formulated mathematically as 

r 
SEVab = t~O 

P ao (J + f)lQat 

(J + i)t 

r CbO (J + hit 
l:O 

t =0 (I + i)t 

r 
+ l:O 

t =O 

II + g\ t 
ParQat \J+i1 - ~ 

II + j\l 

Cb,l0i1 
1_ ( 1 + j Ir 

where SEVab 

Pak = 

Qat = 

Cbk 
f = 

h 
g = 

i = 

(
I + g )r t=O 

1 - -
I +i 

(i +i) r 

~ 

soil expectation va lue fo r species a and management practice 
b in dollars per acre, 
financia l rotation (includes any regene ration lag) in years, 
st um page val ue of species a at time k in dollars per unit , 
quantity of species a at time t in units per acre , 
cost of management practice b at time k in dollars per acre, 
stumpage va lue appreciation rate during the first financial rotation , 
cost app reciation rate during the first financial rotat ion, 
stumpage value appreciation rate during second and subsequent 
fin ancial rotations, 
cost appreciation rate during second and subsequent financial 
rotations, 
disco un t ra teo 

54 



ts 
SEY = ~ 

111= I 

where SEVmn = soil expectation value for species 111 and management practice n 
in do llars per acre, 
total number of species in the stand , 
total number of management practices conducted in the stand 
during a finan cial rotation. 

The mathematical fo rmulation fo r land ren t is 

LR 
SR [(I + i)t - I J 

i - (I + i)t 

where LR = land rent in present dolla rs per acre froIll time 0 to ti me t in the 
site occupancy period , 

SR maximum annual so il rent in dollars pe r acre, 
i = discount ra te, 

site occupancy period in years. 

Soil rent is defined as 

SR=SEY-i 

where i = discount rate , and 

SEV = SEV obtained frol11 a regenerated stand analysis. 

By combining the net present va lue and land rent eq uations, an adjus ted net present value can be 
obtained which is used to analyze case study stands. Adjusted net prese nt va lue is defined as 

NPY ' = NPY - LR 

where NPY * = adj usted ne t present va lue in do llars per acre, 
LR = land rent in do llars per acre. 

ss 
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Aggregate of all State of Idaho timber sales, 1972·1976. 

1972 1973 1974 1975 1976 Total 
Species Volume Price Volume Price Volume Price Volume Price Volume Price Volume Price 

(MBF) ($/MBF) (MBF) ($/MBF) (MBF) ($/MBF) (M BF) ($/ M BF) (MBF) ($/MB F) (MBF) ($/MBF) 

NORTH IDAHO 

WP 40035 69.35 52330 69.33 23185 121.85 22585 11 7.60 7600 203.26 145735 92. 15 
PP 17 10 48.66 1955 61.30 460 89. 15 2690 78.69 1400 39. 12 82 15 62 .1 5 
DF & Larch 18730 46.00 23345 70.53 19255 58.5 1 20910 35.09 13585 30.71 95825 49.94 
GF, SAF & Hem 25825 41.1 2 49375 36.19 32785 64 .24 32240 30.1 5 24475 38.62 164700 41.73 
Cedar 6960 65.78 17320 61.46 18770 95.8 1 22115 80.03 20260 131.1 7 85425 90.70 
ES 1020 36.27 395 63.82 595 93.42 2470 55.88 2495 4 1.73 6975 47.30 
LPP 9 15 29.78 935 65.7 1 770 53. 10 735 20.69 55 73.32 34 10 43.64 
Pulp 6335 .87 20420 5.82 29085 4.45 85 10 1.95 64350 4.21 

SOUTH IDAHO 

WP 7960 47.95 7960 47.95 
PP 7200 52.76 2020 96.54 2195 105.12 11 50 10.00 6360 24.16 18925 51.29 
DF & Larch 14760 31.00 7750 61.1 5 1545 91.42 1730 8.33 7800 12. 15 33585 35.19 

V> 
GF , SAF & Hem 1995 36.46 2170 101 .75 1420 88.70 35 5.00 9040 00 3420 8.22 49.53 
Cedar 450 53.07 450 53.07 
ES 935 35.66 485 56.32 480 76.85 590 11.57 2490 41.90 
LPP 6 10 40.23 230 42.88 80 57.05 1960 10.00 745 6.18 3625 17.43 

GRAND TOTAL 

WP 153695 89.86 
PP 27140 54.58 
DF & Larch 129410 46.11 
GF , SAF & Hem 173740 42. 14 
Cedar 85875 90.50 
ES 9465 45.88 
LPP 7035 30.13 
Pulp 64350 4.21 

WP = white pine , PP = ponderosa pine, DF = Douglas·fir, GF = grand fir , SAF = subalpine fir , Hem = hemlock , ES = Engelmann spruce, LPP = lodgepole 
pine. 
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Financia l Bio logical 

Adjusted 
Investment Maximum Land rent max imu m Investment Maximum l and rent Adjusted Opportu nity 

Case stud y Stand age Mgt. age NPY Valu e/so urce 1 NPY MAl age NPY MA l Value/so urce NPY cost 
stand no. (years) all. (yea rs) ($ ) (S ) ($) (BF /acre/yr ) (years) ($ ) (BF/acre/yr) ($) (S) ($) 

20 I 0 508.5 1 0.0 7- 9 508.5 1 456. 0 508.5 1 456. 0.0 7- 9 508.5 1 0.0 
20 2 0 508.5 1 0.0 7- 9 508.51 456. 0 508.5 1 456. 0.0 7- 9 508.5 1 0.0 
20 3 0 508.5 1 0.0 7- 9 508.5 1 456. 0 508.5 1 456. 0.0 7- 9 508.5 1 0.0 
20 4 0 508.5 1 0.0 7- 9 508.5 1 456. 11 0 530.99 491. 97.74 7- 9 433.25 75.26 
20 5 0 508.5 1 0.0 7- 9 508.5 1 456. 90 5 12.97 532. 96.98 7- 9 41 5.99 92.53 

2 20 I 0 137.34 0.0 1- 3 137.34 183. 0 137.34 183. 0.0 1- 3 137.34 0.0 
20 4 0 137.34 0.0 1- 3 137.34 183. 50 166.74 199. 72.84 1- 3 93.90 43.44 
20 5 0 137.34 0.0 1- 3 137.34 183. 60 102.02 196. 75.53 1- 3 26.49 11 0.84 

3 20 I 0 908 .44 0.0 7~9 908.44 73 1. 0 908.44 73 1. 0.0 7- 9 908.44 0.0 
20 2 0 908.44 0.0 7- 9 908.44 73 1. 0 908.44 73 1. 0.0 7- 9 908.44 0.0 
20 3 0 908.44 0.0 7- 9 908.44 73 1. 0 908.44 73 1. 0.0 7- 9 908.44 0.0 
20 4 30 1429.79 75.4 8 7- 9 1354.3 1 479. 0 908.44 73 1. 0.0 7- 9 908.44 445.87 
20 5 30 1390.39 75.48 7- 9 1314.9 1 489. 0 908.44 73 1. 0.0 7- 9 908.44 406.4 7 

4 20 I 0 566. 17 0.0 10- 12 566. 17 499. 0 566. 17 499. 0.0 10- 12 566. 17 0.0 
20 4 10 815.45 33.20 10- 12 782.25 35 1. 0 566. 17 499. 0.0 10- 12 566. 17 216.23 
20 5 10 763.62 33.20 10- 12 730.42 356. 0 566. 17 499. 0.0 10- 12 566.17 164.25 

'" 5 40 I 0 56 1.67 0.0 10- 12 56 1.67 303. 50 307.32 333. 78.50 10- 12 228.82 332.85 0 

40 2 0 56 1.67 0.0 10- 12 56 1.67 303. 90 323.03 376. 84.93 10- 12 238. 10 323.57 
40 3 0 56 1.67 0.0 10- 12 561.67 303. 70 364 .29 407. 83. 17 10- 12 28 1.1 2 280.55 
40 4 50 692.32 78.50 10- 12 613.82 365. 100 653. 13 41 6. 85.35 10- 12 567.78 46.04 
40 5 50 647.90 78.50 10- 12 569.40 379. 90 624.43 437. 84.93 10- 12 539.50 29.90 

6 40 I 0 139.94 0.0 10- 12 139.94 67 . 60 110.92 138. 81.40 10- 12 29.52 11 0.4 2 
40 2 0 139.94 0.0 10- 12 139.94 67. 70 95.89 140. 83. 17 10- 12 12. 72 127.22 
40 3 0 139.94 0.0 10- 12 139.94 67. 60 109 .06 145. 81.40 10- 12 27.66 11 2.28 
40 4 0 139.94 0.0 10 - 12 139.94 67. 60 201.08 181. 81.40 10- 12 11 9.68 20.26 
40 5 0 139.94 0.0 10- 12 139.94 67. 70 128.25 186. 83. 17 10- 12 45.08 94.86 

7 40 I 0 187.40 0.0 13 - 15 187.40 96. 0 187.40 96. 0.0 13 - 15 187.40 0.0 
40 4 0 187.40 0.0 13 - 15 187.40 96. 80 190.83 11 0. 47.42 13- 15 14 3.41 44.00 
40 5 0 187 .40 0.0 13 - 15 187.40 96. 80 135.09 III. 47.42 13- 15 87.66 99.74 

8 40 I 0 353. 11 0.0 1- 3 353. 11 159. 30 164.53 170. 61.34 1- 3 103.19 249.92 
40 4 0 353. 11 0.0 1- 3 353. 11 159. 40 226.39 180. 68.46 1- 3 157.92 195.19 
40 5 0 353. 11 0.0 1- 3 353. 11 159. 30 194.99 184. 61.34 1- 3 133.65 219.46 

9 40 I 0 698.4 1 0.0 7- 9 698.4 1 226. 60 337.43 227. 92.94 7- 9 244.4 8 453.93 
40 4 50 968.56 89.64 7- 9 878.92 213. 100 875.21 262. 97 .45 7- 9 777.76 101.1 7 
40 5 50 913.50 89.64 7- 9 823.86 212. 100 820.32 262. 97.45 7- 9 722.86 101.00 

10 40 I 0 644.57 0.0 10- 12 644.57 197. 0 644.57 197. 0.0 10- 12 644.57 0.0 
40 4 0 644.57 0.0 10- 12 644.57 197. 0 644 .57 197. 0.0 10- 12 644.57 0.0 
40 5 0 644 .57 0.0 10- 12 644 .57 197. 60 536.0 1 200. 81.40 10- 12 454.61 189.96 
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Case study 
stand no. 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Stand age 
(years) 

40 
40 
40 

60 
60 
60 

60 
60 
60 

60 

60 

60 
60 
60 

60 

60 

80 
80 

80 
80 

80 

80 

80 

80 
80 

100 

100 

100 

100 

100 
100 

120 

Mgt. 
alt. 

