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Introduction 

The 1976 National Silviculture Workshop was held in Eugene, Oregon, 
on October 13-15, 1976. The objectives were to discuss second 
growth management of individual stands, with particular emphasis 
on the control of stand density. 

These proceedings include papers that were available for publi­
cation and will be of future value. Two additional handouts that 
may be of interest are: (1) a brief synopsis of the field trip 
discussing each stop and (2) An Alternative for Managing West Side 
Douglas-fir Stands in the Cascade Range. The latter is a valuable 
publication for those interested in the use of silviculture to 
improve aesthetics. A limited number of copies are available from 
Region 6. 
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Subject: 1976 National Silviculture Workshop 

Chairman: Robert E. Gillespie 

Time: October 13, 14, 15 

Location: Eugene, Oregon - Valley River Inn - October 13 and 14 
Field Trip October 14 and 15 
End of Meeting October 15 - Portland, Oregon 

Purpose of Meeting: 
Second Growth Management - Stocking Levels by Age Class -
Density Control - Yields 

October 13 
8:00 a.m. Call to Order 

Introduction of Participants 

8:05 a.m. Welcome 

8:15 a.m. Purpose of Meeting 

8:30 a.m. Reforestation and TSI Needs - Program 
Problem with Acreage - Definitions -
Answers 

9:30 a.m. Control Systems and Their Importance 
to Silviculture Decisions - Acreage 
Controls - Data Compilation - Yield 
Accounting 

10:00 a.m. BREAK 

10:15 a.m. Yield Data - Provisions for Managed 
Yield Tables - Storage Change - Update, 
etc. 

10:45 a.m. Growth Committee 
What are we doing? 
The fit to Clark Row's program. 
Results - Progress - Future 

11:00 a.m. Stocking Levels - Guides and Fit to 
Management Plan 

11:45 a.m. NOON 

Gillespie 

Region 6 

Gillespie 

Lamont Engle 
All Regions 

Region 6 

Daniel B. Jones 

Al Stage 

Roach and/or 
Marquis 



1:00 p.m. Stocking Levels - Yields and 
Guides 

1:45 p.m. Preeommercial Thinning - Yields 
Costs and Benefits 

2 :45 p.m. Douglas-fir - Wha.t One Specific, 
Thinning Requires 
S tacking .. Levels and Guides 

3:30 p.m. Practical Application of Guides 
Discussion 

4:30 p.m. END OF DAY PROGRAM 

6:00 p.m. Night Meeting and Dinner 
Program Speaker - Regional 
Problems, etc. 

October 14th - Field Trip 

October 15th 
7:30 a.m. Research Implementation 

7:45 a.m. Research Needs 

8: 15 a .m. Wrap-up of Density SesSiOIl" 

8:30 a.m. Silvicultural Practices and, Landscape 

9:30 a.m. Field Trip to Portland 
Speakers on bus and field trip·to be 
provided by Region- 6 

5 :00 p.m. AT PORTLAND, OREGON 

Gil Schubert 
Darrell Crawford 

Walter Fox 

Region 6 

Pearl 
All Regions 

Dick Watt 

TMR - W.O. 

Gillespie 

Twombly and Bacon 
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Timber Management, R-9 
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Willamette, R-6 
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Timber Management, R-4 
Timber Management, R-3 
Bozeman, Mt., INT 
Timber Management, R-3 
Timber Management, R-5 
San Dimas Equipment 

Development Center, R-5 
Willamette, R-6 
Timber Management, R-4 
Timber Management, W.O. 
Willamette, R-6 
Gila, R-3 
Timber Management, R-8 
Timber Management, W.O. 
Timber Management, W.O. 
Willamette, R-6 
Timber Management, R-2 
Bridger-Teton, R-4 
Willamette, R-6 
Timber Management, R-lO 
Rocky Mountain Station 
Lolo, R-l 
Timber Management, R-6 
Timber Management, R-5 
R-l 
Willamette, R-6 
R-l 
Kootenai, R-l 
Timber Management, R-2 
Timber Management, R-2 
Medicine Bow, R-2 
Timber Management, R-l 

3 



Name 

Wayne Orr 
Robert W. Pearl 
Carl Puuri 

v' Dona ld Reukema 
Ben Roach 
Gi Ibert H. Schubert 
Gene Sirmon 
De Smith 
Ed Smith 
Al Stage 
John Tephy 
Jacf Todd 
Bill Tuttle 
Bud Twombly 
Stan Undi 
Jack H. Ushe.r 
Bob Van Aken 
Peter Wagner 
Richard F. Wa'tt 
Ham Williston 

Organization 

Willamette, R-6 
Timber Management, W.O. 
Timber Management, R-6 
PNW, Olympia 
NE, Warren 
RM, Flagstaff 
Mississippi, R-8 
Timber Management, R-9 
Timber Management, R-8 
Moscow, TNT 
&-6 
R ... 6 
Timber Management, R-8 
Timber Management, R-6 
Timber Management, R-5 
Timber Management, R-6 
Policy Analysis, W.O. 
Timber Management, W.O. 
Cooperative For.estry, NA 
Jackson, Ms., SA 



Control Systems - Their Importance in Silvicultural Decisions 

Introduction 
To begin with--let's define what we are talking about when we use 
the expression "control system". 

In general, a control system may be defined as: "the formal 
processes and procedures which are used to measure and regulate 
accomplishment against planned goals or objectives." 

In particular in this presentation I will be talking about those 
timber management control systems which are currently used in 
Region 6 and which directly or indirectly control theimplementa­
tion of silvi.cultural activities, or monitor the effects of such 
activities. 

In the planning and decision-making job--the devel~pment of 
adequate and workable control systems is often given rather 
cursory attention. 

Control systems are often thought of as "bookkeeping" and "record 
keeping" procedures, and are often developed as a sort of "post­
script" to the more interesting and imaginative conceptual phases 
of planning and decision-making. 

Yet--as any planner or decision-maker would readily agree--the 
development of the most highly sophisticated and intensive 
silvicultural prescriptions--or intensive timber management plans-­
or finely tuned cultural treatment plans--are merely exercises 
in futility if they are not implemented on the ground with the 
same intensity and sophis(ication. It is the control system then, 
which finally determines whether or not plans and prescriptions 
are carried out. 

They are important and they deserve careful attention and substantial 
effort, both in their development and in their execution. 

In the next twenty minutes or so, I will try to cover three different 
types of controls which operate in Region 6 to influence and control 
silvicultural decisions and activities. 

(1) Silvicultural standards, procedures, and techniques 
(2) Silvicultural controls in the timber management plan 
(3) Relationship of the budget process and silvicultural 

activities 

Presented by Jack H. Usher, U.S. Forest Service, Timber Management 
Unit, at the National Silvicultural Workshop, October 13-15 at 
Eugene, Oregon. 
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Discussion 
Si1vicultura1 Standards, Procedures, and Techniques 
Si1vicu1tura1 Activity-Definitions -

The control and regulation of si1vicultura1 activities begins 
in the Region with a set of si1vicu1tura1 standards--or if you 
1ike--a set of standardized definitions, or criteria which 
define si1vicultura1 activities. In your handout (1st 6 pages) 
packet you will find a list of definitions of harvest cutting 
-practices, and cultural activities, used in the Region, and the 
letter code designation for each practice. These codes are 
universal throughout the Region and are a primary identifier 
for entry of planned or accomplished activities into our field 
data management system (TRI). 

Since I am sure that each Region has a similar set of si1vicu1tura1 
activity definitions--I will not discuss them in detai1--you can 
read the handout at your leisure. 

Stocking Level Guides 
Region 6 stocking level guides have been developed for each of the 
major species groups in the Region. They provide the basic guides 
for acceptable stocking levels in our stands. They consist of sets 
of coordinated stocking level curves and each table defines maximum, 
minimum, and recommended stocking levels by diameter class for a 
major species type age. Bud 'Twombly will discuss the construction 
and use of these tables in more detail this afternoon in his presen­
tation. Suffice to say, for the purpose.of my presentation, that the 
Regional stocking level guides are a primary control ·device intended 
to influence si1vicu1tura1 decisions. Stands which are stocked below 
the minimum curve are so badlyunderstocked that they should be replaced 
(i.e., Regenerated). Stands which exceed the maximum curve in stocking 
density are so badly overstocked that they also should be scheduled 
for early replacement. In our 'experience, stands which have been 
growing in this extreme condition of overstocking for a substantial 
period of time are not likely to respond adequately to stocking level 
control activities. 

Stands which fall between the recotnmended and maximum curves may be 
candidates for thinning--precommercia1 or commercial, dependent upon 
the stand size and the numbers and volumes of excess trees. 

Stands which fall between the minimum and recommended curve are candidates 
for interplanting, no treatment, or early replacement, dependent upon 
their age, size, tree condition, and management objectives. 

, 



Stand Examination 
The technique which is used to inventory stand conditions preparatory 
to prescription is the Region 6 stand examination. Bud will also 
discuss this program in some detail this afternoon--and you will be 
exposed to it several 'times during the field trip--so I will not 
discuss it further here. Suffice to say that we find it invaluable 
as a basic tool in our silvicultural control and decision process. 

Managed ~ield Tables 
The final silvicultural technique which I wish to mention is the 
Region 6 Managed Yield Table Program. The managed yield table is 
another and more specialized form of a stocking level guide. Managed 
yield tables are built to predict the stocking levels (in number of 
trees) and the intermediate and harvest yields which will be produced 
under various alternative silvicultural management alternatives. 
They are used as the basis for projecting growth and yields for 
regulated timber in the allowable harvest calculations in our timber 
management plans. 

Again, Bud will discuss some of the details involved in building a 
managed yield table, so I will not discuss them here. We use the 
managed yield table concept as the basis for many important silvi­
cultural and management decisions. By comparing managed yield tables 
for stands managed to maintain wildlife cover against a "standard" 
managed yield curve, we can determine the yield impact of preserving 
wildlife cover--or maintaining certain levels of wildlife snags for 
birds--or meeting the visual requirements--or maintaining stream 
temperatures. 

By using these tables as the yield functions in allowable cut 
calculations in RAM--and comparing separate runs made with standard 
tables and with the special tables, we can determine the trade-off 
values (in terms of MMBF of allowable cut) of many different alter­
native multiple use management allocations. 

By building managed yield curves for stands managed with and without 
a silvicultural practice, precommercial thinning for instance, and 
comparing the two RAM runs made using the different tables, we can 
determine the allowable cut gain from the practice. 

Timber Management Plans 
The primary control on silvicultural decisions in this Region is the 
lO-year timber management plan. 

Under our system, the management plan and the allowable harvest 
calculations for each National Forest present a range of possible 
allowable harvest levels rather than a single allowable cut level 
as did previous plans. The upper limit of this range, the potential 
yield, is the highest allowable harvest level for the next decade 
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that would be possible to reach and sustain with the most intensive 
s.ilvicultural management that would be technologically' feasible over 
the next ten years. It considers productivity of the land, the use 
o,f conventional and advanced logging technology, all technologically 
a;vailable intensive silvicultural practices, and the interrelationship 
or timber with other resource uses and the environment. 

A level of allowable harvest is also calculated that is attainable if 
the currently funded level of silvicultural intensity were continued 
over the nex.t decade. This level of yield defines the lower limit of 
the proposed allowable harvest range to be presented in each plan. 

The difference between the potential sustainable allowable harvest and 
that which would be programed under current levels of management 
represents a harvest opportunity that could be realized and programed 
dependent upon the acres of silvicultural 'practices that are accomplished 
during the plan decade. A description of each such practice and the 
a'llowable harvest benefits and investment cuts of implementing each 
practice is a part of each new management plan. To illustrate this 
rationale and how it influences silvicultural activities--Iet's look 
~t an example drawn from the Gifford Pinchot management plan. (Refer 
to handout.) First, however, some term definitions. 

]ntensive Silvicultural Practices 

Stocking Level Control - This is a broad category of cultural act,ivities 
that include thinning and afforestation ,practices in young stands aimed 
at keeping all connnercia 1 fOlies t land s.tocking at an optimum 1 eve 1. The 
practices included on the Gifford Pinchot are preconnnercial thinning of 
overstocked stands below merchantable size; brush or other competing 
vegetation control in these stands (by herbicides or mechanical means), 
afforestation (through interplanting) to bring presently poorly stocked 
young stands up to reconrrnended stocking levels), and reforestation of 
"backlog l1 nonstocked areas. 

Planting Genetically Improved Stock - As a part of the Gifford Pinchot 
allowable harvest calculation, we have also calculated the potential 
allowable harvest level gains which would result if we were able to 
plant all regeneration (final harvest.) acres to be cut over the next 
decade with first generation geneticalily improved nursery seedlings. 
The fo.rest is well along with its tree improvement program and is 
presently beginning to produce a significant amount of nursery seedlings 
which have been produced fron: seed harv:ested from superior trees selected 
on the forest. 



On the Gifford Pinchot, the annual programed harvest increase which 
could be taken upon accomplishment of these intensive practices 
would be: 

1. PCT, Interplanting, 
and Brush Control 

2. Reforesting Nonstocked 
Backlog Acres 

3. Genetics 

1.169 million board feet annual yield 
increase per 1,000 acres accomplished 

1.547 million board feet annual' yield 
increase per 1,000 acres accomp 1 is hed' 

0.239 million board feet annual yield 
increase per 1,000 acres accomplished 

The preceding figures are a representation of the "allowable cut effect" 
of implementing each intensive practice. In essence, this rationale 
says, for example, that as soon as we have successfully reforested 
1,000 acres of "backlogl1 nonstocked land, we could innnediately increase 
the allowable harvest level by 1,547,000 board feet per year. This 
innnediate increase in cut could not, of course, be harvested from 
the acres just planted, but rather would allow us to annually sell 
and harvest an additional 1,547,000 board feet of old growth. This 
innnediate benefit, often called the allowable cut effect, is justifiable 
since by successfully reforesting this 1,000 acres, we have assured 
ourselves that an equivalent amount of additional volume will be sustain­
able in the future through growth on the 1,000 acres of plantation we 
have currently established. Similar assumptions are made for the other 
intensive practices except that the future benefits for P.C.T., IP, and 
genetics are the result of increased rates of utilizable growth on the 
same acres rather than fhe result of expanding the acre base. Paren­
thetically, it should also be noted that our ability to take innnediate 
allowable harvest gains for accomplishment of these practices exists 
because we have "excess" old growth inventories on the National Forests-­
and if we were not operating under an "evenflow" sustained-yield charter, 
the benefits of these practices could not be taken until the increased 
growth produced by them had actually resulted in more trees growing to 
merchantable size. 

The approximate direct cost per 1,000 acres of implementing each 
practice on the Gifford Pinchot is as follows: 

1. PCT and IP $ 75,000 per 1,000 acres 

2. NS $164,000 per 1,000 acres 

3. Genetics $ 3,010 per 1,000 acres 

q 



Now, let's look at the handout. (Give cor.rections.) Essentially 
the format of this table is as follows: 

1. The tree vertical columns define three possible levels of 
allowable harvest' that could be programed from the Gifford Pinchot 
National Forest for the next decade .. -and w.hich could b.e sus·tained 
for at least 30 decades into the future if the premises built 
into this decade's plan were to be projected for that period of, 
time .• 

2. The left hand column (1) indicates the sustainable allowable 
harvests for the decade if curr·ent budget levels (inves,tments) 
were to be continued for the decade. 

3. The right hand column (3) indicates the allowable harvest that 
co:uld be programed if the budge.ts and techno logica 1 constraints 
were overcome and we could manage the fores.t at the full potential 
yield levels. 

4. The middle column (2) indic,ates the average annual programed 
harvest level that was proposed for the decade, and for which 
financing was reasonab ly assured, in the approV'.ed plan for the 
forest. 

The horizontal line entries in each column indicate the technological 
const·raints which must be. overcome and the acre$ of each intensive 
practice that must be a.ccomplished to reach the total programed cut 
as entered on the total line at the bottom of each column. 

I will discuss each line"- entry very briefly. 

Standard and Sp~cial 
The, first line defines a ba.gj.c nonintens ive management level 
based on prompt planting o.fr~generated ar:ect.s, no stocking 
level control in young stand$., prompt commercial thinning as 
soon as stands reach comrnerc.f.al thinning siz,e, commercial 
thinning entries at lO-year intervals up until rotation age 
and then prompt regeneration.- harvest. This line assumes 
that this ba~ic management;: iJiltensity can· and will be applied 
to all standard and speci<;l.l land components. It is essentially 
a "no investment" level ofI11#nagement insofar as appropriated 
funds are concerned (K-V paY$ for regeneration; CT and REGEN 
cuts are self-supporting operations, i.e., the return in 
stumpage receipts exceeds th~ costs of performing the operation.) 

Programing M.argina 1 Areas 

Column 
(1) -4,200 acres or 20 million board feet could be programed 
annually within the "presen't budget" limitations of money, men, 
and systems, providing the ma.rket price of timber remained at 
least as high as present, and the required har-v'esting systems 
were available for economic use. 
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(2) Same as 1. 

(3) 8,100 acres of regeneration cutting and 4,000 acres of 
commercial thinning can be annually programed if the budget, 
economic, and technological constraints can be overcome. 

Principal Technological Constraints 
a. Improved reforestation techniques required to assure 
prompt regeneration on certain soils, aspects, and upper 
forest timber types. 

Principal Economic Constraints 
a. High road access costs 
b. Logging costs of using advanced log suspension systems 
(long skyline, helicopter, perhaps balloon) 

Basic Level 
Sum of previous two lines. This line is the level of harvest 
which would be available at a nonintensive management level 
and presuming that the assumptions made in programing the 
marginal component were valid. 

Intensive Management Levels 
The remaining line entries show the effect on programed cut levels 
by application of the various intensive management practices. 

Precommercial Thinni~ 
(1) Thinning of 7,000 acres of highest priority stands. 
(total decade direc~ cost $780,000), 

(2) Thinning 35,734 acres of presently accessible stands. 
(total decade cost $3,980,566) 

(3) Thinning the total overstocked. (total decade cost 
$8,322,891) 

Interplanting 
(1) No interplanting 

(2) Interplant all cutover areas. (total decade cost 
$1,928,865) 

(3) Interplant all understocked areas. (total decade cost 
$3,063,120) 

Planting of Nonstocked Backlog 
(1) Plant all nonstocked backlog with a productivity greater 
than 30 CF/acre/year. (total decade cost $2,532,661) 

(2) Same as Item 1. 

(3) Plant all the nonstocked backlog. (total decade cost 
$2,567,661) 
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Planting of Genetic Stock 
(1) Select 850 parent trees and plant 40,000 acres with progeny 
from the parent trees. (total decade cost $49~865) 

(2) Same as Item 1. 

(3) Plant 94,500 acres with seed from 2,000 selected trees. 
(total decade cost $284,865) 

Mortality Salvage 
This, is salvage of normal endemic (as opposed to catastrophic) 
level of mortality--that occurs-outside of scheduled sale areas 
during the decade. it is a minimum harvest level goal (not an 
upper limit) and may be expanded if markets and costs of recovering 
this type of scattered dead or dying trees make such expansion 
economically feasible. 

Total Line - Total annual harvest which could be programed during 
the next decade under each of the column heading assumptions. 

Budget 
The ultimate control on silvicultural decisions and accomplishments is 
the budget process. Money and manpower are the final and vital factor 
which determines accomplishment of all management objectives. Unless 
our silvicultural techniques and plans can be tied firmly into the 
budget process, then they have indeed been wasted efforts. 

In budget planning for fiscal year 1979 for Region 6, we have incor­
porated the rationale just illustrated for the Gifford Pinchot into 
developing Regional budget proposals for the timber system. The 
rationale used in this attempt to provide a direct tie between budget 
proposals and silviculttl.ral objectives was as follows: 

1. First we determined the land base which will be available for timber 
management in 1979 (in terms of acres. of standard, special, and marginal) 
through predicting the changes in availability of the nons elected road­
less areas which will likely occur by 1979 through the land use planning 
process. 

2. Once the likely base has been det~rmined in item 1 above--we then 
calculated the allowable harvest (sell) level range that could be 
justified through intensive management practices on the available 
land base. The upper and lower end of this range was defined as follows: 

}P.tanageme.nt .~ntensity 

Lower End - Commercial thinning plus stocking the nonstocked 
backlog. 

High End - Comme:l':c ia 1 thinning plus s tacking the nons tocked backlog 
plus precommercial thinni.ng, plus genetic improvement. 
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3. Using timber management planning efforts currently in progress-­
and acre data from the Region-wide preliminary 10-year reforestation 
and TSI plans, we calculated the necessary ace factors needed to 
relate proposed sell levels to the acres of P&M reforestation, TS!, 
and genetic stocking required to support those levels. 

4 .. Using the above determined items, we then prepared three trial 
target sets which would define three alternative timber system 
program levels which would be necessary to accomplish three trial 
program levels for fiscal year 1979. The three target sets to be 
defined are: 

a. Low Level - Timber system output commensurate with operating 
at the commercial thinning and restocking of the nonstocked backlog 
level of management intensity. 

b. High Level - Timber system output commensurate with operating 
at the precommercial thinning level of output (CT + nonstocked 
backlog + PCT). 

c. Intermediate Level - Timber system output commensurate with 
operating at a management intensity level approximately halfway 
between the low and high level. 

d. These three levels are divisions on a continuum that ranges 
from a low yield 3,800 MMBF to the highest possible yield, 5,000 
MMBF. The low level encompasses yields from 3,800 MM to 4,200 MM; 
the intermediate level is from 4,200 MM to 4,600 MM; and the high 
level includes 4,600 MM to 5,000 MM. The trial target sets have 
been set at the lower level of each of these divisions: 3,800 MM, 
4,300 MM, and 4,600 MM.~ Ultimately nine alternative target sets 
along the continuum will be cos ted out to provide a complete range 
of funding alternatives. Execution of the above objectives resulted 
in the following trial target sets and trial dollar levels. 

(Refer to & discuss the last page of the handout packet) 
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33--1 

SILVICULTURAL EXAMINATION AND PRESCRIPTION HAh~BOOK 

33 - A METHOD OF ANALYZING. The following is a procedure which can 
be used for prescribing a silvicu1tura1 practice. 

Check certain conditions which can qualify the stand for a particular 
practice. If these conditions do not qualify the stand for that 
practice, check other conditions which can qualify the stand for 
another practice. 

Begin wfth a removal cut. Determine if the stand contains at least 
t-W'o distinct canupy It::Vtls. If it does-, check on the stocking ~evel 
of the highest or tallest level. If it does not, go to the connnercial 
thinning practice and begin checking conditions which co.u1d qualify 
the stand for that practice. Continue this procedure until all the 
conditions for a'stand will qualify it for a certain practice. 

Following is a check list of some conditions which indicate that a 
stand may qualify for the si1vtcu1tural practice shown: 

1. Si1vicu1tural Practice: Removal Cut 

To qualify for this :treatment, a stand should: 

a. Contain a salable quantity of merchantable timber. 

b. Contain at 1ea'st two distinct canopy levels. 

c. The highest level must not exceed minimum stocking 
level. 

d. The highest levelmust be composed of mature or cull 
trees. 

e. Th~~ condi.tion of tr~es in the h.ighest level makes it 
undesirable to retain them in the stand until most of 
the trees in lower le.vel(s) become merchantable. -* 

Fore st Se rvice Ha r;dbook *·"June 1974 
14 R-6 Amendment No. 8-i,: 



33--2 

SILVICULTURAL EXAHINATION AND PRESCRIPTION HANDBOOK 

*- f. Lower levels contain crop trees at or near recommended. 
stocking level: 

g. Crop trees are capable of attaining per acre volume pro­
duction rate acceptable to management within an acceptable 
time period after stocking level of the manageable component 
is adjusted to the recommended level . 

• 2. Silvicultural Practice: Corrnnercial Thinning 

To qualify for this treatment, a stand should: 

&. Contain a salable quantity of merchantable timber in excess 
trees. 

b. Contain crop tree stocking to the recommended level. 

c. Have stocking in excess and cull trees deLse enough to 
be inhibiting growth of crop trees. 

d. Have crop trees whose characteristics indicate that increased 
growth will result in an acceptable time if stocking is 
adjusted to the recommended level, or 

e. Have crop trees near rotation age whose characteristics 
indicate that growth can be maintained at an acceptable 
rate if stocking is adjusted to the recommended level. 

3. Silvicultural Practice: Regeneration Cut 

To qualify for this treatment, a stand should: 

&. Contain a salable quantity of merchantable timber. 

b. Have total live tree stocking either 

(1) At or below the minioum stocking level (all tree classes), OT ~_ 

(2) Exceeding the m.inimum stocking level but trees are 
primarily mature or cull, or 

(3) Which will soon be reduced to or below minimum stocking 
level by predictable mortality. 

c. Contains crop tree stocking to recommended level but stocking 
in mature and excess does not permit expectation of retaining 
crop tree stocking following the harvest activity.-* 

*-June 1974 Forest Se rvice Handbook 
R-6 Amendment No. 8-* 
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33--3 

SILVlCULTURAL EYJ\}1INATION AND PRESCRIPTION -HANDBOOK 

*-d. Be able to be reforested within the prescribed a110ted 
time period shown in the manual. 

4. Silvicultural Practice: Precommercial Thinning 

To qualify for this treatment, a stand should: 

R. Contain crop tree stocking to the recommended level. 

b. Not contain mature trees eligible for removal cutting. 

C. Contain dense enough stocking in excess and cull trees 
to be inhibiting growth of crop trees to the extent that 
trees will not reach merchantable size within an accept­
able time span acceptable to management. 

d. Most crop trees have characteristics which indicate that 
increased growth will occur in an acceptable time if 
stocking is adjusted to the recommended level. These 
characteristics include the following: 

(1) Crown ratio greater than 40 percent. 

( 2) Free from serious mistletoe infec tion. 

5. Oth~r P'r'~C tiees: . Salvage 

To qualify for this treatment, a stand should: 

a. 

b. 

Contain a salable quantity of salvable dead trees plus 
other trees which can he identified as certain to die 
before the stand becomes eligible for any other silvicul­
tural treatment involving harvest of trees. 

Be either 

(1) Ineligible for other silvicultural treatment at the 
time, or 

(2) Other treatment prescribed is to be deferred. 

6. Sanitation 

To qualify for this tt'-eatment, a stand must: 

a. Contain a salable quantity of dead, damaged, or other 
trees the remova.l of whic:!h is necessary to prevent 
the spread uf pests or pathogecs.-* 

Forest Service Handbook *-June 1974 
R-6 A,menciment No. 8-* 
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33--4 

SILVICULTURAL EXAMINATION AND PRESCRIPTION HANDBOOK 

*-b. Be either 

(1) Ineligible for other silvicultural treatment at the 
time~ or 

(2) Other treatment prescribed is to be deferred. 

7. No Trea tmen t 

8. Stand is healthy and crop trees do not or will not benefit 
from stocking level control. 

b. Prescribed treatment needs to be deferred.-* 

*-June 1974 
R-6 Amendment No. 8-* Forest Service Handbook 

17 .. 
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Field No. 33 (continued) 

Timber Harvest Activities. 

HCC Clearcut. -'Group, patch, strip or stand.) 

HCR Clearcut with Seed Tr,ees Res,erved. (Seed Tr:ee Cutting.) 

- HCU Substandard (Cull) Timber removal. (Usev/hen ,only substandard' material 
--. is harv,ested', not in conJunction with harvest of standard material.), 

o 

HFR Final Removal Cut. 

HPL Prelog or pre pa;ra tory cut . 

HPR Partial Removal Cut. 

HRG Regeneration Cut Prescribed. USE nNLY IN PRESCRIBED ACTIVITY FIELD, 
NO. 33. 

HRM Removal Cut Prescribed. USE ONLY IN PRESCRIBED ACTIVITY FIELD, NO. 33. 

HSA Sanitation Cut. 

HSH Shelterwood Cut. (Use only to,Q:es,cribe the "Seed Cut" in the Shelter­
wood system ,not the Prepa,ratery or Remova 1 Cuts .) 

HSP Spec-;al Gut. (Refers to c.utti:ngof some trees from an area for other 
than silvicultural purpos·es,:.suC;h as maki:ng -Q. 'spot for picnic ,tables, 

'etc. Must not be used when cutting reduoesstockingbelo~..; minimum 
,stocking level. Does not apply to salvage or 'sanitation, even if 
conducted in a campground orin the Spec;alCut Component area design-
a ted i n the TM P 1 an. ) .. 

HSV Salvage Cut. 

HTH Commercial Thinning. 

HTX Corrmercial thinning of Xmas Trees. 

1 a ' 
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Field No. 33 (continued) 

No Acti vi ty" 

NTM No Treatment Prescribed. USE ONLY IN THE PRESCRIBED ACTIVITY FIELD 
No. 33. (Use to show that an area has been examined for treatment 
needs, and a determination has been made that no vegetation management 
activity should be planned or conducted until conditions change.) 

Reforestation Activities. Reforestation activities also include all related 
treatments 'planned and carried out as a part of the reforestation process, 
and recorded on the Reforestation Activity Record. (Site Preparation, Animal 
Control, Release, etc.) 

RAS Artificial Seeding. USE ONLY IN COMPLETED FIELD, No. 39 

REF Reforestation. (Normally all prescribed and 
active reforestation projects are identified by this code uWtil 
reforestation is completed, and then the appropriate code to show 
type of reforestation actually done is entered in the Completed 
Projects Field, No. 39. If reforestation is accomplished by a 
combination of methods, REF may be used in the Completed Projects 
field to indicate this.) 

RNP Natural Seeding with Site Preparation. USE ONLY IN COMPLETED FIELD, No. 39. 

RNS Natural Seeding without Site Preparation. USE ONLY IN COMPLETED FIELD, No. 39 

RPL Planting. USE ONLY IN COHPLETED FIELD, No. 39 

RSP Reforestation with Site Preparation Prescribed. (USE ONLY IN PRESCRIBED 
FIELD, No. 33. This code indicates that the site is occupied with non-tree 
vegetation which must be,",'removed, such as old brushfields, etc.) 

Stand Improvement Activites 

SCN Cleaning. 

SDR Destruction of noncommercial stand in order to regenerate with a more 
productive stand. 

SFL Fertilization. 

SPC Precommercial Thinning. 

SPR Pruning. 

SRL Release. 

.~ 
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•• t R-6 - FY 1979 BUDGET PROPOSALS - TIMBER SYSTEM 

Total Forest Allocations 

Targets M Dollars 
Low Int. High Low Int. High 
Level Level Level Level Level Level 

031 
~imoer Sale Offerings 3800 4200 4600 19950 22050 24150 

(MMBF) 
032 

Management Plans and 
Inventories ($) 1713 1713 1713 

033 
P&M Reforestation 

(M Acres) 8000 10600 21200 1460 1940 3880 
034 

P&M Precommercial 
30o!I . Thinning (M Acres) 22500 44900 2750 5480 

035 
~ursery Expansion ($) 1583 1989 2651 
036 
~ree Improvement ($) 538 538 803 
037 

Silvicultural Exams 472 566 689 1416 1698 2064 
(M Acres) 

Timber System Support ($) 

Wildlife 
Range 
Minerals and Geology 
Recreation 
Soil and Water Management 
Fire Management and Lands 

Subtotal 3080 3415 3740 

~ngineering Support 
(FR&T $) 88315 97612 106909 

Total 118,355 133,705 150,590 

--!I COR Costs 1978 Con.tracts 
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USING MULTIPLOY FOR EVALUATING SILVICULTlJP4'\.L TREATMEKTS 

1/ By Daniel B. Jones-

MULTIPLOY is a computer language used to simulate and evaluate 

investments in forestry. The c{)mputer program was developed by Clark 

Row (1975) and is documented by the two-part manual, System MULTIPLOY: 

A Computer Language to Simulate and Evaluate Investments in Forestry. 

Part 1, Introduction and Basic M,,'!nual (Row, 1976), contains detailed 

instructi.ons for using the system; and Part 2, Training Guide (Row, 't 

al., 1976), consists of a series of progressively more complex lessons 

which lead the user through most of the features and options of MULTIPLOY. 

Both manuals are presently in draft fo'rm, but should be published in 

t}:le near future. The program has heen used by several regions of the 

National Forest System on a limited,basis with encouraging results. 

The program is operational at the USDA Computer Center in Fort Collins, 

Colorado (FGCC) to all who have access to the facilities. 

Uses of NULTIPLOY 

MULTIPLOY can be used to sHnuliate timber and other inputs of 

forest land management regimes on single tracts or projects over the 

long time periods required to pr'oduce forest crops. It can also be 

used to evaluate financfal returns of manag'erial options in terms of 

ineome per acre, rate-of...;return Gn i'iuve-stment, ,long run average revenues 

and costs, and required capital expenditures. The primary uses of 

MULTIPLOY are: determining the eff'ects of timber conditions, economic 

situations, and management decisions OD. fJ;laD.c"Li.l 7:"4;"turns (long range); 

1/ 
-.- Operations Researeh Annlyst. Ro~ky~t')un't:1in Fo\cst and Range Experiment 

Station, USDA Forest Servi~e, Fort (ullins, C(]lor~do. Based on a presenta­
tion at the Nationa'i SilVicultu1&:lorkshop, EugC'nt~, Oregon, Oct. 13,1976/, / 
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and setti~6 priorities by analysis of likely economic returns on a 

project-by-project basis (short range). Some other uses of the 

system are: estimating dollar-value increases attributable to gains 

from genetic improvement or fertilization; estimating the value 

productivity of land use: estimating do~lar-values of fire, insect, 

or disease losses and riskiness of forest investment; and filling the 

analytical gap between yield tables and allocation models such as 

Timber RAM (Navon, 1971). 

SEecific Features of MULTIPLOY 

MULTIPLOY uses individual or "custom" yield estimates, either 

in the form of externally supplied yield tables, internally generated 

simulations (either "canned" routines or user-provided equations), or 

a combination of both. The use·r has a virtually unlimited selection 

of costs and prices, ranging from fixed levels to variable levels 

determined by estimating formulae designed by the user. These 

formulae can vary with such factors as the difficulty of the situation, 

the intensity of treatments, and the amount of timber harvested (or 

yields simulated). The system allows for reduction in outputs from 

use of lands for alternate purposes or because of geographic features, 

fire, storm, insects, and diseases. It also allows for salvage of 

specified proportions of these losses. Allowance can be made for 

genetic and silvi.cultural growth gains when growth is estimated by 

simulation. Multiple use yields (grass and forbs, browse, water, and 

sediment) can also be included in the evaluations. Besides the above 

factors, additional financial or economic factors can be incorporated, 

23 



such ·as :the initial costs of land, ·the 'value of 'land in use aft'er 

final harvest or 10$8, and the allowable cut effect-. The alternative 

measures of economic returns that can be determined by the system 

!F1re equivalent annual incom'e, present net value ,benefit/cost ratio, 

-and ra'tc of return on investment. 

