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SIMULATING TIMBER MANAGEMENT IN
- LAI STATE S FORE STS1

Gary J. Brand,
Research Forester..
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I Tree growth modelsare useful tools in projecting be grown is represented in the computer by a tree list
the growth of forest stands. If a growth model is containing tree species, diameters, and crown ratio
programmed for use on a computer, the growtl_ of a codes and values for stand characteristics. If avail-
stand can be quickly and inexpensively projected, able, tree quality codes are also used. The stand
Rapi d and inexpensive projections are important in a characteristics are age, site index, basal area, num-
regional analysis, where there are many stands to beTof trees, and average diameter. These character-
evaluate. However, unless tree cutting can be simu- istics provide the only information available for
lated, the model is limited to predicting what will growing trees, deciding on a management prescrip-
happen to unmanaged stands, tion, and selecting trees to cut. As trees grow, die, and

are cut the tree list is altered (fig. 1).
A Stand and Tree Evaluation and Modeling Sys-

tem (STEMS) has been developed at the North Can- There are two approaches which could be used in
tral Forest Experiment Station (Leary 1979, Leary et the management subsystem to simulate tree cutting.
a!. 1979) 2,3 for the Lake States region (Michigan, One is to have the user prescribe and implement
Minnesota, and Wisconsin) of the United States. This cutting; the other is to have the computer prescribe
computerized system simulates the changes in the and implement cutting. The first approach is imprac-
forest as trees grow, die and are cut. This paper tical when hundreds of stands must be evaluated, as
describes the part of the system, the management is the case when using STEMS for a regional analy-
subsystem, that simulates tree cutting and explains sis. Therefore, the second approach is used. However,
how it can be modified to simulate many different before the computer can prescribe and implemei_t
tree cutting strategies, cutting it must be told what to do. The rest of this

paper explains how the user tells the computer how to
Tobetter understand the management subsystem, prescribe and implement cutting on the stands it will

. . a brief description of STEMS is needed. STEMS is be encountering.
designed to grow any mixture of tree species or sizes

• in the Lake States. Growth equations were developed I SrANOT._EUST. I
for27 Lake States'speciesorgroupsofspecies.The I MANAGEMENTSUBSYSTEM.

eqUations for different species differ only by having _ V .... 1
differentnumericalcoefficients.The standthatwill --_ MANAGESTAND? ]YES Ii:[PRESCRIBEMANAGEMENT. I |I

' NO I I
1A majorportionofthisworkwas conductedundera I I

cooperativeagreementbetweentheNorth Central ' I ' I I
ForestExperimentStationand theCollegeofFor- lG.owAND KILL TREES. [ CUT TREES.t I1 'estry, University of Minnesota, St. Paul, Minnesota. I

• . I2Belcher, David M., Margaret Holdaway, and Gary I ALTEREDTREELIST. l l
Brand. (In preparation.) A description of STEMS. i ADDNEWTREES. I• I

L__ --I

3STEMS Was designed to be part of an overall Forest
Resource Evaluation Program (FREP). Currently i ALTERED TREE LIST. i

only the tree growth model STEMS exists. A prior
accronym for STEMS was FREP78. Figure 1.--Altering the STEMS tree list.
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The timber management guides for the following DETERMINING THE

cover types form the basis for the rules on deciding MANAGEMENT PRESCRIPTION
how cutting should be done:

Cover type Source The first step in constructing a computerized sub-

Jack pine Benzie 1977a system is to convert each management guide to a
Red pine' Benzie 1977b decision diagram. The diagram is much like a road
White pine USDA For. Serv. 1958 with signs at each intersection indicating where the
Spruce-fir ' USDA For. Serv. 1967 road goes. For example, a guide for jack pine might
Black spruce _ Johnston 1977a prescribe a clearcut at age 50 for stands with a site
Mixed swamp conifers Johnston 1977b .index greater than or equal to 60 (SI - 60) and a
Northern white-cedar Johnston 1977b clearcut at age 65 if the site index is less than 60 (SI <
Tamarack Johnston 4 60). Figure 2 converts this verbal statement to a

Oak-hicko_ _ Sander1977 , decision diagram. At the first intersection go up if the
Aspen _ ' Perala1977 site index is less than 60, and go down if it is not.
Paper birch Tubbs 1977, Godman 4, Regardless of which branch is taken, age is consid-

• Perala 4 ered next to determine if the prescription is "do
Lowland hardwoods Godman 4 nothing" or "clearcut". If the stand age is less than
Northern hardwoods Tubbs 1977, Godman4 the prescribed clearcut rotation age, nothing is done.
Understocked Benzie 4 If the stand age is greater than or equal to the

specified rotation age, a clearcut is prescribed. Usu-
ally management guides are more complex than this
but the principle is the same.