I 
4 
5 

I 
2 
3 

I 
2 
3 

I 
2 
3 

I 
2 

I 
2 

I 
2 

I 
2 

Investment 
age 

(years) 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 

o 

20 
20 
20 

o 

o 

o 
10 

o 
o 

o 

o 

o 

o 
o 
o 
o 
o 
o 
o 
o 

o 

Maximum 
NPV 
($) 

695.41 
695.41 
695.41 

888.15 
888.15 
888. 15 

393.62 
393.62 
393.62 

147.93 

222.69 

506.82 
506.82 
506.82 

303.96 

585.57 

Financial 

Land rent 
Value/source 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

($) 

10- 12 
10- 12 
10- 12 

10- 12 
IO- 12 
10- 12 

10- 12 
10- 12 
10 - 12 

0.0 13 - 15 

0.0 1- 3 

6 1.1 9 7- 9 
61.19 7- 9 
6 1.1 9 7- 9 

0.0 19 - 21 

0.0 10- 12 

1315.88 0.0 10- 12 
1477.12 33.20 10- 12 

426.49 
426.49 

374.99 

11 25.38 

594.65 

1540.41 
1540.41 

0.0 10- 12 
0.0 10- 12 

0.0 1- 3 

0.0 7- 9 

0.0 19 - 21 

0.0 10- 12 
0.0 10- 12 

0.0 10-12 

0.0 10- 12 

0.0 1- 3 

0.0 19- 21 

Adjusted 
maximum 

NPV 
($) 

695.41 
695 .41 
695.4 1 

888. 15 
888.15 
888 .1 5 

393.62 
393.62 
393.62 

147.93 

222.69 

445.63 
445.63 
445.63 

303.96 

585.57 

1315.88 
1443.92 

426.49 
426.49 

374.99 

1125.38 

594.65 

1540.41 
1540.41 

969.72 

713.5 1 

527.18 

888.41 

969.72 

713.5 1 

527.18 

888.4 1 

1245.49 
1245.49 

0.0 10- (2 1245.49 
0.0 10- 12 1245.49 

1041.92 0.0 10- 12 1041.92 

MAl 
(BF/acre/yr) 

399. 
399. 
399. 

215. 
215. 
215. 

135. 
135. 
135. 

47. 

80. 

144. 
144. 
144 . 

100. 

157. 

309. 
310. 

11 8. 
118. 

106. 

202. 

137. 

247. 
247. 

168. 

135. 

115. 

164. 

183 . 
183. 

187. 

Investment 
age 

(years) 

o 
o 
o 

50 
80 
70 

30 
30 
30 

80 

40 

80 
80 
80 

50 

o 

o 
60 

40 
40 

10 

50 

o 

o 
o 

60 

10 

10 

o 
o 
o 

40 

NPV 
($) 

695.41 
695.41 
695.41 

405.33 
455.95 
475.30 

263.33 
263.26 
263.28 

53.33 

140.06 

244.41 
279.34 
274.04 

170.06 

585 .57 

13 15.88 
804.97 

221.90 
255.95 

318.00 

527.50 

594.65 

1540.41 
1540.41 

284.37 

500.43 

383.02 

888.41 

1245.49 
1245.49 

422.30 

Biological 

Maximum 
MAl 

(BF/acre/ yr) 

399. 
399. 
3". 

293. 
332. 
352. 

155. 
155. 
155. 

84. 

123. 

248. 
238. 
242. 

Land re nt 
Value/source 

($) 

0.0 
0.0 
0.0 

78.50 
84.26 
83.17 

66.10 
66. 10 
66.10 

10- 12 
10- 12 
10- 12 

10- 12 
10- 12 
10- 12 

10- 12 
10- 12 
10- 12 

47.42 13- 15 

68.46 1- 3 

96.22 7- 9 
96.22 7- 9 
96.22 7- 9 

Adjusted 
NPV 
($) 

695.41 
695.41 
695 .41 

326.83 
371.69 
392.13 

197.23 
197. 16 
197. 18 

5.91 

71.60 

148.19 
183.12 
177.82 

125. 114.65 19- 21 55.41 

157. 

309. 
334. 

138. 
143. 

108. 

220. 

137. 

M7. 
M7. 

WI . 

139. 

119. 

1M. 

183. 
I ~. 

188. 

0.0 10- 12 585.57 

0.0 10- 12 1315.88 
81.40 10- 12 723.57 

73.78 10- 12 148.12 
73.78 10- 12 182.17 

30.81 1- 3 287. 19 

89.64 7- 9 437.86 

0.0 19- 21 594.65 

0.0 10- 12 1540.41 
0.0 10- 12 1540.4 1 

81.40 10- 12 202.97 

33.20 10- 12 467.23 

30.81 1- 3 352.2 1 

0.0 19- 21 888.4 1 

0.0 10- 12 1245.49 
0.0 10- 12 1245.49 

73.78 10- 12 348.52 

Opportunity 
cost 
($) 

0.0 
0.0 
0.0 

561.32 
516.46 
496.02 

196.39 
196.46 
196.44 

142.02 

151.09 

297.44 
262.51 
267.81 

248.55 

0.0 

0.0 
720.35 

278.37 
244.32 

87.79 

687.52 

0.0 

0.0 
0.0 

766.75 

246.28 

174.97 

0.0 

0.0 
0.0 

693.40 



Financial Bio logica l 

Adjusted 
Invest ment Maximum Land rent maximum Investment Maximum Land rent Adjusted Opportunity 

Case stud y Stand age Mgt. age NPV Value/so urce NPV MAl age NPV MAl Value/ source NPV cost 
sta nd no. (years) alt. (years) ($) (S) ($) (BF/acre/yr) (yea rs) ($) ( BF/acre/ yr) ($) ($) ($) 

31 120 0 85 1. 74 0.0 10- 12 851.74 148. 0 851.74 148. 0.0 10- /2 851.74 0.0 

32 120 0 1000.92 0.0 7- 9 1000.92 100. 60 349.68 133. 92.94 7- 9 256.74 744. 18 

33 140 0 1403.53 0.0 10- 12 1403.53 195. 0 1403.53 195. 0.0 10- 12 1403.53 0.0 

34 140 0 4 88.99 0.0 10- 12 488.99 79 . 0 488.99 79. 0.0 10- 12 488.99 0.0 

35 140 0 2629.2 1 0.0 7- 9 2629.2 1 248. 0 2629.2 1 248. 0.0 7- 9 2629.2 1 0.0 

36 160 0 1623.37 0.0 10- 12 1623.37 183. 0 1623.37 183. 0.0 10- 12 1623.37 0.0 

37 160 0 532.24 0.0 10- /2 532.24 72. 40 219.80 81. 73.78 10- 12 146.02 386.22 

38 160 0 934. 54 0.0 10- 12 934.54 109. 0 934.54 109. 0.0 10- 12 934.54 0.0 

39 160 0 2434.23 0.0 7- 9 2434.23 176. 0 2434.23 176. 0.0 7- 9 2434.23 0.0 

40 160 0 1407.73 0.0 10- 12 1407.73 203. 0 1407.73 203. 0.0 10- 12 1407.73 0.0 

a, 41 20 1 0 1379. 13 0.0 16 - 18 1379. 13 1380. 0 1379. 13 1380. 0.0 16- 18 1379.13 0.0 
'" 20 2 0 1379. 13 0.0 16 - 18 1379.13 1380. 0 1379.13 1380. 0.0 16- 18 1379. 13 0.0 

20 3 0 1379.13 0.0 16- 18 1379.13 1380. 0 1379.13 1380. 0.0 16- 18 1379.13 0.0 
20 4 20 1440.85 58.45 16- 18 1382.40 802. 0 1379. 13 1380. 0.0 16- 18 1379. 13 3.27 
20 5 0 1379. 13 0.0 16- 18 1379.13 1380. 0 1379.13 1380. 0.0 16- 18 1379. 13 0.0 

42 40 1 0 825.57 0.0 10 - 12 825.57 404. 0 825.57 404 . 0.0 10- 12 825.57 0.0 
40 2 0 825.57 0.0 10- /2 825 .57 404. 0 825.57 404. 0.0 10- /2 825.57 0.0 
40 3 0 825.57 0.0 10 - 12 825 .57 404. 60 503.82 426. 81.40 10- 12 422.42 403. 15 
40 4 0 825.57 0.0 10- 12 825.57 404. 60 889.91 422. 8 1.40 10- 12 808.5 1 17.06 
40 5 0 825.57 0.0 10- 12 825.57 404. 60 854 .80 461. 81.40 10- 12 733.40 52.17 

43 40 I 0 475.90 0.0 13- 15 475.90 219. 0 475.90 219. 0.0 13- 15 475.90 0.0 
40 4 0 475.90 0.0 13 - 15 475.90 219. 0 475.90 219. 0.0 13- 15 475.90 0.0 
40 5 0 475 .90 0.0 13 - 15 475.90 219. 0 475.90 219. 0.0 13- 15 475.90 0.0 

44 40 1 0 824.67 0.0 7- 9 824.67 346. 40 580. 14 352. 84.25 7- 9 495.89 328.78 
40 2 0 824.67 0.0 7- 9 824.67 346. 60 622.76 358. 92.94 7- 9 529.82 294. 85 
40 3 0 824.67 0.0 7- 9 824.67 346. 60 658.63 385. 92.94 7- 9 565.69 258.98 
40 4 30 1163.54 75.4 8 7- 9 1088.06 354. 90 1064.42 403. 96.98 7- 9 967.43 120.6 3 
40 5 30 1124 .20 75.4 8 7- 9 1048.72 363. 70 1095.38 432. 94.97 7- 9 1000.40 48.32 

45 40 I 0 818.97 0.0 10- 12 818.97 343. 0 818.97 343. 0.0 10- 12 8 18.97 0.0 
40 2 0 818.97 0.0 10- 12 818.9 7 343. 0 818.97 343. 0.0 10- 12 818.97 0.0 
40 3 0 818.97 0.0 10- 12 818.97 34 3. 0 8 18.97 34 3. 0.0 10- 12 818.97 0.0 
40 4 0 818.97 0.0 10- 12 818.97 343 . 0 8 18.97 343. 0.0 10- /2 818.97 0.0 
40 5 0 818.97 0.0 10- 12 818.97 343. 0 818.97 343. 0.0 10- 12 8 18.97 0.0 



Financial Bio logical 

Adjusted 
Invest ment Max imum Land rent max imum Invest ment Maximum Land rent Adjusted Opportunity 

Case study Stand age Mgt. age NPV Value/source NPV MA l age NPV MA l Va lue /so urce NPV cost 
stand no. (years) alt. (years) ($) ($) ($) (B F/acre/ yr) (years) ($) (SF/aere/yr) ($) ($) ($) 

46 60 I 0 931.87 0.0 10- 12 931.87 306. 40 4 27.16 308. 73.78 10- 12 353.38 578.49 
60 2 0 931.87 0.0 10- 12 931.87 306. 70 675.24 364. 83.17 10- 12 592.07 339.80 
60 3 0 931.87 0.0 10- 12 931.87 306. 60 686.13 393 . 8 1.40 10- 12 604.73 327.1 4 

47 60 0 451.30 0.0 13 - 15 451.30 162. 0 451.30 162. 0.0 13- 15 451.30 0.0 

48 60 I 0 627.57 0.0 28- 30 627.57 191. 0 627.57 191. 0.0 28- 30 627.57 0.0 
60 2 0 627.57 0.0 28- 30 627.57 191. 0 627.57 191. 0.0 28- 30 627 .57 0.0 
60 3 0 627.57 0.0 28 - 30 627.57 191. 0 627.57 191. 0.0 28- 30 627.57 0.0 

49 60 I 20 664.17 58.45 16- 18 605.72 229. 50 443.28 276. 85.62 16- 18 357.66 248.06 
60 2 20 664.17 58.45 16 - 18 605.72 229. 80 379.2 1 269. 91.9 1 16- 18 287.30 318.42 
60 3 20 664.17 58.45 16- 18 605.72 229. 60 465.4 7 285. 88.78 16- 18 376.69 229.03 