What MULTIPLOY Produces 

The system produces four basic types of output. The Timber Stand 

and Output Table is a chronological record of the characteristics of 

the timber stand and harvests; the Trial Summary shows the results of 

each trial or evaluation; the Revenue and Cost Schedule shows an itemized 

cash flow schedule used to calculate the foregoing dollar values; and 

the Problem Summary lists the results of -all trial runs in a problem 

(if more than one trial is performed). 

Basic MULTIPLOY Instructions 

MULTIPLOY utilizes a format--free input> i.e., the input instructions 

are in the form of basic English sentences and ordinary mathematical 

equations. The format was designed especially for people who are not 

primarily data processors and for those with only a keyboard terminal 

available to them. A complete cross-referenced list of all the 

allowed instructions is presented in the appendix of the Basic Manual 

(Part 1). This cross-referenced list allows the user to quickly find 

detailed descriptions of the iIlst'ruction statements. One very convenient 

feature of the i.nput. fcrmis that numbers (datd) do not have to be in 

specific columns, but have only ·tt> be separated by commas or blank 

spaces, thus allowing quicker, less frustrating~ and more accurate 



entry of the data. 

The basic format of the instructions is a m~mq. The heading of 

the memo has TO, FROM, and SUBJECT lines. The main body of the memo 

contains the simulation commands and the reading and writing inst.ructions. 

The closing section of the memo contains instructions for executing 

the problem. The memo allows for the insertion of comments, blank 

lines, continuation lines, and separation to make the memo easy to 

understand and interpret (especially after lying idle for several 

months). 

§pecific Features of MULTIPLOY 

Probably the best way to illustrate the features of the program 

is through some examples. Figure I shows an input memo for a typical 

~LTIPLOY problem. In this example we'll examine an existing stand 

through its final harvest and then examine. the subsequent stand 

through one rotation. We will test the sensitivity of the problem 

to the harvest age in the initial rotation. The memo contains instructions 

for evaluating the sensitivity of final harvest age on the management 

of an even-aged stand. You can see the form of the memo heading in 

the first three lines of the memo. Below the heading, in lines 5 

through 15, is the management regime for the existing stand (initial 

rotation). Lines with an asterisk in column I are comment statements. 

The instructions are self-explanatory with the possible exception of the 

variables in the yield table (lines 10 and II). The variables used 

in this yield table are: T -- average stand age, D average diameter 

breasthigh, N -- average number of trees per acre, Y -- average total 
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·volume per acre, 0 -- average merchantable volume per acre, YC --

;average total volume yielded if cut, and OC -- average merchantable 

volume yielded if cut. 

Lines 17 through 34 contain the management regime for the 

subsequent rotation. Not~the different treatments specified for 
I 
\ 

the subsequent rotation. Yield table 2 is used in this subsequent 

rotation. 

Associated with the different treatments specified for both 
(. " 

rotations are the different costs and prices depicted in lines 36 

through 44. Note that some of the costs are specified as fixed (e.g., 

line 38) or variable -- specified as an equation or function of the 

yield table variables (e.g., lines 43). Included'with the costs and 

prices is a st.atement REDUCE YIELDS FUR HOLES BY .01. This statement 

causes a reduction in yields for any number of reasons, such as non-

stocked holes, roads, landj.ngs, administrative sites, ridge lines, 

stream courses, and rock outcrops. This instruction is not a cost 

but illustrates that MULTIPLOY iU$:tructions can be in any order (with 

a few minor exceptions). 

Lines 46 through 49 contain the discounting instructions to be used 

by MULTIP.LOY in the economic evaluations. 

Since the objective of this·problem was to test the sensitivity of 

harvest age on the yields (bothlbiological and economic), lines 51 

through 53-contain the instructi0.l1ls to perform this sensitivity test. 

Figure 2 contains the Stand and Output Tables for this problem. 

This table is the one printed for harvest age = 60. Similar tables are 

printed for harvest ages 40 and 50~ Notice that the tables display 
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Mi 

1 
2 
J 
4 
5 
6 
7 
6 
q 

1.0 
11 
12 
]3 
14 
}5 
16 
17 
tA 
19 
20 
21 
22 
?3 
24 
?5 
26 

2" 
28 
?9 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
'+ 0 
41 
42 
1.3 
44 
45 
1.6 
47 
I.A 
4CJ 

SO 
51' 

. 52 

if 
;t 
·1 
I 

53 
54 

TOJ MULTIPLOY ·()"TE'· 
F fl (J M : , A N A L .y S T 'S N AM l:. I 

SUIiJt::CT: 'LESSON 4' 

~ MANAGF~fNT ~ttIME fOR ~XISTJNG SThNO (INITIAL ROT4TtON) 
SFT PRl:.StNT AGE AT 40 YFARS 
RH-10VL CULLS AT 1.0 YEA~~ IN INITIt.L I~OTArtO,.! 
H M~ V f. S T to I N A L Y 1 ~ L L) A T II (; E ~ 0 I N I N TTl "L HOT A or ION 
usE YII:.LU TA8L[ 1 IN INrT}"!. POTATION 
~EAU j ylELO CAI<US INTU TABLE 1 WITH VARIMJLf:.S T, 0, N, V, 

0', vc, OC 
40, 10.6, 200, 10, 9, 5, J 
50. 11.6, 150. 6, 15, 3, 5 
60. 12.4. laO, ~, 20 
usE Y I ELU T AULt:: 2 FOI~ SIIUS[(~UfNT POT A T ION 

~ MANAGE~ENT REGIME FOR SuHSEnUENT ROT~TJON 
CONTINUE T~IAL bEYONU fTNAl HflRV[ST ONE ROTATION 
PREPARt:. 5 I TE Fm~ Rl:Gt:.NEI?AT ION 
PLANT ~oo SEEDLINGS 
LflG ~f:.GEf\EkATIOr~ 4 Y£AJ.l~ 
PPtCOt·1ME~CIAL TI1JN AT Ar,E 10 IN SlJ.HSEouENT fH)TATION 
PRE5CRIAt dURN FHOM 15 TO 40 AT 5 YfAR I~TERVALS IN SUBSF0UfNT 

ROTATION 
THIN 
HARVEST FINAL YIELD AT ftGf 50 IN SURSEQUENT RorATION 
usE YIf:.LU TAULE 2 IN 5U~SEQUENT HriThTION . 
READ 5 yIELD CAkOS INTO TA8LE 2 WITH VA~IARLES T, 0, N. V. 
0' YC, OC 

20, 8, 300, 10. 0, 3, 0 
30t 9.2. 250, 12, 6, 4. 1 • 
40. 10.6. 200, 10, 9. 5, 3 
50, 11.6t 150, 6, 15. 3, 5 
60, 1~.4' 100, 2, 20 

* COSTS AND PRICES 
REDUCE yIllOS ~UR HOLES Hy .In 
COST OF ~EMOVING CULLS rS $2S 
COST OF Pf<£PARING 51 TE IS $40 

• 

COST OF PLANTrr~G = bll) • <;.01" SEEnLINGS 
COST Of PHECUM~lRCIAL THl~NIN~ 15 $15 
Cos T OF Pkf:.5CR I t,E hURN = Cf.J - $.0'. u T 
COST Of SALE P~LPAI..'A rIOI-' = 'fil * Y + '53 u OC 
REVENUE O~ TIMHt~ = $4.S ~ Y • $60 0 0 

~ DISCOUNT ING Jt"STHUCT InNS 
A 5 5 tJ"'~ t DIS C 0 U N T I~ ATE 0" • (') B . 
Assur..,t:. l<lVt:.NUE IN HJRTH~'R USE-. OF $1.0 
COMPUTe. RATE Of ~fTUHN 

MAKE SENSITIVITY TEST 
VAf~Y fINAL HM<Vt-o r, T AG!:. FI~OM 4 ri TO 6(') IN 3 5 TE PS 
L AHE l: HM<VES T AuF 
W~d TE UC;!NG HO (.OLUII.N f ()PtIATS 

Figure I. Sample input memo for MULTIPLOY, illustrat~ng sensitivity testingh 
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yields for both rotations befocre 'and after all -treatments. The user 

may specify different tables to be used before and after treatments 

and in initial and subsequent rotations.. As,we'll see in the next 

example each of these can be specified for treated stands and alternative 

base comparisons. Thus there are 8 situaticins' for which different 

yields may be specified. Some of the columns in the tables may need 

explanation. There are two years specified (A and T). "A" 'is. the 

,investment age which runs from year 0 out to the planning horizon; 

"Tlf is the stand age and recycles for each rotation. Height, basal 

area, number of trees, diameter, total volume, and merchantable 

volume are self-explanatory. VAL is the value of the merchantable 

timber. Listed for the timber harvest are diameter, quality index, 

total and merchantable volume, value, and periodic revenues and costs. 

Note that for each year delineated there are two rows of numbers: the 

first row is for the standing timber before treatment and the second 

row is for the timber harvest. 

Figure 3 presents the Revenue and Cost Schedule when harvest 

age = 40. This is an itemized list of all the revenue.s and costs and 

the year in which they occurred., 

Fi.gure 4 presents the Trial Summary Tahlefor the trial where 

harvest age was 60. The tria.l summa:ry presents. the volume and value 

of the timber inventory and all cuts for the planning period. It 

also shows the combined values, both undisco:unted and discounted, for 

the net and gross revenues and the cost::~. It also shm.vs the present 

net value, equivalent annual inc'offi1e., benefit/cost ratio, and internal 

rate-of-return. 



Figure 5 shows the Summary Table for the entire problem. It 

lists various factors achieved at the different hqrvest ages (the 

harvest ages are listed under the column labelled CASE). The columns 

in this summary table are the system's default headings -- the user 

may specify any factors he (she) wishes. 

Sensitivity tests can be made on a variety of other factors such 

as allowable cut effect (duration, level, minimum cut), discount rate, 

establishment age, first and last thinning age, local cost or price 

modifier, minimum pulpwood or sawtimber diameter or volume, number of 

trees established, regeneration lag, site index, yield reduction for 

holes, etc. 

Figure 6 shows the memo for another type of evaluation that 

MULTIPLOY can perform -- the case-by-case evaluation. The management 

regimes specified in this memo are basically the same as for the memo 

in Figure 1. Note, however, the cost of removing culls specification 

in line 37. It is specified by the equation COST = $1 * DIFF (where 

DIFF is a difficulty factor). Suppose that you wish to evaluate the 

effect of different difficulty factors on the outcome (both biological 

and economic) of ·the management strategy outlined in this memo. The 

instructions required to do this are found in lines 46 through 48 and 

lines 55 through 62. Note that the problem is to evaluate the effect 

of three difficulty factors or pr~ces (20, 15, and 25) on the cost of 

cull removal. In addition, a with-and-without treatment comparison 

is to be made on cull removal. This means that for all three difficulty 

levels of cull removal, a comparison of the strategy with and without 

cull removal will be made. This results in the solving of six separate 

2'1 



'ANALYST'S NAME' 
JUL 6, 1976, AT 1713 

'LESSON 4' 

TRIAL 3 HARVEST AGE = 60.00 

YIELDS USED IN ANALYSIS BEfORE THINNING DEVELOPED FROM -.. 
yIELD TABLE 1 

YIELDS USED IN ANALYSIS AFTER THINNING OEVELOPFO FROM --
YIELD TAHLE 1 

YEAR YIELD TA~LE I:JEfQR[/AFTER TREATMENT TIM8fR HI\RVEST PERIOD 
A T HT BA NO DSH VOLY YOLO VAL DSH QI VOLY VOLO VAL RfV COST 

0 40 0 123. ~OO. 10.6 10.0 9.0 585. 
0 123. 200. 10.6 5.0 6.0 O. .0 O. 5.0 .0 O. (I. "'25. 

10-50 0 110. 150. 11.6 6.0 15.0 927. 
0 110. 150. 11.6 3.0 10.0 613. .0 o~ 2.7 4.5 282. 282. -19. 

20 60 0 84. 100. 12.4 2.0 20.0 1209. 
0 O. O. • 0 .0 .0 O • 12.4 O. 2.0 20.0 1209. 1?09. -62. 

YIELDS USED IN ANALYSIS BEFORE THINNING DEVELOPED FROM .... 
YIELD TAULE 2 

yIELDS USED IN ANALYSIS AFTER Trt I NNe! NG DEVELOPED FROM .... 
YIELD lABLE 2 

34 10 0 O. o. • 0 .0 .0 O • 
0 O. o. • 0 .0 .0 o • .0 o. .0 .0 o. O. -55. 

44 20 0 105. 300. 8.0 10.0 10.0 645. 
0 105. 300. 10.6 -f .0 7~O 451. .0 O. 2.7 2.7 174. 174. -?3. 

54 30 0 115. 250. 9.2 12.0 6.0 414. .. '. ~ .. ' 
0 115. 2~Ot 10.6 H.D 5.0 336. ~O O. 3.6 .9 70. 70. ..JR. 

64 40 a 123. 200. 10.6 10.0 9.0 5A.5. 
0 123. 2UO. 10.6 5.0 6.0 382. .0 Os 4,5 2.7 182. l B? -21. 

74 50 0 110. 150. 11 .6 6,0 15.0 927. 
0 O. O. .0 .0 • 0 O. 11.6 O • 6.0 15.0 927. 927. -s 1. 

Figure 2. Stand and Output Table for the example described in Figure 1 

when harvest age equals 60. 
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• ANAL VST t 5 NA~'E' 
JUL 6, 1976, AT 1113: 

'LESSON 4' . 
. .... .~ .. : .. 

lRIAL 1 HARVEST AGE = 40.00 

QEVE"JUE AND COST SCHEDULE 
NO UNITS AMOUNT TIME SPAN FREQ DESCRIPTION 

1 9.00 585.00 1. 1 • o. FINAL TIMRER H~RVEST REVENUE 
2 .00 -37.00 O. 1 • O. TIMHER SAI.E ~OM COST 
3 .00 -40.00 O. 1 • O. SITE PkEPARATION COST 
4 • 00 -15.00 O • 1 • O. PLANTING COST. 
S .00 -2.40 19·. 1 • n. PR£SCRI8EO RURNING COST 
6 .00 -2.20 24. 1 • O. PRESCf~ I BED BURN I NG COST 
7 2.70 174.15 25. 1. n. TI"H~ER THINNING REVENUE 
8 .00 -1H.I0 24. 1. O. TIMBER SALE AO~ COST 
9 .00 -2.UO 29. 1 • O. PRESCRIBED BURNING COST 

10 .00 -1.t30 34. 1 • n. PRESCRIBEn 8LJRNING COST 
11 .90 70.~0 35. 1 • n. TIMRER THINNING REVENUE 
12 .00 -,14.70 34. 1 • O. TIM8ER SALE AOt-'. COST 
13 .00 -1.60 39. 1 • O. PRF:SCRI8E[) BURNING COST 
14 .00 -1.40 44. 1. O. PRESCRIBED HURNING COST 
15 2.70 182.25 45. 1 • n. TIMBER THINNING REVENUE 
16 .00 -18.10 44. 1 • O. TIMBER SALE AO~ COST 
17 15.00 921.00 55. 1. O. F INt,L TIMRFR HARVEST REVENUE 
}8 .00 -51.00 54. 1 • O. TIMBER SALE ADM COST 
19 1.00 40.00 5S. 1 • 0, LAND REVENUES IN CONTINUEI') USE 
20 1.00 .00 54. 1. 

. O. LAND COSTS IN CONTINUED USE 

Figure 3. Revenue and Cost Schedule for the example described in Figure 1 

when harvest age equ~ls 40. 
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'ANALYST'S NAf-4E' 
JUL 6, L9;7 f,. AT 1 7 I J 

'LESSON 4' 

TRIAL 3 HARVEST AGE 

TRIAL SUMMAHY 

YIELDS 

TIMBER INVENTORY 

ALL HARVESTS 
FINAL HARVEST 
THINNINGS 

COMBINED VALUES 

NET 
REVENUES 
COSTS 

= 60.00 

·"",-"":-:''''~ .... Vq~lJME'''--~.-:''-
TOTAL pER Y~AR 

45.80 
35.00 
lO.80 

7.9:7-

.6.2 
• .4:7 
.15 

- ... ~,.-, .... .uND 15COUNTEO~~"",, 
TOTAL PER YEA,R 

260Y.95 35~27 
28H4.75 3-8,'98 
274,80 'j.71 

P~ESfNT NET VALUE 
EQUIVALENT ANNUAL INCOME 
8ENEFIT/COST RATIO 
INTERNAL ~ATE-Of~RETURN 

TOTAL 

2844.75 
2136. •. 00 
70~.75 

PER YEAR 

478.01 

3R.4.4 
28.86 

Q.58 

... nISCQ.UNTEO AT .OAOO,,,· 
TOTAL PER yEAH 

311.32 ~4.91 
3'7 i . 89 29 • 75 

60.5B 4.85 

311.3-2 
2:4-,,,9,1 

6 .• 14 
27.1-6 

Figure 4. Trial Summary Table .fur ~l?,~ ei{~lmple desc-ribcd in Fif~llre 1 when 

h:1rvest <lge equals (,0. 

UNIT 
VALUE 

62.11 
61, OJ 
65.62 



'ANALYST'S NAME' 
JUL 6. 1976. AT 17&j 

'LESSON 4' 
SUMMARY TABLE 

CASE AVG VOL AVG COST AVG REV NET REV ANN INC PN VAL 

40, .56 3.80 36.64 32.84 39.43 492.87 

SO. .57 3.82 36.26 32.44 27.48 343.49 

60. .62 3.11 38.98 35.27 24.91 311.32 

• 

Figure 5. Summary Table for the example described in example 1. 
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1 
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11 
12 
13 
14 . 
15 
16 
J 7 
}8 
19 
20 
21 
?? 
23 
24, 
2S 
76 
77 
2Ei 
29 
30 
31 
32 ' 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43' 
1.4 
1.5 
1.6 
1.7 
48 
49 
SO 
51 

'52 
53 
54 
55: 
56 
57 
sn 
S9 
(,0 
f'l 
62 
(,) 

10: ~HJLlJI'LOY ·UflTr.' 
f H () HI' I\t U\I,. Y!) 1 '!i I Jld-1 L t 

SUUJLtl: ,'LL'S~UN '.it 

u HI\I~"(," t·l~ NT In G I '·1f. f ()I~ ~x I~~ T I NG STfif4n (J Ul r '''L noT "ft.Oti) 
srT PIH.S~Nr "(if: AT ItCI YFfdJ$ .. 
Hr.~HJvLC:I;Ll.S AT '.0 YLtd/~ IN JtJTT"l. ~OT:,\'rro,,:, 
tifd<Vt Sl t )r~l". YJU.lJ (,T "b( (,0 IN IUITJJ\l. JUH"TJON 

'lJ~)l Ylt.l.ll TI\(lL(:. 1 III INI1JI\l f>()T/,TlotJ r()r~ TRf/dFO flLTFHNI\TJVF. 
~FAO ] yJu.n C"'~US ItdO TAIil.[ 1 \-1I1t! V'/l.Rll\IH.fS T. 0, ~It y, 
o. ye, OC 

I, 0 t 1 0 • (l teO (), I O. (). S , 3 
50, II.b, ISO. 6. l~t 3, 5 
60. 12.~, 100, 2. 20 
USE Y J £L I) T ,:flLl:' c F ()f~ 051 ;f3SE Ourr~T '~OT"T tON 

o V.ANAG[t:r~n nEc'I:.AE rOJ~ SUHSI'oUEr'~T l~or"TIO'" 
CONI u:ur P~IAL lH:YO:iU FII"AL t-4!,~~Vf.ST Oh!E I~OTATI0N 
PI~EP M.(t~ SIT E 
LAG HLG[~fRA1IO~4 YEAH~ 
p.., E CO I·W E 1< C 1 1\ L T H IN'. 1 I, r, £ 1 0 
PH!:.SU<In.t. UUWJ FKOI-1 15 TO 4{) hT 5 Yf.Ar~ INTFHV'/,LS IN StJ8S[oU[NT 
r~OT /, T ION 

THIN 
hA~VEST fINAL YIELD AT hGE 50 IN SU~SEOUENT ROTATION 
USE Yll:.LU fABLE ~ IN SU:-1SEOUE.'lJT J<OTflTION 
J.< [ /,0 5 y 1 f:. L 0 ell. H U 5 I N T 0 1 II H L [ 2 \-11 T H V AH J "P Lf ST. D • ..It Y. 
0, yet OC 

20, fit 300.10. 0.3.0 
30. 9.2. 2~0, 12. 6. 4, 1 
40. 10.0' cOO. '10, 9, 5, 3 
50, 11.6. ISO, 6; 1:;" 3, 5 
60 • 1 2 • ' .. " 1 0 0, 2. C'O 

o COSTS A~O PRICES 
R [ U U ely 1 f. L D S ~ OJ.< H 0 L ESt .• Y • 1 n 
COST Of- ~<Lr-'OVJi~(, CULL~ :: 1-'1 '0 DIrf 
COST UF P;"tPM<lI"G ~ITE IS ~.(+:() 
COST Uf- PLANTINtJ :: lolU • ~.Ol U SEEnLINGS 
Cos T Of ""~H-_ c{)nr'IL HC 1 t.L T H J t!N Jf'Jf, J S $15 
cos T Of- Pt<lSCR I bE tHH~N :: ctS - ,05 U T 
COST OF SI\Ll PktPM~/lTlO\i ;'i,] ,t OC 
REVU-.JU[ f- UR 1 I r-lbU~ :: $4'~ Y +. $60 ,0 0 
C 0 ~~p U 1 [ HAT E 0 F H F T lJ RN 

MilKE CAS!:. HY CAst EVALUftl1nN Of 3 C~SES 
C 0 ,.~ P J\ 1< E \\. I 1 H - \,' I l H 0 UTI J~ rf I\Tt·· f: N T nt l h L S 
O~lIT CULL H[~H)VtlL IN l~A~t. lJlIl\l. 
usE YH.LU L'dHE. J 11'1 HnTIAL C.'lo"ThTlnN FOI~ f>I\Sf "LTFr;~"TTVJ.­
r~[AO J ylf.LO CAhl>S INTU T/lHLE J\y,'ITtc V"I~'l/lhLFS T, n. N. y, 
0, ye, uc 

4 0, 1 0 • n. cO 0 t 1 () t <) , 5 • 3· 
50. 11.0, 1 7~, H. 12, 3, 4 
60 tIl • n, }/,O, :" 1 4 

'~fA() :\ r.J\~)t. CARDS ~'ll T H VAH-lf.lhf (lNOrR 
VI\HJAULf UHOEH IS UIrt" O~ CIHt J(f1-'fOV"l~ 

Wid 1 f. Ur.;~ 1 l-j(; HO CO!. LInN' r Of.';' filS 
HUN PHUHL Lf·i PllJ,~F 
NO} 20 
NO£:' l~ 
NO:} r.~ 

STOP 

Figure.6. Sample input memo for MULTIPLOY, illustrating case evaluations. 
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simulatio~d (the without cull removali o~ base trial, will b~ the same 

for all three cases). Note that since yields will'be different when 

cull removal is performed, two different yield tables can be used in 

the initial rotation -- table 3 is used for the base alternative (no 

cull removal) and table 1 is used for the treated alternative (cull 

removal). All the output tables are produced for each case and the 

summary table includes all six evaluations (the with/without comparisons 

at all three difficulty levels). A problem can include up to 100 cases, 

and instructions can be included or changed for each case. This makes 

for an orderly analysis of different projects and the problem Summary 

Table presents a summary of each case. 

Besides reading in a complete yield table, MULTIPLOY allows the 

user' to read in a partial table and then complete the table wi th user­

specified yield and growth equations.- In~act, the, user may not want 

to read in any tables at all and specify all the equations for completing 

a stand table. An example of this latter feature is shown in Figure 7. 

The general form of the simulation command in line 8 is: 

SIMULATE TIl-mER GROWTH BY (method) (BEFORE, AFTER) THINNING FOR 

(INITIAL, SUBSEQUENT) ROTATION IN (TREATED, BASE) ALTERNATIVE 

There are seven programmed growth procedures (methods) that can be used 

in simul~tion: return to normal stocking, return ~o normal basal area, 

return to normal volume, growth equation for basal area, growth equation 

for volume, growth equation for diameter, and plantation distribution 

function. 

If the user so desires, he (she) can use one of the canned simulators 

progranmled into HULTIPLOY. There are presently simulators for four 

species: loblolly pine, slash pine, ponderosa pin~, and Douglas fir. 
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Planned future additions to the choice ~f simul~tors include Rocky 

Mountain spruce-fir, lodgepole pine, yellow-popl~r, shortleaf pine, 

longleaf pine, red pine, Eastern ,white pine, and oak .... hi'ckory. The 

detailed descriptions and sources of the canned simulators are given 

in the Basic Manual (Part 1). 

As mentioned previouslY,MULTIPLOY can evaluate non-timber inputs 

as well. These are: grass and forbs, browse, water, < :and sediment. 

Including these variables in a problem results in an expanded 'Stand 

and output table and trial summary. An example of a problem using 

these will not be presented here, but the output tables are very 

similar to the tables shown previously 

inputs and outputs included. 

Some Further Options and Uses of MULTIPLOY 

with the non-timber 

There are some other features inMULTIPLOY which might be of 

interest to this group. 

The system includes an option which allo,ws the user to <vary a 

number of factors to simulate approximately the variation in fiaancial 

returns tha.t own.ers can expect. This is done through random variation 

tests. The user can: specifyl10w many stochastic tests are to be made; 

randomly vary height grml7th ,diameter growth, prices, or costs; 

specify the coefficient of variation; and rarldomly vary the 'regeneration 

success, fire loss probabilitya>nd pest loss pro.bability. 

MULTIPLOY can be instructed to print the special activities cards 

for Timber RAH. These cards include the volume yields and associated 

economic values for the stand being evaluated. 



1· 
2 
3 
4' 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

·22 
23 
24 
25 
?b 
27 
28 
29 
30 
31 
32 
33 
34 
3.5 
36 

\ 

TOI MUlTIPLOY 'UATE' 
FROM: 'ANALYST'S NAME' 
SUHJECT: 'LESSON 6d' 

~ MANAGEMENT REGIME 
PREPARl SITE FOR REGEN~RATION 
PRECOMMfHCIAL THIN AT A~E 10 
SIMULATE T IMlj[R GROwTH HY GROWTH E<lUATION fOR BA~AL AREA 
ASSUME ESTA8LISHMENTAGF IS 20 
ASSUMt 300 TREES ESTAHLYSHED 
ASSUME qO SQUAkE FEET OF BASAL AREA ESTABLISHED. 
THIN TO HO SQUARE FEET PASAL· AREA 
HAHVEST fINAL YI~LO AT ~O YEARS 

o EQUATIONS fOR COMPLETING STAND TAPLE 
Sllt. INDEX IS HO 
= 10 + 51 - 800 I T • 

ASSUME 
HEIGHT 
VOLUME 
ASSUME 
VOlUMr.. 
ASSUME 
VOLUt-,t:. 

IN TOTAL CUBIC FftT = .00008 4) [) *0 2 * H 
MINIMUM PULPWOOD OIAMETER IS 4.5 INCHES 
RATIO IN MEkCHANrAHLE ClJ8IC FEET = 1 - .8 I n 
tJINI~UM SAW1IMbf:p DIAMFTER Ie; R INCHFS 
R f(f 1 0 I N M t R C HAN TAB L E BOA ~ 0 fEE T = • 0 PI - • 12 I 0 

* GROWTH EQUATIONS 
GROWTH IN 8ASAL AREA = ,5 * 51 I T 
MORTALITY IN NUMH~~ Of TREES = - .05 + 3 I T 

o. COSTS ANU PRICES 
COST Of PREPARING SITE IS 40 
COST OF P~tCOMM~RCIAl THI~NING IS 15 
COST Of P~tSCPIH~ UURN = 5 - .05 0 T 
COST OF S~LE P~lPARATION = 3 * ac 
PRICE OF PULPwOUO IS $5 
PRICE OF SAWTIM~~R IS 'AO 

WRITE USING 80 (.OLUMN FOWMATS 

... Figure 7. Sample input memo for HULTIPLOY, illustra~ing growth and 

yield simulatio~.· 
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The 'program can also read and write standard yield files. 

These yield files will be discussed by Al Stage during his presenta­

tion. Just let me say that the files are similar to those shown in 

Fig~re 8 , and are compatible with ~he tables developed by the Growth 

Committee. 

Another option that the program has is the feature of reading 

and writing revenue and cost input files. 

In Summary 

MULTIPLOY should be a valuable tool for silviculturists in 

evaluating the effects of differeht treatments on a timber stand, 

both in biological and economic terms. The system is relatively 

simple to use because it uses English control statements and format­

free data inputs. It is useful for dete~ining the' sensitivity of 

a timber stand to different management strategies and for making 

different case studies on a given stand. It allows for growth 

simulation and random variation of certain parameters. Finally, 

it provides a link between yield tables and allocation models such 

as Timber RAH and can readand write. standard yield table files as 

developed by the Growth Committee. 
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Figure 8. An example of a standard yield table f~le which; can be read or 

written by HULTIPLOY. 
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Growth Processor Connnittee 
A. R. Stage 
Silva Workshop 
Eugene, Oreg. 
Oct. 16, 1976 

The WO Growth Processor Committee is charged with two major 

responsibilities: 

1. To make recommendations to National Forest Systems on how to 

collect and how to process growth data for timber management planning. 

2. To assemble existing growth information in a form that makes 

the data readily available for use in a common format. 

Progress on Recommendations for Growth Data Specifications 

During the past year a first draft of recommendations for methods 

of growth data collection has been prepared. These recommendations are 

intended to provide a minimum standard to be followed in conducting 

silvicultural research and administrative studies of stand response, and 

in the sampling of growth in timber management planning inventories. 

The scope of these recommendat~ons includes sampling methods, specifica­

tion of site, stand, and tree variables to be recorded, and specification 

of measurement standards. 

Action Needed 

After these standards have been adequately reviewed and revised, 

they should be implemented through appropriate manual and handbook 
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revisions" and thrQugh incorporation in the review phase-of all 

study plans that collect quantitative data on growth ]responses of 

trees. 

Pr2gress on Yield Files 

During the past year the cQmmittee hases·tablishedfileso£;yield 

tables and yield simulators at the Fort CpillinsGompU'terCenter. or'his 

collection of data is o.rganized in two files. 'file fip,st is the index 

to. the data. Characteristicis of the data described in the inde;x 

include: 

Fo.rest type 

Species 

Author-date 

Title of publicatio.n 

Abstract 

Recommendations on sc()pe~f appltcabiliJty 

Geogz:aphic location of source .data 

Location of tabular data in ECCC ,"sY's.tem 

Location of instructions ror executing yield simulators in FCCCsystem 

Variables described in data 

This file is in the format o.f the FAMULt:JS ~~folJlllations,t0,~ge and retrieval 

system to permit ready search and catalQgiDgofthe yie;ld data. 

The seco.nd file contains yieldta,hles c.fo:m;nated for direct access by the 

MUL'FIPLOY program for comparingeconoJll.icc~:fa·cteri.stics of the yield 

sequences. 
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A report on the current content of these yield files with instructions 

on how to access them on the Fort Collins Computer System has been prepared. 

This report has been,sent to the Regional Representatives to the Growth 

Processor Committee for review and to solicit comments on needed revisions of 

the report. Suggestions of additional data to be added to the files are 

welcome as well. 

Action Needed 

Responsibility for adding new entries and for maintenance of the 

computer files and programs for accessing them has not been clearly defined 

at this time (October 1976). One approach to file updating would be to 

recognize these files as one form of publication of yield-study research. 

Research Branch should consider requiring this form of publication by the 

original investigator of all applicable studies. 
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by 
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STOCKING LEVELS --

GUIDES AND FIT TO MANAGEMENT PLAN 

I was asked to discuss three things: 

(1) Guides to evaluate present stocking and to determine 

appropriate residual stocking in second growth stands. 

(2) How to get the proper stocking established in the woods. 

(3) How to get the control of stocking tied in with 

the management plan. 

I am going to change the order around and talk about 

the management aspects first. 



I have changed the order of presentation because 

~ontrol of stand density is a'silvicultural oparation, and 

each silvicultural operation is specific to a partietilar 

stand at a particular time. 

The dominant objective of our>management is to 'achieve 

~ven-~low sustained yield from our forest. Because a 

silvicultural operat~on is specific"to;a specific:stand, 

silv~culture, per se, has nothing to do with sustained 

yield exeept by implication. We can't just setout to 

practice "good" silviculture and expect that sustained yield 

will automatically result. 

That's where the management plan comes in. In the 

management plan we set,up a schedule of cutting such that 

the forest will sooner or later attain a regulated structure 

and provide regular yields. The volume-attainable under this 

schedule, during the'management plan period, is the 

allowable cut. 

Before I go ontosh'€>w1inow the control of stand density 

fits into the management plan, I-want to discuss briefly 

the determination of the'al~owableor-the potential cut. 

It may seem that I am straying from-my assigned topic, 

but bear with'me and see *h~re I go.rong. 



It is generally accepted that we get sustained yield 

by cutting only the growth from a forest--assuming that 

wetre somewhere close to a regulated structure. If the 

structure is too far from the regulated condition, we 

adjust the rate of cutting to achieve a regulated condit~on, 

then ~ut the growth. 

Traditionally, we make periodic inventories, usually 

based on permanent sample plots~to determine volumes and 

acreages by types and species on the different sites. We 

have the same kind of information from previous inventories. 

We can add up or estimate what was cut or died in the 

meantime, and then calculate what the periodic growth has 

been. We project the appropriate rate of growth for the 

next period, and calculate an allowable cut on that basis. 

In an oversimplified way this ~s how our annual cuts 

have traditionally been determined, at least in our second 

growth eastern hardwood forests. On a national basis, Forest 

Survey figures have been used in somewhat similar fashion 

to estimate volumes available to meet national needs for 

various future periods. 
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Am I still on relatively safe ground? OK, then I will 

proceed to get into trouble. 