Decision diagrams (Appendix A) were developed
TIMBER MANAGEMENT for the types listed in the previous tabulation. The

SIMPLIFIED lowland hardwood guide (fig. 3) is discussed below to
'

show how it is used and how it can be changed to
Timber managementguides recommend prescrip- produce different prescriptions for the same stand

ti0ns for a stand on the basis of research results, condition.
experience, and silvical knowledge. However, the In figure 3 tree cutting prescriptions are based on
prescriptions are only guidelines. In practice the three stand characteristics: site index in feet (SI),
forest manager in the woods integrates the complex stand age in years (Age), and basal area in square
set offactorswhichaffectthe growth of a stand. These feet per acre (BA). These stand characteristics are
factors are such things as: potential for disease, used to decide which action to prescribe. At each
insect,; or physical damage; species composition; decision point the stand's characteristics are corn-
spacing of the trees; amount of inhibiting vegetation; pared to the decision values given by the manage-

. and'type of soil. The manager may modify the pre- ment guides. These management guide values are
" scriptio n from the management guide to better re- called critical values. For this lowland hardwood

flect these local conditions, guide the critical value for site index is 55. Stands
To simulate the skill and subjective judgement

that the manager uses to integrate these many DONOTHING
factorswouldbecomplicated.Itwouldalsorequirea AGE<65YEARS J
lotof information.Thereforesimplifyingassump-
tionswere made in developing the management sa<6OFEET
subsystem.Twobasic assumptionsare:treesare CLEARCUT
uniformlyspaced;andshrubsandherbaceousplants AGE_>65YEARS J

areunimportant.Inadditioneachguidemay haveits JACXPINE
own particularassumptions(seeAppendixA). DONOTHING
The management subsystemhastwo tasks:(I)to AGE < 50YEARS J

prescribe or determine a management prescription; sl __60FEET
and (2)toimplementtheprescriptionbydesignating CLEARCUT
which,ifany, treesto cut.These two tasksare AGE --_50 YEARS J

described in the following sections.
Figure 2.--Diagram of a simple jack pine manage-

4personal communications, ment guide.
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KEY 00 NOTHING
---- .,;e,.ROUTEUSEDTO REACHA _ BA< LH(4) /

I PRESCRIPTIONFORA 8TAND

WITH $160,AGE7S,_k 80. DO NOTHING AGE< LH(_)

BA< 110SQUAREFEET/ACRE / 81< LH(1) BA> LH(4) / THIN TO LH(0) @

AGE< 90YEARSt
THIN TOilSSQUAREFEET/ACRE@ CLEARCUTSl < SSFELT leA _>110SQUAREFEET/ACRE / , AGE> LH(2) /

• i CLEARCUT LOWLANDHARDWOOD

I AGE_>90YEARS / 00 NOTHING
• : "" BA< LH($) J

LOWLANDHARDWOODI

.... 1 ? DO NOTHING AGE< LH(:I) THIN TOLH(7)

.... t "1 eA<110SQUAREFELT/ACRE.._/" RA_>LXCS) / (_

.< THIN TO iS SQUAREFELT/ACRE_ CRITICALVALUE8 8HELTERWOODCUT LEAVINGLH(S)

/ t..... -I_J I.A.... SQUAREFEET/ACREJ _ L.,,, , FELT AGE__.,,, j REMOV._cut,N,OYEARS Q
I s,_>.FELTi L.(=)u YEARS

• " | 8HELTERWOODCUT LEAVING?$SQUAREFEET/ACRE /#_ LH(3) 90YEARS
• lAGS _>90YEARSJ REMOVALCUT IN 10YEARS _ LH(4) 110SQUAREFELrr/ACREI.H(6) 110SQUAREFELT/ACRE

iJ.l(O) 0SSQUAREFELrI"I4CRE
LH(7) 8ISSQUAREFELrrlACRE

Figure 3.--Example of how a l'owland hardwood ,.,,, ,,.u.,..,,..
diagram _is used. Figure 4.--Generalized lowland hardwood diagram.