50 60 I 0 820.03 0.0 10- 12 820.03 203. 0 820.03 203. 0.0 10- 12 820.03 0.0 
60 2 0 820.03 0.0 10- 12 820.03 203. 0 820.03 203. 0.0 10- 12 820.03 0.0 
60 3 0 820.03 0.0 10 - 12 820.03 203. 0 820.03 203. 0.0 10- 12 820.03 0.0 

51 80 I 0 1145.44 0.0 10- 12 1145.44 292. 0 1145.44 292. 0.0 10- 12 1145.44 0.0 
80 2 0 1145.44 0.0 10- 12 1145.44 292. 60 820.93 319 . 81.40 10-12 739.53 405.91 

0-
w 52 80 0 425.93 0.0 13 - 15 425.93 114. 0 425.93 114. 0.0 13- 15 425.93 0.0 

53 80 1 0 694.06 0.0 34 - 36 694.06 199. 0 694.06 199. 0.0 34- 36 694.06 0.0 
80 2 0 694.06 0.0 34 - 36 694.06 199. 0 694.06 199. 0.0 34 - 36 694.06 0.0 

54 80 I 0 1738.43 0.0 7- 9 1738.43 287. 0 1738.43 287 . 0.0 7- 9 1738.43 0.0 
80 2 0 1738.43 0.0 7- 9 1738.43 287. 50 1050.15 296. 89.64 7- 9 960.52 777.9 1 

55 80 I 0 803.87 0.0 10- 12 803.87 196. 0 803.87 196. 0.0 10- 12 803.87 0.0 
80 2 0 803.87 0.0 10- 12 803.87 196. 0 803.87 196. 0.0 10- 12 803.87 0.0 

56 100 I 0 1316.73 0.0 10 - 12 1316.73 241. 0 13 16.73 241. 0.0 10- 12 1316.73 0.0 
100 2 0 1316 .73 0.0 10- 12 1316.73 241. 40 839.81 256. 73.78 10- 12 766.03 550.70 

57 100 I 0 727.89 0.0 13 - 15 727.89 149. 0 727 .89 149. 0.0 13-15 727.89 0.0 
100 2 0 727.89 0.0 13 - 15 727.89 149. 0 727.89 149. 0.0 13- 15 727 .89 0.0 

58 100 0 1060.63 0.0 7- 9 1060.63 175. 50 489.84 211. 89 .64 7- 9 400.2 1 660.42 

59 100 I 0 1029.01 0.0 10 - 12 1029.01 225. 0 1029.01 225. 0.0 10- 12 1029.0 1 0.0 
100 2 0 1029.01 0.0 10- 12 1029.01 225. 0 1029.0 1 225 . 0.0 10- 12 1029.01 0.0 

60 120 0 1322.39 0.0 7- 9 1322.39 2 11. 0 1322.39 211. 0.0 7- 9 1322.39 0.0 



'" .,. 

Case study 
stand no. 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

Stand age 
(years) 

120 

120 

140 

140 

140 

160 

160 

160 

160 

160 

60 

60 

80 
80 

80 

80 

80 

100 

100 

100 

100 
100 

Mgt. 
alt. 

1 
2 

I 
2 

Investment 
age 

(years) 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 
o 

Maximum 
NPV 
($) 

1172.30 

1371.90 

1354.59 

1597.79 

2015.7 1 

1850.97 

3092.68 

1520.89 

3408.05 

1769.50 

46.54 

145 .68 

319.62 
319.62 

192.59 

495 .51 

472.17 

514.55 

365.57 

632.23 

40.49 
640.49 

Financial 

l and rent 
Va)u e/SQ urce 

($) 

0.0 10- 12 

0.0 16- 18 

0.0 7- 9 

0.0 10- 12 

0.0 16- 18 

0.0 7- 9 

0.0 7- 9 

0.0 10- 12 

0.0 7- 9 

0.0 10- 12 

0.0 22- 24 

0.0 31- 33 

0.0 31- 33 
0.0 31- 33 

0.0 22- 24 

0.0 37 - 39 

0.0 31- 33 

0.0 31 - 33 

0.0 22- 24 

0.0 37 - 39 

0.0 31- 33 
0.0 31- 33 

Adjusted 
maximum 

NPV 
($) 

11 72.30 

1371.90 

1354.59 

1597.79 

2015.71 

1850.97 

3092.68 

1520.89 

3408.05 

1769.50 

46.54 

145.68 

319.62 
319.62 

192.59 

495.5 1 

472.17 

51 4.55 

365.57 

632.23 

640.49 
640.49 

MAl 
(BF/acre/yr) 

185. 

168. 

209. 

185. 

193. 

229. 

246. 

166. 

282. 

216. 

19. 

46. 

86. 
86 . 

54. 

120. 

11 3. 

11 8. 

83. 

121. 

147 . 
147. 

Investment 
age 

(years) 

o 

40 

o 

o 
o 

o 

o 

o 
o 

o 

60 

80 

40 
50 

50 

o 

o 

o 

o 

o 

o 
o 

NPV 
($) 

11 72.30 

603.50 

1354 .59 

1597.79 

2015.7 1 

1850.97 

3092.68 

1520.89 

3408.05 

1769.50 

57.17 

57.26 

184.78 
174.77 

82.54 

495.51 

472.17 

514 .55 

365.57 

632.23 

640.49 
640.49 

Biological 

Max imum 
MAl 

(BF/acre/yr) 

185. 

173. 

209. 

185. 

193. 

229. 

246. 

166. 

282. 

216. 

88. 

90. 

114. 
114 . 

84. 

120. 

113. 

118. 

83. 

121. 

147. 
147. 

Land rent 
Value/SQ UTcc 

($) 

Adjusted 
NPV 
($) 

Opportunity 
cost 
($) 

0.0 10- I2 11 72.30 0.0 

80.48 16- 18 523.02 848.88 

0.0 7- 9 1354.59 0.0 

0.0 10- 12 1597.79 0.0 

0.0 16- 18 2015.7 1 0.0 

0.0 7- 9 1850.97 0.0 

0.0 7- 9 3092.68 0.0 

0.0 10- 12 1520.89 0.0 

0.0 7- 9 3408.05 0.0 

0.0 10- 12 1769.50 0.0 

49.41 22- 24 

41.35 31 - 33 

36.2 1 31- 33 
38.52 31- 33 

47.65 22- 24 

0.0 37- 39 

0.0 31- 33 

0.0 31 - 33 

0.0 22- 24 

0.0 37- 39 

O~ 31 - 33 
O~ 31- 33 

7.76 38.78 

15.9 1 129.77 

148.57 171.05 
136.25 183.37 

34.90 157.69 

495 .5 1 

472.17 

514.55 

365.57 

632.23 

640.49 
640.49 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 



'" V> 

Case stud y 
sta nd no. 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

Stand age 
(years) 

120 

120 

120 

120 

120 

140 

140 

140 

140 

140 

140 

160 

160 

160 

160 

160 

160 

80 
80 

80 

80 
80 

Mgt. 
alt. 

I 
2 

I 
2 

Investment 
age 

(years) 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 
o 

Maxi mu m 
NPV 
(S) 

767.02 

374.20 

424.37 

692.35 

951.90 

917.54 

482. 28 

1191.48 

603.63 

736.87 

735.69 

735.53 

558.80 

1283.54 

37 1.96 

1130. 15 

1071.17 

377.45 
377.45 

266.53 

477.93 
477.93 

Financial 

Land rent 
Value/so urce 

(S) 

Adjusted 
max imum 

NPV 
($) 

0.0 31- 33 767 .02 

0.0 31- 33 374.20 

0.0 22 - 24 424.37 

0.0 37 - 39 692.35 

0.0 31- 33 951.90 

0.0 31- 33 917.54 

0.0 31- 33 482.28 

0.0 31- 33 1191.48 

0.0 22- 24 603.63 

0.0 37 - 39 736.87 

0.0 31- 33 735.69 

0.0 31- 33 735.53 

0.0 31- 33 558.80 

0.0 31- 33 1283.54 

0.0 22 - 24 37 1.96 

0.0 37 - 39 1130.15 

0.0 31- 33 1071.17 

0.0 31- 33 
0.0 31- 33 

0.0 34 - 36 

0.0 37 - 30 
0.0 37- 39 

377.45 
377.45 

266.53 

477.93 
477.93 

MAl 
(BF/acre/yr) 

146. 

74. 

72. 

106. 

165. 

153. 

75. 

190. 

94. 

97 . 

123. 

106. 

69. 

175. 

47. 

136. 

149. 

109. 
109. 

66. 

114 . 
114 . 

In vestment 
age 

(years) 

o 
40 

o 

o 

o 

o 
40 

o 
o 

o 

o 

60 

40 

o 

60 

o 
o 

50 
50 

60 

o 
o 

NPV 
(S) 

767 .02 

193.37 

424.37 

692.35 

95 1.90 

917.54 

224.91 

1191.48 

603.63 

736.87 

735.69 

177. 13 

246.25 

1283.54 

70.72 

11 30. 15 

107 1.1 7 

180.34 
226.25 

77.27 

477.93 
477.93 

Biologica l 

Maximum 
MAl 

(BF /acre/ yr ) 

146. 

90. 

72. 

106. 

165 . 

153. 

91. 

190. 

94. 

97. 

123. 

107. 

83. 

175. 

54 . 

136. 

149. 

138. 
140. 

80. 

114. 
114. 

Land rent 
Value/so ur ce 

(S) 

Adjusted 
NPV 
(S) 

Opportunity 
cost 
(S) 

0.0 31- 33 767.02 0.0 

36.21 31 - 33 157.16 217.04 

0.0 22- 24 424 .37 0.0 

0.0 37- 39 692.35 0.0 

0.0 31- 33 95 1. 90 0.0 

0.0 31- 33 917.54 0.0 

36.21 31- 33 188.70293.58 

0.0 31- 33 1191.48 0.0 

0.0 22- 24 603.63 0.0 

0.0 37- 39 736.87 0.0 

0.0 31- 33 735.69 0.0 

39.94 31- 33 137. 19 598.34 

36.2 1 31- 33 210.04 348.76 

0.0 31- 33 1283.54 0.0 

49.41 22- 24 21.3 1 350.65 

0.0 37 - 39 11 30. 15 0.0 

0.0 31- 33 1071. 17 0.0 

38.52 31- 33 
38.52 31- 33 

31.61 34- 36 

0.0 37- 39 
0.0 37- 39 

141.8 2 235.63 
187.73 189.72 

45.66 220.87 

477.93 
477.93 

0.0 
0.0 



a
a-

Case study 
stand no. 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

III 

112 

11 3 

114 

115 

116 

117 

Stand age 
(years) 

100 
100 

100 

100 

100 
100 

120 

120 

120 

140 

140 

140 

140 

140 

160 

160 

160 

160 

160 

Mgt. 
alt. 