This tradit~onal method doesn't work. In fact it can 

be very dangerous as markets improve to where actual cuts 

approach the full potential or allowable yie~d. The reason 

it does not work is because it can only monitor, but 

cannot predict, and certainly cannot control, changes ~n 

forest structure. These are the changes in age-class or 

size-class distribution that result from growth, mortality, 

and cutting. 

I am not saying that periodic inventories based on 

permanent sample plots are not worthwhile. In fact they 

are very useful. They tell us with good accuracy what is 

actually in our forest today, and how the situation has 

changed since the last time. Such ~nventories are 

particularly valuable. for keeping a handle on unusual 

mortality caused by fires, windstorms, epidemics, and 

natural or man-made catas:,trophes of one kind and another. 

And they provide at least some check on volume, cut, and 

g row t h pro j e c t ion s de t e rm~i ned by 0 the r met hod s . 

My charge is that such inventories, and growth mod'els 

based on them, are very dangerous as a basis for future 

volume, growth, and allowiBble cut projections. 



I realize that this is a serious charge and people 

might worry about it except that I am so obviously crazy. 

But let me give you a quick example. 

I spent some years in Ohio and became fairly well 

acquainted with its hardwood forests. In these forests 

it takes about 100 years to produce sawtimber yields on 

natural rotations, but you could do it in 60 or 70 years 

with periodic thinnings or improvement cuttings, if these 

are properly applied. 

Regardless of the type of management or the rotation 

length, to achieve a sustained yield of sawtimber-size 

products, you would need to keep 20 to 25 percent of the 

forest area in seedlings and saplings, 35 to 40 percent 

in po1etimber, and 35 to 45 percent in sawtimber. 

In 1952, the Forest Survey in Ohio showed the 
~ 

following distribution of forest area by size-classes: 

Ohio Forest Area, 1952 - - M acres (percent) 

Sawtimber Po1etimber Seedl. and Sap1. 

2679 (50%) 1978 (36%) 739 (14%) 



In trying to c~~pare these f~gures with the next torest 

Survey in 1967, we run into a problem caused by change. in 

c~assification stand~rds between inventories. I ,was able 

to determine that on the basis of 1967 st~ndards there wQu~d 

have b~en 607,000 fewer sawtimber acres in 1952, but I 

don't know how these would have been split between pol~ 

stands and sapling stands. I suspect that they would "have 

been classified as seedling and sapl~~g standsrepreseriti~g 

the results of heavy high-grading cuts ~hat left spars~ 

overstories of low-grade sawlogs over young st.n~s of 

reproduction. If I throw those 607M acres into the 

sapling stand class, in 1952 Ohio would have had an id~a1 

distribution of acreage for sustained y~e1d. To be 

conservative, let's split the acreage between sap1~ngs 

and poletimber. 

Ohio Fo~est ,A:rea, 1952 adjusted M acr,es (percent) 

Sawtimber PQleti,Jnber $eed1. anti Sapl. 

2012 (38+%) 2 2,8 2 ( 4 2 +% ) 1042 (19+%) 

This is not quite ideal, but close. If ~twe~e feas~b1e 

for an entire state to go on sustained yield, in 1952 Ohio 

was in excellent shape to achieve it. 

so 



By 1967, Ohio had an increase of 933,000 acres of 

forest land. These were acres of old fields reverting to 

forest, and they had to be classified as seedling and 

sapling stands. I subtracted this amount from the 1967 

s. and s. acreage to put the figures on the same basis 

as would have been used for planning in 1952. The results 

are: 

Ohio Forest Area, 1967 adjusted -- M acres (percent) 

Sawtimber Poletimber Seedl. and Sapl. 

1948 (36%) 690 (13%) 2758 (51%) 

Because of the scarcity of pole stands, by 1967 there 

was no way that Ohio could go directly on even-flow sustained 

yield without going through a lengthy period of reduced 

yields. This is because~there is simply no way to get 

saplings to sawtimber size without going through a lengthy 

poletimber stage. 

In the meantime, according to the Outlook for Timber in 

the United States (1973. USDA Forest Servo Forest Res. Rept. 

20, 367p.), sawtimber volume increased by 3 billion board 

feet. 

If, in 1967, the sawtimber growth rate were used to 

project an allowable cut, the situation would rapidly get 

worse. 
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Another example of this phenomenon occurred in the 

early 196:0' s, in the oak forests in the southern part of 

old Regio,n 9. They were just starting o~n the third round 

of improvement CU.t·s on those forests and dis',cover;ed that, 

in many stands, although the total volumew,a:s theire, there 

I have other example.s of this phenomenon, s,o:m:e bas,e-.d 

on p,ersonal exper1ence, that I won't ta:ke yo,ur time on. 

Bu·t it may be instructive to examine why this p,h;enomellon 

o,ccurs. 

It occurs b~cause, in our management planning, we 

assume that a board foot is a board f·oot is a board foot, 

and therefore 8 or 10 small trees equal 1 big o,n,epo 

For example, let's consider an o,ak s,t'·a,n,d tha,t is 

growin,g 250 boa'rd fe,et p'er acre p,e;r 'y:e,ar, b,a's:e-a o,n periodic 

inventories of permanent sample plot~ . The sawtimbcer ... 

grow,;th rate is d,etermine,d by the r'at,e of incre',ase in s,ize 

of all tre.es 11 inches an,d, larger plus ingrow,th in,to t'h;e 

11 in-ch clasis. The 11 inch diame,t:e'r represe·,nt's our 

minimu~Dl m,erchantability sp.ecification fo,r sawtim.b,er. 
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Unfortunately, the market wants 18 to 24 inch trees, 

will readily accept 14 to 16 inch trees, but will take only 

a limited number ·smaller than that, and then only when 

forced. Therefore, to get an operable sale, we've got to 

have relatively more cut volume in big trees than in small 

ones. Now, we can cut all of that 250 board feet per acre 

by cutting 1 big tree. The stand grows that amount back 

again next year, but it spreads that growth in little 

chunks over a lot of small trees. And there are a great 

many more small trees than there are big ones. So as this 

process continues eventually we end up with all our sawtimber 

volume clustered in a narrow range of diameters just above 

the threshold of merchantability. 

If I may coin a principle here, it is this: If there 

is a differential between the thresh~ld diameter for 

merchantability and the minimum diameter the market will 

freely accept, both human nature and economics force us 

to cut proportionately heavier among the large diameters 

than we should. In doing so we change the structure of 

the forest, and therefore we change the distribution of 

growth among size classes. 
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Or, stated in more positive fashion, if we plan to 

grow products of a certain minimum size 6n an even-flow 

sustained yield basis, the periodic growth must be eut 

tram each diameter class, down to and including the smallest 

diameter that we wish to regulate, in direct proportion' 

to the amount that occurs there. 

This is another way of saying that to achieve even-flow 

sustained yield, we must cut in such a way as to establish 

the desired forest structure, and thereafter cut in such 

a way as to maintain that structure. Which means that 

we must control the cutting not by the apparent forest 

growth rate in product classes, but according to the 

distribution of size classes that we want to regulate. 

This statement holds, of course, whether you plan to use 

even-aged or uneven-aged management~ 

As a tool for management planning, the traditional 

method of basing growth projections and allowable cuts on 

periodic inventories of permanent sample plots falls down 

in several respects. First, it doesn't tip you off as to 

what is happening to forest structure until after it has 

happened, by which time it may be too late. Second, it 

4oesn't tell the manager what stands need to be treated, 

in what fashion, nor where the volume is located that is 

available for cutting. 



These two objections might have been overcome when we 

were using uneven-aged management--if we had used it 

correctly, or could have used it correctly, to maintain the 

same regulated reverse J-shaped diameter distribution in 

each and every stand. But I see no way in the world of 

using'it to control the rate of cutting in forests of 

even-aged stands in which the structures not only vary 

widely among stands but must also change constantly as 

the stands get older. 

The only alternative I see is to go to individual stand 

data obtained from permanent and periodically updated stand 

records. During the next management plan period, a certain 

acreage of older stands will be regenerated, and will yield 

so much volume. A certain acreage of immature stands will 

be thinned. These will yield certain volumes depending on 

their stocking, their structure, and their composition. 

The management plan must set the amount of acreage to be 

treated in the various categories and indicate the 

appropriate treatment for each category. This is so that 

each stand will fit into its proper place in the hierarchy. 

I foresee that the stand records will be maintained by 

computer, programmed to update them periodically as needed. 

The updates will be corrected by fresh data gathered during 

stand examinations either prior to or just after treatment. 
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And now I've come full circle on the management planning. 

It is' not just a case of fitting stand density con'trol in 

with the management plan. Rather, the lltanagement plan is 

the instrument that must control stand densdty. B.ut t h.e:re ' s 

more to it than just the control of stand density; we 'must 

also control stand structure, and in many types~ composition. 

And then w~ must get the control applied on the ground. 

S±nce these operations must be performed on an 

individual stand basis, let's leave the subJe'C't of 

management planning for a while, and go to the first topic 

I was assigned: Guides for stocking levels. Because, of my 

broad ignorance of most types, I will merely cover what we 

con:sider necessary in one s,pecific type: the· Allegheny hardwoods. 

ihe forest type tha t we refer to as the Alleg,heny hardwoods 

is, for a natural type, somewhat unnatural. It deve:loped 

following the heavy cuttings that removed the beech-hemlock 

f~rest be~ween about 1880 and 1930. 

The Allegheny hardwoods consists of sugar maple, beech, 

........ 
and some remnant hemlock with varying ad mixture,s of black 

cherry, red maple, yellow and sweet birch, white ash, 

yellow-poplar, cucumbertree, and half a do~en others. 



The yellow-poplar is very intolerant and very fast 

growing. It is either dominant or absent. The black cherry 

is also intolerant and also fast growing, but not quite as 

much as yellow-poplar in either category. White ash is 

moderately intolerant and grows well, though not quite as 

fast as the cherry. The birches may be a little more 

tolerant than the ash, but still are usually classed as 

moderately intolerant. They grow slower than most of the 

other species and unless released are overwhelmed by about 

the middle of the rotation. 

Red maple and cucumbertree are intermediate in tolerance, 

but both grow nearly as fast as the black cherry. Red maple 

responds well to release, at least in the intermediate and 

higher crown classes. 

Sugar maple, beech, and hemlock are all very tolerant--

sugar maple a little less so than the other two. All three 
~ 

grow very slowly when crowded or when under a canopy, but 

will survive for decades in the understory. All respond 

well to release at any age, and will grow very well until 

they again become crowded. 
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The intolerant species do not respo~d well to rel.aae, 

so they must be managed as dominants and codo,mina;nt,s. 

When these intolerants are mature, which means a max~mum 

age of 90 to 100 years (80 years is safer), the st.nd m~st 

be regenera ted, or else we mus t be sa,t isfied to manage the 

next stand as only sugar maple or beech, or a combination 

of the two, w~th a consequent loss of value, yield, and 

variety. 

Thinnings must be heavy enough to g~t enough g~owth 

iesponse from the sugar maple and b~ech for tbes~ species 

even to make merchantable pulpwood by the end of the 

rotation. Th~s means also that thinnings mU$t beg~n no 

l' ate r t han a s tan d age 0 f 5 5 t 0 6 0 yea r s, pr e fer a,b 1 y m u c h 

earlier. But we dare not thin too heavily or we lose 

production and reduce the value of the final y~eld of the 

highly valuable intolerants. 

We also have problems getting natural reproduction due 

largely to the termendous populations of whi~et.il deer, 

w~ich range from 60 to 100 animals per square mile--pre-f~wning. 

Unless we fence them out, which is both difficult (Did you 

ever try to chase all the d~er out of a 25-acre area?) and 

very expensive, about the only way we can heat them is to 

overwhelm them with tree reproduction. When a stand is to 

be regenerated we must have enough advance reproduction, of 

a.s~ze and vigor to grow fast enough, over a large enough 

area, that the deer can't poss:tbly eat it all within the 

time it takes for some of it to grow out of reach. 



Since new germinants can't compete in the new stand 

with vigorous advance reproduction, this means that advance 

reproduction of all species desired in the new stand must 

be present when the regeneration cut is made. And in turn 

this requires that representatives of all species desired in 

the new stand be retained in the old stand right up to the 

time of the final harvest. 

Even having advance reproduction isn't adequate to 

ensure that beech and sugar maple will have a place in the 

new stand. These species lag so far behind the new crop of 

intolerants that they must have a head start--as large 

saplings or small poles--if we want them to reach sawtimber 

size in the next stand. But we mustnlt leave too many 

maple and beech saplings and poles or they seriously reduce 

the percentage of into}erants in the next stand and may 

retard the development of the ones that do make it. 

So the Allegheny hardwood type poses some interesting 

silvicultural and management problems. But the purpose of 

the foregoing is not to impress you with our problems,-­

everybody has problems. What I want to get across is that, 

with us, the control of stand density is not just another 

moot academic exercise that would be nice to do if we had 

the time and money. For us, the need to control not only 

stand density but also stand structure and species composition 

is an unavoidable fact of life. Either we do it or we les' 

the type. 



The control of stand density requires that there be 

some;stocking standards to serve as the basis fOr adjustment. 

I set ou~ to determine if our stands would reach some 

average maximum level of stocking, and if so, if it could 

be described mathematically. 

t collected data on 106 natural undisturbed stands. 

Stand ag~s ranged from· 18 to about 100 years; basal area from 

75 to 175 square feet per acre. Altogether I had diameter 

tape m.asurements on about 125,000 trees~ I used\these data 

in multiple regression analysis to derive a tree-area ratio 

equation (Chisman, H. H. and Schumacher, F.S., 1940. On the 

tree-area ratio equation and certain of its applications. 

J. Forest 38: 311-317). 

The best regression that I found is one based on six 

species groups. It is highly significant with a coefficient 

2 
of multiple determination (R ) of 99 1/2 percent, and a 

"" 

standard error of about 5 percent of the mean value of the 

plots. 



The good pr~cision of the tree-area ratio equation 

lends a pleasing amount of confidence that Allegheny ha~dwood 

stands do indeed achieve a maximum degree of crowding--or 

stocking--and that it can be described mathematically. The 

next problem was to find a way to display the relationship 

graphically based on stand parameters f9~which data could 

be easily obtained in the woods. I hoped that I could develop 

a chart similar to the one Gingrich developed for the oaks 

(Gingrich, Samuel F., 1967. Measuring and evaluating stocking 

and stand density in upland hardwood forests in the Central 

States. Forest Sci. 13: 38-53). 

When I tried a regression using the same variables 

Gingrich did (basal area per acre plotted over number of 
! 2 

trees per acre); ~Y R dropped to 34 percent, and the 

standard error increased to 16 percent. 

Species composition was the major point of difference 

between my tree-area ratio equation and the stocking 

equation. The former was broken down into six species 

groups while the latter had all species lumped together. 

It seemed obvious that I had to find a way to account for 

composition. 



To shorten a long story somewhat, I. found that the 

percentage of stand basal area contributed by various 

species worked very well. And I could determine the 

percentages of basal area by species groups simply by 

'tallying the groups separately during the wedge prism cruise. 

However, I couldn't figure out any practical way to 

show more then two species groups on a two-dimensional 

stocking chart. The combination that gave the best accuracy 

;(R
2 

of 70%, standard error of 10%) was one group comprising 

cherry, ash, and yellow-poplar, which I shall hereafter 

designate as CAPs, and the other group containing all other 

species. Then I was able to prepare the stocking chart 

(figure 1). We have been field testing this guide for about 

three years, and so far it seems to be working very well. 

The A-lines on the chart show the average maximum basal 

areas that will be at;ained by stands of given average 

diameters when certain percentages of the total basal area 

are contained in the CAP group. For example, a stand with 

an average diameter of 8 inches that contains no cherry" 

ash, or yellow-poplar will normally have about 114 square 

feet of basal area per acre. But if an 8-inch diameter 

stand has 80 percent of its basal area in CAPs, the basal 

area will be about 170 square feet per acre. 
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The B-1ines on the chart indicate our best guess at 

the minimum stocking necessary to use all the growing space, 

for stands of a given average diameter and percent CAPs. 

For the two stands mentioned above, the first should be 

thinned to leave at least 68 square feet per acre; the second 

to leave at least 102 square feet--if the average diameter and 

percent CAPs remains the same. 

Using the stocking chart requires three pieces of data: 

the stand basal area, the percentage of the stand basal 

area contained on the CAP group, and the stand average 

diameter. These data are obtained during stand examination, 

using point samples for the basal area tally and 1/20-acre 

plots for the tree count (Figure 2). 

The basal area tally is broken down by the two species 

groups and by four size classes based on ocular estimates 

of the diameters of the sample trees. Tallying by the 

two species groups reveals the percent CAPs; tallying by 

the four size classes gives a good quick picture of stand 

structure and is most helpful in revealing the size classes 

that must be favored to provide the final crop and, by 

elimination, the size classes that should be marked heavily 

to increase the stand diameter and push the stand along 

toward maturi~y. 



Figure 2. Stand tally sheet Showlug d~termination 
of b sa area to cut b s ecies groups. 



When the basal area and tree tally are completed, the 

nature of the original stand can be calculated. The 

percent CAPs is determined by dividing the basal area 

in CAPs by the total basal area. The stand average 

diame~er is determined from the stocking chart by using 

the total basal area per acre and the number of trees per 

acre. Using the stand average diameter and the percent 

CAPs, the chart is entered to find the A-level basal area 

that would be expected in a normally stocked stand. 

Dividing this basal area into the actual stand basal area 

shows the percent stocking in the original stand--that is, 

how well the present stand is stocked compared to the 

average maximum found in nature for a stand of the same 

average diameter and composition. 
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Next, the chart is used to determine the minimum 

residual stand to leave. The prescriber must decide three 

things: the percent stocking desired in the residual 

stand, the percent composition that he wants in the 

residual stand, and the probable average diameter of the 

residual stand. From our thinning and cutting method 

studies, we have developed guides to show the extent to 

which composition can be changed, and the direction and 

amount by which the average diameter will change for a 

particular kind of cutting. Then using the residual stand 

diameter and the residual percent CAPs, the prescriber can 

enter the stocking chart, using the B-Ievel curves, to 

determine the minimum residual basal areas to leave. 

Subtracting the residual stand from th£ original shows 

the basal areas that may be cut by species groups. Then 

the prescriber distributes these basal areas by size classes 

to conform to his intended treatment. This distribution 

of the cut then becomes the marking prescription. The 

marking crew can compare the amount to be cut in each size 

class and species group with what the basal area and tree 

tally show to be present, and they can tell what 

proportions to mark in each class. 



This is a very brief excursion through the procedure. 

A manuscript now in the publication process explains it 

thoroughly, and we fully expect it to be printed long before 

the turn of the century. So I will not go into more detail 

here except to note several significant points. 

You will notice that there is more involved than 

simply the control of stand density. The procedure provides 

also for some regulation of both species composition and 

stand structure. Second, because emphasis is placed on 

determining the desired residual stand, the stand prescribers 

can operate on a higher professional level. They can exert 

some deliberate control in guiding the stand some known 

distance toward maturity, rather than let the stand push 

them around so to speak. Third, rather" than just going 

out looking for merchantable trees to cut, the marking crew 

has definite guidelines as to the proportions of various size 

classes to look for. And finally, the good documentation 

permits checking the process at any level, in the field or 

in the office. It provides substantiation for decisions 

made or gives an objective basis for questioning them. 



Initially the procedure may seem complex, but it has 

not proved to be so in practice. We have conducted 8 

training sessions so far, and a two-day session has been 

adequate to get a good job done in the field. Ironicall~, 

most of the difficulty comes, and most of the training time 

has to be spent on, getting reliable stand data. Every forester 

automatically assumes he knows how to conduct a good stand 

cruise, but it seems that only about 60% do a consistently 

good job. And if you don't get adequate stand data, you're 

just kidding yourself. 

Last spring we had a training session for District TMA*s 

and stand examiners on the Allegheny National Forest. Then 

the Forest gave it a three month trial on each district, and 

have since adopted it for forest-wide use. 

The next question we faced was whether the marking crews 

could mark according ~o the prescriptions. 



In September we held a training session for the Allegheny's 

timber marking crews, using 100 percent inventoried plots 

to check stand tallies and residual stands after marking~ 

Seven out of eight crews came within 5 percent of the 

desired residual stocking on the first try. The removals 

by species groups and size classes were very close to the 

prescriptions--within 1 or 2 square feet--except for the 

poletimber category in the "other" species group, where tqey 

tended to undermark by 3 to 6 square feet. At least part 

of this was probably due to the fact that our inventories 

included in the pole class some trees smaller than the 

merchantability standards for pulpwood. So probably they 

didn't find all the poles that we said were there. 

All crews agreed, without any pressure or leading 

questions, that the prescriptions caused very little change 

in their normal procedure, and also that the prescriptions 

were very helpful in focusing their attention on the size 

classes that were to be marked heavily or that were to be 

favored and retained. 

The jury is still out, of course, as to how well the 

marking will work on an operational basis, but the initial 

trial was promising. 
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So far I've discussed in general how the management 

plan should control the silviculture. Then I discussed 

stocking levels for Allegheny hardwood stands. Then I 

told you how we are going about the problem of getting 

physical control of stocking on the ground. Now I'd like 

to revert back to the first topic and explain more 

specifically how the whole business is dovetailed 

together. 

Usually when we talk about even-aged management, we 

talk in terms of using it to control age-class distribution. 

This is convenient because it makes the concept easier to 

understand. Also, of course, if we regenerate a certain 

portion of the acreage each period--and get prompt 

reproduction--it goes a long way toward ensuring that we 

have a reasonable distribution of age-classes to work with. 

But actually, we don't need to care about stand age, 
. 

at least on the Allegheny Plateau. What we're really 

interested in is tree-size. We want to grow some standard 

volume of products of a certain size and species, in the 

shortest time feasible, with no loss of production in the 

meantime. When a stand has that volume in those products, 

the stand is mature regardless of its physical age. And 

the average stand diameter is a most useful guide to 

setting that point of maturity, or for estimating how far 

a given stand is from it. 
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Table 1 shows, for unmanaged stands, the increase 

of average stand ·diameter with age, and also the increase 

in average diameter of each species group with age. You 

will note that the average diameter of stands of average 

composition increases at the rate of about 1 1/8 inches 

every 10 years. 

Dave Marquis and a graduate student have developed 

equations that do a good job of predicting stand volumes 

for a given average diameter, percent composition, and 

percent stocking. From this we should be able, with some 

economic analyses, to select an average stand diameter 

that represents maturity for any given intensity of 

management. 

Now there are several ways to increase the average 

stand diameter faster Shan the norm of 1 1/8" per 10 years, 

or decrease it if desired. From our cutting experiments 

we can estimate reasonably well how much the average diameter 

will shift upward or downward as a result of cutting from 

above, cutting from below, or cutting in the middle. From 

our thinning studies, we can predict, a little tenuously 

yet I admit, how rapidly a stand will increase in average 

diameter and stocking after thinning to any particular level. 
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For example a 50-year-old stand that is 100 percent 

stocked, with a composition of 40 perc~nt CAPs, will have 

an average diamet~r of about 5.6 inches., and it will contain 

a certain volume." If this stand is left alone, in 10 years 

it will,still be 100 percent stocked, with an average 

diameter of about 6.8 inches" a composition of 41 or 42 

perc~nt CAPs, and it will, contain a certain amount more 

volume. 

However, if that 50-year-old stand is thinned back to 

60 percent stocking, and the ,marking removes about 2/3 of 

the cut basal area from below the mean diameter in each 

species group, the average diameter will increase to about 

6.4 inches as a result of cutting, and during the next 

10 years it will increase an additional 1.4 to 1.5 inches, 

instead of 1 1/8 inches, as a result of faster growth on 

individual trees affer the thinning. In 10 years that 

stand will be between 72 and 75 percent stocked with an 

average diameter of 7.8 or 7.9 inches, and its volume will 

~e a certain amount. In effeet this stand will be ve~y 

close to the characteristics of a 70-year-old stand even 

though it is only 60 years old, and it can be considered 

as a 70-year-old stand if the management plan is based on 

ag~-class distribution. 
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However it should be much more convenient to base 

the management plan on size classes. The stand average 

diameter is readily available from stand examination data, 

and the use of average diameter eliminates the practical 

difficulties of dete~ining stand age in the field or trying 

to decide the proper stand age for stands containing more 

than one age class. 

Within 10 years this kind of information should be 

available for most of the stands on the Allegheny National 

Forest. The data will be in the computer on a stand by 

stand basis, together with the programs for updating them 

up to 20 years or so at a stretch. And the next time the 

Allegheny TM staff prepares a management plan, they should 

be able to project a pretty realistic p.otential cut, by 

products, and know what specific stands the cut will come 

from. And they should be able to specify the silvicultural 

treatments needed for any particular stand, or for a 

proportionate area of any particular class of stands, to 

adjust their forest structure toward the desired fully­

regulated goal. 
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There are some other fringe benefits on the horizon. 

The stocking chart that I showed you has~'t been published 

yet, but alre~dy f feel it is obsolescent. Rather than fool 

with the chart in the woods, the Allegheny is providing their 

stand examiners and prescribers with programmable pocket 

calculetors--the kind that save the program even when the 

calculator is turned off. The calculators are pre-programmed 

with an equation that, once the appropriate stand data are 

plugged into it, gives the average stand diameter, percent 

CAPs and percent &tocking, for the present stand and for 

any desired residual stand. This permits the prescriher to 

explore the effect of various cutting prescriptions, and 

the resulting distribution of cut basal areas, right in the 

field if ae wishes. 



These calculators are most convenient because we are no 

longer limited by the two-dimensional chart to only two 

species groups. The calculator will be able to handle as, 

many species groups as can be readily tallied in the field. 

This will permit us to measure and control stocking levels 

more accurately and to develop better volume estimates. 

Further we plan to explore the possibility of equations 

that will tell the prescriber what volumes per acre he should 

obtain with any particular type of cut. This should help 

ensure operable sales, or conversely help prevent stands 

from being cut where overcutting would be necessary to 

provide an operable volume. And, of course, it should 

provide a much better basis for sales and project planning 

than now exists. 

Now, having painte~ that rosy picture, I need to back 

down some and enter a disclaimer. 
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What I have described is not all available yet. The 

stocking guide seems to be working well and is being used. 

But we cannot ye~ predict with confidence what the 10 year 

growth will be in either stocking percent or average 

diameter, let alone volume. Our density studies are only 

four iears old, and I have a great distrust of early 

growth data. Our data have been pleasingly consistent 

over the past three growing seasons though, and I'm 

getting increasingly optimistic. Dave Marquis's volume 

tables and equations have agreed remarkably well with 

determinations made by conventional means in several 

stands. But they need much more checking, and of course 

we have had no opportunity yet to check growth projections 

against actual stand growth. 

So, we're not as far along as I may have implied. But 

I feel pretty confident that we're well on the way. 
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In summary, during this session I have tried to explain 

my ideas on why and how silvicultural prescriptions must 

be tied to management plans. I have explained why I 

distrust current methods of projecting growth and allowable 

cuts, and I have tried to explain how I think it must be 

done--namely, by building projections up from individual 

stand data. I have described our stocking guides: how 

they are used to evaluate stocking in present stands; 

how they are used as a tool to manipulate not only stand 

stocking, but also stand structure and composition, along 

a deliberate course toward maturity; and how this control 

is applied on the ground. And I have looked into the 

crystal ball to show how, as our growth data accumulate, 

more accurate or detailed stocking guides might be used 

as a tool,together with other stand data, to estimate 

present stand volumes, pptential cut volumes, and growth 

projections following treatment. 



APPENDIX I 

USE OF STOCKING GUIDE FOR ALLEGHENY HARDWOODS 

(Determining initial stocking) 

1. Decide on stand boundaries, and plan cruise route. 

2. Make stand inventory: 

a. Wedge prism cruise (10 plots minimum) for basal area, 

tallying sample cruise by two species groups and four 

size classes (estimate size class by eye). 

b. Tree count of all trees 1.0 inch dbh + on 1/20 acre plots 

(26 1/3 ft. radius) using same plot centers as used for 

wedge prism cruise . 

. 
3. Summarize columns on tally form to determine: 

a. BA/acre in CAPs and "Others" for each size class. 

b. BA/acre in CAPs and "Others" (totals by species groups) 

c. Total BA-acre 

d. Number of trees per acre. 

BA in CAPs 
4. Determine percent CAPs: Total BA 

5. Determine average stand diameter from chart. 
(Use total BA/acre and trees per acre). 

6. Determine BA for 100% stocking. 
(Use average stand diameter and percent CAPs--A curves). 

St and BA 
7. Determine percent stocking in stand: A-level BA 

8. Determine size class (or classes)for future management. 
(What size class or classes contain bulk of basal area? 
Generally favor larger size classes.) 
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APPENDIX II 

USE OF STOCKING GUIDE FOR ALLEGHENY HARDWOODS 

(Determining desired residual basal area) 

1. Decide on'percent stocking desired in residual stand. 

2. Decide on percent CAPs desired in residual stand. 

3. Estimate average diameter of residual stand. 

4. Determine BA/Acre needed in residual stand (from chart). 

a. If 60% stocking: use estimated residual average diameter 

and residual % CAPs, get basal area from B curves. 

b. If other than 60% stocking: use estimated residual average 

diameter and % CAPs; determine A-level basal area; multiply 

A-level basal area by stocking percent desired. 

5. Determine number of trees per acre in residual stand. 
(Use residual basal area. and average diameter· of residual stand.) 

6. Determine BA in CAPs in residual stand. 
(Multiply residual BA!Acre by % CAPs desired.) 

7. Determine "Other" BA/Acre. (Subtract CAP BA/Ac. from Total BA.) 

8. Determine "cut" stand. (Subtract residual stand from original stand) 

9. Distribute cut BA in CAPs among CAP size classes. 
(Assign 2/3 of cut basal area to the two smaller size classes.) 

10. Distribute cut BA in "Others" ·among "Other" size classes. 
(Assign 2/3 of cut basal area to the two smaller size classes.) 

ll~ For each species-size class, compare cut BA with original BA to 

determine proportion of trees to mark. 
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YIELDS AND GUIDES RELATED TO 

STAND DENSITY IN THE SOUTHWEST 

by 

Gilbert H. Schuberc and Darrell W. Crawfordll 

7 Forest managers in the Southwest have noticeably shifted 

8 their emphasis to more intensive practices, particularly on the 

9 more productive lands and lands with special qualities. Managers 

10 are now faced, however, with an increasing demand to improve their 

11 forestry practices, particularly on Federal and State lands. 

12 These demands stem from a need for more timber and other forest-

13 related resources, and a need to produce these goods and services 

14 without irreparable environmental damage or visual degradation. 

15 There are many ways to increase forest productivity without 

16 damaging the land. ~Last year at Tucson, Arizona, I presented a 

17 paper on "Silvicultural Practices for Intensified Forest 

18 Management." The silvicultural practices discussed were focused 

19 on stand manipulation to: (1) improve growth rates by controlling 

20 stand density, (2) accelerate replacement by prompt reforestation 

21 and increased rate of ingrowth, (3) reduce mortality by removal 

22 of high-risk trees, (4) maximize yields by improvement of stocking 

23 and by frequent stand re-entry to maintain growth rates, reduce 

24 
II Principal Silvi~ulturist and Project Leader, Rocky Mountain 

25 
Forest and Range Experiment Station, Flagstaff, Arizona and Regional 

Silviculturist., Southwestern Region, Albuquerque, New Mexico. 

USDA-Forest Service 
GPO 942-797 92 
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loss, and improve utilization, (5) improve quality by removal 

of inferior trees, (6) fertilization to improve tree survival 

and growth, (7) tree improvement to increase growth rates and 

tree quality or resistance to tests, and (8) cultural work to 

protect the site and to enhance other forest-related resources. 

The basic goal of management is to keep forest lands 

productive. In the past, the forests have been under extensive 

management. The silvicultural practices were limited generally 

9 to sanitation-salvage cuttings. The intensity of management 

10 gradually increased as we spent more effort to protect the forest. 

11 The annual net growth per acre was often less than 70 board 

12 feet. This has been increased to about 100 board feet today, 

13 largely due to more frequent cuts in the mature and overmature 

14 stands. But the productive capacity of these lands ranges from 

15 an annual net growt~ of 150 to 350 board feet. In my opinion, we 

16 can make the greatest gains to achieve full growth capacity by 

17 controlling stand density. 

18 In 1962 we installed a set of growing stock level (GSL) 

19 plots in a young even-aged stand on the Fort Valley Experimental 

20 Forest near Flagstaff, Arizona. These plots, known as the Taylor 

21 Woods GSL plots are one in a series of study plots in ponderosa 

22 pine stands in Western United States. We are testing 6 growing 

23 stock levels: 30, 60, 80, 100, 120, and 150. These GSL's are 

24 the square-foot basal areas per acre the residual stands have, 

25 or will have when the stand diameter is 10 inches or more. The 

USDA-Forest Service 
GPO 942-797 
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10-year response to thinning has been recently analyzed. I will 

2 use these data to show: (1) relationship of stand density to 

3 diameter growth, (2) diameter growth to site index, (3) years 

4 to grow trees to specific diameter sizes, (4) estimated yields 

5 of a managed forest, and (5) a simplified guide to aid in treating 

6 stands to various s.tand densities. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

DIAMETER GROWTH 

We know two important facts about our southwestern ponderosa 

pine which may also be true for other tree species. First, trees 

up to at least mature age classes can grow at about the same ring 

width provided basal area is held constant. This implies that 

decreased growth rates which others have considered to be age-

related are really stand density related. Secondly, southwest'ern 

ponderosa pine remains physiologically young up to an age of at 

least 200 years. This means that our trees will respond to 

thinning up through maturity provided the tree remains undamaged. 

Intensive silvicultural practices can help us achieve these two 

important responses. 

Diameter growth for our Taylor Woods plots was strongly 

correlated with stand density (Figure 1). For the 10-year period 

after thinning 98 percent of the variation in annual diameter 

growth was associated with stand density. The periodic annual 

increment (PAl) for the dif.ferent stand densities can be closely 

-.015x 
estimated by the regression equation: y = 0.037 + 0.448e 

where y = diameter increment in inches, x = residual basal area 

USDA-Forest Service 
GPO 942-797 
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PERIODIC ANNUAL DIAMETER INCREMENT (INCHES) 
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immediately after thinning in square feet, and e 2. 718 .....• 

the base of hyperbolic logarithms. 