J

with site indexes less than 55 follow a different
prescription path than stands with a site index of 55
or higher. Similarly, the critical value for age is 90
and for basal area is 110. These critical values The advantage of the generalized diagram is that it

can be easily changed by the program user to simu-happen to be the same for each branch, but they may
be different for some diagrams, late other management guides. Could a manager use

Now let's see how such a diagram is used to this diagram for a guide that prescribes shelterwood
determine a cutting prescription. Suppose a lowland cutting of all lowland hardwood stands, regardless of
hardwood stand has these characteristics: site, at age 70? Yes, by making two changes in the

e Site index - 60 feet at 50 critical values. Change the critical values LH(1) to
years

Age - 75 years zero and LH(3) to 70 (fig. 5). Since all site indexes will
Basal area- 80 square feet per acre. be greater than zero, the ul_per path will never be

To find the current prescription for this stand, the used, and all stands will be routed to the lower path.

stand site index of 60 is compared with 55, the value In the previous example, our stand has an age of 75,
at the first intersection. Since the site index is so according to this new guide it should be shelter-
greater than 55 the lower path is taken. Next, the wood cut. The new diagram prescribes this. Compar-
stand age of 75 years is compared with the value at ing the stand site index 60 with the critical value at
the next intersection, 90 years, and top route is the first intersection (LH(1)is now zero), shows we
selected because the stand age is less than 90. Fi- must take the lower path. Next, the age is greater
nally, the_stand basal area of 80 square feet per acre than 70 (the critical value of LH (3)) so again the

. is less than 110 so the prescription is "do nothing" lower path is selected and the prescription is %hel-
(fig. 3). terwood cut".

. Although .this management guide may be very
reasonable, local conditions might make another Many other lowland hardwood guides could be
guide more useful, or a manager might like to explore produced with this diagram. The limitation is that

, the effect of several different management guides. A the structure of the diagram cannot be changed. This
simple change in the diagram makes this kind of means that intersections are not added and other
manipulation easy. stand characteristics are unimportant. If a lowland

hardwood guide recommends different prescriptions
To make the diagram more general the critical for three ranges of site index this diagram cannot be

values in figure 3 are replaced with symbols or used. Neither can it be used for a guide that makes a
variables which indicate that they may change (fig. prescription based on average diameter. In these
4). Ordinarily the variables will take on values that cases a new diagram must be constructed and pro-
have been determined from published management grammed.
guides. In figure 4 the critical value for the variable
at the first intersection, LH(1), is 55. This is the same Generalized diagrams for the other forest types are
value that appeared in figure 3. If the listed critical in Appendix A. They make prescriptions for various
values are used, the generalized diagram (fig. 4) and stand conditions, but this is only part of the task. To

• the specific diagram (fig. 3) produce the same pre- carry out the prescription the manager must mark
scription for any given stand, the trees to be cut.

3
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" .o_--_;;o.--°.A TO simulate the marking rule just described forPRESCRIPTIONFORA STAND

.,.s ....o_,......... o.o.... lowlands hardwoods, four removal procedures would
"<""' / be used. They are procedure codes 1, 5, 2, and 4. The

AGE<_LH(2) THIN TO LH(6)

• ,,<,.,,, ..... ,., _ ® first marks low quality trees. Number five thins from

I .....°_ above (marks the largest diameter trees first) the
"°'->_"'"/ specified species (which is elm for lowland

,o_....owooo,, oo.o....o hardwoods).The nextprocedure,number two,thins
'_ "<_"'" _ frombelow(marksthesmallestdiametertreesfirst)

• I . I, AGE< LH($)[ THIN TOLH(?)

I+L::";';I:_-'- i -->'.,.,_ (5) theundesirablespecies.Thisprocedurerequiresthe
CRIII_LVAIAJE8 " I tL_:_____ _---_ $....... OODCUTLEAVINGLH(8) desirablespeciestobe listed.Forthisexamplethey

LH(1) 01_EET . "1 AGE->LH(3) J REMOVALCUT I. 10YEARS Q

_.,,,-,-- are black ash, red maple, and yellow birch. The lastLH($) 70YEARS
LH(4) 1108QUJtREFEET/ACRE

LH(§) .... .UAREFEET/ACRE' ' procedure(4)thinsthedesirablespeciesfrombelow.
_ .%".":::=:_'_,c_: Appendix B contains marking rules for all prescrip-LH(8) 7SSQUAREFEET/ACRE

Figure 5.--.Modified lowland hardwood diagram, tions in the management diagrams (Appendix A), ' which end in a circled number.