I 
2 

I 
2 

Investme nt 
age 

(years) 

o 
o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Maxim um 
NPY 
($) 

677.04 
677.04 

418.63 

973.52 

658.05 
658.05 

497.55 

442.12 

746. 10 

899.89 

788.97 

1155.06 

606.7 1 

853.32 

738. 15 

1217.98 

454.51 

1339.95 

1118.09 

Financial 

Land rent 
Va lue/ source 

($) 

0.0 31 - 33 
0.0 31 - 33 

0.0 34 - 36 

0.0 37- 39 

0.0 34 - 36 
0.0 34 - 36 

0.0 31- 33 

0.0 34- 36 

0.0 34 - 36 

0.0 31- 33 

0.0 31- 33 

0.0 31- 33 

0.0 34 - 36 

0.0 34 - 36 

0.0 31- 33 

0.0 31 - 33 

0.0 34 - 36 

O~ 37- 39 

00 31- 33 

Adjusted 
maximum 

NPY 
($) 

677.04 
677.04 

418.63 

973.52 

658.05 
658.05 

497.55 

442. 12 

746.10 

899.89 

788.97 

11 55.06 

606.71 

853.32 

738. 15 

1217.98 

454.5 1 

1339.95 

111 8.09 

MAl 
(BF/acre/ yr) 

155. 
155. 

91. 

179. 

132. 
132. 

90. 

86. 

129. 

143. 

128. 

180. 

78. 

126. 

91. 

170. 

69. 

156. 

152. 

Investment 
age 

(years) 

o 
10 

o 
o 
o 
o 

40 

o 

o 

o 
o 

o 

10 

o 

o 

o 

o 
o 
o 

NPY 
($) 

677.04 
609.34 

418.63 

973.52 

658.05 
658.05 

217.74 

442.12 

746.10 

899.89 

788.97 

11 55.06 

447.35 

853.32 

738. 15 

1217.98 

454.51 

1339.95 

1118.09 

Bio logical 

Maximum 
MA l 

(BF/acre/ yr ) 

155. 
156. 

91. 

179. 

132. 
132. 

102. 

86. 

129. 

14 3. 

128. 

180 . 

79. 

126. 

91. 

170. 

69. 

156. 

152. 

Land re nt 
Value/ source 

($) 

0.0 31 - 33 
16.29 31 - 33 

0.0 34- 36 

0.0 37- 39 

0.0 34- 36 
0.0 34- 36 

Adjusted 
NPY 
($) 

677.04 
593.05 

418.63 

973.52 

658.05 
658.05 

Opportun ity 
cost 
($) 

0.0 
83.99 

0.0 

0.0 

0.0 
0.0 

36.2 1 31 - 33 181.53 316.02 

0.0 34- 36 442.12 0.0 

0.0 34- 36 746. 10 0.0 

0.0 31- 33 899.89 0.0 

0.0 31- 33 788.97 0.0 

0.0 31- 33 11 55.06 0.0 

12.90 34- 36 434.45 172.26 

0.0 34- 36 853.32 

0.0 31- 33 738. 15 

0.0 31- 33 1217.98 

0.0 34- 36 454.51 

0.0 37- 39 1339.95 

0.0 31 - 33 1118.09 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
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Financial Bio logica l 
- - - --_.- -

Stocking Invest me nt Max imum So il Rotation Rotatio n Investme nt Max imum Opportunity 
Regenera ted level Mgt. aIt. age SEV Re nt I NPV 2 NPV age MA l SEV cost 

stand no. Composition I (trees/ acre) Regen. method (yrs) ($) ($) ($) (S) (yrs ) (BF/acre/yr) (S) (S) 

100% LP 300 I Nat ura l 80 57.77 2.89 56.61 1.1 7 100 256. 42.76 15.01 
100% LP 300 2N 80 58.23 2.9 1 57.0 2 1.21 11 0 254. 49. 10 9.1 4 
100% LP 300 3N 80 59.52 2.98 58.28 1.24 11 0 276. 50.2 1 9.30 
100% LP 300 I Plant 69 15.40 0.77 14.87 0.53 79 287. 6.40 9.00 
100% LP 300 2 P 69 16.08 0.80 15.4 3 0.64 89 284. 9.01 7.07 
100% LP 300 3 P 69 17.23 0.86 16.54 0.68 89 308. 9.55 7.68 

2 100% LP 450 I N 80 62.29 3. 11 61.04 1. 26 90 276. 55.84 6.45 
100% LP 450 2N 90 70. 10 3.51 69.07 1.03 100 286. 67.44 2.67 
100% LP 450 3N 90 72.14 3.6 1 71.0 8 1.06 100 308. 69.07 3.07 
100% LP 450 4N 80 37.09 1.85 36.30 0.79 100 244. 31.59 5.50 
100% LP 450 5N 80 37.96 1.90 37. 15 0.8 1 100 263. 32.39 5.57 
100% LP 450 I P 69 12.39 0.62 11 .96 0.43 79 3 15. 3.95 8.44 
100% LP 450 2 P 79 23.90 1. 20 23.0 1 0.89 79 323. 23.90 0.0 
100% LP 450 3 P 79 25.72 1.29 24.77 0.95 79 347. 25.72 0.0 
100% LP 450 4P 69 -29.43 0.0 -28.5 1 .Q.92 79 274. -30.94 1.52 
100% LP 450 5P 69 -28.86 0.0 -27.96 .Q.90 89 296. -35.82 6.96 

3 100% LP 600 I N 80 57.56 2.88 56.40 1.1 6 90 265. 54 .22 3.34 

'" 100% LP 600 2N 90 77.27 3.86 76. 10 I. I 7 110 3 12. 73.50 3.77 00 
100% LP 600 3N 90 79.86 3.99 78.65 1.2 1 100 335. 79.24 0.62 
100% LP 600 4 N 80 37. 11 1.86 36.32 0.79 100 255. 31.97 5. 14 
100% LP 600 5N 80 38.34 1.92 37.53 0.8 1 90 264. 37.85 0.49 
100% LP 600 I P 69 -3.55 0.0 -3.42 -0.12 79 302. -7.50 3.95 
100% LP 600 2P 79 24.71 1. 24 23.68 1.03 89 349. 22.49 2.2 1 
100% LP 600 3 P 79 27.30 1. 36 26. 19 1.10 89 376. 26 .54 0.75 
100% LP 600 4P 69 -38.72 0.0 -37.48 -1.24 89 286. -44.30 5.58 
100% LP 600 5 P 69 -37.65 0.0 -36 .44 -1.20 79 300. -37.74 0. 10 

4 100% PP 300 I N 70 2 15.38 10.77 208.30 7.08 70 4 15. 215 .38 0.0 
100% PP 300 2N 70 217.78 10.89 210.04 7.73 80 394. 216.98 0.80 
100% PP 300 3N 80 240.30 12.02 234.49 5.81 80 45 1. 240.30 0.0 
100% PP 300 I P 59 236.84 11 .84 223.5 3 13.3 1 59 492. 236.84 0.0 
100% PP 300 2 P 59 240.82 12.04 225.93 14.89 69 457. 238.57 2.25 
100% PP 300 3 P 69 269.50 13.47 257.92 11 .57 69 523. 269.50 0.0 

1 LP = lodgepo le pine, PP = po nderosa pine, GF = grand fir , WP = white pine, DF = Douglas-fir, WL = western larch, SP = Engelmann spruce 



Financial Biological 

Stocking Investment Maximum So il Rotation Rotation Investment Maximum Opportunity 
Regenera tcd level Mgt. alt. age SEV Rent 1 NPV 2 NPV age MAl SEV cost 

stand no. Composition (trees/acre) Regen. method (yrs ) ($) ($) ($) ($) (yrs ) (BF/acre/yr) ($) ($) 

5 100% PP 450 IN 70 227.50 11.37 220.02 7.48 70 438. 227.50 0.0 
100% PP 450 2N 70 203. 14 10. 16 195.82 7.32 11 0 390. 179.68 23.46 
100% PP 450 3N 80 233.91 11.70 228.03 5.89 90 451. 232.17 1. 74 
100% PP 450 4N 70 158.19 7.9 1 152.69 5.50 120 369. 123.66 34.53 
100% PP 450 5N 70 190.97 9.55 184.2 1 6.77 110 449. 174.62 16.36 
100% PI' 450 1 P 49 244.50 12.22 222.11 22.39 59 519. 244.39 0.11 
100% PP 450 2 P 59 210.72 10.54 197.36 13.36 99 434. 176.19 34.53 
100% PP 450 3 P 59 251.07 12.55 234.97 16.09 79 514. 246.23 4.83 
100% PP 450 4P 59 140.18 7.01 131.59 8.59 109 406. 92.04 48.13 
100% PP 450 5P 59 183.78 9.19 172.30 11.48 99 498. 159.26 24.53 

6 100% PP 600 I N 70 196.88 9.84 190.41 6.47 80 403. 176.62 20.25 
100% PP 600 2N 80 230.17 1 J.5 1 224.25 5.92 100 424. 21 1.92 18.25 
100% PP 600 3N 80 293.13 14.66 285.48 7.64 80 5 18. 293. 13 0.0 
100% PP 600 4N 70 194.20 9.71 187.36 6.84 90 400. 160.50 33.70 
100% PP 600 5N 70 227.37 11. 37 219.17 8.20 90 464. 197.90 29.47 
100% PP 600 1 P 59 191.69 9.58 180.9 1 10.78 69 467. 162.67 29.02 
100% pp 600 2 P 69 238.71 11.94 227.48 11.24 89 476. 212.19 26.53 
100% pp 600 3 P 69 323.67 16. 18 308.43 15.24 69 600. 323.67 0.0 

0- 100% PP 600 4P 59 181.57 9.08 170.28 11.29 79 455. 134.01 47.56 'D 
100% PP 600 5 P 59 225.80 11 .29 211.40 14.40 69 528. 208.07 17.72 

7 50% GF IVP 300 1 N 120 48.40 2.42 48.26 0.14 150 316. 31.11 17.29 
50% GF IVP 300 2N 130 48. 15 2.4 1 48.05 0.10 150 334. 4 1. 16 6.98 
50% GF IVP 300 3N 120 50.03 2.50 49.88 0.15 150 341. 41.23 8.76 
50% GF IVP 300 1 P 109 3.40 0.17 3.39 0.02 139 34 1. -20.25 23.66 
50% GF IVP 300 2P 119 3. 14 0. 16 3.10 0.04 139 360. -6.41 9.55 
50% GF IVP 300 3 P 109 5.57 0.28 5.52 0.05 139 368. -6.37 11.92 

8 50% GF IVP 450 I N 120 55.70 2.78 55.54 0.16 140 319. 4 1. 35 14.34 
50% GF IVP 450 2N 130 58.99 2.95 58.86 0. 13 150 36 1. 51.84 7.14 
50% GF IVP 450 3N 130 64.00 3.20 63.86 0. 14 150 381. 54.68 9.32 
50% GF IVP 450 4N 120 31.96 1.60 31.85 0.11 150 298. 22.87 9.09 
50% GF IVP 450 5N 120 35.60 1. 7 8 35.48 0.12 150 312. 24.13 11.48 
50% GF IVP 450 1 P 109 4.42 0.22 4.40 0.02 129 346. -15.20 19.62 
50% GF IVP 450 2 P 11 9 9.05 0.45 8.96 0.09 139 390. -0.71 9.76 
50% GF IVP 450 3 P 119 15.73 0.79 15.61 0.12 139 4 11. 2.96 12.76 
50% GF WP 450 4P 109 -34.76 0.0 -34.63 -0.13 139 321. -47.04 12.29 
50% GF IVP 450 5P 109 -29.97 0.0 -29.86 -{).10 139 337. -45.54 15.58 



Financial Bio logica l 

Stocking Invest ment Ma xim um So il Rotation Rotat io n Invest ment Maxim um Opportunity 