The PAl diameter growth was greatest at the lowest GSL 

. tested (Table 1). At GSL-30 the PAl was 2.3 times that at 

GSL-150. The trees at GSL-30 increased 3.1 inches in diameter 

compared to 1.4 inches at GSL-150. And growth at GSL-150 was 

twice that of the unthinned stand. 

DIAMETER GROWTH RELATED TO SITE INDEX 

At present, the GSL study has been installed in only one 

location in the Southwest. Therefore, the Taylor Woods study 

represents only one stand size and one site quality. Assuming 

that average ring-width growth remains· nearly constant as stand 

density is maintained within relatively narrow limits, diameter 

can then be related to age. This assumption permits an estimate 

of years required to grow a tree of specified diameter size. 

Using the equation for Figure 1, we calculated the mean annual 

diameter growth for GSL's from 20 to 210. It must be remembered 

that the generated data at the upper and lower GSL's exceed the 

limits of the basic data and may be in error, but can serve as 

a first approximation. These data are shown under Site Index 

90 in Table 2. 

The MAl's for Site Index 90 and GSL's 20 to 210 were set as 

a base for computing similar data for Site Index (SI) 40 through 

100. With SI 90 set as base 1.0000, conversion factors were 

USDA-Forest Service 
GPO 942-797 
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Table 1 .--Diameter growth of southwestern ponderosa pine related to 

growing stock levels (GSL) for the Taylor Woods plots in 

northern Arizona, 1962-1972 

Growing Average diameter Periodic annual growth stock Plot 
level 1962 1967 1972 1962-1967 1967-1972 1962-1972 

Indexll No. ------ - - -Inches - - - - - - - - - - - -

30 7 5.36 6.81 8.51 0.290 0.340 0.315 
16 6.12 7.49 9.25 .274 .352 .313 
18 5.56 6.86 8.60 .260 .348 .304 
Av. 5.68 7.05 8.79 .274 .348 .311 

60 3 5.18 6.37 7.52 .238 .230 .234 
15 5.49 6.47 7.65 · 196 .236 .216 
17 5.89 6.88 8.18 .198 .260 .229 

Av. 5.52 6.57 7.78· .210 . .242 .226 

80 6 5. 18 6. 19 7. 11 .202 • 184 · 193 
11 6. 16 7. 13 8.07 · 194 .188 · 191 

- 14 5.46 6.42 7.54 · 192 .224 .208 . 1 
Av. 5.60 6.58 7.57 · 196 .198 · 197 

100 1 5.67 6.61 7.43 .188 .164 · 176 
9 4.84 5.69 6.62 · 170 .186 .178 

13 5.28 6.12 7.00 .168 • 176 · 172 
d 

AVe 5.26 6.14 7.02 · 176 · 176 · 176 

120 2 5.55 6.36 7.14 · 162 .156 · 159 
5 4.80 5.59 6.43 · 158 .168 · 163 

12 6.04 6.79 7.62 · 150 .166 .158 

Av. 5.46 6.25 7.06 · 158 .162 .160 

150 4 4.76 5.34 6.07 .116 .146 · 131 
8 4.72 5.36 6.05 · 128 .138 · 133 

10 4.44 5.14 5.87 · 140 .146 · 143 
Av. 4.64 5.28 6.00 · 128 .144 .136 

II Basal area in square feet per acre that will remain after thinning 
> 

when diameter breast height is = 10.0 inches. 

87 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

7 

computed bai;ed on data from Table 9 in Meyer' s (196l)~/ "Yield 

of even-aged stands of ponderosa pine at base age of 150 years." 

These conversion factors were then used to compute the MAl's for 

SI 40-100 and GSL 20-210. An examination of growth data from 

other Fort Valley plots indicate close agreement. 

The data in Table 2 permit us to make rough comparisons of 

how many years may be required to grow a tree to specified 
'/ _-{ v ,'(.'1 l.( S',_. 

( ",I 

diamete~ under different stand densities on site class ·laoos--i-n-
/ i 

the Southwest. 

ROTATION PERIODS 

Several factors have a bearing on the rotation period. 

Other speakers today have expressed their views on regeneration 

problems and the time required to get an established replacement 

stand. Growth of these replacement stands are also affected by 

16 a number of conditions. I have shown how stand density affects 

17 growth. Animals may retard growth through browsing. Several 

18 insects also affect growth. Some of the stands which we are 

19 
cutting today took from 30 to 60 years just to reach pulpwood 

20 
size. Fully managed stands should require much less time from 

21 
seedling stage to maturity. 

22 
Data presented in Table 2 can be used to compute the number 

23 
of years required to grow a tree to specific size and to set 

24 ~I Meyer, Walter H. 1961. Yield of even-aged stands of 

25 ponderosa pine. U.S. Dep. Agric. Tech. Bull. 630, 59 p. 

USDA-Forest Service 
GPO 942-797 
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9 

rotation age (Table 3). These data include the impact of site 

2 and stand density for established seedlings but do not include 

3 the years needed to get seedlings established. For example, 

4 . to grow a tree from seedling stage to a diameter of 24 inches 

5 would be about 124 years at GSL-70 on SI-90 lands. A tree of 

6 the same size would take 2 to 3 times longer at GSL's above 180 

7 on SI-90 lands and longer yet on lower quality sites. 

8 A 24-inch tree was once the target size in the Southwest. 

9 Future demands may indicate a different optimum size tree. 

10 The lower GSL's will produce a larger tree sooner than the 

11 higher GSL's. A 24-inch tree on a short rotation would satisfy 

12 timber-oriented managers. But a short rotation would not 

13 satisfy the needs of a recreationist who wants "yellow pines". 

14 To produce a "yellow pine" requires at least 200 years. Therefore, 

15 land managers need to select a rotation that yields trees that 

16 meet many needs. F,J.gure 2 allows a manager to determine rotation 

17 ages on SI-75 lands for several GSL's. Similar curves can be 

18 constructed to correspond to his other SI. 

19 
TIMBER YIELDS 

20 
One of the prime objectives of timber management is to 

21 
maximize timber production. Timber yields in the Southwest have 

22 
been low compared to other regions and also when compared to 

23 
the land potential. The reasons have been many. Some are: 

24 
(1) unstocked and poorly stocked lands, (2) overstocked stands, 

25 

USDA-Forest Service 
GPO 942-797 
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Table 3.--Est;mated time required for southwestern ponderosa pine 

to attain ~ diameter of 24 inches by growing 

stock level on land of dIfferent site Quality 

G5L 51-90 -s 1-75 -51-60 

Index ~ ... -"" .- - -Years!! - - .. ~ - ..... 

30 74 87 102 

,40 85 99 117 

50 96 113 132 

60 110 128 150 

70 121• 145 168 

80 138 161 189 

90 158 185 216 

100 '" 175 205 240 

110 195 229 267 

120 216 253 296 

150 286 333 3~3 

180 358 q21 490 

l! Based on response to thinning on Taylor Woods plots for 

Site Index 90 \-lith adjustment for Site Index 75 and 60 based on 

Table 9 in Heyer's (1961) "Yield-of even-aged stands of ponderosa 

pine" Tech. Bull. 630. 
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and (3) large acreages still occupied by old-growth timber. We 

2 

3 

4 

, 5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

can improve yields several fold through more intensive management. 

We have used average diameter growth data to demonstrate 

what could be possible under different growing stock levels on 

high site timber lands in the Southwest (Table 4). Attainment 

of these yields would be dependent on several factors: (1) prompt 

regeneration--either by natural or artifical methods before the 

final harvest cut is completed, (2) prompt and adequate ingrowth 

into commercial size classes--through early precommercial 

thinning, (3) maintenance of rapid growth rates--through maintenance 

of stand density control by frequent intermediate cuts, and 

(4) through proper application of the regeneration treatment to 

start the new rotation. 

Table 4 indic9tes estimated total commercial volumes 

available for harvest through one rotation. The volumes listed 

are estimates for several rotation periods. A rotation of 120 

years has been tentatively set for ponderosa pine in the Southwest. 

An examination of these data infers that the largest commercial 

timber yield for the l20-year rotation may be realized at GSL-60. 

These yields are based on an average 20-year growth diameter 

growth rate, zero mortality, and that each stand is treated at 

20 year intervals. 

Darrell will present some current operational yield data. 

This data will not necessarily be the same since the National 

Forests are not intensively managed at present. 

USDA-Forest Service 
GPO 942-797 
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Table 4 . Estimated total commercial volume per acre available for harvest and 
average annual growth rate by growing stock levels and rotation periods 
for Taylor Woods plot, Fort Valley Experimental Forest Arizona!! 

Estimated total commercial 

GSL~/ 
Rotation 
period 

Estimated 
average diameter 

at end of rotation 
volume available for 3/Estimated average 4 

harvest during rotation-annua1 volume growth~ 

Index Years Inches Cubic Feet Board Feet Cubic Feet Board Feet 

30 

60 

80 

100 

120 

150 

!J 
~! 

80 
100 
120 

100 
120 

120 
140 

120 
140 
160 

120 
140 
160 

120 
140 
160 
180 
200 

22 
28 
35 

21 
26 

21 
25 

19 
22 
26 

17 
21 
24 

14 
17 
20 
23 
25 

Site index of 88 at 100 years. 

3,542 
4,300 
5,090 

5,750 
7,074 

6,742 
8,642 

7,379 
8,690 

10,335 

6,256 
8,140 
9,362 

6,481 
8,819 

10,833 
12,744 
13,836 

14,970 
20,096 
25,430 

23,172 
32,097 

27,879 
36,756 

28, 141 
37,015 
48,111 

21,416 
33,764 
41,996 

18,794 
29,574 
42,589 
55,492 
62,824 

32 
43 
42 

58 
59 

56 
62 

61 
62 
65 

52 
58 
59 

54 
63 
68 
71 
69 

187 
201 
212 

232 
267 

232 
263 

234 
. 264 

301 

178 
241 
262 

157 
211 
266 
308 
314 

Numerical designation of the level assigned is the basal area per acre that will 
remain after cutting when stand diameter is 10 inches or more. 

~/ Based on growth rates of 6 rings per inch (RPI) at GSL-30, 8 RPI at GSL-60, 
10 RPI at GSL-80, 11 RPI at GSL-100, 12 RPI at GSL-120, and 15 RPI at GSL-150 
obtain in the Taylor Woods GSL study for first lO-year period after thinning. 

~/ Based on local volumes derived from regression equations in Station Paper RM-2 
(Myer~, 1972) and tree heights from adjacent method of cutting plot. 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

14 

TREATMENT GUIDES 

Growing stock levels are often difficult to comprehend by 

professional foresters, contractors, and forestry technicians. 

. This difficulty arises in part because the actual basal area 

stocking, for residual stands that average less than 10 inches 

d.b.h., is less than that indicated by the GSL index. Cliff 

Myer's (1967)1/ has defined the GSL index to be the numerical 

designation of the level assigned in square feet basal area per 

acre that will remain after cutting when the stand diameter is 

10 inches or more. 

Recently Arthur R. Wrobley and James H. Sullivan, Southwestern 

Environmental Consultants, suggested plotting the data presented 

in Table 10 of "Silviculture of Southwestern Ponderosa Pine: 

4/ 
The Status of Our Knowledge" report (Schubert 1974).- The 

15 data are plotted in the same manner as in the Timber Management 

16 Handbook for Region~9. The major difference in the plotted graphs 

17 is how we use the one for our GSL's. 

18 There are three essential bits of information that can be 

19 extracted from our graphs (Figures 3 and 4) which makes them 

20 especially useful in the Southwest: (1) knowing the number of 

21 

22 

23 

24 

25 

1/ Myers, Clifford A. 1967. Growing stock levels in even-

aged ponderosa pine. U.s. For. Servo Res. Pap. RM-33 , 8 p. 

~I Schubert, Gilbert H. 1974. Silviculture of southwestern 

ponderosa pine: The status of our knowledge. USDA. For. Servo 

Res. Pap. RM-123 , 71 p. 

USDA-Forest Service 
GPO 942-797 

~5 
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17 

trees in a stand and its average d.b.h., you can determine the 

Growing Stock Level (GSL) , (2) having plotted the coordinates, 

you can determine how many trees to cut to arrive at a lower GSL, 

and (3) knowing the estimated growth rate for the lower GSL, you 

can plot your future stand. There is no longer any need to 

worry whether the actual basal area is more, less, or the same 

as the numerical figures in the GSL index. The two graphs 

(Figures 3 and 4) will provide the basic information for stands 

up to 1,600 trees and diameters up to 24 inches. 

The following illustration of the guide will illustrate its 

usefulness in stand density control problems. Let us assume that 

the inventory of our stand showed we had 1,400 trees per acre 

which averaged 2 inches in diameter. Starting at 1,400 on the 

x-axis follow the line up the graph to point 2 inches. A glance 

at the y-axis indicates a GSL of about 200. 

Next, if our managemept plan indicated that we were to manage 
J i C1 9 .:" ". ! ct. i 

our stands at a GSL-60, we trace our way down the line designated 
" 

2 until it intersected the GSL-60 horizontal line. The intersection 

19 of these two lines indicates that we need to retain 420 2-inch 

20 trees for the GSL-60 stocking. In other words, we need to remove 

21 980 trees in a precommercial thinning. This will generally be 

22 a thinning from below, so we will remove the smaller trees and 

23 defective larger ones. The net result will give us a stand of 

24 420 that ave.rage more than 2 inches. If you really "tv-anted to leave 

25 only a GSL-60, you would need to cut some more trees. 

USDA-Forest Service 
GPO 942-797 
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Now let, us assume that it is not critical and we were 

2 permitted to leave the 420 trees. Based on our growth records, 

3 we have found that the GSL-60 stocking density results in a 

4 . 5-inch diameter increase in 20 years. In other words, our 

5 average stand diameter has increased to 7 inches. Following 

6 the earlier procedure, we find that we now have 420 7-inch trees 

7 (assuming no mortality) which indicates that our stand has now 

8 reached a GSL-136. To reduce this stand back to the GSL-60, we 

9 need to cut 240 trees for pulpwood to leave a residual stand of 

10 180 7-inch trees. 

I 1 This same procedure can be followed to the end of the 

12 rotation by continuing on Figure 4. The ~anager will strengthen 

13 his growth rate data with each succeeding 20-year period. At 

14 any time during the rotation, he may change the GSL to fit future 

1 5 needs. 

16 
SUMMARY 

17 

18 
We have attempted to demonstrate how our forests can be 

19 
made to produce more timber through control of stand density. 

We have shown that a relatively low growing stock level can 
20 

21 
produce higher yields over a rotation than higher GSL's. And 

finally we have presented a simplified method which can be used 
22 

to obtain desired stocking densities. We used local data, but 
23 

the techniques are not limited to the Southwest. It is an 
24 

interesting new approach which you may also wish to tryon your 
25 

forest. 

USDA-Forest Service 
GPO 942-797 



by Darrell W. Crawford 

Management Implications of 
Taylor Woods Growing Stock Levels 

The GSL (growing stock level) study at Taylor Woods that Gil 
Schubert just described has already provided management with much 
needed information, even though this is only one study area. 
Even~aged silviculture has been prescribed for management of 
southwestern ponderosa pine, and management of young even-aged 
ponderosa pine stands is well-suited to GSL principles. 

There are three major areas of stand management with which GSL 
information has assisted the timber manager in the Southwest: 
(1) Provides guidelines for TSI (timber stand improvement) work; 
(2) Provides guidelines for selecting desired rotation period, 
cutting cycle and average diameter at harvest; and (3) Provides 
basic data for ADP stand simulation programs that display mUltiple 
use management trade-offs. 

Examples of these guidelines and programs are displayed by the 
following exhibits: 

Exhibit No.1 - A table that readily provides the user with number 
of trees per acre, basal area per acre and spacing guides by 
various DBH classes and growing stock levels. This is a very use­
ful tool for field personnel. 

Exhibit No.2 - The same information provided in the Exhibit No. 1 
table can be provided in graphical form where DBH lines are plotted 
by GSL and number of trees per acre. This graphical form can be 
used as a tool to determine desired number of intermediate harvests 
and approximate yield foe each harvest; i.e., if a precommercial 
thinning is made at the 60 GSL when average stand DBH is 2 inches, 
the graph indicates 420 trees per acre remain. If the 420 trees 
per acre are left to grow to an average stand DBH of 6 inches and 
then cut back to the 60 GSL, there will remain 215 6-inch trees 
per acre and 205 6-inch trees per acre would have been harvested. 
The 205 6-inch trees harvested can easily be converted to volume. 
This procedure can be continued to determine how many intermediate 
cuts are desired and the volume for each cut. 

Exhibit No.3 - By using the GSL information in SWYLD2 (south­
western yield stand simulation computer program number 2), graphs 
can be produced showing GSL curves by stand age and DBH. The 
stand simulation program provides the curve data based on site 
index and intermediate harvests at each GSL. The graph is useful 
in determining stand rotation age at various GSL's for any desired 
average diameter at final harvest" EK'1P.lrle - GSL 60, site index 
80, at stand age 100 \~ill produce average stand DBH of 19 inches. 
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2 

Growing stock level data is well-suited to use in computer stand 
simulation programs. As an example, using such a program (PIPO), 
a stand simulation was run for ponderosa pine, site index 75, 
GSL 60, for a period of 60 years Where a precommercial thinning 
was made when average diameter was 2 inches versus waiting until 
average diameter was 4 inches. The stand thinned at average 
diameter of 2 inches produced in 60 years a total cordwood harvest 
of 24.7 cords, While the stand thinned at average diameter of 4 
inches only produced 16.7 cords or 32 percent less. 

Use of GSL data provides the manager with a simple method of 
controlling and simulating stand prescriptions. These resultant 
guides can easily be interpreted and applied by field personnel. 
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SILVICULTURAL PRACTICES FOR 
INTENSIFI ED FOREST MANAGEMENT 

By 

Gilbert H. Schubert 
Principal Silviculturist 

Rocky Mountain Forest and Range Experiment Station 

Our forests have featured in the development of Arizona and New Mexico since the 
Gold Rush days of the mid 1800's o These lands have not only produced a wide 
variety of timber products, but also have produced abundant forage and long 
have been grazed by livestock. These forests produce much of the region's deer, 
elk, antelope, turkey, and other wildlife. 

Other uses of our forest lands are becoming increasingly important, and timber 
management activities have an impact on virtually all these uses of our forests. 
Forage production and habitat for big-game animals may be benefited by opening 
up timber stands. Water yields are influenced by stand manipulations. Recreational 
and esthetic values may be improved following the short period required for 
development of ground vegetation 0 Current approaches to forest management are 
being increasingly oriented to enhance these aspects of multiple use. 

Forest managers have noticeably shifted their emphasis to more intensive practices, 
particularly on the more productive lands and lands with special qualities o 

Managers are now faced, however, with an increasing demand to improve their 
forestry practi ces. These demands stem from a need for more ti mber and other forest­
related resources, and a need to produce these goods and services without 
irreparable environmental damage or visual degradation. To accomplish these things, 
foresters must use sound si I vi cu I tur",a I pract ices to manage the trees -- the 
renewable resource. 

Silvicultural practices are focused on stand manipulation to: (1) improve growth 
rates by controlling stand density, (2) accelerate replacement by prompt 
reforestation and increased rate of ingrowth, (3) reduce mortality by removal of 
high-risk trees, (4) maximize yields by improvement of stocking and by frequent 
stand re-entry to maintain growth rates, reduce loss, and improve utilization, and 
(5) improve quality by removal of inferior trees. To this list, we may also add: 
(1) fertilization to improve tree survival and growth, (2) tree improvement to 
increase growth rates and tree quality or resistance to pests, and (3) cultural work 
to protect the site end to enhance other forest-related resources. 
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The basic goal of management is to keep forest lands productive. In the past, the 
forests have been under extensive management. The silvicuhural practices were 
limited generally to sanitation-salvage cuttings. The intensity of management 
gradually increased as we spent more effort to protect the forest. The annual net 
growth per acre was often less than 70 board feet. This has increased to about 
100 board feet today, largely due to sanitation-salvage cuts. But the productive 
tapacity of these lands ranges from an annual net growth of 150 to 350 board feet. 
How can we realize the full productive capacity of our forested lands? 

We can employ all or part of the si Ivicultural practices previously listed. The major 
constraint wi II be cost as related to benefit. So the upper limit of management 
intensity is controlled by economic considerations. In the past, with stumpage 
at less than $5/thousand board feet I the manager could resort only to extensive 
management. Today when stumpage rates often exceed $50, he can do much more 
to increase timber production. 

Time does not permit going into great detail on each of the silvicultural practices 
to increase productivity. In my opinion, we can make the greatest gains today 
by controlling stand density ~ The other practices are essential to keep the wheels 
turning, so they cannot be ignored. Our biggest present iob is to treat over 3 
million acres of overstocked timber land to increase yields. I wi II cover "the other 
practices" first, then devote more time to discussing the importance of stand 
density control. 

ACCELERATE REPLACEMENT STANDS 

If we intend to practice intensified forestry, it is essential that replacement trees be 
established promptly. The allowable cut and length of rotation, or time to grow a 
tree to a specified size, are all dependent on prompt reforestation and the rate of 
ingrowth into merchantable size clQsses. Wayne Hite and George Cullom discussed 
various reforestation methods. In addition to methods, we need to consider some 
of the consequences when regeneration is slow in coming and left almost entirely 
to chance. 

Many forest management plans require action by man only after nature is given a 
lO-year period to restock an area. The waiting period has been reduced in more 
recent plans to 5 years. In the past when stumpage was low, there was very little 
money for reforestation. This has now changed. 

How important is prompt reforestation? Some large forest-land-owning companies claim 
they cannot afford to gamble on even the first year after cutting r so they plant 
immediately after cutting. If they get natural regeneration, it is considered a bonus. 

How long can we in the Southwest afford to wait? Every year we wait, the difficulties 
and costs of getting successful regeneration increase. Some areas have remained 
unstocked for 50 to 100 years. Our stumpage has too little slack to allow a long wait. 
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I mentioned allowable cut and length of rotation or time to grow a tree to a 
specific size. The longer we wait, the lower wi II be the allowable cut. It 
is not very realistic to plan in terms of a 100- or 120-year rotation when it 
takes 10 to 30 years to g~.t a new crop started. Our trees can on Iy grow so 
fast. This "waiting period" dilutes our allowable annual cut. 

Getting a new crop started is only part of the replacement problem. These 
trees must make rapid growth to reach merchantable size within a reasonably 
short time. If. they don't, the allowable cut goes down and the rotation 
period gets longer ... 

I am considering growth rate here because it affects the replacement problem. 
The silvicultural practice we use to combat this problem is pre commercial 
thinning. Under intensified management we come face to face with the time 
problem. Can we afford to wait 43 years for the average stand diameter to 
reach 2.6 inches as we did at Taylor Woods on the Fort Valley Experimental 
Forest? That is over one-third of the 120-year rotation with little to show. 

Precommercial thinning is a cost managers must consider. When stumpage is 
high, it is easy to iustify this cost. Can we iustify it at our current stumpage 
prices? I will leave this thought with you; to get into an economic analysis 
is beyond the scope of this paper. 

REDUCE MORTALITY 

One of the first tasks a manager tackles on an unmanaged forest is to saJvage 
his mortality. If his forest is large, he may get nothing else done. He will 
be constantly cutting "recent kill" or "mortality anticipation ll

• The question 
asked by the logger is "when do we cut the good stuff?" 

Under intensive management, the forester does considerably more. How 
much more depends on the intensity of management. He may start out with a 
level of intensity higher than iust sanitation-salvage. The improvement 
selection method developed on the Fort Valley Experimental Forest would be 
one example of a more intensified silvicultural practice. Under this method, 
the manager would release some of the better trees in addition to cutting 
the dead and dying trees. 

IMPROVE QUALITY 

Another obiective under the improvement selection method is to improve tree 
quality by removal of inferior trees. This obiective is also listed under all 
cutting treatments, from precommercial thinning through the seed cut in a 
shelterwood system, and in all cuts in the selection system. Under extensive 
management, no special efforts would be made to improve the quality of a 
residual stand. Under intensive management, stand quality would be improved 
with each successive treatment. 
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As management intensity increases, the manager may also prune to improve wood 
quality. The number of trees pruned per acre may increase with management 
intensity, but normally pru~;ng would be restricted to the final crop trees. 
Pruning also has its place in special-use areas where esthetics or safety may be 
prime considerations. 

FERTILIZATION 

Fertilization of forest trees in the Southwest is still in the experimental stage. 
Studies conducted in the Southwest, principally by Dr. Robert Wagle at the University 
of Arizona, have shown that both tree survival and iuvenile growth can be improved. 

Soi Is in the Southwest generally have adequate nutrients for plant growth, although 
some are deficient in nitrogen and phosphorus for adequate top and root growth. 
Ferti lizers show most potential for improving young natural stands and plantations, 
and for stimulating cone production. Ferti fizer trials with southwestern species 
are iust getting underway. Early results should be available in about 1978. Estimates 
of increased tree growth range from 5 to 30 percent. 

TREE IMPROVEMENT 

The tree improvement program is also just getting underway in the Southwest. One 
of the first accomplishments was the establishment of provisional seed collection zones. 
Trials will be made to test seed sources for their compatibility with local environmental 
conditions. Work done to date indicates striking differences in survival, early 
growth, tree form, and foliage color of different seed sources. Intensified management 
would expand the tree improvement program to include hybridization. 

IMPROVE GROWTH RATES 

Growth rates are strongly correlated with site quality and stand density. Our T oylor 
Woods study of growing stock levels provides some of the best information on the 
effect of stand density on growth of young ponderosa pines. 

DIAMETER GROWTH 

Trees with well-developed crowns can grow in diameter at about the same rate over a 
broad range of age classes, provided they are given adequate growing space. For 
example, ponderosa pines were found to remain physiologically young and responsive 
to thinning up to an age of at least 200 years. 

Dense stands of slow-growing ponderosa pines have responded well to release. The 
43-year-old stands, with an average density of 5,800 stems per acre and an average 
diameter of 2.6 inches, were thinned in 1962 to test 6 residual growing stock levels (GSL). 
The growing stock level is defined as the basal area (square feet per acre) that wi II remain 
after cutting when stand diameter is 10 inches or more. 
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Diameter growth was found to drop significantly with increased basal area 
stocking (fig. 1). Trees in the GSL-30 plots were growing fn diameter at over 
5 times their prethinning rate. Even at GSL-150, the trees had doubled 
their growth rates. 

An examination of these growth rates gives some insight on length of rotation. 
For example, if the objective was to grow a 24-inch dbh tree, it would take 
about 120 years on site index 90 land at GSL-70 (fig. 2). Site index 75 is 
more representative of southwest forest lands, so a 140-year rotation is more 
realistic. Trees should grow to the 24-inch size on intensively managed areas. 
By intensively managed, I mean the stands would need to be thinned to GS L-70 
and then retreated at frequent intervals to maintain the growth rate. The growth 
rat~s shown in figure 1 are conservative, so the re-entries may be at 20-year 
intervals. 

BASAL AREA GROWTH 

In contrast with diameter growth, net basal area increment was greater at higher 
residual stocking levels throughout the range of GSL-30 to 150 (fig. 3). At low 
stocking levels, trees were too few to use the site's full potential for basal 
area growth. Above GSL-80, increased stocking made less difference. The 
periodi c annual increment averaged about 4.4 square feet per acre. 

HEIGHT GROWTH 

Height growth increases with site quality, but is not affected by stand densities 
from GSL-30 to 150. Height growth of southwestern ponderosa pine is slow even 
on the best sites, and decreases with age. Growth on trees at age 20 is two to 
three times that at age 140 (fig. 4). Very little height growth is made after 
age 160 years. Therefore, total height of dominant trees over age 160 years 
could be used as an estimate of site quality. 

MAXIMIZE YIELDS 

One of the prime objectives of timber management is to maximize timber production. 
Timber yields have been low, due in part to unstocked and poorly stocked lands, 
overstocked stands, and large acreages still occupied by old-growth timber. These 
yields can be increased through more intensive management. 

The average gross annual increment on large sample plots on the Fort Valley 
Experimental Forest has ranged from 70 to 116 fbm per acre. Mortality has reduced 
these annual yields to a range of 25 to 93 net fbm per (!cre. Small, well-stocked 
plots that have received intermediate cuts show net yield of 103 to 232 fbm per acre. 
Trees in these stands range up to 300 years in age and over 40 inches in diameter. 
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What kind of yields may we expect under intensive management where the obiective 
is to maximize sawtimber volume in trees with at least a 24-inch dbh? Using 
the diameter growth rates shown in figure 1, and a 120-year -rotation, we find 
that the greatest volume production of 36,000 fbm per acre occurs at a GSL-70 
on site index 90 lands (fig •. 5). Production at GSL-60 and 80 are also quite 
high. GSL-70 also produced the maximum volume on site index 75 and 60 
lands under the longer rotations. 

Tables 1, 2, and 3 indicate the estimated mean annual sawtimber increment 
(MAl) per a~re for site index 90, 75, and 60 lands for growing stock levels 30 to 
180. These tables illustrate several useful bits of information for decision 
making. First, they show the estimated highest MAl by growing stock level and 
site index. Second, they show a rather broad top band of MAl's with little 
difference in increment within each GSL. Third, a comparison across GSL levels 
within each site index class shows the amount of growth given up by changing 
levels of stocking. Fourth, they show the rotation ages where estimated MAPs 
decrease with a further extension of the rotation. Fifth, a plotted curve across 
any rotation age indicates the IIbestll GSL for the particular rotation age. And 
sixth, a comparison of the three tables shows the relative yields by site index. 
These plotted values (fig. 6) illustrate that a manager could very well select the 
same GSL and vary his rotation by site quality. Similar procedures could be 
explored to develop other options. 

Most of the data discussed today were related to even-aged stands. This may be 
somewhat out of line for forests that are composed primari Iy of uneven-aged 
stands. Many of our uneven-aged ponderosa pine stands could be converted to an 
even-aged structure, however. The reverse is also true. According to my 
estimates, the manager may obtain about the same timber yields from even-aged 
and uneven-aged management (fig. 7). 

The forests we inherited have undergone considerable change during the past century. 
Our virgin forests were described as open-parklike. There were many large trees 
and re latively few small ones. A comparison of their frequency distribution 
with a reference frequency for a managed selection forest would show the problem 
we face in management for sustained yield (fig. 8). The problem is not so much 
the large number of big trees as it is the shortage of little ones. We must budget 
our cut over time. If we have no little ones to grow into big ones, we could 
in a hundred years or so be out of trees. 

If we compared our present forest with the GSL-70 reference, as in figure 8, we 
note the change due to past management. Our stocking of large trees has been 
reduced. We have a lesser defi ciency in medium-sized trees as noted by the 
smaller difference between the two curves. And we picked up an excess of small 
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Tab 1 e 1 e -- Estimated mean annual sawtimber increment per ccre of south\vestern 

pon'derosa pine on site index 90 lands by r6~ation o~e, 

for various growing stock levels 

Rotot~Sln 
Growing stock leveL~/ 

og~ 
30 40 ·50 60 70 80 90 100 110 120 150 180 . (Years) 

-- - ... - - -' - ..... - - .... - Fbm .. - ... - - ... - :.. - - ... ~ ..... -

40 13 0 0 0 0 0 0 0 O· 0 0 0 
60 102 120 120 111 91 0 0 0 0 0 O. '0 
80 151 176 183 189 193 163 137 130 0 0 0 0 

100 176 210 235 259 ·258 231 222' 225 186 171 0 O· 
120 . 186 223 262 284 301 292 284 283 . 246 '245 .173. O· 
140 188 . 234 274 304 328 330 334 341 314 302 250 0 
160 186 232 278· 311 . 339 349 358 373 355 . 352 296 218 
180 229 277' 311 341 357 369 388 380 ·385 344 267 
2QO 271 306. 339 358 375 394 392 400 . 377 296 . 
220 351 370 393 .393 404 '391 333 . 
240 402 399 352 
260 403 367 
280 . 403 374 
300 401 '.378 
320 .382 
340 381 
360 380 . 
380 ·379 

1 / Basal area {square feet per acre} that \vi I r remain after cutting 'rvhen 
. stand di ameter is 10 inches or more. 

2/ MAl carried to point of decline or general 'Ieve!ing off or overage 
stcnd dialileter is eaual to or exceeds 24.0 inches. 
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Tab 1 e 2. --EsHmated mean annual sawtimber increment per acre of southwestem 

ponderosa pine on site index 75 lands by rotation age 

. for various growing stock fevers 

Rotatir 
Growing stock level.!../ 

oge.3. 
3.0 40 .50 60 70 80 90 100 110 120 . 150 180 (Years) 

-. - - - - - - - _.- - - - Fbm - - - - - - - - - - - - - - -

60 68 70 59 42 0 0 0 0 0 0 0 0 
80 99 112 128 120 104 94 71 0 0 0 0 0 

100 ·124 144 164 155 i53 142 144 118 101 D_ O 0 
120 140 160 187 194 193 181 185 173 166 132 0 a 
140 145 170 203 216 225 222 224- 206 202 185 139 0 
160, 144 171 197 225 239 243 251 242 236 208 181' 0 
180 172 198 228 245 251 263 260 258 241 206 148 
200 168 196 227 246 256 271 269 274 259 225 175 
220 224 244 254 271 273 278 270 243 196 
240 281 273 257 206 
260 275 '264 215 
280 273 268 230 
300 272 238 
320 272 245 
340 ' 272 ·249 ' 
360 270 252 
380 .. '253 
400_ 253 
420 257 
440 250 

1/ Basal area {square feet per acre} tha~ will remain after cutting \vhen 
stcild diameter is 10 inches or mora. 

2/ N\AI carried to point of decline or general leveling off or overage 
s~and diameter is equal to or exceeds 24.0 inches. 
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Tab 1 e 3. -- Estimated meon annual sawtimber increment per acre of southwestern 

pon'derosa pine on site index 60 lands by rotation age 

for various growing stock levels . 

Rototion Growing stock level!/ 

~ar2/ 30 40 50 60 70 80 90 100 110 120 150 180 (Y~ars) 

- '- - - - - - -' - - - - .;.. - - Fbm - - - - - - - - - - - - ._, -'. , 

60 33 25 10 0 0 0 0 0 0 0 0' 0 
80 62 66 64 56 45 0 0 0 0 0 0 o. 