• ' Each removal procedure must have certain infor-
mation supplied (table 1). A code is used by the
program to determine the procedure and needed

" information,thecodeisa 13 digitnumber withthe

IMPLEMENTING THE firstdigitindicatingtheprocedureandtherestofthe
digitscodedaccordingto table1.The codesthat

PRESCRIPTION--DESIGNATING producethepreviousmarking ruleare:
TREES TO BE CUT

• digit position 1 2 3 4 5 6 7 8 9 10 11 12 13

For: prescriptions like "clearcut" and "do nothing" 51 o° o° 99 99 01 05 o° Oo o° o° o° Oo species code for elm-15,size of trees to cut 0 to 99. O

all trees are either cut or left. A more interesting codes 2 0 0 9 9 1 1 1 4 1 6 0 0 code for black ash-11,4 0 0 9 9 1 1 1 4 1 6 0 0 red maple- 14, yellow

problem is what to do When only some of the trees are birch- 16.

Cut. Prescriptions in the latter category are indicated
by a circled number in the diagrams. Ifa manager did not mark trees smaller than 5 inches

The. lowland hardwood guide has three prescrip- the third digit in each code would be replaced by a 5.
tions with circled numbers, two are "thin" and one is Up to five removal procedures can be combined to
"shelterwood cut". For each of these prescriptions the simulate a marking rule. Even though tree spacing
managermust develop a marking rule that ranks the or other tree characteristics cannot be used, these
trees for cutting. A marking rule when thinning a removal procedures can be combined to produce
lowland hardwood stand might be: many marking rules.

. .(1) first mark low quality trees;
, . .

(2) nextmark elms from above (with the largest
diameters cut first) to minimize the loss to
Dutch elm disease;

(3) then mark from below the undesirable species; USING THE MANAGEMENT
(cut the smallest diameter trees first);

(4) finally, mark from below the desirable species SUBSYSTEM
(black ash, red maple, yellow birch).

A method Was developed to simulate marking rules This management subsystem exists as subroutines
like these. . within STEMS (Hahn and Brand 1979) 2. So far they

The method involves selecting different combina- have been used in estimating the treatment oppor-
tions ofremoval procedures. The order of the removal tunities existing on a national forest and on areas in
procedures determines which is done first, second, Wisconsin and Minnesota. Inventory plots taken for
and so forth. The procedures rank trees using the tree statewide surveys were used as initial conditions.
characteristics: species, diameter, crown ratio, and The results were helpful in identifying which forest
quality. In each of the nine procedures (table 1), types needed treatment. In conjunction with the
different tree Characteristics are used in ranking projection system, treatment needs were followed
trees for cutting, through time.

E
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Table 1.-- Removal Procedures

Procedure Procedure Informationneeded Code
CODE forcoding Digitposition Value

1 Removeroughandrotten Sizeclassto remove. 1 1
treesindesignatedsize 2-3 Lowerdiameterlimit-

classunitlrequiredBA 4-5 Upperdiameterlimit •
• isachieved.(Treequality 6-13 Allzeros

codesareneededfor this
procedure.)

2 Removesmallesttreesof Sizeclassto remove, 1 2
unspecifiedspeciesuntil 4 speciesgroupsto 2-3 Lowerdiameterlimit
requiredBAisachieved, leave. 4-5 Upperdiameterlimit

. ' 6-7,8-9 4 speciesgroupJ

10-11,12-13 codesto leave
3 Removelargesttreesof Sizecla_ssto remove, 1 3

unspecifiedspeciesuntil 4 speciesgroupsto 2-13 Sameas2
requiredBAis achieved, leave.

" 4 Removesmallesttreesof Sizeclassto remove, 1 4
specifiedspeciesuntil 4 speciesgroupsto 2-3 Lowerdiameterlimit
requiredBAis achieved, remove. 4-5 Upperdiameterlimit

6-7,8-9 4 speciesgroupcodes
10-11,12-13 to remove

O 5 Removelargesttreesof Sizeclassto remove, 1 5specifiedspeciesuntil 4 speciesgroupsto 2-13 Sameas4
requiredBAis achieved, remove.