Regenerated level Mgt. alt. age SEV Rent I NPV 2 NPV age MAl SEV cost 

stand no . Composit ion (trees/acre) Regen. method (yrs ) ($) ($) ($) (S) (yrs) (8F/acre/yr) ($) ($) 

9 50% GFWP 600 IN 120 56.55 2.83 56.39 0. 16 ISO 308. 32.38 24. 18 
SO% GFWP 600 2N 130 98.30 4.91 98.05 0.25 ISO 389. 9 J.3S 6.94 
50% GF WP 600 3N 130 92.64 4.63 92.40 0.24 I SO 398. 84.73 7.92 
SO% GF WP 600 4N 110 30.05 l.SO 29.90 0. 15 ISO 273. 20. \3 9.93 
50% GF WP 600 SN 11 0 32.05 1.60 31.89 0.16 I SO 286. 21.1 7 10.88 
SO% GF WP 600 I P 109 -3.45 0.0 -3.43 -0.02 129 334. -24.74 21.29 
50% GF WP 600 2 P 119 54.21 2.7 1 53.87 0.34 139 420. 44.69 9.52 
50% GF WP 600 3 P 119 46.20 2.31 45.88 0.32 129 431. 42.71 3.49 
SO% GF WP 600 4P 99 -46.66 0.0 -46.31 -0.35 139 295. -59.83 13.17 
SO% GF WP 600 5 P 99 -44.05 0.0 -43.72 -0.33 139 309. -58.62 14.57 

10 50% OFGF 300 I N 100 57.99 2.90 57.55 0.44 130 319. 43.24 14.75 
50% OF GF 300 2N 120 62.22 3.11 61.98 0.24 ISO 323. 55.37 6.85 
50% OF GF 300 3N 120 69.73 3.49 69.47 0.26 I SO 340. 60.35 9.38 
50% OF GF 300 I P 89 16.38 0.82 16.17 0.21 119 349. -3.63 20.01 
50% OF GF 300 2 P 109 22.50 1. 13 22.26 0.24 139 349. \3.17 9.33 
50% OF GF 300 3 P 109 32.40 1.62 32.09 0.3 1 139 367. 19.56 12.84 

..., II 50% OF GF 450 I N 100 59.46 2.97 59.01 0.45 140 308. 33.65 25.8 1 
0 50% OF GF 450 2N 140 68.31 3.42 68. 18 0. 13 I SO 376. 65.87 2.44 

50% OF GF 450 3N 130 74.08 3.70 73.88 0.20 I SO 396. 70.2 1 3.87 
50% OF GF 450 4N 11 0 50.65 2.53 50.35 0.30 ISO 339. 39.57 11.09 
50% OF GF 450 SN 120 57.63 2.88 57.38 0.25 I SO 338. 46.9 1 10.7 1 
50% OF GF 450 I P 89 9.29 0.46 9.17 0.12 129 334. -25.8 1 35. 10 
50% OF GF 450 2 P 129 21.96 1.10 21.78 0. 18 139 406. 18.62 3.34 
50% OF GF 450 3 P 11 9 29.42 1.47 29. 16 0.26 139 427. 24. 13 5.29 
50% OF GF 450 4P 99 -9.10 0.0 -9. 18 0.09 139 366. -24.03 14.93 
50% OF GF 450 S P 109 0.22 0.0 1 0.02 0.20 129 367. -8.94 9. 16 

12 50% OF GF 600 I N 100 63. 19 3. 16 62.7 1 0.48 ISO 296. 26. 11 37.08 
50% OFGF 600 2N 140 77.82 3.89 77.68 0.15 150 425. 74.41 3.42 
50% OF GF 600 3N 130 85.90 4.30 85.67 0.23 I SO 457. 80.53 5.36 
50% OF GF 600 4N 110 49.64 2.48 49. 34 0.29 ISO 31 I. 39.48 10.16 
50% OF GF 600 5N 120 55.50 2.78 55.26 0.24 ISO 336. 44.94 10.56 
50% OF GF 600 I P 89 5.33 0.27 5.26 0.07 139 320. -45.16 50.48 
50% OF GF 600 2 P 129 26 .05 1.30 25.85 0.20 139 459. 21.36 4.69 
50% OF GF 600 3 P 119 36.67 1.83 36.38 0.30 139 494. 29. 34 7.34 
50% OF GF 600 4P 99 -19.58 0.0 -19.57 -D.O I 139 335. -33. 17 13.59 
50% OF GF 600 S P 109 -11.99 0.0 -12. 13 0.14 129 362. -2 1.45 9.46 



Financial Biologica l 
Stock ing Investment Maximum So il Rotatio n Rotation Investment Max imum Opportunity 

Regenera ted level Mgt. alt . age SEY Rent I NPY 2 NPY age MAl SEY cost 
stand no. Composition (trees/acre) Rege n. method (yrs ) ($) ($) ($) ($) (yrs ) (BF/acre/yr) ($) ($) 

13 50% DF WL 300 IN 100 37.19 1.86 36 .90 0.28 120 163. 28.24 8.95 
50% DFWL 300 2N 100 37. 19 1.86 36.90 0.28 130 176. 31.56 5.63 
50% DF WL 300 3 N 110 37 .99 1.90 37.80 0.19 130 193. 34.75 3.24 
50% DF WL 300 I P 89 -12.40 0.0 -12.23 -0.16 109 180. -24.38 11.99 
50% DF WL 300 2P 89 -1 2.40 0.0 -12.23 -0.16 11 9 193 . -19.71 7.32 
50% DF WL 300 3 P 99 -11.21 0.0 -11.15 -0.06 119 211. -15.54 4.33 

14 50% OF WL 450 I N 90 44. 73 2.24 44.17 0.55 110 172. 36.81 7.92 
50% DF WL 450 2N 100 45.87 2.29 45.50 0.37 140 189. 37.55 8.32 
50% DF WL 450 3 N 100 48.36 2.42 47.98 0.39 140 210. 42.86 5.50 
50% DF WL 450 4N 100 24.97 1.25 24.76 0.2 1 130 183. 16.32 8.64 
50% DF WL 450 5N 100 27.05 1.35 26.83 0.22 130 194. 17.7 1 9.34 
50% DF WL 450 I P 79 -11.48 0.0 -1 1.24 -0.24 99 191. -2 1.78 10.29 
50% DF WL 450 2P 89 -9.49 0.0 -9.41 -0.08 129 205. -20.41 10.92 
50% DFWL 450 3 P 89 -6.28 0.0 -6.24 -0.04 11 9 229. -9.81 3.54 
50% DFWL 450 4 P 89 -44.92 0.0 -44.38 -0.54 119 200. -56.17 11.24 
50% DF WL 450 5 P 89 -42.28 0.0 -4 1.77 -0.5 1 119 212. -54.64 12.36 

15 50% DFWL 600 I N 100 40.64 2.03 40.34 0.31 110 169. 35.96 4.69 
--.l 50% DF WL 600 2N 100 4 1. 19 2.06 40.87 0.32 150 194. 36.25 4.95 

50% DF WL 600 3N 120 45.68 2.28 45.5 1 0.17 140 215. 42.84 2.84 
50% DF WL 600 4N 100 19.78 0.99 19.63 0.15 150 184. 6.35 13.43 
50% DF WL 600 5N 100 19.78 0.99 19.63 0.15 150 186. 6.14 13.64 
50% DF WL 600 1 P 89 -25.85 0.0 -25.52 -0.34 99 188. -32.03 6.18 
50% OF WL 600 2 P 99 -25.07 0.0 -24.92 -0.15 129 210. -28.05 2.98 
50% DF WL 600 3P 109 -18.87 0.0 -18.86 0.0 129 233. -22.61 3.74 
50% OF WL 600 4 P 89 -61.24 0.0 -60.44 -0.80 139 198. -78.79 17.55 
50% OF WL 600 5P 99 -61.1 1 0.0 -60.65 -0.46 11 9 203. -69.78 8.68 

16 50% DFWP 300 1 N 100 66.94 3.35 66.43 0.5 1 130 292. 45.00 21.93 
50% DF WP 300 2N 11 0 67.48 3.37 67.08 0.39 140 271. 61.38 6.10 
50% DFWP 300 3N 110 77.64 3.88 77.19 0.45 140 286. 66.37 11.27 
50% DF WP 300 1 P 89 28.75 1.44 28.38 0.37 11 9 319. -1.2 1 29.96 
50% DF WP 300 2 P 99 29.70 1.48 29.28 0.42 129 294. 21.45 8.25 
50% DF WP 300 3 P 99 43. 11 2.16 42.56 0.55 129 310. 27.62 15.49 



Fin ancial Biological 

Stock ing Invest ment Maxim um Soil Rotation Rotat ion Investment Max imu m Opportunity 
Regenerated leve l Mgt. alt. age SEV Rent 1 NPV 2 NPV age MAl SEV cost 

stand no. Composition (tr ees/acre) Regen. method (yrs ) (I) ($) ($) ($) (yrs ) (BF/acre/y r ) (I) (I) 

17 50% DF IVP 450 I N 100 80.52 4.0 3 79.9 1 0.61 130 304. 46.5 I 34.01 
50% DF IVP 450 2N 11 0 85.64 4.28 85.1 1 0.53 150 296. 76.65 9.00 
50% DF IVP 450 3N 120 93.80 4.69 93.38 0.42 150 298. 82.60 IUO 
50% DF IVP 450 4N 100 50.17 2.51 49.72 0.45 150 280. 37.41 12.76 
50% DF IVP 450 5N 100 55.35 2.77 54.85 0.50 150 294. 40. 84 14.50 
50% DFIVP 450 I P 89 38.4 2 1.92 37.92 0.50 11 9 332. -8. 15 46.57 
50% DF IVP 450 2 P 99 45.76 2.29 45.08 0.68 139 320. 33.49 12.27 
50% DF IVP 450 3 P 109 56.25 2.8 1 55.61 0.64 11 9 322. 52.64 3.61 
50% DF IVP 450 4P 99 -9.92 0.0 -10.03 0.1 I 139 302. -27.00 17.08 
50% DF IVP 450 5P 89 -3.47 0.0 -3.61 0. 14 129 318. -17.84 14.37 

18 50% DFIVP 600 IN 100 70.45 3.52 69.9 1 0.54 130 309. 47.15 23.29 
50% DF IVP 600 2N 120 78.91 3.95 78.57 0.34 150 302. 70.35 8.56 
50% DF IVP 600 3N 120 92.83 4.64 92.44 0.39 150 313. 80.83 12.00 
50% DF IVP 600 4N 120 54.92 2.75 54 .70 0.22 150 322. 43.28 11.64 
50% DF IVP 600 5N 110 49.64 2.48 49.33 0.30 140 318. 38.20 11.44 
50% DF IVP 600 I P 89 15.37 0.77 15. 17 0.20 119 338. -16.30 31.67 
50% DF IVP 600 2 P 109 27.48 1.37 27.08 0.41 139 326. 15.80 11.68 
50% DF IVP 600 3 P 109 46.15 2.3 I 45.64 0.51 139 338. 29.70 16.45 

'" 50% DF IVP 600 4P 109 -1 2.1 2 0.0 -12.20 0.09 139 347. -27.94 15.82 tv 
50% DF IVP 600 5 P 99 -20.19 0.0 -20.19 0.0 129 345. -35.59 15.40 