100 78 84 92 94 94 76 65 52 0 0 0 0 
120 ' 90 '103 112 112 ,117 110 105 98 77 0 0 0 
140 96 113 128 135 139 129 129 128 115 92 0 0 
160 99 119 .137 148 157 151 146 146 138 123 86 0 
180 99 122 140 155 165 166 166 162 151 140 116 0 

. 200 122 142 157 170 173 176 177 167 151 134- 93 
220 142 157 172 177 182 185 179 166 146 115 
240 170 177 183 188 184 174 152 129 
260 189 186 180 ·156 136 
280 "188 ·182 166 143 
300 184 . 171 147 
320 184 175 150 " 
340 177 157' 
360 . 180' , '163 
380 '180 165 
400 180 . 168 
420 180 170 
440 171 
460 171 
480 172 ' 
500 172 

1 / Basal area (square feet per acre) that ,vi II remain after· cutting when 
5r~:'1d diamerer is 10 inches or more. 

2/ lv\A) carried to poin~ of decline or general leveling off or overage 

stc~d diameter is equal to or exceeds 24.0 inches. 
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trees. All this has been achieved through extensive management. If we continue 
the extensive management long into the future, our "new presentll frequency 
may well pivot to show a severe shortage in all sawtimber sizes and a slightly 
greater excess of small trees. 

To achieve the "managed-forest ll in figure 8 will require intensification of our 
si Ivi cu Itural practi ces. If we are to harvest on an even sustained-yield basis 
at the site pofential, we wi II need to have our forest close to the normal stocked 
acre. This normal stocked acre does not necessarily need to be the GSL-70. 
A further evaluation of growth response in 1983 should sharpen up the results of 
the T oylor Woods study. An expansion of the GSL study into large size-class 
stands and on lan~s of different site quality will hasten the information-gathering 
process. 

In conclusion, I would like to point out the things we must do to maximize our 
yields o We will need to intensify our management efforts along three main 
lines: (1) Reduce the time lost in reforesting logged and burned areas by taking 
prompt and effective action to get replacement stands started, (2) shorten the 
time required to get the replacement trees to commercial sizes by early 
precommercial thinning t and (3) maintain the desired growth rote throughout 
the tree1s life by properly scheduled intermediate cuts. 
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STOCKING LEVELS --

GUIDES AND FIT TO MANAGEMENT PLAN 

I was asked to discuss three things: 

(1) Guides to evaluate present stocking and to determine 

appropriate residual stocking in second growth stands. 

(2): How- to g:e-t the proper -sto:ckingestabldshe,d in the woods.· :l.::X_ :1.; 

(3) How to get the control of stocking tied in with 

the management plan. 

I am going to change the order around and talk about 

the management aspects first. 
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I have changed the order of presentation because 

control of stand density is a silvicultural operation, and 

each silvicultural operation is specific to a particular 

stand at a particular time. 

The dominant objective of our management is to achieve 

even-flow sustained-yield Irom our forest. Because a 

silvicultural operation is specific to a specific stand, 

silviculture, per se, has nothing to do with sustained 

yield exeept by implication. We can't just set out to 

practice "good" silviculture and expect that sustained yield 

will automatically result. 

That's where the management plan comes in. In the 

manage~ent plan we set up a schedule of cutting such that 

the forest will sooner or later attain a regulated structure 

and provide regular yields. The volume attainable under this 

schedule, during the management plan period,. is the 

allowable cut. 

Before I go on to show how -t-he control- -of stand densit-y--­

fits into the management plan, I want to discuss briefly 

the determination of the allowable or the potential cut. 

It may seem ·that I am straying from my assigned topic, 

but bear with me and-see where I go·wrong. 
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It is generally accepted that we get sustained yield 

by cutting only the growth from a forest-~assuming that 

wetre somewhere close to a regulated structure. If the 

structure is too far from the regulated condition, we 

adjust the rate of cutting to achieve a regulated condition, 

then cut the growth. 

Traditionally, we make periodic inventories, usually 

based on permanent sample plots)to determine volumes and 

acreages by types and species on the different sites. We 

have the same kind of information from previous inventories. 

We can add up or estimate what was cut or died in the 

meantime, and then calculate what the periodic growth has 

been. We project the appropriate rate of growth for the 

next period, and calculate an allowable cut on that basis. 

In an oversimplified way this is how our annual cuts 

have traditionally been determined, at least. in our second 

growth east-ern 'hardwood fores·ts •. - On a national basis .. -Forest 

Survey figures have been used"-in somewhat simi-lar fa-s-hion 

to estimate volumes available to meet national needs for 

various future periods. 



Am I still on relatively safe ground? OK, then I will 

proceed to get into trouble. 

This traditiej"nal method doesn't worL._ In fact it can 

be very dangerous as markets improve to where actual cuts 

approach the full potential or allowable yield. The reason 

it does not Mork is b.ecause it can only monitor, but 

cannot predict, and certainly cannot control, changes in. 

forest structure. These are the changes in age-class or 

size-class distrib-ution"tha.t- result from gr.owth, mortality, 

and cutting. 

I am not saying that periodic inventories based on 

permanent sample plots ar~-not worthwhile. In fact they 

are very useful. They tell us with good accuracy what is 

actually in our forest today, and how the situation has 

changeds·i·n-c·e ·the ·l.a·s..t time. Such inventories are 

part icula rly .. _valuable for keeping a handle' on unusual 

mortality caused by. fires ,-·windst-orms,. _epidemi.cs, _and· 

... 
natural or man-made catast~ophes of one kin~~nd another. L 

And they provide at least some check on volume, cut, and 

growth projections determined by other methods. 

~-.:.:'-!~ .:..~~ .. -.c~~·MY'. ~Jl.a.rg.e· is ... ·tha.t· s,u'-ch inventories, -and: growth models 

based on·- them, are very dangerous as a basis for future 

volume, growth, and allowable cut projections. 
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I realize that this is a serious charge and people 

might worry about it except that I am so obviously crazy. 

But let me give y~~ a quick example. 

I spent some years in Ohio and became fairly well 

acquainted with its hardwood forests. In these forests 

it takes about 100 years to produce sawtimber yields on 

natural rotations, but you could do it in 60 or 70 years 

with periodic thinnings or improvement cuttings, if these 

are properly applied. 

Regardless of the type of management or the rotation 

length, to achieve a sustained yield of sawtimber-size 

products, you would need to keep 20 to 25 percent of the 
~ 

forest area in seedlings and saplings, 35 to 40 percent 

in poletimber, and 35 to 45 percent in sawtimber. 

In 1952~ the Forest Survey in Ohio showed the 

following distr-ibutionof-- -forest area-by s=ize-classe-s-: 

Ohio Fores_t..Area.--l952 - - M acres (pe:rcent).--.... 

Sawtimber Poletimber Seedl. and Sap1. 

2679 (50%) 1978 (36%) 739 (14%) 
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In trying to compare these figures with the next Forest 

Survey in 1967, we run into a problem caused by changes in 

classification st~~dards between inventor~a&L I was able. 

to determine that on the basis of 1967 standards there would 

have been 607,000 fewer sawtimber acres in 1952, but I 

don ' ·t· kn 0 who w the sew 0 u 1 d h a v e bee n . s p ~ i.t bet wee n pol e 

stands and sapling stands. I suspect that they would have 

been classified as seedling and sapling stands representing 

the ~esults of heavy h~gh~grading cuts that left sparse 

overstories of low-grade sawlogs over young stands of 

reproduction. If I throw those 607 M acres into the 

sapling s t~nd class, in 1952 Ohio would have. had an ideal 

distribution of acreage for sustained yield. To be 

conservative, let's split the acreage between saplings 

and poletimber-. ...:..:.....: --.:. : ...... 

Ohio Forest·..Are~,_ .1·952--Cldj ust:ed ~~~-:':M acres (pe.rcent).--

Sawtimber _ __ Po1etimber _. -. Seed1. and Sap1. 

2072 (38+%) 2282 (42+%) 1042 (19+%) 

This is not quite ideal, but close. If it were feasible 

f:()-r-::> :&11, ,e.n-t i r e,- s·t a t e·; to·· goo n- -s us t a in e d y i fa 1 d" in 19 5 2 0 hip 

was in excellent shape to achieve it. 
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By 1967, Ohio had an increas~ of 933,000 acres of 

forest land. These were acres of old fields reverting to 

forest; and they bad to be classified as seedling and 

sapling stands. I subtracted this amount from the 1967 

s. and s. acreage to put the figures on the same basis 

as would have been used for planning in 1952. The results 

are: 

Ohio Forest Area, 1967 adjusted -- M acres (percent) 

Sawtimber Po1etimber Seed1. and Sap1. 

1948 (36%) 690 (13%) 2758 (51%) 

Because of the scarcity of -pole stands, by 1967 there 

was no way that Ohio could go directly on even-flow sustained 

yield without going through a lengthy period of reduced 

yields. This is because there is simply no way to get 

saplings-to sawtimber~size- without gOing through a lengthy­

po1etimbe~_atage& 

In the meantime, according eto - the Outlook for~Ti-mber -irr- ~ 

the United States (1973. USDA Forest Serve -Forest Res. Rept. 

20, 367p.), sawtimber volume increased by 3 b~llion board 

feet. 

If, in 1967, the sawtimber growth rate were used to 

project an allowable cut, the situation would rapidly get 

worse. 
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Another example of this phenomenon occurred in the 

early 1960's, in the oak forests in the southern part of 

old Region 9. They were just starting on the third round 

of improvement cuts on those forests and discovered that, 

in many stands, although the total volume was there, there 

weren't enough big trees to provide an operable cut. 

I have other examples of this phenomenon, some based 

on personal experience, that I won't take your time on. 

But it may be instructive to examine why this phenomenon 

occurs. 

It occurs because, in our management planning, we 

assume that a board foot is a board foot is a board foot, 

and therefore 8 or 10 small trees equal 1 big one. 

For example, let's consider an oak stand that is 

growing 250 board feet per acre per year, based on periodic 

inventories of_-- permanent sample pl,ots .. -The sawt-imbe-r--- -.-----­

growth-··rate is determined b-y_ t:he ra te:-o..f increase- in--,s-iz-e--­

of all trees ·11_ :inc·be-s- and-'large-r"plus~--ingrowth~-:l:nt'o·the---'-

11 inch -class. ~he 11 inch diameter represents our 

minimum merchantability specification for sawtimber. 
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Unfortunately, the market wants 18 to 24 inch trees, 

will readily accept 14 to 16 inch trees, but will take only 

a limited number smaller than that, and then only when 

forced. Therefore, to get an operable sale, we've got to 

have relatively more cut volume in big trees than in small 

ones. Now, we can cut all of that 250 board feet per acre 

by cutting 1 big tree. The stand grows that amount back 

again next year, but it spreads that growth in little 

chunks over a lot of small trees. And there are a great 

many more small trees than there are big ones. So as this 

process continues eventually we end up with all our sawtimber 

volume clustered in a narrow range of diameters just above 

the threshold of merchantability. 

If I may coin a principle here, it is this: If there 

is a differential between the threshold diameter for 

mer c han tab iIi t Y :.. and --the m 1 n i m um d i a met e r: - the ma r k e t· will 

freely accept, both-huma ... n' nature- and- e-conomics--f-o-r-ce--us--cc:--::--~ 

to cut proportionately- heavier among the la-rge- diameters--:..-,·-

than we should. In doing so we change the structure of 

the forest, and therefore we change the distribution of 

growth among size classes. 
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Or, stated in more positive fashion, if we plan to 

grow products of a certain minimum size on an even-flow 

sustained yield bisis, the periodic growth must be cut 

from each diameter class, down to and including the smallest 

diameter that we wish to regulate, in direct proportion 

to the amount that occurs there. 

This is another way of saying that to achieve even-flow 

sustained yield, we must cut in such a way as to establish 

the desired forest structure, and thereafter cut in such 

a way as to maintain that structure. Which means that 

we must control the cutting not by the apparent forest 

growth rate in product classes, but according to the 

distribution of size classes that we want to regulate. 

This statement holds, of course, whether you plan to use 

even-aged ~r uneven-aged management_ 

As a tool for management. planning', -the,;-trad;it-!onai=-:'=-~-_ 

method oI. .basin;g' growth- projecti'Ons 'an-d~;tl~low-a-bl:e_ ·-cuts:ono-,-~~ c 

in several respects. First, it doesn~t tip you off as to 

what is happening to forest structure until after it has 

happened, by which time it may be too late. Second, it 

doesn't tell the manager what stands need to be treated, 

in what fashion~ nor where the volume is located that ~s 

available for cutting. 
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These two objections might have been overcome when we 

were using uneven-aged management--if we had used it 

correctly, or could have used it correctly, to maintain the 

same regulated reverse J-shaped diameter distribution in 

each and every stand. But I see no way in the world of 

using it to control the rate of cutting in forests of 

even-aged stands in which the structures not only vary 

widely among stands but must also change constantly as 

the stands get older. 

The only alternative I see is to go to individual stand 

data obtained from permanent and periodically updated stand 

records. During the next management plan period, a certain 

acreage of older stands will be regenerated, and will yield 

so much volume. A certain acreage of immature stands will 

be thinned. These will yield certain volumes depending on 

their stock~ng~~the~r structur~, and their composit~9~. 

The management-plan ~ust-set the amount of acreage to be 

treated ~n the" various categories and indicate the 

appropriate treatment for each category. This is so that 

each stand will fit into its proper place in the hierarchy. 

I foresee that the stand records will be maintained by 

computer, programmed to update them periodically as needed. 

The updates will be corrected by fresh data gathered during 

stand examinations either prior to or just after treatment. 
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And now I've come full circle on the management planning. 

It is not just a case of fitting stand density control in 

with the management plan. Rather, the management plan is 

the instrument that must control stand density. But there's 

more to it than just the control of stand density; we must 

also control stand structure, and in many types, composition. 

And then we must get the control applied on the ground. 

Since these operations must be performed on an 

individual stand basis, let's leave the subject of 

management planning for a while, and go to the first topic 

I was assigned: Guides for stocking levels. Because of my 

broad ignorance of most types, I will merely cover what we 

consider necessary in one specific type: the Allegheny hardwoods. 

~he forest type that we fefer to as the Allegheny hardwoods 

is, for a natural type, somewhat unnatural. It developed 

following the heavy cuttings-that removed the beech-hemlock 

forest between --about _1880 -and-::.-1930. __ :--

The Allegheny hardwoods._consists· o·f·~sugar maple-, -be-ech. 

""-
and some remnant hemlock with varying ad mixtures of black 

cherry, red maple, yellow and sweet birch, white ash, 

yellow-poplar, cucumbertree, and half a dozen others. 
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The yellow-poplar is very intolerant and very fast 

growing. It is either dominant or absent. The black cherry 

is also intolerant and also fast growing, but not quite as 

much as yellow-poplar in either category. White ash is 

modera~ely intolerant and grows well, though not quite as 

fast as the cherry. The birches may be a little more 

tolerant than the ash, but still are usually classed as 

moderately intolerant. They grow slower than most of the 

other species and unless released are overwhelmed by about 

the middle of the rotation. 

Red maple and cucumbertree are r, intermediate in tolerance, 

but both grow nearly as fast as the black cherry. Red maple 
.~ 

responds well to release, at least in the intermediate and 

higher crown classes. 

Sugar maple; beech, and hemlock are all very tolerant--

sugar maple.a little less -so -than-the· other two. All three 

grow very --slowly- when- ·cro_wde:d.::-or-- wh-en -unde--r-=a- --canopy, --but--

will surv.ive _of-or decade-os in the --understor-y-.:; - All respond 

well to release at any age, and will grow very well until 

they again become crowded. 

• 
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The intolerant species do not respo~d well to release, 

so they must be managed as dominants and codominants. 

When these intolerants are mature, which means a maximum 

age of 90 to 100 years (80 years is safer), the stand must 

be regenerated, or else we must be satisfied to manage the 

next stand as only sugar maple or beech, or a combination 

of the two, with a consequent loss of value, yield, and 

variety. 

Thinnings must be heavy enough to get enough growth 

response from the sugar maple and beech for these species 

even to make merchantable pulpwood by the end of the 

rotation. This means also that thinnings must begin no 
-'t 

later than- a stand age of 55 to 60 years, preferably much 

earlier. But we dare not thin too heavily or we lose 

production and reduce the value of the final yield of the 

highly valuable intolerants. 

We also have problems· getting--natural- reproduction-- due 

largely ·to. ::t-he·- termendous-p-opul-ation-s,c~of -whitetail-- deer-, 

which range fr01Il 60 to 100 animals per- square mile--pre-fawning. 

Unless we fence them out, which is both difficult (Did you 

ever try to chase all the deer out of a 25-acre area?) and 

very expensive, about the only way we can beat them is to 

overwhelm them with tree reproduction. When a stand is to 

be regenerated we must have enough advance reproduction, of 

a size arid vigor to grow East enough, over a large enough 

area, that the deer can't possibly eat it all within the 

time it takes for some of it to grow out of reach. 
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Since new germinants can't compete in the riew stand 

with vigorous advance reproduction, this means that advance 

reproduction of all species desired in the new stand must 

be present when the regeneration cut is made. And in turn 

this requires that representatives of all species desired in. 

the new stand be retained in the old stand right up to the 

time of the final harvest. 

Even having advance reproduction isn't adequate to 

ensure that beech and sugar maple will have a place in the 

new stand. These species lag so far behind the new crop of 

intolerants that they must have a head start--as large 

saplings or small poles--if we want them to reach sawtimber 
~ 

size in the next stand. But we mustn't leave too many 

maple and beech saplings and poles or they seriously reduce 

the percentage of·intolerants in' the next stand and may 

retard the development of the ones that do make 'it. 

So the Allegheny-~har..dwood--type poses. some ,intexesting:'-'-. 

s il vicul tural and managemen t pro,blems. But the~purposeof:_ 

the foregoing is not to impress you with our problems,--

everybody has problems. What I want to get across is that, 

with us, the control of stand density is not just another 

moot academic exercise that would be nice to do if we had 

the time and money. For us, the need to control not only 

stand density but also stand structure and species composition 

is an unavoidable fact of life. Either we do it or we lese 

the type. 
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The control of stand densityrequire~ that there b~ 

some stocking standards to serve as the basis for adjustment. 

I set out to determine if our stands would reach some 

average maximum level of stocking, and if so, if it could 

be described mathematically. 

I collected data on 106 natural undisturbed stands. 

Stand ages ranged from 18 to about 100 years; basal area from 

75 to 175 square feet per acre. Altogether I had diameter 

tape measurements on about 125,000 trees. I used these data 

in multiple regression analysis to derive a tree-area ratio 

equation (Chisman, H. H. and Schumacher, F.S., 1940. On the 

tree-area ratio equation and certain of its applications •. 

J. Forest 38: 311-317). 

The best regression that I found is one based on six 

species groups. It is highly significant with a coefficient 

2 
of multiple determination (R ) of_~9 1/2 percent, and a 

s tanda rd:.. error:- of· ab out-: 5 -percen t ~-offhe mean- -value::.~o f- t:h:e 

plots. 
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The good precision of the tree-area ratio equation 

lends a pleasing amount of confidence that Allegheny hardwood 

stands do indeed achieve a maximum degree of crowding--or 

stocking--and that it can be described mathematically. The 

next problem was to find a way to display the relationship 

graphically based on stand parameters for which data could 

be easily obtained in the woods. I hoped that I could develop 

a chart similar to the one Gingrich developed for the oaks 

(Gingrich, Samuel F., 1967. Measuring and evaluating stocking 

and stand density in upland hardwood forests in the Central 

States. Forest Sci. 13: 38-53). 

When I tried a regression using the same variables 

Gingrich did (basal area per acre plotted over number of 

2 
trees per acre). My R dropped to 34 percent, and the 

standard error increased to 16 percent. 

Species-eompositdon-was the-major-point of difference_ 

between_my tree-area_ratio equation and the stockin~ 

equation. _ The._ former was broken down into six spe_c_:J.es~--

g r 0 ups w h 11 e the 1 a t t e r -h a d a 11 s p e c 1 e s 1 u m p edt 0 get her -. 

It seemed obv1ous that I had to find a way to account for 

composition. 
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p~~5e~~~g~>Rf~s;~n~~~a~a~ a~ea cont~ibuted by various 

species worked very well. And I could determine the 

percentages of basal area by species groups simply by 

tallying the groups separately during the wedge prism cruise~ 

However, I couldn't figure out any practical way to 

show more then two species groups on a two-dimensional 

stocking chart. The combination that gave the best accuracy 

2 
(R of 70%, standard error of 10%) was one group comprising 

cherry, ash, and yellow-poplar, which I shall hereafter 

designate as CAPs,' and the other group containing all other 

species. Then I was able to prepare the stocking chart 

(figure 1). We have been field testing this guide for about 

three years, and so far it seems to be working very well. 

The A-lines on the chart show the average maximum basal 

areas that w~ll be attained by stands of given average 

diameters-wh-en certain percent_ages of _the total basal- ar-ea_~_ 

are con t a in e -d . in -the -C-AP -g r 0 up .F 0 rex a ml' 1 e ; - -a stand with 

an average diameter of 8 inches that contains no cherry, 

ash, or yellow-poplar will normally have about 114 square 

feet of basal area per acre. But if an 8-inch diameter 

stand has 80 percent of its basal area in CAPs, the basal 

area will be about 170 square feet per acre. 
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The B-lines on the chart indicate our best guess at 

the minimum stock~ng necessary to use all the growing space, 

for stands of a given average diameter and percent CAPs. 

For the two stands mentioned above, the first should be 

thinned to leave at least 68 square feet per acre; the second 

to leave at least 102 square feet--if the average diameter and 

percent CAPs remains the same. 

Using the stocking chart requires three pieces of data: 

the stand basal area, the percentage of the stand basal 

area contained on the CAP group, and the stand average 

diameter. These data are obtained during stand examination, 

using point samples for the basal area tally and l/20-acre 

plots for the tree count (Figure 2). 

The basal area tally is broken down by the two species 

groups and by four ~ize classes based on ocular estimates 

of the-diameters of the sample trees. Tallying by the~ 

two species :;group-s -revea'ls-,- the perce-n t-CARs; tallying _-by =---:-:c. -

the four size~classes -gives a_ good -~quick picture .of.~stan-d --:"-=-~'::::-.' 

structure and is most helpful in revealing the size classes 

that must be favored to provide the final crop and, by 

elimination, the size classes that should be marked heavily 

to increase the stand diameter and push the stand along 

toward maturi~y. 
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When the basal area and tree tally are completed, the 

nature of the original stand can be calculated. The 

percent CAPs is determined by dividing the basal area 

in CAPs by the total basal area. The stand average 

diameter is determined from the stocking chart by using 

the total basal area per acre and the number of trees per 

acre. Using the stand average diameter and the percent 

CAPs, the chart is entered to find the A-level basal area 

that would be expected in a normally stocked stand. 

Dividing this basal area into the actual stand basal area 

shows the percent stocking in the original stand--that is, 

how well the present stand is stocked compared to the 

average maximum found in nature for a stand of the same 

average diameter and composition. 
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Next, the chart is used to determine· the minimum 

residual stand to leave. The prescriber must decide three 

things: the percent stocking desired in the residual 

stand, the percent composition that he wants in the 

residual stand, and the probable average diameter of the 

residual stand. From our thinning and cutting method 

studies, we have developed guides to show the extent to 

which composition can be changed, and the direction and 

amount by which the average diameter will change for a 

particular kind of cutting. Then using the residual stand 

diameter and the residual percent CAPs, the prescriber can 

enter the stocking chart, using the B-level curves, to 

determine the minimum residual basal areas to leave. 

Subtracting the residual stand from the original shows 

the basal areas that may be cut by species groups. Then 

the prescriber::.:distributes-these basal-ar-eas by ·size--classes­

t 0 con f 0 rm.- t 0 _ his. in ten d e d - --t rea t men t •. --:-:: -T his dis t rib \i t ion 

oft h e cut the n_ b e c om est hem ark i n g pre s c :r i p t ion. _ T.ch e 

marking crew can compare the amount to be cut in each size 

class and species group with what the basal area and tree 

tally show to be present, and they can tell what 

propDrtions to mark in each class. 
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This is a very brief excursion thro~gh the procedure. 

A manuscript now ~n the publication process explains it 

thoroughly, and we fully expect it to be printed long before 

the turn of the century. So I will not go into more detail 

here except to note several significant points. 

You will notice that there is more involved than 

simply the control of stand density. The procedure provides 

also for some regulation of both species composition and 

stand structure. Second, because emphasis is placed on 

determining the desired residual stand, the stand prescribers 

can operate on a higher professional level. They can exert 

some deli~erate control~in guiding the stand some known 

distance toward maturity, rather than let the stand push 

them around so to speak. Third, rather than just going 

out looking for merchantable_ tzees to cut, the marking crew 

has definite~~ guidelines as to the proportions of various size 

classes~ to ·look~ for.. AI}d finally~~- the~~ goo-:d_ documenta-t·i-on~' ~ 

permits, che:cking the~ process--at~·any leve'l,~"in th>Q··-£ield or 

in the office. It provides substantiation for decisions 

made or gives an objective basis for questioning them. 
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Initially the procedure may seem complex, but it has 

not proved to be ~p in practice. We have conducted 8 

training sessions so far, and a two-day session has been 

adequate to get a good job done in the field. Ironically, 

most of- the difficulty comes, and most of the training time 

has to be spent on, getting reliable stand data. Every forester 

automatically assumes he knows how to conduct a good stand 

cruise, but it seems that only about 60% do a consistently 

good job. And if you don't get adequate stand data, you're 

just kidding yourself. 

Last spring we had a training session for District TMA"s 

and stand examiners on the Allegheny National- Fares t.- - Then 
-~ 

the Forest gave it a three month trial on each district, and 

have since adopted it for forest-wide use. 

The next--- q-uestionwe- faced was whether the--ma-.rking -crews 

could mar-k-according _ tp the prescriptions-.-
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In September we held a training session for the Allegheny's 

timber marking crews, using 100 percent inventoried plots 

to check stand tal~ies and residual stands after marking. 

Seven out of eight crews came within 5 percent of the 

desired residual stocking on the first try. The removals 

by species gr,oups and size classes were very close to the 

prescriptions--within 1 or 2 square feet--except for the 

poletimber category in the "other" species group, where they 

tended to undermark by 3 to 6 square feet. At least part 

of this was probably due to the fact that our inventories 

included in the pole clas~ some trees smaller than the 

merchantability standards for pulpwood. So probably they 

didn't find' all the poles that we said were there. 

All crews agreed, without any pressure or leading 

questions, .that the prescriptions caused very little. change_ 

in their normal procedure, and also that the prescriptions 

were v.ery_ help ful- in· focus ing their at t en tion on the size 

classe6~ that-wer-e to. b.e m1lr-ked heavily. ,or that were .. to be 

favored and retained. 

The jury is still out, of course, as to how well the 

marking will work on an operational basis, but the initial 

trial was promising. 



So far I've discussed in general how the management 

plan should control the silviculture. Then I discussed 

stocking levels for Allegheny hardwood stands. Then I 

told you how we are going about the problem of getting 

physical control of stocking on the ground. Now I'd like 

to revert back to the first topic and explain more 

specifically how the whole business is dovetailed 

together. 

Usually when we talk about even-aged management, we 

talk in terms of using it to control age-class distribution. 

This is convenient because it makes the concept easier to 

understand. Also, of course, if we regenerate -a certain 

portion of the acreage each period--and get prompt 

reproduction--it goes a long way toward ensuring that we 

have a reasonable distribution of age-classes to work with. 

But ac-t.ually ~ w-e- don't heed to----care about stand age, 

at least on-·the· -Alle,gheny.Pla teau.- . :W-ha t w·e~·r·e-r-eallyc .... __ 

interest·ed--in-is tree-size.- We want to- g-row- some- s·tandard 

volume of products of a certain size and species, in the 

shortest time feasible, with no loss of production in the 

meantime. When a stand has that volume in those products,_ 

the stand is mature regardless of its physical age. And 

the average stand diameter is a most useful guide to 

setting that point of matur~ty, or for estimating how far 

a given stand is from it. 
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Table 1 shows, for utimanaged stands, the increase 

of average stand diameter with age, and also the increase 

in average diamet~r of each species group with age~ You 

will note that the average diameter of stands of average 

composition increases at the rate of about 1 1/8 inches 

every 10 years. 

Dave Marquis and a graduate student have developed 

equations that do a good job of predicting stand volumes 

for a given average diameter, percent composition, and 

percent stocking. From this we should be able, with some 

economic analyses, to select an average stand diameter 

that represents maturity for any given intensity of 
.. 

management. 

Now there are several ways to increase the average 

stand diameter faster than the norm of 1 1/8" per 10 years, 

or dec rea s e. ·i-t c'i f des ire d • F r om 0 u r· -c u t t in g ex per i men t s .. -

we can est-imat~_reasonably well how.much the average'=<ii-ameter 

"'" 
will s h if t -ti P war d 0 r d 0 wnw a r d as ·a res u 1 t 0 f cut tin g .f.r 0 IlL -

above, cutting from below, or cutting in the middle. From 

our thinning studies, we can predict, a little tenuously 

yet I admit, how rapidly a stand will increase in average 

diameter and stocking after thinning to any particular level. 
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For example a 50-year-old stand that is 100 percent 

stocked, with a composition of 40 percent CAPs, will have 

an average diameter of about 5.6 inches, and it will contain 

a certain volume. If this stand is left alone, in 10 years 

it will still be 100 percent stocked, with an average 

diameter of about 6.8 inches, a composition of 41 or 42 

percent CAPs, and it will contain a certain amount more 

volume. 

However, if that 50-year-old stand is thinned back to 

60 percent stocking, and the marking removes about 2/3 of 

the cut basal area from below the mean diameter in each 

species-group, the average diameter will increase to about 

6.4 inches'as a result of cutting, and during the next 

10 years it will increase an additional 1.4 to 1.5 inches, 

instead-of 1 1/8 inches, as a result of faster growth on 

individual---trees -a-f-ter ·the ---thi.nni.ng ... ---:-:I:n 10 -yea-r-s- tha-t 

stand -will be -=between· 72 o-and 75 = percen:t. sto·cke·d-wi--th an-=-':' ---­

average diameter of 7.8 -or 7.9 inches,'. and __ i~volume'--wi-l-l 

be a certain amount. In effeet this stand ·wi·lI be very 

close to the characteristics of a 70-year-old stand even 

though it is only 60 years old, and it can be considered 

as a 70-year-old stand if the management plan is based on 

age-class distribution. 
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However it should be much more convenient to base 

the management plan on size classes. The stand average 

diameter is readily available from stand examination data, 

and the use of average diameter eliminates the practical 

difficlllties of deter1J1ining etand age in the field or trying 

to decide the proper stand age for stands containing more 

than one age class. 

Within 10 years this kind of information should be 

available for most of the stands on the Allegheny National 

Forest. The data will be in the computer on a st~nd by 

stand basis, together with the programs for updating them 

up to 20 years or so at a stretch. And the next time the 

Allegheny TM staff prepares a management plan, they should 

be able to project a pretty realistic potential cut, by 

products, and know what specific stands the cut will come 

from.· -:And they· should be -. .able to -specify the--s±lvicultura-l. 

treatments--needed for -any -par.ticular ·stand, ox-- for a 

proporti-ona te- area 0 f-.-any particular class of - stands, to 

adjust their forest structure toward the desired fully-

regulated goal. 
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There are some other fringe benefits on the horizon. 

The stocking chart that I showed you hasn't been published 

yet, but already L feil it is obsolescent. Rather than fool 

with the chart in the woods, the Allegheny is providing their 

stand examiners and prescribers with programmable pocket 

calculators--the kind that save the program even when the 

calculator is turned off. The calculators are pre-programmed 

with an equation that, once the appropriate stand data are 

plugged into it, gives the average stand diameter, percent 

CAPs and percent stocking, for the present stand and for 

any desired residual stand. This permits the prescriber to 

explore the effect of various cutting prescriptions, and 

the resulting distribution of cut basal areas, right in the 

field if be wishes. 
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These calculators are most co~venient because we are no 

longer limited by thetwo-dd.mensional chart to only two 

species groups. The calculator will be able to handle as 

many species groups as can be readily tallied in the field. 

This will permit us to measure and control stocking levels 

more accurately and to develop better volume estimates. 

Further we plan to explore the possibility of equations 

that will tell the prescriber what volumes per· acre he should 

obtain with any particular type of cut. This should help 

ensure operable sales, or conversely help prevent stands 

from being cut where overcutting would be necessary to 

provide an operable volume. And, of-course, it should 

provide a much better basis for sales and project planning 

than now exists. 

Now, having painted that rosy picture, I.need to back 

down some a-n·d- enter·.::·a disclaimer. : 

15& 



What I have described is not all av~ilable yet. The 

stocking guide seems to be working well and is being used. 

But we cannot yet predict with confidence what the 10 year 

growth will be in either stocking percent or average 

diameter, let alone volume~ Our density studies are only 

four years old, and I have a great distrust of early 

growth data. Our data have been pleasingly consistent 

over the past three growing seasons though, and I'm 

getting increasingly optimistic. Dave Marquis's volume 

tables and equations have agreed remarkably well with 

determinations made by conventional means in several 

stands. But they need much more checking, and of course 

we have had no opportunity yet to check growth projections 

against actual stand growth. 

So, we're not as far along as I may have implied. But 

I fee 1 pre t ty--c onfi"<l en t ~_tha t we're well on the way.. 
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In summary, during this 8es~ion I have tried to explain 

my ideas on why and how silvicultural prescriptions must 

.' 
be tied to management plans. I have explained why I 

distrust current methods of projecting growth and allowable 

cuts, and I have tried to explain how I think it must be 

done--namely, by building projections up from individual 

stand data. I have described our stocking guides: how 

they are used to evaluate stocking in present stands; 

how they are used as a tool to manipula~e not only stand 

stocking, but also stand structure and composition, along 

a deliberate course toward maturity; and how this control 

is applied on the ground. And I have looked into the 
.~ 

crystal ball to show how, as our growth data accumulate, 

more accurate or detailed stocking guides might be used 

as a tool, together with other stand data, to estimate 

present stand volumes, potential cut ·volumes, and growth 

pro j e c t ions-·.f-.Q.l~owing~ -t r-ea·t·men.t....: ~. 
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APPENDIX I 

USE OF STOCKING GUIDE FOR ALLEGHENY HARDWOODS 

(Determining initial stocking) 

1. Decide on stand boundaries, and plan cruise route. 

2. Make stand inventory: 

a. Wedge prism cruise (10 plots minimum) for basal area, 

tallying sample cruise by t~o species groups and four 

size classes '(estimate size class by eye). 

b. Tree count of all trees 1.0 inch dbh + on 1/20 acre plots 

(26 1/3 ft .. radius) using same plot centers as used for 

~edge prism cruise . 