19 50% DF PP 300 1 N 80 90.01 4.50 88.19 1.82 100 249. 73.25 16.76 
50% DF PP 300 2N 90 90.98 4.55 89.72 1. 26 120 254. 73.89 17.09 
50% DF PP 300 3 N 90 100.08 5.00 98.70 1.38 120 29 1. 82.5 1 17.57 
50% DF PP 300 I P 69 60.40 3.02 58.32 2.08 89 280. 37.48 22.92 
50% DF PP 300 2P 79 62.04 3.1 0 60.42 1.62 109 279. 38.66 23.38 
50% DF PP 300 3 P 79 73.65 3.68 71.77 1. 89 109 320. 49.32 24.33 

20 50% DF PP 450 I N 80 101.33 5.07 99.28 2.04 100 266. 79.02 22.30 
50% DF PP 450 2N 100 103.47 5.17 102.48 0.99 120 283. 91.85 11.62 
50% DF PP 450 3 N 100 121.1 1 6.06 11 9.95 1.16 1 10 339. 116.85 4. 26 
50% DF PP 450 4N 80 78.94 3.95 77.26 1.68 120 263. 58.40 20.55 
50% DF PP 450 5N 90 86.48 4.32 85.25 1.23 110 298. 76.73 9.75 
50% DF PP 450 I P 69 66.88 3.34 64.57 2.3 1 89 299. 36.35 30.53 
50% DF PP 450 2 P 89 70.35 3.52 68.96 1.39 99 312. 64.20 6. 16 
50% DF PP 450 3 P 89 93.56 4.68 91.77 1.79 99 377. 87.55 6.01 
50% DF PP 450 4P 69 29.05 1.45 27.84 1.2 1 99 290. 12.42 16.63 
50% DF PP 450 5 P 79 39.03 1.95 37.83 1.20 99 332. 25.63 13.40 



Financial Biological 
Stocking Investment Max imum So il Rotation Rotation Investment Maximum Opportunity 

Rcgenera ted level Mgt. all. age SEV Rent 1 NPV 2 NPV age MAl SEV cost 
stand no. Composition (trees/acre) Regen. method (yrs ) ($) ($) ($) ($) (y es) (BF/ acrc/yr) ($) ($) 

21 50% OF PP 600 IN 80 102.66 5.13 100.59 2.07 110 265. 64.50 38. 16 
50% OF PP 600 2N 110 II 1.47 5.57 110.73 0.74 130 322. 100.88 10.59 
50% OF PP 600 3N 110 125.56 6.28 124.72 0.84 110 369. 125.56 0.0 
50% OF PP 600 4N 80 92.48 4.62 90.51 1.97 120 288. 61.98 30.50 
50% OF PP 600 5N 80 99.33 4.97 97.22 2.1 1 110 315. 78.79 20.54 
50% OF PP 600 I P 69 59.4 1 2.97 57.36 2.05 89 297. 27.50 31.92 
50% OF PP 600 2 P 99 72.4 1 3.62 71.32 1.10 119 352. 57.87 14.55 
50% OF PP 600 3 P 99 90.5 1 4.5 3 89. 19 1.33 99 410. 90.51 0.0 
50% OF PP 600 4P 69 38.64 1.93 37.05 1.58 89 320. 23.47 15.16 
50% OF PP 600 5 P 69 47.56 2.38 45.67 1.89 99 350. 19.99 27.57 

22 100% LP 300 I N 80 37.39 1.87 36.63 0.75 100 198. 33.09 4.30 
100% LP 300 2N 80 37.39 1.87 36.63 0.75 110 201. 31. 07 6.32 
100% LP 300 3N 80 37.39 1.87 36.63 0.75 120 207. 27.84 9.55 
100% LP 300 1 P 69 -13.06 0.0 -12.61 -0.45 89 222. -18.Q7 5.01 
100% LP 300 2 P 69 -13.06 0.0 -12.61 -0.45 99 224. -20.61 7.55 
100% LP 300 3 P 69 -13.06 0.0 -12.6 1 -0.45 89 230. -14.89 1.83 

23 100% LP 450 I N 90 41.75 2.09 41.24 0.52 100 211. 35.50 6.25 
-.J 100% LP 450 2N 90 44.97 2.25 44.37 0.60 11 0 226. 40.93 4.04 w 

100% LP 450 3N 90 46.50 2.33 45.89 0.61 110 239. 42.18 4.32 
100% LP 450 4N 90 17.93 0.90 17.71 0.22 11 0 194. 11.10 6.84 
100% LP 450 5N 90 17.93 0.90 17.71 0.22 100 199. 15.42 2.5 1 
100% LP 45 0 I P 79 -15.61 0.0 -15.28 -0.33 89 237. -23.85 8.24 
100% LP 450 2 P 79 -1 1.11 0.0 -10.97 -0. 14 99 25 I. -16.04 4.92 
100% LP 450 3 P 79 -9.36 0.0 -9.26 -0. 11 99 265. -15.05 5.69 
100% LP 450 4 P 79 -55.25 0.0 -54.08 -1.17 89 216. -58.63 3.38 
100% LP 450 5 P 79 -55.25 0.0 -54.08 -1.1 7 89 223. -58.37 3.12 

24 100% LP 600 1 N 90 42.29 2.11 41.76 0.52 100 213. 36. 19 6.09 
100% LP 600 2N 100 49.87 2.49 49.42 0.46 110 252. 48.83 1.04 
100% LP 600 3N 100 52.28 2.61 51.80 0.49 11 0 269. 51.28 1.00 
100% LP 600 4N 90 17.85 0.89 17.63 0.22 100 196. 15.59 2.26 
100% LP 600 5N 90 17.85 0.89 17.63 0.22 100 203. 16.10 1.75 
100% LP 600 1 P 79 -24.06 0.0 -23.55 -0.5 1 89 239. -32.01 7.95 
100% LP 600 2 P 89 -13.01 0.0 -13.02 0.0 1 99 280. -14.17 1.1 6 
100% LP 600 3P 89 -10.28 0.0 -10.36 0.08 99 299. -11.54 1.25 
100% LP 600 4P 79 -64.56 0.0 -63.20 -1.37 89 220. -67.02 2.46 
100% LP 600 5 P 79 -64.56 0.0 -63.20 -1.37 89 228. -66.55 1.98 



Financial Biologica l 

Stocking Investment Max imum So il Rotation Rotation Investment Max imum Opportunity 
Regenerated level Mgt. alt . age SEV Rent I NPV 2 NPV age MAl SEV cost 

stand no. Composition (trees/acre) Regen. method (yrs ) (S) (S ) (S) ($) (yrs ) (BF/acre/yr) (S) ($) 

25 l oo% PP 300 I N 80 116.52 5.83 114.17 2.35 100 28 1. 85.32 31.20 

100% PP 300 2N 80 11 5.79 5.79 11 3.34 2.45 100 276. 101.95 13.84 

100% PP 300 3 N 80 122.62 6.13 120.03 2.58 120 304. 93.94 28.68 

100% PP 300 I P 69 97.41 4.87 94.05 3.36 79 320. 78.64 18.77 

100% PP 300 2 P 69 96 .50 4.82 92.9 1 3.59 89 310. 77.35 19. 14 

100% PP 300 3 P 69 105.39 5.27 101.50 3.90 89 342. 89.45 15.94 

26 100% PP 450 IN 80 125 .06 6.25 122.54 2.52 90 293. 107.16 17.90 

100% PP 450 2N 80 106.49 5.32 104.30 2.20 110 267. 80.91 25.5 9 

100% PP 450 3N 80 120. 18 6.01 11 7.68 2.50 100 316. 108.4 1 I 1.77 

l oo% PP 450 4N 80 100.5 1 5.03 98.37 2.15 100 281. 85.54 14.97 

100% PP 45 0 5N 80 107.56 5.38 105.27 2.29 100 309. 93. 15 14.41 

100% PP 450 I P 69 100.01 5.00 96.56 3.45 79 333. 75. 17 24.84 

100% PP 450 2 P 69 74 .14 3.7 1 7 1.4 7 2.67 99 297. 39. 19 34.95 

100% PP 450 3 P 69 91.58 4.58 88.25 3.33 89 355. 74.90 16.68 

100% PP 450 4P 69 59.19 2.96 56.87 2.32 89 316. 39.02 20. 17 

100% PP 450 5 P 69 68.38 3.42 65.74 2.64 89 34 7. 48.33 20.06 

27 loo% PP 600 I N 80 117 .5 1 5.88 11 5.14 2.37 100 285. 86.37 3 1.1 4 .... 
100% PP 600 2N 90 149.85 7.49 147.4 2 2.43 110 329. 133.84 16.01 ... 
100% PP 600 3N 90 157.35 7.87 154.80 2.54 100 346. 144 .87 12.48 

100% PP 600 4N 80 98.4 5 4.92 96.35 2.09 100 282. 76.63 2 1.82 

100% PP 600 5N 80 112.49 5.62 110.08 2.40 90 311. 100.25 12.24 

100% PP 600 I P 69 80. 14 4.01 77.38 2.77 79 32 1. 60.62 19.52 

100% PP 600 2 P 79 125.80 6.29 121.79 4.01 99 366. 103.55 22.25 

100% PP 600 3 P 79 134.18 6.7 1 129.94 4.24 79 393. 134. 18 0.0 

100% PP 600 4P 69 46.97 2.35 45. 10 1. 87 79 319. 38.09 8.88 

100% PP 600 5 P 69 64 .91 3.25 62.36 2.55 79 354 . 48. 30 16.6 1 

28 50% SP LP 300 IN 90 30.95 1.55 30.57 0.38 110 156. 26.47 4.4 8 

50% SP LP 300 2N 90 30.95 1.55 30.57 0.38 120 154. 23.63 7.32 

50% SP LP 300 3N 90 30.95 1.55 30.57 0.38 120 163. 23.79 7. 16 

50% SP LP 300 I P 79 -2 1.41 0.0 -20.96 -0 .45 99 174. -26.97 5.56 

50% SP LP 300 2P 79 -21.41 0.0 -20.96 -0.45 99 170. -25.93 4.52 

50% SP LP 300 3 P 79 -21.41 0.0 -20.96 -0.45 109 179. -30.83 9.42 



Financial Biological 
Stocking Investment Max imum Soil Rotation Rotation Investment Max imum Opportunity 

Regencra tcd level Mgt. alt. age SEY Rent 1 NPY 2 NPY age MAl SEY cost 
stand no. Composition (trees/acre) Regen. method (yrs ) ($) ($) ($) (S) (yrs ) (BF/acrc/yr) (S) ($) 

29 50% SP LP 450 1 N 90 35. 10 1.76 34.67 0.43 110 171. 29.46 5.64 
50% SP LP 450 2N 100 36.67 1.83 36.35 0.32 120 179. 31.36 5.3 1 
50% SP LP 450 3 N 90 36.62 1.83 36.13 0.48 110 186. 33.47 3. 15 
50% SP LP 450 4N 90 14 .35 0.72 14.17 0. 18 110 169. 7.69 6.66 
50% SP LP 450 5N 90 14.35 0.72 14.17 0. 18 11 0 173. 7.59 6.76 
50% SP LP 450 1 P 79 -24.84 0.0 -24.3 1 -0.53 99 190. -3 1.92 7.08 
50% SP LP 450 2P 89 -22. 19 0.0 -22.00 -0.19 109 197. -29.09 6.90 
50% SP LP 450 3 P 79 -23.09 0.0 -22.67 -0.4 2 99 207. -27. 10 4.01 
50% SP LP 450 4P 79 -60.22 0.0 -58.95 -1. 28 99 187. -68.45 8. 23 
50% SP LP 450 5 P 79 -60.22 0.0 -58.95 -1.28 99 192. -68.8 1 8.59 

30 50% SP LP 600 IN 90 36.03 1. 80 35.58 0.45 110 16 8. 29.60 6.43 
50% SP LP 600 2N 110 37.3 1 1. 87 37.Q9 0.22 120 191. 35.0 1 2.30 
50% SP LP 600 3N 100 37.72 1.89 37.40 0.32 120 198. 34.97 2.75 
50% SP LP 600 4N 90 14.03 0.70 13.86 0. 17 11 0 168. 7.45 6.58 
50% SP LP 600 5N 90 14.03 0.70 13.86 0.17 11 0 178. 8.57 5.46 
50% SP LP 600 1 P 79 -32.75 0.0 -32.05 -0.69 99 187 . -40.80 8.06 
50% SP LP 600 2P 99 -30. 12 0.0 -29.98 -0. 14 109 210. -33.10 2.98 
50% SP LP 600 3 P 89 -30. 10 0.0 -29.78 -0.32 109 218. -33.61 3.5 1 
50% SP LP 600 4 P 79 -69.86 0.0 -68.38 -1.48 89 188. -73.01 3. 15 ..., 50% SP LP 600 5 P 

V> 
79 -69.86 0.0 -68.38 -1.48 99 197. -76.68 6.82 

31 50% OF GF 300 1 N 110 33.3 1 1.67 33 .15 0. 16 140 202. 21.82 1 1.49 
50% OF GF 300 2N 110 34.23 1.7 1 34.06 0.17 150 209. 26.95 7.28 
50% OF GF 300 3N 120 36.65 1.83 36.53 0. 12 150 212. 27.24 9.42 
50% DF GF 300 1 P 99 -17.53 0.0 -17.39 -0. 14 129 220. -33.08 15.54 
50% OF GF 300 2 P 109 -16.22 0.0 -16 .17 -0.05 139 225. -25.98 9.75 
50% OF GF 300 3 P 109 -13.01 0.0 -12.98 -0.03 139 228. -25.81 12.80 

32 50% OF GF 450 1 N 110 33.49 1.67 33.33 0. 16 140 190. 20.62 12.87 
50% OF GF 450 2 N 130 37.54 1.88 37.45 0.09 150 249. 34.37 3.16 
50% OF GF 450 3N 130 42.13 2.1 1 42.03 0. 10 150 266. 37.69 4.44 
50% OF GF 450 4N 110 17.04 0.85 16 .95 0.09 150 206. 8.98 8.06 
50% OF GF 450 5 N 110 19.07 0.95 18.97 0. 10 150 207. 8.93 10.14 
50% 01' GF 450 1 P 99 -26.36 0.0 -26. 15 -0.2 1 129 206. -43.75 17.38 
50% OF GF 450 2 P 11 9 -20.50 0.0 -20.48 -0.02 139 268. -24.76 4.26 
50% OF GF 450 3 P 11 9 -14.40 0.0 -14.4 1 0.01 139 287. -20.42 6.02 
50% OF GF 450 4P 99 -55.55 0.0 -55.13 -0.42 139 222. -66.16 10.6 1 
50% OF GF 450 5 P 99 -52.89 0.0 -5 2.49 -0.40 139 223. -66.46 13.57 



Financial Bio logical 

Stocking Investm ent Ma ximum Soil Rota tio n Rotation Investm ent Max imum Opportun ity 
Regenerated level Mgt. all. age SEV Rent I NPV 2 NPV age MAl SEV cost 

stand no. Com posit io n (trees/acre) Regen. method (yrs ) ($) ($) ($) ($) (yrs ) (DF/acrc/ yr) ($) ($) 

33 50% DF GF 600 IN 110 31.46 1.57 31.32 0. 15 150 180. 15.7 1 15.75 
50% DF GF 600 2N 120 33.84 1.69 33.73 0. 11 150 224. 29.26 4.58 
50% DF GF 600 3N 120 36.9 1 1.85 36.79 0. 12 150 234. 30.45 6.46 
50% DF GF 600 4N 110 16.64 0.83 16.55 0.09 150 202. 6.44 10.20 
50% DF GF 600 5N 110 18.28 0.9 1 18. 18 0. 10 150 205. 6.25 12.03 
50% DF GF 600 1 P 99 -38.23 0.0 -37.92 -0.31 139 194. -59.47 21.24 
50% DF GF 600 2 l' 11 9 -34.7 1 0.0 -34.65 -0.07 139 242. -40.8 1 6.10 
50% DF GF 600 3 l' 109 -30.74 0.0 -30.63 -0. 12 139 252. -39.40 8.66 
50% DF GF 600 4 P 99 -65. 17 0.0 -64.67 -0.50 139 2 18. -78.67 13.50 
50% DF GF 600 5 P 99 -63.05 0.0 -62.57 -0.48 129 222. -74.09 11.04 

34 50% DF LP 300 I N 100 26.06 1.30 25.86 0.20 130 150. 18.02 8.04 
50% DF LP 300 2N 100 26.06 1.30 25.86 0.20 140 152. 18.54 7.52 
50% DF LP 300 3N 100 26.06 1.30 25.86 0.20 130 155. 21.6 1 4.45 
50% DF LP 300 1 P 89 -27.79 0.0 -27.43 -0.36 11 9 164. -38.38 10.59 
50% DF LP 300 2 1' 89 -27.79 0.0 -27.43 -0.36 119 165. -33.84 6.05 
50% DF LP 300 3 P 89 -27.79 0.0 -27.43 -0.36 11 9 169. -33.5 1 5.72 

-.J 
35 50% DF LP 450 I N 100 27.92 1.40 27.7 1 0.21 130 160. 18.66 9.26 

0-- 50% DF LP 450 2N 100 27.92 1.40 27.7 1 0.2 1 140 169. 21. 73 6. 19 
50% DF LP 450 3N 11 0 28.07 1.40 27.93 0. 14 140 171. 2 1.54 6.53 
50% DF LP 450 4N 100 4.4 3 0.22 4.39 0.03 140 147. -3.47 7.90 
50% DF LP 450 5N 100 4.4 3 0.22 4.39 0.03 140 149. -3.60 8.03 
50% DF LP 450 1 P 89 -34.33 0.0 -33.89 -0.45 119 174. -46.52 12. 19 
50% DF LP 450 2P 89 -34.33 0.0 -33.89 -0.45 129 183. -42.21 7.88 
50% DF LP 450 3 P 99 -33.98 0.0 -33.73 -0.25 11 9 186. -39. 12 5. 15 
50% DF LP 450 4 P 89 -73.36 0.0 -72.40 -0.95 129 159. -83.36 10.01 
50% DF LP 450 5 P 89 -73.36 0.0 -72.40 -0.95 129 162. -83.69 10.33 

36 50% DF LP 600 IN 110 24.88 1.24 24.76 0.12 130 157. 18.58 6.30 
50% DF LP 600 2N 120 31.22 1. 56 31.11 0. 11 140 180. 27.95 3.27 
50% DF LP 600 3N 120 33.44 1.67 33.33 0. 12 140 187. 30.24 3.20 
50% DF LP 600 4N 100 3.20 0.16 3. 17 0.02 140 150. -2.46 5.66 
50% DF LP 600 5N 100 3.20 0. 16 3. 17 0.02 140 152. -2.46 5.66 
50% DF LP 600 1 P 99 -47.3 1 0.0 -46.93 -0.38 11 9 172. -55.66 8.34 
50% DF LP 600 2 P 109 -38.34 0.0 -38.20 -0. 14 129 196. -42.65 4.31 
50% DF LP 600 3 P 109 -35.5 1 0.0 -35.39 -0. 12 129 203. -39.73 4.22 
50% DF LP 600 4 P 99 -83.85 0.0 -83. 18 -0.67 129 162. -90.98 7. 13 
50% DF LP 600 5 P 99 -83.35 0.0 -83. 18 -0.67 129 165. -91.08 7.23 



Financial ili2iQgildii 
Stock ing Invest ment Maximum Soil Rotation Rotation Investme nt Maximum Opportunity 

Regenerated level Mgt. alt. age SEV Rent 1 NPV 2 NPV age MAl SEV cost 
stand no. Composition (t rees/acre) Regen. method (yrs ) ($) ($) ($) ($) (yrs ) (BF lacrelyr ) ($) ($) 

37 50% OF pp 300 1 N 80 95.69 4.78 93.76 1.9 3 100 270. 81.07 14.62 
50% OF PP 300 2N 90 93.53 4.68 92.23 1.3 1 140 267. 68.63 24.90 
50% OF PP 300 3N 90 105.29 5.26 103.82 1.47 130 289. 81.57 23.72 
50% OF PP 300 1 P 69 68.33 3.42 65.97 2.36 89 303. 48.29 20.04 
50% OF PP 300 2P 79 65.60 3.28 63.86 1.74 129 290. 31.47 34.14 
50% OF PP 300 3 P 79 80.93 4.05 78.81 2. 12 109 319. 57.78 23.14 

38 50% OF PP 450 1 N 80 109.53 5.48 10 7.32 2.21 100 297. 89.60 19.94 
50% OF PP 450 2N 90 104.23 5.2 1 102.78 1.45 150 294. 82.35 21. 88 
50% OF PP 450 3N 100 116.70 5.84 115.56 1.13 130 324. 99.80 16.89 
50% OF PP 450 4 N 90 83.55 4.1 8 82.35 1.1 9 120 276. 67.20 16.35 
50% OF PP 450 5N 90 93.35 4.67 92.02 1.33 110 303. 81.24 12.11 
50% OF PP 450 lP 69 78.33 3.92 75 .63 2.70 89 333. 50.97 27.36 
50% OF PP 450 2 P 79 71.26 3.56 69.38 1.88 11 9 318. 54.97 16.29 
50% OF PP 450 3 P 89 87.45 4.37 85.73 1. 72 99 358. 82.82 4.63 
50% OF PP 450 4P 79 35.97 1.80 34.84 1.13 99 305. 23.15 12.82 
50% OF PP 450 5 P 79 48.57 2.43 47.14 1.44 99 336. 32. 10 16.47 

39 50% OF pp 600 1 N 80 103.96 5.20 10 1.87 2.10 100 280. 85. 19 18.77 
'" 50% OF PP 600 2N 100 100.61 5.03 99.65 0.95 150 291. 86.89 13.71 '" 50% OF PP 600 3N 110 114.44 5.72 11 3.65 0.78 130 332. 106.50 7.94 

50% OF PP 600 4 N 90 88.96 4.45 87.70 1.26 120 307. 73.34 15.62 
50% OF PP 600 5N 90 98.93 4.95 97.53 1.39 120 345. 84.7 1 14.22 
50% OF PP 600 1 P 69 61.23 3.06 59. 12 2.11 89 315. 35.76 25.47 
50% OF PP 600 2 P 89 57.27 2.86 56 .08 1.19 129 316 . 44.37 12.90 
50% OF PP 600 3 P 99 75.15 3.76 73.96 1.19 11 9 363. 64.26 10.90 
50% OF PP 600 4P 79 34.29 1.71 33.20 1.09 109 338. 13.37 20.92 
50% OF PP 600 5 P 79 47.12 2.36 45.72 1.39 109 379. 27.76 19. 36 





Appendix 6 

Opportunity Cost of Deferring Harvest 
of Financially Mature and Over-Mature Stands 
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Total 
Financial Opportunity Total Opportunity 