. 
3. Summarize columns on tally form to determine: 

.~ 

a. BA/ac·re in CAPs and "Others" for each size class. 

b.BA/acre in CAPs and "Others" (totals by species groups) 

c. Total BA-acre 

d. Number-of'~trees per acre. 

BA in CAPs 
4. Determine pe~cent CAPs: Total BA 

5. Determine average stand diameter from chart. 
(Use total BA/acre and trees per acre). 

6. Determine BA for 100% stocking. 
(Use average stand diameter and percent CAPs--A curves). 

Stand BA 
1. Determine percent stocking in stand: A-level BA 

8. D~termine size class (or classes)for future management. 
(What size class or classes contain bulk of basal area? 
Generally favor larger size classes.) 
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APPENDIX II 

USE OF STOCKING GUIDE FOR ALLEGHENY HARDWOODS .. ' 

(Determining desired residual basal area) 

1. Decide on· percent stocking desired in residual stand. 

"2. Decide on percent CAPs desired in residual stand. 

3. Estimate average diameter of residual stand. 

4. Determine BA/Acre needed in residual stand (from chart). 

&. If 60% stockin~: use estimated residual averag~ diameter 

and residual % CAPs, get basal area from B curves. 

b. If other than "60% stocking: use estimated residual average 

diameter and % CAPs; determine A-level basal area; multiply 

A-level basal area by stocking percent desired. 

5. Determine number of trees per acre in residual stand. 
(Use residual basal a::ea and average diameter· of residual stand.) 

6. Determine -BA in CAPs in residual stand. 
(Multiply residual BA!Acre by % CAPs "desired. ) 

7. Determine "Other" BA/Acre. (Subtract CAP BA/Ac. from Total BA.) 

8. Determine "cut" stand. (Subtract residual stand from original stand 

9. Distribute cut BA in CAPs among CAP size classes. 
(Assign 2/3 of cut basal area to the two smaller size classes.) 

10 . Dis t rib ute cut BA in" 0 the r s" .am 0 n g " 0 the r " s i z e cIa sse s . 
(Assign 2/3 of cut basal area to the two smaller size classes.) 

11. For each species-size class, compare cut BA with original BA to 

determine proportion of trees to mark. 
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NATIONAL SILVICULTURE WORKSHOP 
EUGENE, OREGON 

OCTOBER 13-15, 1976 

PRECOMMERCIAL THINNING - THE WORTH 
BY: WALTER FOX R-8 

EDWARD A. SMITH R-8 
RICHARD E. LOWREY SOFES 

.,._---' 

A major question being asked in Region 8 by our Rangers concerns the costs 

and benefits of precommerical thinning. Much has been written and published 

on the subject but there is a real dearth of information for actual costs 

and benefits in dollars. Since beginning the development of this material 

which I'll be discussing, I've read much of the precommercial thinning 

literature concerning the southeast and I think one statement I found sum-

marizes all the literature. That is, minimal gains in volume production 

justify a moderate precommerical thinning investment, particulary if the 

thinning is done at an early age. But, this means very little to the Ranger 

who is trying to set priorities for his management dollars. Nor does it 

help him make decisions between broadcast direct seeding and planting al-

ternatives. And, he needs a simplified methodology he can use - he does 

not have access to or the knowledge to use the sophisticated computer programs 

such as Multiploy. 

Where does this lead us? When the announcement was made concerning this 

Silviculture Workshop, I volunteered Bill Mann and I to present a paper 

on the costs and benefits of precommerical thinning. Of course, this was 

after consultation with Bill. So, since Bill was physically crippled with 

a leg injury and I am mentally crippled (just ask Bill Tuttle) I journeyed 

to Alexandria with high hopes the two cripples could get it all together. 

At the end of a week, I arrived at a conclusion that supports my statement 
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of "mentally crippled" - I should have never volunteered and I suspect 

Bill Mann agreed. However, Bill Mann is the greatest - he suffered with 

my ignorance for a week. From this week with the Southern Station folks) 

I got acquainted with Dick Lohrey and the precommercial thinning studies 

he has underway in Louisiana. FS-SO-ll02-3.07 (Problem 3) is, "Pre­

commercial Thinning In a Direct-Seeded Loblolly Pine Stand" in Louisiana. 

The purpose of the study is to determine the effects of various methods 

and intensities of precommercia1 thinning in a dense direct-seeded loblolly 

pine (Pinus taeda L.) stand. Nine treatments under test include four in­

tensities of selective thinning, three strip thinnings, a combination strip 

plus selective thinningt and an unthinned check. Thinning treatments were 

installed at age 3 years. Data on this study is published through age 11 

(SO Rsearch Note 139). Data through age 16, although not yet published, is 

complete and is used as a base for this discussion, thanks to Dick. 

For the purposes of this discussion, we selected only two of the thinning 

treatments installed by Dick and rounded site index to 90--

--Treatment 3 - trees were removed on strips 7.5 feet wide leaving a 

swath of trees 3.5 feet wide. At age 16, there were 1,347 trees per 

acre. This thinning closely resembles the brushcutter (Hydro Ax, Ker­

shaw Klearway, Bombardier Muskeg) thinning we've applied to thousands 

of acres in Region 8. These brushcutters cut a swath 8 feet wide and 

we try to leave strips 1 - 3 feet wide, resulting in a residual stocking 

of 700 - 1500 stems per acre. 

--Treatment 5 - trees thinned to 750 of tallest best-formed, well-spaced 

trees per acre. At age 16 these were 690 trees left. We often arrive 
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at this stocking level as just mentioned by use of the brushcutters. 

Occasionally we hand thin the brushcutter leave strips of 1500 per acre 

down to similar densi,ties. Then too, 690 trees per acre often resembles 

final stocking from planting. 

The check which of course was not thinned had slightly in excess of 5,000 

stems/acre at age 3 years and 2,340 stems at age 16. In essence then, I'm 

comparing 3 stocking levels - 690 trees (treatment 5), 1,347 trees (Treat­

ment 3) and 2,340 trees in the check, at age 16. 

Our first step was to determine yields from these 3 stands and the ages at 

which these yields coulq be obtained. My compatriot, Ed Smith-developed the 

yield data we used so any questions concerning those should be directed to him. 

Since the Study is in Louisiana, we used stumpage prices and thinning costs 

applicable on the Kisatchie National Forest. The cost of brushcutter precom­

merical thinning in a 3-year old loblolly stand in Louisiana can be in the 

range of $8 per acre. Thus, this is the figure we used for the thinning in 

treatment 3. For treatment~5, we assumed a cost of $40 per acre, figuring 

that brushcutter thinning would be done, followed by hand thinning in the 

leave strips. This is not the thinning method used by Lohrey but it is a 

practical method for arriving at much the same result and can be done for 

$30 - $40 per acre. 

Stumpage prices used ranged from $4 - $8 per cord for pulpwood and from 

$100 - $125 per MBF for sawtimber. These price ranges reflect differences 

in size of material. Attachment 1 shows the yields at the time of each 
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commercial thinning. The first thinning was prescribed for the earliest age 

at which it was practical to thin and this is a function of size of material 

(5" DBH class minimum) 4nd density (volume cut per acre). Attachment 2 

illustrates total projected yield through the rotation in both total value 

and total volume for the check and the 2 treatments. 

Using the costs and prices just mentioned, we determine net present worth 

(NPW) of the yields at each stand entry age by simply using Present Worth 

interest table factors for 6~% and 10% and a calculator. 

Why do it this way when computer programs are available? Because the Ranger 

doesn't have a computer ,terminal and the time involved with this method 

was about 1 hour. We compared both treatment 3 and 5 to the untreated check 

at both interest rates. Results are shown on Attachment 3. When we found 

out we had a positive' NPW for both treatments at 6~% we calculated yield 

volumes which would result from the same treatments on site 80 and 70 and 

found a positive NPW for both sites. Then, we applied a 10% discount rate 

to site 90 treatments incluQing the check and again found a positive NPW. 

Treatment 3 on sites 80 and 70 also provides a positive NPW. However, 

while treatment 5 on site 90 resulted in a positive NPW, sites 80 and 70 

did not. Results are shown in attachment 3. From this data it is simple to 

rank the alternatives. In essence, the Ranger can utilize this method if, 

yeild data is available. 

Of course, a more sophisticated approach is available through INVEST III. 

We used the fast version of this to confirm the manual data we developed at 

the 10% rate for site 90. As most of you know, INVEST III can furnish 



other comparision data in addition to NPW. It provides benefit-cost ratios, 

annual equivalent value of NPW, internal rate of return and ranks the projects 

by internal rate of ret~rn. In the examples used here we found that treat­

ment 5 provided an internal rate of return of 11.99% while the IRR for treat­

ment 3 is 15.91%. 

You real experts are probably laughing at the over simplification of what 

we've done. Sure, there are a great many other inputs needed and we can 

move ahead from this point - the only way to go is up. We in Region 8 now 

have a method for quantifying wildlife benefits (in dollars) resulting from 

silvicultural treatments and I have a copy of an illustration of this if 

anyone would like to discuss it later. Time did not permit the use of this 

method for this discussion. We're convinced that these wildlife benefits 

will put many of our otherwise mariginal projects in the plus column of the 

ledger. 

In closing, I apologize to Bill Mann and Dick Lohrey for not giving them 

a chance to review this paper. Perhaps, they'll forgive me when they 

learn that my boss, Bill Tuttle didn't get to see it either. 

Thanks for listening and if you have any comments, fire away. 
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ATTACHMENT 1 

Yield Volumes at Age of Entry 

Check 

Age 25 6.2 cords Commercial Thinning 
35 11.3 cords Commercial Thinning 
45 3.5 MBF Commercial Thinning 

. 55 25.4 MBF C1earcut 

Treatment 3 

Age 20 4.4 cords Commercial Thinning 
25 6.5 cords Commercial Thinning 
35 3.3 MBF Commercial Thinning 
45 4.1 MBF Commercial Thinning 
55 25.2 MBF C1earcut 

Treatment 5 

Age 16 7.3 cords Commercial Thinning 
25 12.0 cords Commercial Thinning 
35 4.3 MBF Commercial Thinning 
45 4.7 MBF Commercial Thinning 
55 27.5 MBF C1earcut 

Ave. D.B.H. of trees at age 55 

Check 14.2 inches 

Treat 3 14.8" 

Treat 5 21.0" 

Loblolly pine - site index 90 
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ATTACHMENT 3 

6~% Rate 
N~t Present Worth by sites 

90 

Check $122 
Treatment 3 155 
Treatment 5 182 

80 -
$100 
126 
143 

10% Rate (OMB) 

70 

$ 82 
102 
III 

Net Present Worth by 

90 80 70 

Check $24 $20 $16 
Treatment 3 32 25 20 
Treatment 5 25 15* 7* 

* NPW LESS THAN CHECK 

sites 



Douglas-fir - What One Specific Thinning Requires 

There are a number of items that we should be aware of before prescribing 

any silvicultural activity in a Douglas-fir stand. First of all the 

prescriber should know the general and specific land management objectives 

for the area. This information comes from both land use and resource 

mantigement plans. 

It was not too long ago that we were unconcerned with the grazing potential 

in most of the Douglas-fir subregion but recently sheep and other live­

stock are being used to reduce vegetative competition by utilizing, at a 

profit the grass, forbes, and brush during the regeneration phase of 

stand management. Our present emphasis on early precommercial thinning 

may prolong this grazing opportunity. 

The requirement for forage, thermal cover, and visual cover for wildlife 

influences stand density at various ages on areas that have been identified 

as critical wildlife game range, especially winter game range. 

The proximity of a stand to class one thru four streams may also modify 

treatment. 

A major influence on our prescriptions is the combination of visual 

resource management inventory and the management decisions that are 

being made upon how to manage those lands that have been inventoried 

under the aifferent categories. We will be talking to you more about 

that subject on Friday morning. 



2 

The influences imposed by other than timber management plans are generally 

'Ie 
less restricti9f1 on thinning opportunities than on regeneration harvests 

but must b~ considered in planning an entry into any stand. 

The soils inventory as it indicates potential for mass failure, surface 

erosion, compactability, productivity, moisture holding capacity, etc., 

limits or influences our flexibility in type of equipment, potential for 

access, and sometimes the frequency or timing of entries. 

The timber management plan establishes broad acreage targets for different 

silvicultural opportunity categories. Jack Usher discussed the establishment 

of these targets in some detail this morning. Timber management planning 

is both a short and long range process. Estimates of utilization 

standards and marketability of products are important to long range 

decisions and are critical to project planning. I mention this because 

along with targets set in Timber Management Plans is the need to establish 

priorities. In order to maximize the gains in wood fiber production, 

commercial thinning entries in fully stocked stands should be programed 

at the earliest age that excess trees are marketable; a combination 

of access, logging costs, and product value. The setting of priorities 

implies the availability of information in sufficient detail to evaluate 

one stand against another within a silvicultural opportunity class. 

No entry into a timber stand should be anticipated without an adequate 

silvicultural prescription. A prescription should place major emphasis 

on the residual stand that is anticipated subsequent to the activity, 

especially for a thinning entry, either precommercial or commercial. 
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The prescription should 'include objectives for the anticipated stand 

treatment, an adequate description of the stand's history, the stand 

characteristics and condition, biologically acceptable alternative 

treatments and sufficient detail about the recommended treatment to 

accurately describe crop trees to be retained and the excess trees 

to be harvested. Finally what do you expect the stand to be at the 

next entry. 

We have a timber stand examination process in this Region which ,I will 

display and discuss with slides. It is probably quite similar to the 

technique used by several other Regions. 





l 

, L. .... ~- '" 'leu; .rll~i 'M I 

........ ~~~ ...• ~...,. 
_..,:.} ,I 

I HI fistbi IJ)ClTIFlCATlOll I WJ) m& 1 DATA (1) 

, .. 16-'610-"2 (1/71) 

vf'<~ .... u.. .T...... . al. 'I • · . .,. :..".' . . ... 
•• 7 ....... ·• • •• '-'. t"./~.!: ••• ...................................... 

• • •• •••• • • • 
C·.:.;· •.• • • :.;. .• -.. • • • ...................................... 

• • • •• , I •• I. • • • • 
Ie,}( •• '.- ••• 1 • • i

l 
••• 

•••••••••••••••••••••••••••••••••••••• • • •• •••• • • • •• • • •• •• • • • • • ........................... ~ ........ . · . .. .'... . .. 
D. • •• •••• • • • .......................... ,~ ... ~~ .. ~ .. 

Ii -:... ,.I; 

• 
• f ~. 

'. < 

• 
-....._ .... ~ .. .f~ _____ .J;-.... _ ....... ~_""'_~;r.CP'=-..... ~-

..L A.i.. ..... ..;.1<;. 
V~7·t ntl, • ..., - OC~:III'J ~.r,K~ ,. 

~,., •. /1'-

~"'e . ..I, ~ /, 'I' . ",' ') ,", «. 
:~.,I"I- ''''14;.11'( 

# II ~ ~ , ,~.,(" ••• ~ 
Riu oo -34N:;:;~(UV 

~t'<l', / .. - J111fn y l:'ll(· ca "/'lit A.. 
~1(14' " - -rt.,f ,~ 

.. 4 W".,tfllt ,,'14"'1.f.. 
AIi~" ... J'''''' IJ /lr,J ... 'Glit 

..sA L'" J.." I( _ . :::',.:,- '1-J, f. 

(l~' ,~,J+- f~ .!!= '" ~-IAf' 
,s',N, .... j.,,j. ~'Ay' J:JI. 
A _!JlI ,,'r<l1 A~ or"J . 

t/&AA. p/~+-~· ~ 
ON 11 I.", f. I 

• 
• 
• 
• 

• d 

• 
• 
•• 
• 
• 
• .", 



~
.
-

· 
I 

.-
.....

.. "
"
.
,
~
=
.
 -
-
-
"
 .
~
"
 .....

 ""
.-.

.. .
 .....

,. .
...

...
. 

,J
 

,U
 

!.
u 

;.
..

 '
l
 ~~

:-
..

..
.:

:.
r -

<li
ft" 

..; 
-.

.:
.!

"'
; 

.. 

t-
4 ~
 I ~ 

,f
;'

 ~
~
 

, 
,E

" 

"
'
~
~
~
"
'
;
'
I
 ...

 .
o:

.'
I»

-.
·.

"'
~"

';
"J

t.
ia

.l
"_

""
".

l~
..

 
l.

i~
 ..

..
..

..
..

 ".
 

v .
.•

 ~.
;J

4t
~ .

. 
~
 .

..
 «
.
J
.
~
~
_
'
-
.
"
 
.h

,.
 ....

. ·
 

1f
' ...

... 
, •

• 
~_ 

...
. "

 
.,

: 
ib

' ~
. 

.-
.t.

.w
,..

.{
';L

o:
 

, •. _
.
~
J
.
o
,
,
~
~
.
 

,.
N

 .
. "

 . .
".

.. 
..

 -
..

 
"J

.~
 

'<
~ 

., 

• • • >
. 
~
~
-

~
.
-

, 
. S

TI
N

D
 

A
U

,"
 ;'1

11
 

'f
A

lU
i 

IX
 S

~
5
T
I
"
 

V
EI

SI
O

N
 

a 
• • 

tI
.u

..
_n

, 
U

lI
O

II
A

l 
'D

a,
n 

C
"M

f"
IN

T
 M

A
M

I. 
_n 

NT
 

-
~
&
 

ft
O

. 
.·1

1' 
,..

,. 
N

O
S.

 
~
M
I
f
.
 
D

"
fl

le
t 

I 
tl

A
lI

i 
M

O.
 

1
1

' 
.
.
 D

A
ti 
"
l
f
l
l
l
i
 

8
.M

6
 

#..
,.. 

'''
\1

 
~
 

-
, 

:4
 

_
_

 ,
 C

iI.
J.

 -
.
 6

 ( 
'-

'.
 ff

lj
 ~
 

IU
. 
-
.
 
.
;
 

" 

• 
."

 T
M

U
 

A
. 

S
n

te
o

 E
U

Il
lI

U
T

tO
M

 
$

U
ft

lIU
R

V
 

t}
 

l' 

• ~: 1 )
.e

 

'.' .. ' ". ~l ':, i'!
 

• 
.~

 I ~.
' 

] 
. 

" .~:; : ... 

• 
,i

f,
 

• • 
'J:;

 

• • 

.
.
 S

TA
ND

 C
O

N
S'

A
N

TS
 
••

 

ta
o

p
 j

c
t 

u
n

 !
M

eX
 

st
o

t_
IN

; 
~
E
V
!
l
 

C
U

qY
f 

SP
EC

IE
S 

5
1

H
 

tL
A

S
S

 
BA

SA
L 

.'
fA

 ~
l
C
T
O
"
 

n 16
0 10:

/ 
''
0

 
fl

)'
E

O
 

N
tT

 
"Q

U
 

"'
~,

to
ti

!1
t 

O
F 

P
O

iN
T

S
 

,.'
:1

t'E
 

T
A

H
" 

.-
10

 

GR
OS

S 
V

C
L

U
-£

/a
C

R
I 

..
..

..
. 
,
,
-
:
 

."
P

."
"P

 
~.

_:
."

" "
A
T
~
U
l
E
 

l,
.:

" .
. r

U
A

E
 

C
C

H
r.

) 
1E

)l
'r

:£
~;

, 
) 

L
l \

It:
 

SC
U:

"4
D 

I
f
 0 

1
i7

U
 

2'
t:3

r .
,
 

2
~
)
a
 

I 

1
1

.1
'1

 
j 

. 
.,

 
• 

'
U
~
P
l
l
:
 

fS
T

tI
iA

T
f 

O
fJ

A
tJ

'i
C

I.
T

lC
H

 
•
•
 

1
. 
~
t
~
P
l
F
 
~
}
~
C
C
H
 

S
tM

P
L

! 
( 

1 
2&

 
S
Y
~
T
f
.
~
~
1
1
C
 
1
'
~
P
~
f
 

(
~
 

1
. 

SV
8J

fC
T

JY
E

 
SA

M
PL

E 
C
~
 

CF
 0 

7
7

2
2

. )
 

6
'>

1
6

.5
 

H
S

.I
 

1
1

2
2

.3
 

IR
la

'.
£

N
"
'.

 
pa

lS
C

R
II

E
D

 
Fo

a 
TH

IS
 

,f
A

H
D

-
~
~
 

N
fl

f .
... 
/
t
o
r
"
"
,
~
 
,
,
,
,
~
~
 

;4
c.

r:
 1

17
"1

1'
.' 

Y,
~i

.I
'A

#F
-·

 

L 
-

P
 

. 
D

A
te

-
/2

l?
.J

 
"
a

y
 

~
f
l
T
 

flA
M

 
SH

OU
LD

 I
e
 ~
I
V
f
"
4
 

,.
4

..
 

-
~
 
~
~
,
-
~
 

.... 
~
.
 
-.

... 

••
 s

ta
N

D
 C

H
A

IA
C

TI
ftI

S'
IC

S 
$

$
 

.
.
 D

A
T

U
'"

 

U
A

R
 t

A
U

' 
· ~ , 

-.,
 .

aR
E

S
T

 
T

Y
P

' 
(C

R
O

P 
n

u
s.

 
ST

AH
O 

AC
E 

f
C
~
O
P
 

T
R

E
iS

. 
P

fA
tE

"'
 S

fO
CK

IN
C 

C
lt

tP
 

T
R

E
U

 
!J

C
E

S
S

 
'R

E
E

S
 

M
A

tU
R

E
 
T
~
€
U
 

C
U

ll
 

T
fl

U
:;

 
AL

L 
LI

V
E 

n
u

s
 

1
0

" 
' 

.,!
 

U
.O

l.
/ 

14
.'. "

~ 
o 

4 .
. 1

4 
H

l 
.. 

1
4

 

u
n

 
'A

,E
 S

C
A

llt
M

 O
A

tl 
',

p
,
J
 

r. .1 f 
,e

 i;
 

~ 

•
•
 P

O
PU

LA
TI

O
N

 
'A

U
M

E
n

. 
U

T
iM

A
lU

 •
•
 

• 
L;· 

IA
li

t 
A

_
e4

/A
C

."
S

.o
..

 
T

lU
S

' 
P

Il
l 

le
a
l 

n
li

A
lL

1
! 

P
lo

n
 

,,
-
.•

 
tv

 
U

 
'.

 
..,..

 _
ta

lL
I 

'L
O

TS
 

-_
. 

v
n

o
 "

'.
 

"':
'""

':~
"~"

-'~
" 4

11 
r, ..'

 
S

O
.'T

. 
PC

T.
 

PC
T.

 

a 
1

9
'.

0
 

-
'1

 U
. 

7
' 

2
2

.J
 

o 22
 

1
9

6
.0

.'
 

. J
Z

 

~
,
-
.
 

-
:-

.... 
-
-
.
.
.
:
-
:
~
-
.. ~

-
.
 
~
-

':,.Y
. 

o 
1

.1
 

~'
.J

. 

-'
! 

' 

~,
:.

. .. :.
 ~

 