Stand NPY Costs Acreage NPY Costs 
Number (S/.cre) (S/,cre) (acre) ($ 1000) ($1000) 

I 508.51 92.53 33,869 17,222.7 3,133.9 
2 137.34 110.84 30,823 4,233.2 3,4 16.4 
6 139.94 94.86 18,360 2,569.3 1,741.6 
7 187.40 99.74 11 ,100 2,080.1 1,107. 1 
8 353.11 219.46 47,233 16,678.4 10,365.8 

10 644.57 189.96 54,083 34,860. 3 10,273.6 
II 695.41 0.0 447 310.8 0.0 
12 888.15 496.02 34,215 30,388.1 16,971.3 
13 393.62 196.39 10,948 4,309.4 2,150.1 
14 14 7.93 142.02 8,455 1,250.7 1,200.8 
15 222.69 15 1.09 106,178 23,644 .8 16,042.4 
17 303.96 248.55 14 ,3 18 4,352.1 3,558.7 
18 585.57 0.0 62,582 36,646.1 0.0 
20 426.49 244.32 20,297 8,656.5 4,959.0 
21 374.99 87.80 70,802 26,550.0 6,216.4 
22 1125.38 687.52 18, 171 20,449.3 12,492.9 
23 594.65 0.0 20,234 12,032.1 0.0 
24 1540.41 0.0 69,371 106,859.8 0.0 
25 969.72 766.75 28,1 45 27,292.8 21,580.2 
26 713.51 246.28 12,716 9,073.0 3, 131.7 
27 527.18 174.97 30,693 16,180 .7 5,370.4 
28 888.41 0.0 10,993 9,766.3 0.0 
29 1245.4 9 0.0 41,083 51,168.5 0.0 
30 1041.92 693.40 15,101 15,734.0 10,471.0 
31 851.74 0.0 27,486 23,410.9 0.0 
32 1000.92 744. 18 9,463 9,471.7 7,042.2 
33 1403.53 0.0 24,414 34,265.8 0.0 
34 488.99 0.0 18,455 9,024.3 0.0 
35 2629.21 0.0 23,9 12 62,869.7 0.0 
36 1623.37 0.0 114,220 185,421.3 0.0 
37 532.24 386.22 46,7 18 24,865.2 18,043.4 
38 934.54 0.0 105,411 98,5 10.8 0.0 
39 2434.23 0.0 50,693 123,398.4 0.0 
40 1407.73 0.0 43,844 61,720.5 0.0 
42 825.57 32.17 16,144 13,328.0 519.4 
43 475.90 0.0 12,9 18 6,147.7 0.0 
45 818.97 0.0 16,866 13,8 12.7 0.0 
46 931.87 327. 14 39,449 36,761.3 12 ,905.3 
47 451.30 0.0 13,979 6,308.7 0.0 
48 627.57 0.0 20,2 18 12,688.2 0.0 
50 820.03 0.0 25,618 21,007.5 0.0 
51 1145.44 405.91 47,514 54,424.4 19,286.4 
52 425.93 0.0 12,670 5,396.5 0.0 
53 694.06 0.0 21,365 14 ,828 .6 0.0 
54 1738.43 777.9 1 11 ,418 19,849.4 8,882.2 
55 803.87 0.0 25,713 20,670.0 0.0 
56 1316.73 550.70 25,895 34,096.7 14,260.4 
57 727.89 0.0 6,188 4,504.2 0.0 
58 1060.63 660.42 6,213 6,589.7 4,103.2 
59 1029.01 0.0 21,707 22,336.7 0.0 
60 1322.39 0.0 17,017 22,503. 1 0.0 
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Total 
Financia l Opportunit y Total Opportunity 

Stand NPV Costs Acreage NPV Costs 
Number ($/acre) (S/.erc) (acre) (SIOOO) ($ 1000) 

61 11 72.30 0.0 10,3 54 12,138.0 0.0 
62 137 1.90 848.88 7,968 10,931.3 6,763.9 
63 1354.59 0.0 28,648 38,806.3 0.0 
64 1597.79 0.0 15,585 24,90 1.6 0.0 
65 2015.7 1 0.0 16 ,144 32,54 1.6 0.0 
66 1850.97 0.0 95,640 177,026.8 0.0 
67 3092.68 0.0 25,105 77,641.1 0.0 
68 1520.89 0.0 55,108 83,8 13.2 0.0 
69 3408.05 0.0 60,968 207,782.0 0.0 
70 1769.50 0.0 21,589 38,201.1 0.0 
71 46.54 38.78 26,64 1 1,239 .9 1,033 .1 
72 145.68 129.77 65, 140 9,489.6 8,453.2 
73 319.62 171.05 24,927 7,967.2 4,263.8 
74 192.59 157.69 97,758 18,827.2 15,415.5 
75 495.51 0.0 177,875 88, 138.8 0.0 
76 472.17 0.0 180,96 1 85,444.4 0.0 
77 514.55 0.0 20,407 10,50004 0.0 
78 365.57 0.0 140,404 51,327.5 0.0 
79 632.23 0.0 62,1 09 39,267.2 0.0 
80 640.49 0.0 185,390 118,740.4 0.0 
81 767.02 0.0 13 ,397 10,275.8 0.0 
82 374.20 217.04 38,807 14,521.6 8,422.7 
83 424.37 0.0 102,281 43,405.0 0.0 
84 692.35 0.0 30,29 1 20,972.0 0.0 
85 95 1.90 0.0 194,485 185 ,130.3 0.0 
86 917.54 0.0 12,728 11 ,678.4 0.0 
87 482.28 293.58 69,770 33,648.7 20,483.1 
88 11 9 1.48 0.0 25, 154 29,970.5 0.0 
89 603.63 0.0 82,832 49,999.9 0.0 
90 736.87 0.0 40,339 29,724.6 0.0 
91 735.69 0.0 201 ,645 148,348.2 0.0 
92 735.53 598.34 22,051 16,2 19.2 13,194.0 
93 558.80 348.76 136,603 76,333.8 47 ,641.1 
94 1283.54 0.0 81,113 104,111.8 0.0 
95 37 1.96 350.65 149,720 55,689.9 52,499.3 
96 1130.15 0.0 274,9 15 310,695 .2 0.0 
97 1071.17 0.0 700, 137 749,965.8 0.0 
98 377.45 189.72 15,852 5,983.3 3,007 .4 
99 266.53 220.87 13,94 1 3,7 15.7 3,079.1 

100 477.93 0.0 25,520 12, 196.8 0.0 
101 677.04 83.99 18,698 12,659.3 1,570.4 
102 418.63 0.0 31,699 13,270.2 0.0 
103 973.52 0.0 10,663 10,380.6 0.0 
104 658.05 0.0 29,534 19,434.8 0.0 
105 497.55 316.02 25,465 12,670. 1 8,047.4 
106 442.12 0.0 27,944 12,354.6 0.0 
107 746. 10 0.0 29,896 22,305.4 0.0 
108 899.89 0.0 8,349 7,513.2 0.0 
109 788.97 0.0 35,6 14 28,098.4 0.0 
11 0 11 55.06 0.0 11,646 13,451.8 0.0 
III 606.7 1 172.26 21,096 12,799. 2 3,634.0 
11 2 853.32 0.0 30,095 25,680.6 0.0 
113 738. 15 0.0 114,860 84,783.9 0.0 
114 1217.98 0.0 44,678 54,4 16.9 0.0 
11 5 454.5 1 0.0 59,732 27,148.8 0.0 
11 6 1339.95 0.0 100,653 134,870.0 0.0 
117 111 8.09 0.0 125,699 140,542.8 0.0 

108 stands 5,852,348 5, 11 0,21 4.9 416,734.4 
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Appendix 7 

Sample Harvest Value Adjustment 
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The estimated stumpage value for Douglas-fir used in 
this study was $46.II /MBF. This is an on·site residual value, 
Le., market bids recognize logging, stand and accessibility 
conditions. The estimated 1976 Westside Region I average 
stand and accessibility conditions are shown in Table 1. 

Table 1. Region I Westside average stand cond itions, 1976. 

Slope 
Defect 
Scale defect 
Volume/!l.cre 
Logs/MBF 
Haul distance 

30% 
12% 
6% 

12MBI' 
18 

38 miles 

Log values, on the other hand, are measured at the point of 
utilization and should cover stumpage values plus logging 
costs and any other costs associated with harvesting. When 
basic logging, stand and accessibility conditions change , so 
does the residual stumpage value. Since log va lues are pre· 
sumed constant, any change in the average stand condi
tions given in Table I would have an impact on the residual 
Douglas·fir stumpage value of $46.lI/MBF. 

The average logging cost for 81 timber sales during 
FY 1976 on three northern Idaho national forests was 
$86.80/M BF. If this cost is applied to Douglas-fir stumpage 
value, the implicit average delivered log va lue is $132.91/ 
MBF. Since stumpage value equals delivered log value minus 
collection costs, a production cost decrease implies an 
increase in stumpage value , or vice verSa. 

The following example illustrates how stumpage 
values may be affected where tree size is larger than average. 

In Table I the stand averages 18 logs/ MBF. If a stand 
mean is 16 logs/MBF , trees are larger than average, so 
collection costs should be adjusted by the linear approxi
mations in Table 2. 
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Table 2. Effect of tree size on operating costs (computed from 
USFS Rl stumpage appraisal tables). 

Felling % adj = -37 1.9 + 20.95 (Iogs/MBF), r' = .96 

Skidding 
Loading 
Hauling 

(this linear approximation holds only between 16 and 
20 Iogs/MBF) 

% adj = -52.4 + 2.84 (Iogs/MBF), r' = .99 
% adj = -71.1 + 3.76 (logs/MBF), r' = .99 
% adj = -34.0 + 1.89 (Iogs/MBF), r' = .99 

Table 3 gives the adjustments in collection costs when 
all other factors are held constant. The adjustment factor 
is 1.0 plus the percent adjustment derived from the above 
equations. An II percent decrease in logs/MBF (larger logs) 
results in a cost decrease of 37 percent in felli ng, 7 percent 
in skidding, II percent in loading and 4 percent in hauling, 
for a total cost decrease of 9 percent/MBF. Therefore, 
stumpage is increased by $8.14, or 18 percent. 

Table 3. Logging cost adjustments. 

Operation A verage Price/ Adjustment Adjusted 
MBra Factorb Price/MBF 

Felling $14.34 .633 $ 9.07 
Skidding 26.63 .930 24.77 
Loading 8.88 .891 7.91 
Hauling 22.00 .962 21.16 
Overhead 3.95 1.000 3.95 
Protection ...1LOO 1.000 ...li.JllL 

$86.80 $77.86 

a Sowce: USFS 2400- 17 reports b Adjustment factor = 1.0 + % 
adj/1 00 from Table 2 

Assuming the $77 .86/MBF cost figure is applicable 
in perpetujty for this stand, rather than the average $86.80/ 
MBF , then the optimal SEV for the stand should also be 
adjusted. Regenerated stand 12 (Table 4.7) is used to 
demonstrate the adjustment in SEV. The previous optimal 
SEV for the stand was $85.90. Since stumpage has increased 
18 percent, the adjusted SEV can now be estimated, using 
the formulation given in Chapter 5. 

Adj SEV = Previous Optimal SEV + $0.75 (% stump
age change) 

= $85 .90 + $0.75 (+18) = $99.40. 







___ _____ ~J 
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