r
~
 

:.\ ~
1
f
~
.
:
,
 

~~~
~ 

.....
.... 

j.
~ .

. 
-:

r,
"' 

'~"
 ..'.
!. 

, 
";

..
,f

 
.. 0 

1
.1

3
.1

1
 

8
q

."
 

u 
...

. 
lU

.1
7

 

. 
"'

"'
;,

 ...•
.. ,

. 
";:

-

. 
:
.
~
 

... 
,.

, 

tv
 

IE
 

t\
I 

$
I 

\.
~ 
~ ':

. 
' 

• J
 .. '
 

PC
T.

 
PC

T.
 ~

 
N

O
. 

PC
T.

 
'C

T
. 

~
.
 

0 
0 

I)
 

t6
 

2
1

.2
 

0 '0
 

. 

0 

., ' 21
.2

 
"
0

 

0 
0 

0 
0 

o 
'-

-
c 

. 
~
~
.
-
.
~
~
~
 
.'

 .
 

l' 
._

. · ~~: .'.' ri~
.~·

c 
t.
~,
:;
. 

, · ;-
.
:
:
'
.
-

t~-i::,
 

• 
• 

.
.
.
 

TR
Y 

sY
$n

-·
;-

;:
t!

 '
D

a
T

A
e

 •
•
•
•
 ".

 
,I

~~
:.

 

.,
 

..
 
M

i
l
"
 

Y
O

.
 

>, 
• 

f~\":
'~ 

A
 

A
 

I 
V

 
0 

IS 
a 

t: 
l4 

II 
' 

.•
 :-

'. 
. 

o 
T

 
I 

I;
 

F 
" 

r"
 

•
. 

~~
 .. 

e
S

S
8

'
 

S
I
 

I 
A

 
S

A
 

r-
· 

L
 

P
' 

P 
H

 
A

 
'i
 
l
O

T
 G

 
t 

..
 ".

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

 
• 

t'.'·
.; 

. .
 ... 

..
..

 .
 . . 

" 
".

 . .
. 

..
..

 .
 .. ,. 

~
 

••
••

••
••

• •
••

••
••

• •
••

• •
••

••
••

••
••

• •
••

••
 

'.
 f

~;
 :,; .. 

. .
 ,..

 
~
.
.
.
 

., . .
 

;:.
;':

 
-

-
-

..
 ':

:-
; 
.
.
 ~. 

·7
 ..

..
..

..
 ,-

--
~,

. 
c 

.p
t.

 
,I

f.
 '1

(1 
•

• /
lJ

 .1
.1

.I
t]

w
 •
•
•
 -

--
.-

. -
~.

 
li,_

: ... ;' .....
 '.'.~ .. C .•

. '
 

I 
I
t
''
-
,
''
.
'.

' 

••..
.....

.....
.....

.....
.....

.....
.... 

. :,,-:: 
•
•
 

0
tl

-
,
,
'
 •
•
•
 ~
{
)
.
.
.
 

:
·
i,

 
;: 

*
f)

f.
 

.11
1. 

J.
, 
•
•
 ~
4
 
~
 .
h

l 
• 

• 
• 

~:
'i

 
. 

. ....
.....

.....
.....

.....
... $

.....
.....

. 
• 

~.
:,

 
. .. "

... 
..

..
 .

 . . 
. 

""
 

'''
-'

-'
-
.. .

 .. 
...

.'.
 . . 

.-.. ~
 -
~
 

::
','

 

.. e
:e-:

 .. :
 •• :

 ...
.. ~

:
 ... 

:."
: ..

.. ~
:
.
:
 

• 
h

' 

. 
-
D

. 
• 
.
•
•
 

•
•
 

It
 

• 
• 

• 
• 

.
.
/
,
.
:
 

~ 
.....

.....
.....

 .,...
.....

.....
.....

.... 
. : 

, 
lJ

.t
f 

,4
f.

,.
}~

 
t 

.4
 

"
~
;
l
h
f
'
~
"
"
"
"
~
~
~
-
~
-
~
.
.
,
.
,
,
.
.
.
.
.
.
~
~
"
~
r
~
·
"
'
·
·
~
~
*
,
;
;
;
"
 

$
F
¥
.
,
+
.
~
n
.
~
~
j
,
~
~
4
 

"¥
"i

9Y
4¥

 
•
. 

"III
.'IfI

e ...
. ''Il

t 
"'i

If
P 

..
..

. 
,!

I{
'~

·l
·.

 
, ..

 "
'"

"
"
 •.

 _.
,,:

f ..
 ,. .

... 
"'· .

.. "'
f?

' .
..

. ~
'
r
"
~
·
~
.
'
.
~
~
;
-
"
.
-
:
-
"
·
-
t
"
 

-.\
-.

 

"
;'

 
."

..
.~

."
",

,,
 
-;

.'
 ~

 
,;

 -,
 

; 
~ 

.....
.. .}

 
. 

. "
k
 

0
' 

.;
 .
..

. k
.
~
)
.
 .

" 
...

; 
..

..
 ~
 .i

t" .
... ~J

 '.
+'

it-
i.'

; 
;>''

'', ..
 ,

...
.. 

..
.i.

 
·,~

.: ..
.. ~,

· ..
....

.. I
 .

...
...

. 
:~

 •• : 
.J

 •
. :,

';
",

;p
'-

" .
. l

..
' 

~ ..
 ~.

,,.
.,.

): .
• 

,
"
,
*
~
;
 

! .
.
.
.
.
.
 

..
 .
-
.
 .
.
.
 

_
_

 ~
W
I
t
 

-
;
;
;
;
,
.
.
,
.
~
~
~
 .
.
.
 

.
.
"
.
.
 ..

..
..

. -
..

,.
. 
1
f
I
t
>
.
~
-

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 .,
..

 
.
.
-
-
~
 .....

. -.-
... ""

,,
,,

,,
; 

~
.
"
.
.
-

.....
.....

.....
.....

.....
 . 

..
.,
~I
jI
,,
~,
_"
''
'.
d 

•.
....

.. ~
 ....

... ~
~
~
"
 ... ~
-
-
-
.
~
~
.
.
.
.
.
.
.
.
,
.
~
-
.
.
 .. 



t I'· !,\
 

...
 · .

..
..

. ~
~p

JI
f;

. 
.
.
.
.
.
.
 r,

 . .
-
. 
ro

:$
o.

~~
.c

~,
..

 .
...

...
...

. ~
4
Q
I
o
&
 ... ,
.
,
.
.
~
~
 ..

.
.
 ~
 .. .

..,
..I

. •
• ~
 ...

.. ~ ..
 , .

..
..

 _
<
'
~
,
 .. _

 
..

 ~
 ...

..
 ~
~
 ...

..
..

. ~
.
)
-
~
 ...

..
..

..
..

 _
 

• .
.
-
-

..
..

..
. ,

:;
..

;.
 

'. .
.. 

_ 
..

..
..

..
. ,

,.
 

• 
• 

• 
~-

,~
 

te 
• 

,.
 

I ~1.:
 

~ . t
 : f

t 
t'

 
• 

"
,
"
 
. • • 

~
 ...

 i I~; 
.. ;~ 

.... ~ 
~~t

. 
r
"
 .

 i." 
• 

i 
. 

ii·.
 

':"
:, 

~~
 .j 
., 

t:
e 

." ..
.. 

";"
,",

 .
, 

i.,,~
. 

i\ <
~.

~;
. 

.'·
2~ 

.. 
;·

e
 r

.'_
. 

. 
, 

_~ 
~~

 
~
 

••
••

 1' 
"!
"~
, 

, 

10
04

 ;
-:'

 
( 

" 
~ .. ' -i~ .

•
.
 ~ 

"
~
 

£ 
iI

 .
•
 

I!' ~.
 

~-.
 ~:.
, 

p 
-

E: ~ ,". :\ . 
\
.
 

.J
 .. \

 :;. ,~~
 : :.'. tlo. k' ". ~~

 I' ,: 

;.
 

:.~ 
.. 

~'~
f. 

. ~.~
. ,

~ 

, :
r~

 

., • I .. ; • • • • • • • • • 

,~
~ 

, 

~
I
L
L
A
~
f
T
T
I
 

ftA
Ti

O
K

A
L 

fO
I'S

T
 

O
f 

',
'-

C
o

.d
T

M
lf

tT
 l
II

tI
I.

 

tI 
.;

 

e • 
f 

lA
N

G
EI

 o
tl

'-
tC

T
· 

.
.
.
.
.
.
.
.
 1

11
 

A
ut

l 
O

A
Tt

 "
,:

;
';

:
 C
~·

~:
 -.

n06
·~'

·~~
r,·

·cn
(.-

H
as

. b
fl3

,. t
t~

 
I
i 

CE
L&

. 
..

 o
~
 

.
.
.
.
.
 1

IT
 .•

 ,-
• • e 

"
A

l
l
 e

. ~
"
a
n
-
.
n
D
 . .

.,
..

.1
. 

or
 T

lf
E

l 
P .

. 
' A

tl
' 

01
1 

IA
CM

 'a
t"'

:·.,
 'll

tE
l 

C
U

ll
 

-
-
;
 ... -

_ ..
...

...
. -

,.-
:"

 

.. 

-
"
:
"
-
'
 

-
~ 

•
•
 ~
 .

..
 ,
~ 

..
 -

...
...

.. 
<

 

. -.
' 

t
',

 
'
:
 

. .. ~.
:'
 

""
';.

 ~ 

'G
IN

T
 

kO
 

" 

2 3 4 5 • 
~,

:.
" 

, 
" 

'.' 
9 

",
' 

1
0

' 

!~
..

:;
.'

t!
 

'l"
 

-

(R
O

P 
lIl

A
 

Il
e
U

s 
T

P
l 

5
~
H
 

-;
:-

. 
')

..
u

 
'5

.~
! 

.?
1

 
"h

f:
-,

 
0 

10
.(
'~
 

~
~
t
 

4
.3

1
 

0 
f.

4
. 

0 
.4

.1
"
 .

..
. -

."
 -

1
.1

2
' "

 ...
 

1~
.6

(1
 

.1
'.

1
1

 
It

 .
ll
i 

..
 

5
.9

5
 

u 
...

 ) 
-,' 

--
..

 
0 

tr
'.9

r.
. 

! 
'.

G
Il

 .
 

M
AT

UR
I 

'P
A

 
LI

Y
E 

SO
VM

D 
'P

A
 

CU
LL

 
T

Pl
 

IL
L 

L
if

t 
t'P

i 
-

~
'
:
.
-
:
-
.
-
-

I.
 5

4'
 .

. 
e 

-. 
••

 ~.
 

o 
~ 

6
,n

 
'0 

6
."

 
o 

e
.n

 
0 

e.
"3

 
o 

--
le

.H
· 

0 
IO

.H
 

o 
".

u
 

" 
It

.o
, 

U
-.

Ji
 

o 
1

.4
1

 
. 

0 
f
.4

' 
o 

... 
:~

 
~
 • .

, 
".

--
-

-..
 -::

-"
 0

 .. 
. .

-
7

-
·S

. 9
t -

-. 
o 

. .
 

.'
''0

. U
 

. 
0 

. ' 
4

0
.·

V
 

0
,
 

' n
.c

, 
0 

.
.
 "

 
1

7
.0

' 
~ 

0
"
 

H
.¢

) 
. 

0 
-.

,-
-' 

is
 ..

. !
 

t;
 

11
3.

1"
7 

1t
~Q
T 

1
l4

.'
-4

a .'
 

SA
L

Y
A

IL
I 

0
1

'1
)'

 
"'

'''
'f

ll
tt

t 
_#.

. 
T"

 
n
)
~
'
 

-

, ..
 :

cr
 

o Q
 

'0 o 

. 0
 

' 
o 11

 c.' o 
., 

-..
 ¥ 

·
I
J
·
.
.
.
,
~
:
:
-
~
 .. ~ 

o -. 
'; 

o o 
• 

1)
 

-

, '
0 

.0
 

C
 

".:
 

0 .b
 

~
.
"
-

<' 

'. • ~
 o 

. 
;~. 

'
.
 

'._
r· 

..
. ,-

,
' 

.-
.....

.....
 

f 
•
. 

t:.f
t 

~ 
, 

T
II

I.
.E

 
(~

 
.',

 ,
t-

R
tr

-t
 n
G
C
U
~
Q
 O

N
 

E
4C

H
 

p
o

u
.r

 
I\

' 
,P

te
 C

 ••
 A

SS
 

fr.
 

~"
I!
··
·7
·"
··
·'
 

" 

'O
li

ff
 

NO
 1 , 

• 
C

R
O

' 
• 

*1
* o o o 

'
~
~
E
N
T
·
,
C
j
T
'
G
O
R
I
I
$
 

*
2

-
.,

. 
. T

CT
A

\ 

'4
 

o o 

• • 
tx

tE
S

S
 

M
A

TU
Ii 

Pe
RC

 (N
T 

" 
'
l
.
t
E
~
 

W
L

l 
P

U
C

tl
it

T
 

A
\.l

 
ll

V
I 

P{
A

C
EN

T 

: ,
-".

;" -
: 

i~
:~

~ 

~ . 6}
 

~_ 

o 
, 

8
.4

J
 

'
.
 

.: '
-,

 J!
:r-

r-.
~; 

:>:.
: i

: 
.' ~

":
,{

",
 , 

J .. I.
'"

 • 1 
2

.0
0

 
'6

.'. 
4

e
4

4
 

1
.1

. 

1
0

.0
0

 
1

0
.0

0
 

e
.4

. 
•
•
 0
0

 o 
'.9

' ..u
 

• o . .". - . ' lC
.O

O
 

lC
.G

O
 

e
.u

 
1

0
.1

t 
6."

 
8

.4
2

 

".
"f

"'
; 

,.2
9 

""
1

.3
0

 o 
.2

0
 .' o 

• 
• 

,
1

0
.
1

0
.
 

., 
. 

.'
~,

'.
,;

-'
 •

 
':'-

:;
;'

r 
,4

 • .
,.

 .~
-
-~

~l
l.

~J
-

::-
;-:

:-:
._.

 
::

't
~-

:-
·:

·~
-:

r:
7·

 .
<

 .•
 -:

-:
 -

--
;,

 
"-

f 
i' 

+
 

" 
O
'
~
 

0 
. 

1
.4

2
 

4 
'-

• 
• 

f 
, 

~'
 

. 
, 

.: .. 

• • 
..

 
-
'
'
'
'
'
 

_ 
..

..
..

..
..

..
 p

-
..

 .
..

 ,
.
 

~
o
 

SV
Jt

S 
.~

 0
\.

 

·i 
.;~

 
'. 

, ,,
--t

~,·
 :'-,

 ~~ 
''' .. 

.... ,
 ....

 
:
;
 

1 
.'

~ .
.
.
.
 ''

''
:,

 '
; 

,-
,.

"
 
~_ 

-
. 

~ 

• 
':

~~
.;

-"
'-

'~
··

·"
'~

.;
i'

 
..

. ,
~ 

.. 
~
~
 . 

.... 

o o 
2

.0
0

 

1
1

.0
1

 

1
0

.0
0

 
1

0
.0

0
 

,.,,-
, '

.~
l 

... 
.,S

.O
. 

o • o o o 

IC
.O

O
 

lC
.O

O
 

IC
.O

O
 

'.
4

1
 

n
.O

l,
 

....
. ~
 .. 
-

1.
5&

 
1

.5
l 

z.
n

 o 

1
4

.,
. 

e 
,0

 
1

1
.,

. 
• 

~, 
o 

. O
· 

1
,.

S
l 

r: 
o 

0 
u

.n
 

'.
 ,

,' 
, _

_ 
• ,

_"
0,

, .
...

.. 
_ .

..
..

 
_ 0

.. ',
__

 
'.

~:
r 

... ~
 ___

___
_ .. ;

 ____
 .... -

__ "_
..,....

 __ .
". _

 
J 

ii"
 

~
 
. 

o 
4.

'" 
1

1
1

.1
4

 
.. 

-
''

''
'~

!'
''

' .
...

 .
.
v
~
_
.
~
 .

.. 
~.

~)
, 

... 
_

:.
_

 ..
. l
1
'
~
 

....
 :;

 
. 
-
-
~
 
.....

.....
 _ ...

....
....

. -.
_ .. 

_ ...
....

....
....

 ~ ...
 -. 

fU
\L

 C
I.

,,
;'

 ..
 , 

n
o

a
e
l .

..
 H

I 
P

O
lI

n 
U

D
O

e.
 I

 
..

. ,
t .
.
.
.
.
.
.
.
.
 ~

. 
. ,:

.'.;,
 

-: 
'.' 

• 
i'"

 
.
~
;
 

~
 .
.
.
.
.
.
 : 

_
,
.
;
 

_
.
_

 
..

. 
~
 •
•
•
 4
~
'
 _

_
_

 ~
_
"
'
"
 

r 
<

 
. 

. 
. 

. ~
~
 .

..
..

. -
-"

: .
. 
~.

 i
-
"
~
 .

 "·
7

 -
~,

::
,-

~"
-"

7"
"-

:-
"'

"'
-'

-
.-

;.
~ 

~''
''-

:-;
-':

 ....
. ,.-

-'i
~··

· .
..

..
 ''

'--
{''

:"
-:

'':
-:

--
:"

".
--

-
'":'

, 

.. 
' 

' . 
-

'
a
-
,
 

.l
~.

 
• 

<W
'f .

•
•
•
 _

 ••
 :

. 
...

. 
..

..
..

..
 .

. 
.
-
.
~
,
 
...

. 
_

_
 .

..
..

..
..

 _
 .

..
 _

_
 

..
; 

."
.-

--
... 

\.1
; ..

..
. 

_
. 
"
:
 ..
..

..
 _ .

. 
; 

...
.. 

-
'"

 _
 .....

.. ",
 _

._
__

_.
 ...

...
. 

__
 ...

:. ..
. ~
.
;
 . 
..
.,
;_
~ .

...
...

. ~
_-

""
~ 
1 .

...
 _

 
!~, 

~
.
 

k 
.. ~
.
:
 ,,

-­
J;

~t
 

!"
 ; ..

.. 

?
-'

:<
, .

 .,. .
.. "

".-
-: 

..
..

 '._
 •.•

 -;
;-

'1
: •

 

. ..
... 

:-
.... 

~ 

.
'
 I

 
.4

. 
:~

. 
( 

--'
k 

-·
T~

·7
~-

r·
 ~
'
,
 .:'

 .. :-
--~

::
.~
7(
;-
';
"·
,;
.'
::
" 
-~
~!
·,
.t
.-
.~
;,
,:
: .. 
~~

~.
 ;

 .. y
, 

.. .,.
.~,

:-..
.. ,

 
", 

.
_

.
.
.
.
.
.
 

"
,1

[,
.'

 
.
l
,
 

• 
"/

J.
 

, 
" 

... '
 ...

....
... 

-.. ""
~
 
....

....
 ~
.
 

*'i.
 

i"
 • 

-.
-.

. ~.
 
-r

--
_

' 

,. 
~
.
 

_:
~ 

Ji-~ 
,.

 __
 . _

__
 , 

f:- I'·· 
~
 
, 

~ ,-:­ :.
 

( 
r 8

',
 , 

t 
.,. 
I
'
~
,
f
t
t
'
~
~
.
~
~
 ••

 -
l
"
.
~
 ...

. ~
-
t
:
.
:
 
,..

."
. .

...
...

. ~
 ..

. .
,
.
.
.
~
.
.
.
.
.
,
.
.
.
.
.
~
 

~ 
..

. ,.
, 

· _
_

 ,.
fI

·,
",

,"
 •

• ,
,·

 ...
.. 
'
!
.
~
 • .

,.
,.

.~
'.

·I
.,

..
f"

\.
~~

· 
-

t
·
 

. ..,.
... 

.. ~.
.
,
.
,
I
 ...

....
....

 ~
 ... !

f
"
"
.
,
.
,
.
"
,
~
 
"
~
~
 ..

..
. ~
I
f
t
.
l
"
,
,
,
,
-
,
,
,
,
,
~
,
,
,
!
,
,
,
,
,
,
,
,
,
!
,
,
,
.
,
.
.
.
.
,
.
.
~
-

.. ,
,,

. 
,.

 .. t
or

< .
..

. ,.
.
.
~
 ..

..
.

.....
 f
.
~
~
_
.
,
.
 ___

 ,. ..
....

. _
 .. , .

...
 _-

., 

[--
~~

 
; 

• 
':

'\
~~

:.
.\

~ .. :
.:

 ~ 
~:

:-
' 

.. :.:
~ . 

.-
. ~-

Ji 
."

 
~ ;

·.
!i

· .
..

. ~ ...
 ~~

~ •
 ..,

.~~
 .....

. "i
.~

~~
;-

;\
.·

,.
11

1 .
..

..
..

 ·;.0
1,.

\. ..
 ;.~

~io
-;.

..:
 ... ·"

 ..
 ~"

"_
Jl

;M
""

".
r'

v.
~~

.*
.,

..
-1

t,
-,

.,
.;

~~
,~

" 
~.

~"
~'

;'
 ...

. "
' 

.: 
,~!

tAi
 _

 ...
.. 

_ 
...

...
 .-.

. ..
. _

 .. 
.
.
,
~
 ...

.. 
__

 ..
..

..
..

..
..

• t
:
=

 . 
.-

....
....

. ~
 

...
...

...
 ca

... 
...

...
 ~-

-
:
-
~
-
-
-
;
;
:
;
.
-
.
;
.
;
~
 ....

 ----
;;--

,. ..
...

...
...

. i
i
.
-
.
;
.
~
 

.-
.. 
i
.
 

-
'
-
,
~
-
~
-
-
-
-
-
-
-
.
-

'.~.
;"'~

, 

~ 
~.t 

rr .~
~ 

~ 
~ 

'.
'~

.<
. 

, ".J
; 

'{
" 

:,~
~ 

'1
('

Z
l ~}~ .-

,'
,;

~ 

':',
}f~ 



.. ~ 

'1 .' • • 

• 

. , .... 

• 

.. ' .. ,. 
~; 
~ 
~ 

"" .... 
~ 
i~ 
..J)i ....... w .. uw 
'4.1 

. !II. 

iii, 

.-

• 

I;· 

i 

!i .., 

= a 
t; 

... ... 
.1· :: 

" 

... 
M .. 
! ... 
i -... 
J 

E 
~ 
:s -• 
• • 

4 .. 

.. 

• 

.. .. .. .,. 
u •• N , 
I ... ... .. 
G 

I 

• 

• 

" " .. .a,_. 
" .... ..... ~ ".~.,:,' ,J' 

1 I. .. ,>I ,; ~ 

",,' t~~:! 

•... '. f"1 
, .'!;: 

, t;"' 

' . • • 

0-0 • .. 
, . . '. 

• '"!t 

"1 

• • • • • • • 
.. ' . ~.'\ ',. ~ :., '.. -

" .. ~:";j)'";i'~~":J,'-·:,:',,~'~Jt\:o«"',o:.~';'''Y~~ .. 

• • 
f 
• i 

i 

.. - .•.....• 
.• ' ••. ,- I 

,~ 
I 
j " I ,! to. ' ! 

ODO~OOOO~.QOOQOO~O~~QOQOOOQOOO~poooooooooo .. f, 
.; 

"'-
.J 

oOOOOOOOQoooaOO.~OODOCQ~OO~OOOC~OOOOO~OOOO 
.:i.' : I.:', ; [' 

~. , 

. \. i .; 
OOOQO=.~=~!=$~:=:::~o~~oooooboonooooo~oooo 

. ... . . . . . .. . . . . .' . . ~, 
o ...... 0,,..,.'111'\0'11\ ... ""-..,. 
flit ... N....... .0 '.i 

OOOOOOO~C~OOOOOOOOOOOO~OOOOQ~OOCOOOOOCOOOQ 
~ ~ \. , 
.... ...... , ; ·'''i. 
i .... t" b 

~. oil' 

• · " ,~ . 
flit' ... 

I, ... 
o 
• ... ... 

~ . . : .~ . i 
; '. • ~ • ,: I 

OO~OO~OO~NQ~e~~O~NNDOOOQO~COOOOOO~OOOCOOOO 
• • ....... III • • • • I .. 

-' In to, "~I t·· ,... "., "" C> .... -4 
.. ... ~ ,J fOol co c: ~ 0- .... 00 0# . 

. . . : 

IfI CO" G;I q.. ....... -.I oQ W\ ........ 

, . . . 

... 
I • 

.1 : 

" 

';. 

OOOO ••• OO.~OO •• OOOOO~OQOOOOOOQQ~OO.O~OOOOO 

r J .. 1. '. I '., 

OOOOOOOOO~~OOOOQ»OOO~OUOO.OQOOOOCOOOOOOOOO 
• ~ , . . ...._. >.. .,;, ' : 

.f "'. ~ . 

.. ' 'I t" 

OOOOO~OO~~~~O~OQOOOOO~QOCOOCOCObOOOOOOOOOO 
~ ~~~~ c . 
c:: ':. • ~ :.: 
N 

~. 
,it 
: ,I •. .l 

OOOOQOC~.~~~C~~O~~NO~OOO.ODQ~OCO~OOOOOOOOO . . . " '" . ~ . . . . .. . 
~-"'''''''''''''''''"''CO'''~ .... 
... /'f'I .., ;/', «0 ... II: ,,. "" ~., • 
Ngo.f\<"'~CtoQ."'''''''' " 

O~OOOOOO:~:~~~~=~~:Q60QOOO~9QOOOOOOOOOOOOO 
~I. " .... ,',.,.. ••• ",' '. 

'."'..:"""' ..... ~ .. N ..... N ,- • 
N"'* . 

'\ . 

• • • • e' • • • • • . . 

~ r . 

.' 
:. .. 
• • .. 

I .• 

• 

. , 
.c ... 

,(Po .., 

{ 
i' 

.; 

.. ; 

l ! 

'i . 

., 
,c 

fd.UJ ' .; j], .;4 JA!pk;;;' JJI;lW\t.~::t¥.,. !+W;;~:~'H~~''"'~~':~'::r~'' -:'~~.~~ '**4J#t~t:«:£i4i£,J .&tJj4!P -,.; . 

17' ". ,',' 

... 



J t 

w
 

,;f
t!.

~ ... ~
 ··

"""
1"1

'<I
'!'

l':
"~f

'··
~:'

:''
r~,

~c~
~~'

'''
'.'

'·'
'\'

''I
'Co

/'~
·e/

'!i
i!\

\N'
'''

~IG
\ H

"f
i"
'~
}i
;r
~~
'"
,!
\"
""
,,
~-
~
 ~'

"'.,
 ':

;.
,.

.~
:'

;"
~~

~ 

,'iJ
~;. 

")
~ ,,"
' . ~ 

): 

''<
-.

. -

,~ 
of

 ..
 "tr

w
ft,

H
ftf

to
llt

flf
,b

: '
it 

Ife
 

' '
.U

h
f_

ri
tA

" •
•
 iw

..
at

i(
l.

· .
..

..
 ,,' 

..
. o

1'
nl

ft\
el

 
aM

 ?
M

*k
_

rM
t"

'n
 *b

,,*
zM

M
tll

i!l
lil

\W
or

i,l
m

M
 
'!
bi
ij
it
;!
;'
_N
"'
~'
~"
"'
~~
;.
. •

• i
0

4
. 

· 
~ 

• 
. ,~ 

• 
~"

".
"f

T"
 
U
t
l
~
A
t
 .

O
JU

f 

• 

'f
 

'.
 

C
O

ttP
A

""
'II

I' 
IIA

III
I. 

to
In

 N
T 

C
O

R
'" 

NO
. 

..
..

 E
. 

D
IS

'li
C

T
 

I 
X

-R
I' 

C
O

M
'. 

N
O

S.
 

f"
M

 f
lO

 •
. 1

.1
1',

 
. a

U
N

 .D
aT

l 
,,

,o
li

n
 

.'.
: 
lU

ll
 I

 • 
"
"
"
',

. 
a
. 

T
.e

es
' A

HO
 

C
lO

SS
 

V
O

L
U

M
E

"'
 A

C
R

I 
IY

 
s,

ec
ns

. 
T

I!
!C

L
A

S
S

 A
H

D
' 

T
lU

·-
S

U
I 

'C
LA

S
S

' 

.J. ~
 .. -

. 

/ i 
.
1

.
 

.~~
 t'

 .. 
I 

. 
-

€ 

a-
• .

, 
t~r-

L _~
p$'

l\J
)P'

 ' -
'I: 

, 
. 

L 
...

.. s
. 

. 
-.

--
-~

 ~ 
<,~"

.". 
.
'
 

'~ .. 
_

;
;
 

. 
. 
e • 

r t : 
" 

• 
5

A
t,

¥
 

~
 

.~ 
• 

~.
 

S
U

I.
 

\ 
C.

A~
' 

U
IE

S
 :

 
f 

u
e
lS

S
 T

 .. 
U

S
 "

 
f 

M
U

U
'" 

T
A

U
S

 
.
.
'.

 
U

y
! 

sa
ut

-.
O

 
T

R
IE

U
 

_. 
C

U
lL

 
" 

OE
~O

 
'0

.-
: 

~ 
tu

s
s
' 

S
,.

K
IE

S
· 

T
kE

lS
 

aD
 
F

f 
'W

"
 

T
ll

U
 

. 
&

0 
IT

 
''
't

V
'T

 
ta

u
s
 

eo
 n

o
-c

u
'"

 
TI

l~
E$

 
. 

aD
 

fT
 

(.
u

 
n"

'-
lA

U$
'~

 .
0

''
[
 .. -

· ..
. :
:,

·,
 

1. 

· 'f
I't

":
'. 

--"
"
 

.\. ......
. , 

. 
. ~ '. "

;-... :.;
,..;

,;.+
~ ~ 

l 
~.; .. "

 
",

-,
..

r·
··

-I
.·

t-
~,

"·
·"

"-
··

·~
" 

.:
.~

-
.,.

-.
...

...
 

.•
 

20
 J

l,
,'

:r
, 

.
.
.
.
.
.
 -
-

.
.
.
 , .
.
.
.
.
.
.
.
.
.
 -
-
-

.
.
.
.
.
.
.
 ' 

.
.
.
.
.
.
.
 ::

r,
.,.

.-.
... 

~....
..,..

 · ..
. '0

-,
1

 .. ··
_ 

... 
T~

.J
.'

~.
:'

''
'-

'.
' 

"U
-,

.. 
.
.
.
 :., 

•.
.. -

.·.
;,.

; 
.. ll 

' .. 
'
(
 

• 
e

,
 

• 
'.

 
"\

"~
. 

f 
•
•
.
•
 

"
.
 

"
.
 

•
•
 

.'~~"
 

;
.
:
:
'
;
:
;
,
'
 

'\i~
' 

.:
':

,.
':

':
:;

':
"
::

 .
.
.
 

• 
. 

~'·i
.~ 

.• 
,
.
 
).~

,;;
.,J

 
~:

~>
~"

 
~.

',
 

• 
t
.0

-
l
0

 •
•
 

'6
1

 
·"

0
' 

0 
"
0

 
0

'"
 

O
··

··
 ..

 
'-

'O
·-

: .
. ~'

·U
" 

....
 -

'·
 .. -

·a
'·-

" 
.. 
~'

-o
·'

--
·a

' 
0

·'
·"

 
O'
-"
74
;~
''
''
'-
~'
'O
 

' 
, 

~
 

~
 

. 
. '

 
. 

r 
;, 

. 
"-

,.
~'

 
i. r 

•
•
 .

,;. 
"
~
.
 

u
. 

~ 
2

0
.,

-"
-'

2
0

' 
".

 
·6

S
.9

9
 

I0
53

~ 
3

1
S

Z
.2

 
11

.4
11

 
-.

" 
15

46
 

4
,4

.2
'"

 
-

'0
"
-

O-
·-

·-
·~

··
~-

O-
· 

T1
.,,.-

' ·1
2

0
1

l·
·-

-J
6

1
1

 .. 
"
·
·
' 

'1
7'

--
"'

0
 "

.-
-'

''\
 

~~ 
I
F

.
 . 

. lI
Z

· 
. 0

 
0 

0 
O

· 
O

. 
0 

'. 
0 

-0
 

0 
-

0 
0 

0 
'J.

"~ 
. 

0
:
 :

.'
, 

0 
!.

 ;". 
f:;

 
.. ~

-
:.

 ,.
-.

...
...

 
, ..

. .
..;

...
. 

...
 ,~

:..
., 

--.
 -

...
...

...
...

...
...

.. 
...;

. 
. 

.. 
__

 ...
.. 

;.
.J

,;
""

 
...

 
' 
.-

.-
-:

~ 
~. 

" 

~
 

c:.
'" 

'1
. 

' •
. :

 
.:

' 
.,.

,~~
 

.' 
Z~.

OO 
U

la
u

. 
,.

2
4

.1
' 

1
.1

4
 

....
.. "

.;
 

2~
1.

..
 

.. 
, 

, 
.~.

 <
.
 0 

25.
I~ 

19
11

3 
.,,

~lS
.'~

 
',

.0
 

:.
. 

" 
'~

. 
t 

.~
."

 
".,

~. 
'S

~~
 .'

 i:
~f
;~
·.
"~
~:
~ 

.. ,<:,
' 

.•
 -v

~-
--?

'~ 
-.~

:~.
~~~

~ ~
 "
~:

~T
~7

: .
...

. ·:o
·::

~~}
:--

:~-
t~7

2-1
~";

;·?
.i7

~$-
v7:

-~r
~~:

-;<
·~~

;\:
li~

;;-
.~~

~~7
'·'

. 
, 

.
•
 

::
 

'
.
 S
\J

l"
lS

B
C

 "
 

:.
;:

 
2

U
S

J 
.,

. 
. 

. 
·2

4
3

1
 

..
. ~

'. 
• 

.c
:".

. 
.3

U
n

..
 
:
,
 

.,
,:

,'
;'

~~
O 

.~ 
'
j
 

f 
'S

l!
~S

 
C

U
 

fT
 

6
9

7
6

.'
 

. 
'4

S
.'

 
0 

f
lU

.l
 . 

. t
.
 

..', 
.'

 
, 

;
'
.
'
 '. 

. ,
 

' 
'. 

.' 
:f

 

[>~
, u.i

:::,
 .. ::~·

 .. :~:
~;~;

;~~;
;~~:

~;;;
;:~:

-~~;
;~~J

)~~~
k;~~

:;·!
;'~:

~'L ~
,;;

~~;
~~:

;-~
~.P.·

 ~'-' '
~~:;z

,'~" 
' .. '

-',
 .. 

' 
-..

' 
.. 

~;~,.;
,<.,,"

:;; 



• • • • • I 0 

i
"
 

• 

. 
' 
. • • • • 

J.
~ 
• 

'.1'
 '! 

-

• . 
~
 

"
"
"
"
_

 •
. -

. .
.-

, 
..

. 
~
-

..
..

..
 -
,
 

·
·
~
i
 ..

..
. 
~
 _

_
_

 .
.
1
'
\
£
1
1
~
 

..
. 

..
..

.-
.1

o
:M

 _
_

_
_

 ..
.,

.;
 _

_
 ~
.
~
 

" 
_

_
 .
"
~
4
'
"
 

_L
.,-

, 

.\
 

• 
. 

:. 
. 

, 
, 

1
0

· 
"~
::

. 
',

':
 
-0

:-
' 

~ 
'.

: 
...

.. 
-
' 

.
.
.
.
.
.
.
 _
' •
• 
~9·

~· .
.
.
.
.
 ):
r~

·-
~-

~4
~ 

..
..

..
 "

 .
.
 n
'f

t
·
 
..

 '":"'"
'~ -

.-
"
'.

 c
o

. •.
. "

~'
II

OF
7'

''
'-

~'
 -"

tU
 •

•
 6$

"-1
-' ..

. :.~ 
. 

. .
 '
,
 . 

:" 
~
"
 
','

, 
. 

. 
.'.

 
III-

II.' 
, ..

.. 
lI

P
. 

," 
,.

, 
.
.
.
.
 'IL

L.
" 

. j. 
~I

. 
"r

u.
U

ItT
 ..

. '
II

i.,
,,,

 'O
R

IS
""

 
..

..
..

..
 o,

s,"
.e

T
 

" 
,1

M
 •

•
 1

1'
 

."
".

 DA
" ~

/o
.n

~.
 . 

.: 
~~

.;
..

..
_ 

_.
'..

. .
..

..
 .

..:;;
' ,&

.,
i.

 .
.
 ~ 

.'
 

". 
'
"
 

'I
;
.
 

';
T

A
M

 ..
...

...
.. ·
f
t
l
U
.
~
 .

..
. 

u
w

eM
ls

t'
at

 '
''
n'
'~
LA
I'
 P

O
" 
'0'

 ...
. ' .

... 
'.

 lIu
e"

D
 .

, .
.
 'A

lt
.?

· .. 
., 

~ 
: 

... t
. 

Cl
ol

.Q
f»

 
'H

f.
!i

 
E

X
et

; ~
s
 

TR
EE

S 
IU

T
U

R
I 

ll
lE

tS
 

L
ly

E
 
S
O
U
~
 '

R
f.

' 

..
..

 ~
"
'
-
C
R
O
J
I
I
 

lf
tH

S
 

.•
. 

[t
C

U
$

 
n
H
~
 

"U
V

:"
E

 
n

H
S

 
, 

U
V

E
 

SC
UI

IIO
 
T
~
n
S
'
 

:-
-.

 
1 

. 
~
 

'O
T

A
l 

S
TA

N
O

 

1
8

.,
 

u
.o

 o 
n.

o 

T
R

U
S

 
• 

IN
tH

E
S

 
.. ·
t
l
~
D
 

L
A

R
G

!1
 

1
8

 •
• 

u
.o

 o 
n 

.. o
 

fl
E

U
 

I 
IH

tH
IS

 
-"

A
N

O
 l

U
G

U
 

11
 •
• 

IS
.1

 a 
I".

 

I 'R
E

fS
 

' 
'.

ff
S

 
1

0
 

IH
eH

£S
 

.
,
 I

N
tH

lS
 

. 
: 

A
N

O
 
L

U
,U

 .
~
 ..

 A
IIO

 
L

A
tl

G
!.

 

'1
8 
•
•
.
 

1
5

.1
. 

o 
11

.4
 

u
.s

 
U

.B
 o 

1
1

.4
 

..
..

 ,.
.
~
.
P
t
,
 ..

 
-

¥.
"t

~ 
.t'

. ~
.,

 . 
.-

!1
':-

U
E

E
S

 
. 

rU
ls

 
• 

IN
tH

U
 

• 
IN

C
H

ES
 

A
N

O
 

SM
A

L
U

R
 

A
N

D
 

Sf
lA

L
U

IL
 

..
 --
-'_

._ .
 .-

, 
o 

...
.. 

-
.
~
-
"
 

0 
. ' 

6
.0

 
6

.0
 

0 
0 

6
.0

 
4 

•
•
 ·
.
.
.
 

.
.
 

~
 
.
.
 

'.0
 

T
"U

S
 

fl
E

U
 

10
 I

N
C

H
ES

 
A

N
O

 
Sf

lA
&

.L
lR

 
U

 
IN

C
H

ES
 

AM
O

 
$

"o
ll

U
R

 

. 
.. 

0 
--

-'
-"

'··
'-

u.
o-

--
;.

r.
-

6
.0

 
"
T

.
C

J
 

• 

" 
.. 

o 
0 

"'.
0"

'--
" -

-.. 
-.' 

-
9

.1
 

. 
...

. 
I'l: 

T
aU

s 
14

 
'''

C
H

U
' 

&
Ji

lt
) 

,,"
"C

E
Ii

t 

l'
l.

It
­

le
a.

6 o 
1

9
.'

 

T
u

n
 

14
 

Ih
C

H
S

 
A

N
D

 
S

M
A

lU
IL

 

fi
n

s 
'6

 I
N

C
H

U
 

'M
D

 L
U

G
E

."
 

H
.'­

B
.Z

 o 
2

1
.2

 

'_
E

n 
u.

 I
N

C
H

U
' 

A
H

D
 

S
M

A
LL

E
R

 

1
1

.5
 -

.
~
-
-

'. 
. 
1

4
.4

 -
-:

-
.-

• 
d

.l
 

. 
8

.J
 

~ 

. n
.: .

>
 
.
.
.
.
 
,
.
 

u.:
 ... -

'. 
'~

 •
• >

 
:'

II
U

M
lI

I 
0

,.
 lU

D
t.I

N
G

S
"I

I1
O

" 
1M

 .
lO

V
e 

.
.
 .IN

S 
~
 ... 

'-
0

'-
';

'-
-
-
:-

-
-
-
"
-
-

.-
--

--
--

-'
-:

--
--

:-
-:

-.
 -
.
~
:
-

.. 
--

:-.
 ~.

--
...

.. 
--.

. 

.... ~
.~

;"
. 

.
~
-
-

.....
 ..,j

.--
-

r:
 

i.. '
>

' 
....

.. 
" 

~.
, 

. .
!.

.w
 
.
.
 

--.
--

.... -
-....

.. 
;"

',
1

: 
_

_
 1

:.' 
:w

.:.
. 

• .
• :,

 " 
<

 
'-

-.
~ ..

.. ~ 
.:: ..

.......
. ~ 

... 
-~

>~
 

-
._

 ...
. 1

IIil
-::

 .... 

, 
.,. 

, 
-, .

.. 

• :. i .e
 '. ' , 

i.,.
 

f,.
 ":: I
 

r' 
~ . 

[:
 

o 
;: 

' 
~ 

• 
t' f 

e 
~: ~ 

-
e

r- \-
.. ~~
 '. ~. 

;.
 
: 

~ 

:.
 

-
-
.
~
 .. -.

..
..

. ..
.-

.:
..

:.
.~

::
: .• "

 ..
. , ..

.....
 ,~'"

 ~
.
;
 
~ 
.... 

-
.
:
"
:
'
'
'
'
:
'
:
-
.
.
-
.
.
-
:
-
:
-
,
.
.
.
.
.
.
.
~
 
-
:
~
-
.
 
-,

 

."
 

r-
.. •

 

. '-
{
:
 :
.
-
-

.. :
~
,
.
.
:
~
~
.
-
"
\
-
~
-
"
-
-
-
-
-
~
"
"
t
 
-
·
~
.
~
-
~
~
 .. ~
.
T
·
~
.
-

~
~
'
'
'
'
'
'
'
-
I
-
~
-
:
.
:
-
~
~
 .. 

r-.:
 .. -:. .

... ~.
-
.
.
-
-
:
.
"
'
J
:
-
:
~
 
'-:-;

-~
 

~!
 

", 
. 

. 
. 

,
t
 

• 
. 
~ ..

. ,
 

.. 
...:.:.

 __
 .: ...

....... 
-) ..

 -~
'-
.+
 

, 
,.

/I
"f

 
1

,.
..

. 
~
.
 _

_
 ...

 t,
 

.+
~~

: 
. 

;. . __ '
~ ..... ~

_ 
:~

~.
 : .. ::

 .. ,,~ .. :.~
 ..... ':.;.

" _~ ... :..
 1_ .. ~

 
..

.;
. 
;=_

:.. .
. L·~

; ..
.. "'

.-
:~

 ... _
_ 

~. 
_ ~

_-
' 

~". 
_ .

~._
 ~
~_

,.
_ 
~_

 .. 
;.. _

' ...
. _

~ . 
" 

\,
-0

 ":~
~~ 

~~,
;T'

-: '
" .

. 
<,'

:-4
~.:

 '--
~C '

-~,
~.-

:;-
-.

:,-
¥'~

.-~
~ ~;

.:';:
.-: "

"'~,
<, <

T-
..

..
.:

.~
7 i,

': :
"7

,~
-"

"-
~~

_.
J :

 
. ~ .. 

-
;,.

 
", 

..
 \.

.
 

,
4

 , 
'i 

1:..
 .

.. 
_"

"'"
"" 

.. 
, 

...
...

...
. '.

 ., 
.
~
 ..

.. :
~
~
.
 

'~
""

.;
"'

-"
 

oM
 

.~
 ...

..
..

..
. 

-
•
•
•
•
 ,
:
 

_
.
-
:
 

-
.
:
.
.
 
.
.
.
.
.
.
.
 _

-
-
"
 
·
.
_

.
 _

_
 1

--
-.

. .
..

 -
.
~
.
:
 .
.
.
 -

.
.
.
 ~ 

..
..

. 
-
-

.
•
•
 

_ 
..

..
. 

-
.
.
.
.
.
.
 -
..

..
..

..
. -

.
-
.
-
-

-
-
·
-
-
-
-
·
-
-
~
~
f
 ...

 
• 

·d
'l

o
 

~
.
 

-
,:
~"
""
''
1'
 

,i
' 

'C
,:;

 

i
.
 

~ 
I 

.' •
.. 

--:
:-,

--
..

 -
~
'
:
~
 ---

:.
,..

 ~
-
-
.
:
-
-
/
 .. -.

... -
-.

-,
--

.. 
-
~
~
 ... ~

-
.
-

... :
...

--
-
-
-
-
-
~
-

._.
_-

. ~
 

. 
-

..
..

 :
 _

_
 
•
.
 

4 
.
.
.
 
_

_
_

_
 "
'
_

 
.
.
.
.
.
.
.
.
.
.
.
 
~
~
 

_ 
•
•
•
.
 >
~
.
_
.
 
_

_
_

 ..
..

..
..

..
 ~
 _

_
 ..

..
. -

0
 

.:to
'",

 
~
 

'\
; 

:,.
 e 

--
;;

', , • 
~ 

., ..
.. _

.-
..

. .
..

..
..

 1
"'

_
."

'.-
--

, .. 
""'"

'":"
" 
~
~
.
~
-

~
_
~
'
!
'
'
'
l
I
I
'
'
.
 _

_
_

 ~
.
 

Ii
i 
~
~
!
b
 

,
~
.
.
.
.
 

..
. 

~
~
-
-

_
_

_
 .
.
"
,
.
~
-

,.
 

c~
~~

~,
.J

 '~
'''

~..
:' 

t'~
.!~

.,.
."'

 ...
. ; 

... 
.
.
.
 ''

';'
" 

.""'
"' 

".
:>

".
 
~~

 
~
 ....

. ,'
.;

r ..
.

..
..

..
 ~ .

....
 '-

•
••

 _
 .

.. :
""

"~
'.

' .
..

. 
" 
"
~
'
.
"
 

-
."

 /
I 

..
 ~
,
.
 

.. ...
... ,
.
~
"
 

"
4
0
~
~
~
 .
.
.
.
.
.
 ~
 ..

 
~
,
 
.
.
.
.
.
.
.

.
.
 

• ..
....

.. -
~
-
-
:
-
-

P 
..

..
..

..
 -

, 
.
.
 ~
-

..
..

..
. 
~
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

_ 
..

..
..

..
..

..
 t;"

"" 
....

....
....

... 
~
 ...

...
...

.. "
'
.
:
:
:
t
~
 
__

__
 ...

....
....

....
....

... 
.,. .

...
...

...
...

...
.. ,

 
C

I 
_

_
 ~
 .

.
.
.
.
.
 ,
. 

_
_

_
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 ,
.
 

~
 

, 
... J .~ 

j 



I 
t 

I 
t 

1 
t 
-! 

, 

j 

I 

I' 
• I 
!" . .. 
Ii 
ii 

u .... .... . ~ .:.: 
r: i 

• ... ... 
! 

;t· :s -• 

· , , 

• .. 
• .... ...... .. 

• • • • 
. . 
~,.,:~~ .... 

• I ... .. • .. 
! 

" ... ~ .. 
• 
...... DuU 

• ........ 

• • 

• • • 

f 

f. 

_~.NN. ...... ... 0,...,.. ... .......... ..,..,'" ...... ~- ...... 

0 ..... ·.0-...... '"'--. .. • til • • • 

fllllIIt""""N'" 

••• 00. . . . . ... . 
-- .. 00. ..n_ ... ..,. ............. 

.... NN .... 

~~~~J.J. 

. ~- . 
:"'- " 

•• 00000 

................. ,.. 
000000 

.. "' ........... 
000000 

................ 

.............. """ 

• • 

• • 

; 
1 , 

.. , 
J 

.. 

ti'\W'OIiiI'NfIf '" ... . 
O" ... o~,.. ,.. ........ . 
... 4IiI'15tl.C1 .. ... 

0- .... . 
~ .. "" ... .... .. .. . . . 
"''''''''N'''' 
••••• .. 0 .. 011 • 

-- .. 00 
•• fIIII __ --........ 

41 .... fIIIN 
• Of ... " II' ........ -........ 

00 ••• 

................. 

, .............. 

• • 

• 

I, 

.~: . 
,:'i' 

11\040 
• • ,. '& 

..... .g'f'oo ... ",,,,.,,, ........... 

"''''0'0 
·110<1'0 · . " . t'II""""f'\I 

.. 0..,,.. · . . . .. ao»_ .. -~".. .. 

• "'..,..0 
OID""_ · .... --,.,.'" 
.... "" .... ,.,. 
• , • I 
UU"H" 

oooc 

... ......... 
0000 

........... 

• • • • • .•. e . 

~ , 

i 

;. 

t 

t .. 

•• 000 · ... . 0 ........ .-. ........ .,. ............... 

8~gg8 
.. 0 .... 

NNNt',1C'1II 

010..,41* · . . . . "' ........... 
N"",<if\If\ 
fIIt-

..... NfIIIN ............... -.......... 
n 

-... ~ .. ••••• · .... ... ..,.~ 

," 

I 

t· 
t 
~ -:;. 

f 

• """""'0 · .... 0""''''''''0 ..... 1'11 .. ............ 
000" • 
0 ••• . ...... -
... ..,.0"'011\ "' __ 0. · .... NAt",NN 

.. 00.0 · .... 
"CON'" ""-_ ...... ....... MOII 

.J 

...... w ..... 
N~If\,...'" · ... . -_ ...... ... 

!. 
J 

_0 •• · . . . :::: ... ......... 

-""".. ...000" · .. . ... fIII ... ... 

.0"" • · . . . .. ...... •••• -

."'''oO 0.""..., · .. . ... ... fIII ... 

r 
, ~ ,. 

t 

. .......... 
• ••• <t • "''''-'11\0-11 

• ••• ClIf\ ... ............... 

:::18' • ••••• ...... ..e_III_ 

.. ..... -. ................. 
• • • • • • .. 

... .. NNf\I ...... N ..... - ......... 

~~.!..!tJ. ~~~:,.~~'-J~J. 

~ . ,~, : ... 

(:'>'- ~ • ~ 
I i 
f· :-. : 

t:" " 
j .• ! 
i . 1 

00000 00000 0000 

00"'00 ~OOOO "'000 
...... fit 

j . 
~'" .! ! - ~. 

••• 000 

•••••• 

... .............. 

.................. 
i' 

• o • • • • • • • 
.tif 

• ;8 • • • • • • • • 1IPP •. 4 - I .,... I 

~1J~"'L~ ..... __ ~ ........... ~,~~.; .• ~:t:;L .. ;~.~·~J.~.,;,,; ~~':':~~'~;~'2i, 

c· 

0-
o . .... 

ID' . 
oC/ . 
r . 

'" C· .... 

,., , 
"" 

o 

... ~ 
j 

0] 
; 
I 

W1~ 

.... ' 
C 
,.~ , 

-: 

.', 

• 

t 
, . 



1 

1 

I 
j 
I 

I 
f 
j 

• 

. _. c . Q 
f- -_ .... .,. 

~f '1 

, 
• 

I 
•• Ii 
• ... 
51 
'y ... ., ... ...... •• •• ..... 

'c 

• • • .... 
• ... ., ..... • .. 
i 
:. 
y~ 

o .. ... 
l 
I 

.j 
I 

..... 

..... 

= I 

Y.o, 

• • 
= I · • 
i ... · ... · 

:So .. .... 
'. I.· ",' 

...... 

! i······· 
I · = ... a ; 
y." .. o 

• w 
U 
Z' 
4 • 
... .. 
w 
I .. 
~ 
I -.. 

• 
...... 0.., ... · 

• 
• a-.". ...... .. ... ... • .. 
-0 = . 
.~ 

I • 

t' , 

-... r c 
:s 
; 

• • • 

!!" , 

;; 

•• f. 
~.;.,' .. 
:= • • 11\0 ..., 

'. , :r'. 
t.~, 

I . 
•• , ... 
I 
I 

o • 

' .. , 

...... . 
~O 

•• ,. 

•• 
f . 

" 

! 

• I 

Cll'040.N 
• ~ eo ... . 
o~ .... ,... .... ..... 
"''''~.f''''''' ... .............. 
O."'NfO'lt\ 
O.o¢lC'l'~C-

..0"'.,."" ..... 

"''''0'00-'''' 
"'00'0 (.,"" · .... . 
NN ...... N,.. 

~~~~-:~ 
.,.c~ ... ~ ... ",_,,111\11\,,­... 
0 ........ "'. "'.0 "' ... Q If\ • ... \1 ...... ... 

........... 
..., • ...,C,..O · . . . . . ...... ...,...,'""11\ 

000000 

000000 

000000 

:" ;" 
'l 

t· 

... "' .... ..... 
~"'''''tI'I ..... ""'" ........ 

8Sg~ 
.:.:~~ ! . 

•• .,<1 . ... 
... • .0..,. .. ... "''''' 

N-,1f\. 
"'OQ'" ........ 

.. ~ i 

... .. "'.-
1 

0000 

.""If' on 

•• 00·l 

.. oC) ............ 4'11 N .... __ ..... ___ ... 

....... 

• • 

........... 
, ~, . 

OOOQ ~ . _ ......... 

rf: 
~~< .•. , .. ,,: ".~;:;;.,~ -,):.~~;,,;/'; '.~,:,:.~~..,_ ~& .. " e7 .,.,. ·HI ............. 

• • • • • . ,' .. • , . 
. ~. 

1 

C ',,1 
.. .f ~. 

~ . 
i " 

I" , 

I 

/', " * .. 

t- . .,' 

.. ' 

. J 

e' 

, •. -. I 

I 
, .~ 

;.: .... ~ . 
.'J • .'~ . 

'J. l'~ '~'1' ,. . ~ , 

, i . ~ I·' t ' 
..: "1:",·.:'''.' '. 

-I ~ ):. '-'_' 

;f':-: . ~. r. ,': r~ 
; . '. j t"~, :. . l'- " 

.~ t . J t'- f 
t .. ,.. f 't - ~ 

! . ,. . ·i·~·:···.;'~ ~'; ,;. " ~ l' -' 
1, i 

, .. ! ' 

: i 
.. ': .. " 

I. l' 
' .. ~". ; ... .... ., .. 

I 

I 

I 
1 
I 



4 

There are a couple of cover cards which I have not shown that record 

some .information on stand location, elevation, topography, ecoclass, 

age, existing fuel type, who examined, when, etc., that contributes 

basic information. Some of this information is not recorded on the 

stand analysis table but the cards are photographed and recorded in 

TRI. 

Some of the stand characteristics displayed in the TSE printout that 

help the prescriber to arrive at acceptable alternatives are: 

Site index, species, density and variability of density within 

the stand, age, indication of tree vigor, mistletoe, other 

defect or damage, an array of average stand diameters, total 

range of tree diameter~ and growth rates of measured trees. 

All thinning enteries need a target density for the residual stand. 

This density target is controlled by resource management objectives, 

site productivity and the period of time that will elapse before the 

next scheduled entry. We have stocking level curves that serve as 

general guides to be modified by the prescriber. 
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This set of curves is for the midrange of Douglas-fir sites. The 

maximum curve is similar to a curve recommended to us by Bruce and 

Reukema of the PNW and approximately represents the average number 

of trees that will reach the indicated diameter in a fully stocked 

stand. The recommended curve has been selected by management as 

the target density to which a stand should generally be reduced. The 

site should not be seriously understocked at this density .. 

The minimum curve is a priority curve. When stocking is below the 

minimum curve the stand should be harvested and replaced with a new 

stand at the recommended level. 

If the existing stand exceeds the density of the guide and crop trees 

are growing faster than predicted, the planned density can be adjusted 

upward or schedule revised. If snowbreak potential requires a more 

open stand, both density and schedule should be adjusted. When 

harvesting costs require~greater volume to be harvested, fewer entries 

on a longer schedule are required. The other resources such as 

recreation and wildlife may call for specific criteria such fall in-

dividual tree crowns for wildlife cover or to frame a viewpoint to 

enhance the view. There is an opportunity to meet these other resource 

need and produce a high level of wood by adjusting density and entry 

periods. Our guide is very subjected to adjustment and frequently 

should be. 

The prescriber should be able to predict with some degree of consistency 

the relative differences in production that may result from his 

prescriptions. We have developed a computer program that does the 

arithmetic for a yield prediction or yield table. It is not a simulator. 

1.3 



• 

The program does not grow a stand or a tree and has no control on 

growth rates as related to density. The program simply displays an 

array of individual stands that are held together by a time schedule. 

The gross 'volume for each stand is computed plus accumulated thinning 

from previous enteries to summarize the production in both cubic 

feet and board foot scales. 

1,. 
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This is a table built for the average high site here on the Willamette 

National Forest and is being used in'Timber Management planning. The 

field 'data of age, height, form class, top utilization diameter, average 

stand diameter before an entry, the cut diameter, the initial number 

of trees before the first entry, number of cut trees at each entr~ 

and the anticipated mortality between each entry are entered by anyone 

using the program. All of the remainder of the data displayed is a 

product of machine calculation. The real merit of this program is its 

speed and consistency of calculation. Its limitation with regard 

to accuracy is the knowledge and the skill of the user. 

A logical following step after predicting the response one expects 

to get from any operational silvicultural activity is to establish 

a monitoring system to discover the accuracy of your predictions. 

The results of a monitoring system, unless it is quite expensive in 

time and money, will no~ have as much dependability as we would like 

but accurately taken data, carefully analyzed should tell us if our 

predictions are very high, low, or pretty close. 

We are just getting started on the monitoring process. We are using 

the stand examination program to evaluate the actual leave stand as 

compared to the target density. Growth response is another problem 

that is, more difficult to measure. 
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During the past six months we have had an Ad Hoc group including 

private industry, State, research, and National Forest members working 

on a technique. Their first was aimed at monitoring growth response 

from operational application of area fertilizer. We hope to use 

essentially the same process to monitor other silvicultural practices 

that are aimed at adjusting growth rates. 

Some of the key elements of the monitoring system are: 

1. No activities within area during the past 5-years. 

2. Select 3 to 4 plots of 50 trees each, both inside and outside 

the treatment area. 

3. Specify how to measure tree heights, (as tree heights increase 

this becomes more difficult). 

4. Observe plots during operation to be sure those outside are 

untreated and those inside are treated. 

5. Square or rectangular plots are more easily defined. 

6. Number and tag all trees. 

7. Measure and record d.b.h. on all numbered trees. 

8. Prepare for remeasurement at a specified time. 

A plotted trajectory of subsequent development of both the treated 

and untreated stands will be evaluated with the intent that difference 

will be attributed to the treatment. The past history as read by 

increment cores of both treated and nontreated should confirm the 

similarity of control to treatment for evaluation purposes. A detailed 

description of the monitoring plan will be included in the proceedings. 

Now I will try to answer any questions about anything I have said. 
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I. Introduction 

OPERATIONAL FERTILIZATION RESPONSE 
MONITORING PLAN 

Response monitoring is needed on operationally fertilized areas for 
the manager to make decisions on future investments. 

II. Purposes of Monitoring 

A. To measure the growth response of a particular operationally-treated 
area. Information may be used to calculate cost/benefit. 

B. To compare growth response results to results from trial plots. 

c. To claculate increased yield of wood products resulting from 
fertilization activity which can be used in the management plan­
ning process to predict increased allowable harvest effect. 

D. To predict probable response of future treatments b~sed on a 
range of expe'rienced responses which have occurred on similar 
areas. 

III. Procedure Explanation: 

A. Prior to Treatment 

A low intensity sample is needed in each treatment area to indi- 1/ 
cate a potential level of response to the fertilizer application.-

The following items should be kept in mind when considering plot 
locations: 

1. Make an initial reconnaissance of the project area, early in 
your planning, to select potential plot locations. 

2. Locate stands of similar age and initial stocking inside and 
outside treatment area. Selection of areas for potential plot 
location should be done with as little bias as possible. 
Aerial photos are suggested as the basis to locate areas for 
comparability and then select at random several potential plots 
within these locations. Be aware of where plot boundaries will 
fall when finally located to avoid areas which will not be 
treated. 

1/ Bob Curtis, PNW, suggests a minimum of three to four plots of 50 trees 
each at end of measurement period both inside and outside treatment area. 



3. Temporarily mark and select enough locations to be able to 
retain a sufficient number of comparable plots after treat­
ment. 

4. Make certain that no activities have occurred five years 
prior to planned treatment. This would invalidate later 
measurement results and affect monitoring results. 

5. Determine how to measure tree heights for the size of trees 
to be measured on the plots. 

B. During Treatment 

1. Plots Outside Treatment Area 

Observe potential plot areas during treatment to make certain 
no application was made on these areas that will invalidate 
later measurements. 

2. Plots Inside Treatment Area 

Observe potential plot area during treatment to insure ferti­
lizer was received on the entire plot area. There is no best 
solution method to determine the level of treatment at this 
point but several things may be considered to quantify treat­
ment. Several methods have been proposed to measure or ob­
serve treatments; such as: 

a. Use of a hoop to be thrown onto ground to obtain a 
pellet count. 

b. Catch basins or bags on elevated poles to intercept 
material. 

c. Greased targets. 

Some of these may not be feasible, depending on weather and 
stand conditions in the treatment area. The objective should 
be to best state how many pounds of fertilizer landed on the 
plot and if it was evenly distributed. Any means to measure 
the amount and distribution of fertilizer and to calculate 
pounds per acre should be utilized. As a minimum, you should 
be able to classify the treatment as (1) "average"equal the 
approximate planned per acre dosage, (2) "less than average", 
or (3) "more than average." Document your estimate or calcu­
lation so that results measured at a later time may be fairly 
evaluated. 

1.'11 
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IV. Initial Plot Installation and Measurement 

A. Plot Size 

Plots should be as large as possible to avoid stocking varia-
., bility between clumps of trees and opening. Larger plots tend 

to even out stocking variability. Plots should contain 50 
residual trees as a minimum after final measurement. Mortality 
must be considered which may occur from time of installation to 
final measurement (final measurement may be made just prior to 
next harvest entry in stand or at least 10 years after treatment). 
One-tenth (1/10) acre plots should be the normal minimum size 
and no smaller than one-twentieth (1/20) acre plots in,heavily 
stocked, young sapling stands. 

B. Plot Shape and Marking 

Square or rectangular plots are preferred since corners may be 
well defined and fewer questions will exist about trees being 
inside or outside plot. Corners should be marked permanently for 
easy recovery for remeasurement. Paint or mark plot boundaries 
to aid in measuring plot trees. 

c. Trees Numbering and Measurement 

1. Number all trees 1.5" d.b.h. and larger with prenumbered 
aluminum tags. Attach tags with aluminum nails at breast 
height point of measure in thick-barked trees; however, to 
avoid callousing in thin-barked trees, make a paint mark at 
breast height point of measure and place the numbered tag 
about one foot lower on the tree. 

~ 

2. Measure and record d.b.h. of all numbered trees to nearest 
l/IO-inch (0.1). 

3. Record tree condition class using stand examination condition 
class code. 

4. Heights of some trees need to be measured. Select ten trees 
per plot and not less than 30 trees per treatment for height 
measurement. ~/ 

Weight sample to larger trees, e.g., 2/3 of measured trees 
should exceed the mean diameter. The trees selected should 
be distributed over the range of diameter as well as possible. 
Height measurement may be difficult but every effort should 
be made to obtain heights as accurately as possible. Shorter 
trees may be measured using height,poles but taller trees will 
will need to be measured using the best instruments available 
for the stand condition. Height measurements should be taken 
to the nearest 1/2-foot on all trees measured. 

1/ Bob Curtis,. PNW, notes that if fertiljzer dosage varies widely among 
plots, we may need to compare individual trees sep~rately. 

T 



v. Procedure for Monitoring 

Future monitoring of the plots will be based on what seems most 
desirable at time of rerneasurement. Stands may be rerneasured on 
the same basis as originally established and th~n continued in 
case of retreatment, or trees may be felled and dissected which 
will terminate some options for continued sampling. 

Plots will be remeasured at end of five years. All previously 
numbered trees on plot will be remeasuredto compute gross growth 
increment in both treated and nontreated control plots. Tag and 
measure in-growth trees if monitoring will be continued. 

The measurements required for the. growth response projections are: 

= DBH at occasion I for all trees 
DBH at occasion II for all trees 

DOBI 
DOB2 

~lNC : 
Ht at occasion II 
Diameter Increment (record in 1/10-inch) 

This is to be obtained on 20 percent of all trees at the first 
occasion measurement. Weight the 20 percent sample to larger 
trees, e.g., two-thirds of trees should exceed mean diameter. 
Trees should be distributed across diameter wherever possible. 
This diameter increment is for a period five years prior to 
treatment. These boring measurements must be obtained on both 
control and treated plots. 

4 

This information is to be recorded on the following form. From 
this form the first occasion data will be punched on IBM cards 
and stored on tape at FCCC. At the second occasion, this form 
will be taken back to the field for recording the second occasion 
data. The entire set of data will then be punched on IBM cards 
and stored at FCCC for analysis. 

1~3 
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Plot No. Plot Description 
XXX 

Date 

Site Index or Site Class 

Occasion I Occasion II 
DBH Incr. I 

Tree for previous Damage Damage 
No. Specie DBH I Ht. I 5-Yr. period Class. DBH 2 Ht. 2 Class 

XXX XXX XXXX XXXX XXX XX XXXX XXXX XX 
. 

• 

"" 

--
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1. Basic data: treated plots and control plots, 

let: DOBl = individual tree measured dbhob at date of 
treatment, obtained for all trees. 

DOB2 
= measured dbhob at future remeasurement 

A DOB = DOB2 - DOBI 

dine = diameter increment inside bark in a specified 
number of years immediately prior to treatment, 
as determined from increment borings (available 
for a sample rather than all trees) made at 
time of plot remeasurement. 

2. Relationships to be calculated from the data. 

3. 

Treated plots: 

11 DOB = f1 (dinc) Ceq. I-F) 

dinc = .f3 (DOBI ) Ceq. II-F) 

Control plots: 

LlDOB = f2 (dinc) Ceq. I-C) 

% mortality = f4 (DOBI ) (eq. III-C) 

Analysis (several minor variations possible) 

a. Compare equations I-F and I-C graphically. If response 
was obtained, it should be evident. 

F 

C 

~ DOB 

dinc 
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b. Apply relationship III-C to initial stand table for fertil­
ized plots and remove mortality expected in the absence of 
fertilization. 

c. For each tree remaining (fertilized) after (b), use equation 
II-F to estimate "dinc" for those trees on which this was not· 
actually measured. 

d. Substitute actual or estimated values of "dinc" (as available) 
in the right side of equation I-C. When applied tree by tree 
to the "survivors" remaining after (b). this gives estimates 
of the DOB expected if the trees had not been fertilized. 
(Hence, the expected future stand table if no fertilizer had 
been applied.) 

e. (I) Initial stand table + initial height-d.b.h. curve gives 
initial plot volume (=Vl ). 

(2) Actual remeasured stand table + actual H-D curve gives 
actual remeasured volume with fertilization, (=V2F). 

Actual growth with fertilizer = V2F -VI. 

(3) Estimated growth of same plot without fertilizer = 

V2C - Vr, where estimated final volume (V2C) is calcu­
lated from the estimated stand in (d) and the estimated 
final H-D curve obtained by one of the procedures in 
section B below. 

B. Height Projection 

This will be bothersome and inaccurate at best, but should be attempted. 
Two options: 

1. Tree dissection. (Much the most reliable method, but costly and 
destroys the plot.) Draw a sample of trees across the d.b.h. range, 
fell them, and measure: 

a. 
b. 
c. 
d. 

Present total height (H2)' 
Initial total height (HI)' 
Final DOB . 
Initial DOBl(available from plot record). 

Use these values to construct initial and final H = feD) curves 
for each plot (fertilized and control). 

Obtain estimated H = feD) if fertilizer had not been applied as 
HIF +~HC, by d.b.h. classes, where HIF.is the initial curve for 
the fertilized plot and H is the observed increment for that 
d.b.h. class on the controf plot. 

1. " 



2. Differences between H = f(D) based on standing tree measure­
ments. 

a. On both control and fertilized plots, at time of estab­
lishment, measure heights on a sample of trees. 

h. Repeat this at time of final measurement. 

c. Obtain estimate of H2 = f(D} if plot had not been fertil­
ized as HlF +~ Hc ' as before. 

8 

This procedure will be less precise and requires a strong sample 
and careful measurement to get any useful result. However, it 
does not destroy the plot and may turn out to be the only feasible 
procedure. Therefore, one should get a good set of height measure­
ments at time of plot establishment. 

A simple comparison of growth on fertilized plots with growth on 
the unfertilized plots will be worthless, because of the impossi­
bility of getting exactly comparable initial conditions on the 
two sets of plots. They would differ in growth even if no 
fertilizer were applied. 

Therefore, we compare growth after fertilization with estimated 
growth of the same plot if it had not been fertilized, using prior 
(pre-fertilization) growth rate ("dine") as the basis for the 
estimate. To do this: 

One could project the initial stand simply by assuming the 
same growth rate for each tree during the current growth rate 
as its measured growth rate" in the previous period, prior to 
fertilization. However, this is likely to be affected by 
variation in growth rate due to year-to-year weather differ­
ences, and by change in age and density. 

Therefore, we use the~D-dinc relationship from the control 
plots (which should measure any such weather influence) as 
the basis for estimating growth rate of trees on the fertil­
ized plots, if they had not been fertilized. 

J.97 



RESEARCH IMPLEMENTATION BY S&PF 

By 

Richard F. Watt 

. I appreciate this opportunity to meet with you from 
NFA and Research. I am firmly convinced that each of the 
three branches of the Forest Service has something to offer 
to the other two that will help them in accomplishing their 
goals and those of the Forest Service. We tend to go our 
own ways and not have the interchange of ideas that is so 
helpful in understanding the problems and activities of the 
other two branches. 

I've been asked to. spend a few minutes talking about 
research implementation activities of State and private 
forestry. I'd like to confine myself to the activities of 
the Northeastern Area. If Ham Williston wishes to add 
something from his work with the Southeastern Area, I 
would welcome his contribution. Perhaps the Southeastern 
Areas operates a little differently. 

What I would like to do is first define Research Implementation, 
tell why I think it is important, especially as an S&PF 
activity, and tell how we accomplish research implementation. 

Research implementation encompasses all those activites 
that present applied research results to potential users in 
a form that teaches afld encourages .them to use these results 
to solve a problem or to conduct an ongoing operation more 
efficiently. It implies screening research results and 
selecting those that have a practical on-the-ground operational 
usage and then presenting these results in a how-to-do-it, 
step-by-step form so that the potential user will be able 
to use the research in his work. Research implementation 
also includes reasons why the new methods are better than 
those presently being used - we all tend to continue along 
a known path and really need strong motivation to tryout a 
new method. Why bother to change if you're getting along 
passably well? 

You may wonder why S&PF is so concerned with research 
implementation. Isn't this really a job for research? 
Dosen't research know best what their results mean and how 
they can be applied? Why do they need any help in getting 
their research out to the user? Don't they publish their 
results and distribute them to the potential user? Why 
bring in a middle man to get between the user and the 
researcher, muddying up the clear pure research results? 
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There are a number of answers to these questions. 
Perhaps the simplest is that research wants us to help 
them with research implementation. Many researchers believe 
their function is to do research - their job finishes when they 
publish the results of a study in Forest Science, Ecology 
or a Station publication. Their reward system puts little 
weight in promoting research - they don't get brownie points 
for application of research results. 

. Another very good reason for S&PF work in Research 
Implementation is that we are told to do it. Supplements to 
FSM 1032, Basic Policy syas that "S&PF is charged with 
assisting in the application of research results." 

If we go a little farther back in time, or perhaps 
upward in policy making levels, we can look at the 1950 
CFM Act. This act instructs that the Secretary of Agriculture 
provide technical assistance to landowners and primary 
wood processors, through cooperation of the appropriate 
State agencies. S&PF is, of course, the branch of the Depart­
ment with this primary responsibility for technical assistance. 
Much of this technical assistance to the State forestry 
organization consists of keeping state-employed foresters 
up to date on new research results as well as reviewing 
older work to see that it is applied properly. But we also 
provide technical assistance to consultants and to l~ 
personnel. 

You may also ask why research implementation is necessary. 
Recall the old saying about building a better mousetrap and 
the world will beat a path to your door. In other words, if 
research really has produced an excellent product, it will be 
eagerly sought out by potential use~s who will immediately 
apply it in their day-to-day operations. 

The only problem with this adage is that human nature 
does not operate this way. Except for a few innovators, 
the human animrl.l likes to move in familiar paths - it's 
easier, it's safer, it's more comfortable. Why change 
if you're getting along - why rock the boat? 

Another reason why the mousetrap theory doesn't work 
too well is that people must know a better mousetrap has 
been built before they can beat out the path to the researcher's 
door. I used to think - when I was in research - that we 
had a good publications distribution system, that all 
potential users of research were on our mailing lists. I 
learned years ago that those who receive research publications 
often don't read them, but that at least they do get them. 



Since I've been in S&PF, I've learned that there are State 
Foresters who actually discourage their profe$sionals from 
placing their names on the mailing list of the Experiment 
Stations. So another reason for research implementation 
is that many people don't receive research reports and those 
that do often don't read them for various reasons. Those 
that do read research reports often complaim that they are 
difficult to read and understand - they dontt cqre too much 
about regression equations, analysis of variance, and Chi 
square, and statistical significance. What they want to 
know is - can this research result help me with my day-to 
day activities? 

Now these reasons for research implementation are not 
unknown to research administrators - they have made strong 
attempts to get their research applied through show-me 
trips to experimental forests, through training sessions of 
various types, and by their presence here on the program 
this week. I don't want to give the impression that 
research hasn't tried, with some success, in the past in 
getting their results out on the ground. 

But OMB and Congress are putting increased pressure 
on the FS to justify our programs in all areas and research 
is not excepted. They no longer are satisfied with a listing 
of publications issued - stations used to use a numbers game 
and divided annual appropriations by number of publications 
with the prize going to those whose cost per publications 
was the least. Now the need is to point at on-the-ground 
usage of results. An indication of this pressure is a packaging 
guide for research results issued recently by the Research 
Group in the w.o. 

So much for the ~hy of research implementation. Now how 
does S&PF implement research? What tools or methods do 
we use? 

I don't have any breakthoughs to report in implementation. 
If we in S&PF have any great secret, it is that we devote 
considerable time and effort to the process since it is one 
of our primary functions. We know that many states don'thave 
have the manpower, incentive, money, or leadership to screen 
results of research and encourage their men to use it. 

Our most effective means of research implementation is 
the training session where we spend several days with a gro~p 
of foresters - usually partly indoors and partly in the 
woods - telling them of a new technique, and then going 
out and using it on several typical areas that they are 
working in. We show the prospective user how he can 
actually do something differently right in the woods in 
which he is working. We attempt to show him that the new 
technique is useful to him - that he will do a better job, 

200 



that he will do the same job more quickly and-cheaply, that 
here is a technique that will give him greater job satisfaction. 

We also turn· out publications - usually these are short 
how-to-do it type. Again the emphasis is to stress that 
here is something that you can use immediately in your work. 
Here are the instruments you need; here are the measurements 
you collect; here is the form you record your data on; here 
are the computations that you make; here is what you do with 
the 'results. We try to present a complete package to the 
potential user - remove all reasons for not using a new 
technique, anticipating his objections. 

We also conduct symposia and workshops in conjunction 
with research - meetings in which all phases of a problem 
are presented. You may have heard of the Black Walnut 
Symposia and seen the proceedings - several other eastern 
hardwood have had the spotlight. thrown on them this way. 

We have also produced some slide tapes - again nothing 
unique but a rather time-consuming process that research 
often doesn't wish to use because of the expense and time 
involved in making good slide~tape program. 

One rather unusual ability we have in S&PF that other 
branches don't have in the field of research implementation 
is the use of money. We have funds available that can be 
used to help pay for part of the cost of adopting a research 
finding. For example, research has studied seed sources 
and found that some sources, if planted north of their 
collection zone, grow more rapidly than the local source. 
We have helped finance a large purchase of short-leaf pine 
for use in Missouri. Without this seed money, this carrot, 
Missouri might have be"en very reluctant to spend money outside 
its boundaries to get a seed that would be better than its 
native seed. Similar help has been given in movement of 
white pine seed. We probably will be engaged in similar 
work when promising sweet - high-yield sugar maples are 
ready for distribution. We are currently funding a pilot 
project in walnut multicropping - bringing together what 
research has developed in walnut culture for sawlogs and 
nut production and combining with grass production for 
cattle feeding. 

Another program that many of you may be unfamiliar with 
is our Research Needs System involving North Central and 
Northeastern Stations, Forest Products Lab. R-9, and S&PF 
in Upper Darby. We distribute to the States and regions 
a Research Needs form on which anyone - State, R-9, 
consultant - may submit a question that he believes requires 
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research to supply the answer. This form systemizes the 
process by asking for a statement of the problem as a question -
what is the importance of the problem - area involve, values, 
etc. - what benefits might result if research develops an 
answer - dollars and manhours saved, higher planting survival, 
more timber produced, etc. - and training - how soon is a 
solution needed and what happens if we don't get research 
to work the answer. 

These forms are screened by S&PF and then sent to the 
project(s) most likely to be familiar with the problem. In 
many instances, research is able to provide an answer, either 
from existing publications or sometimes from ongoing but 
unpublished research. In some cases, the answer is not 
available and research considers the need in their periodic 
reviews of their programs. 

Since we get a_copy of the research reply to the 
request, we are able to get an idea of what information is 
available but for some reason 'hasn't moved from the 
research publication into the store of knowledge that the 
forester in the field is using in his operations. Thus, 
both we and research gain a better idea of what areas should 
be emphasized in our research implementation and training 
activities. 

And of course, the originator of the request gets a 
written reply which often gives in considerable detail 
the answer to his needs plus publications and bibliographies. 

I'd also like to call your attention to the fact that 
people in S&PF are t~e primary tool in research implementation. 
What kind of people do we have? I'm in the Resource Management 
Group concerned with silviculture, mensuration, management, 
wildlife, urban forestry and grazing. In our group we have 
three who came up through the E~stern National Forests, two 
who had many years in research - again mainly in the East, 
a wildlife biologist with a background in Department of 
Interior and R-7, a former State CFM supervisor, and a 
geneticist with recent training in this country and Europe. 
Five of us are housed in the same building with the NE 
Station, two in the field at research laboratories, and 
one about 10 miles from a research laboratory. So our 
physical setting does encourage frequent contact with 
researchers. 

TO SUMMARIZE: 

I've defined research implementation as all those 
activities that presents research results to potential users 
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in a form that teaches and stimulates them to use these 
results to solve a problem and to conduct their work more 
efficiently. 

S&PF is engaged in research implementation because 
research has requested our assistance and because Congress 
and FS policy states that we will do this. We also do this 
because many of our states just don't have the manpower, 
money, and some the desire, to upgrade and to help their 
service foresters keep abreast of new applied research 
results. 

We don't have any magic approach to the job - we use 
in-the field workshops, how-to-do-it type publications, and 
slide-tapes. We work very closely with research - without 
their assistance we would be much less effective. We also 
believe we in turn make research more effective, relieving 
them of research implementation activities so that more 
of their time goes toward research . 

• 
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