6 Shelterwoodcut leaving Sizeclassto remove, 1 6
requiredBA(leave 4 speciesgroupsto 2-3 Lowerdiameterlimit
largestd.b.h, highest favor. 4-5 Upperdiameterlimit
crownratiotrees). ' 6-7,8-9 4 speciesgroupcodes

10-11,12-13 to favor
7 Reducenumberof trees. Numberof treesto 1 7

leave. 2-5 Numberof trees/acto leave
6-13 All zeros

8 Removeall overtopping. Lowerd.b.hof trees 1 8
" to remove. 2-3 Lowerd.b.hoftreesto remove

4-13 All zeros
9 Removeall treesof a Sizeclassto remove, 1 9

certainsizeandspecies. 4 speciesgroupsto 2-13 Sameas4
, remove.

,

0

R _ _ .
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Major variations in the diagrams can be created by Department of Agriculture Forest Service, Gen-
setting the critical values to extremely large or small eral Technical Report NC-34, 18 p. U.S. Depart-
quantities. However, if a decision is desired about a ment of Agriculture Forest Service, North Central
variable not in the diagram a new diagram must be Forest Experiment Station, St. Paul, Minnesota.
programmed. This is a relatively simple task for Johnston, William F. 1977b. Manager's handbook for
someone with moderate programming skills, pro- northern white-cedar in the north central states.
vided the decision diagram is .known. A second con- U.S. Department of Agriculture Forest Service,
cern is that there is no provision for constraints on General Technical Report NC-35, 18 p. U.S. De-
management within a property. All stands are partment of Agriculture Forest Service, North
treated according to the prescription. A definite need Central Forest Experiment Station, St. Paul,
is to incorporate area or volume control within the Minnesota.
system. Leafy, R. A. 1979. Design. In A generalized forest

In summary, a computerized procedure for pres- growth projection system applied to the Lake
cribingtree cdtting for Lake States' timber types has States region, p. 5-15. U.S. Department of Agricul-
been developed based upon published management ture Forest Service, General Technical Report NC-
guides. This management system is flexible and 49, 96 p. U.S. Department of Agriculture Forest
provides a means to analyze and assess the effect that Service, North Central Forest Experiment Station,
various treatments will have on the timber resource St. Paul, Minnesota.
in a particular area. Although the computer subrou-
tines were written to be included in STEMS, they Leary, R. A., J. T. Hahn, and R. G. Buchman. 1979.

Tests. In A generalized forest growth projectionCould be readily incorporated into other systems as
well. To make management prescriptions the stand system applied to the Lake States region, p. 79-89.

U.S. Department of Agriculture Forest Service,
characteristics mentioned in Appendix A and species

General Technical Report NC-49, 96 p. U.S. De-
basal areas must be known. If the presciptions are to

partment of Agriculture Forest Service, North
be implemented then a tree list must be available or

Central Forest Experiment Station, St. Paul,another method of carrying out the prescription must
be developed. Minnesota.

Perala, Donald A. 1977. Manager's handbook for
aspen in the north-central States. U.S. Depart-
ment of Agriculture Forest Service, General Tech-

LITERATURE CITED nical Report NC-36, 30 p. U.S. Department of
Agriculture Forest Service, North Central Forest

Benzie, John W. 1977a. Manager's handbook for jack Experiment Station, St. Paul, Minnesota.
pine in the North Central states. U.S. Department Sander, Ivan L. 1977. Manager's handbook for oaks
of AgriCulture Forest Service, General Technical in the north-central States. U.S. Department of
Report NC-32, 18 p. U.S. Department of Agricul- Agriculture Forest Service, General Technical Re-

" ture Forest Service, North Central Forest Experi- port NC-37, 35 p. U.S. Department of Agriculture
ment Station, St. Paul, Minnesota. Forest Service, North Central Forest Experiment

Benziel John W. 1977b. Manager's handbook for red Station, St. Paul, Minnesota.
pine in the North Central states. U.S. Department Tubbs, Carl H. 1977. Manager's handbook for north-
Of Agriculture Forest Service, General Technical ern hardwoods in the north central states. U.S.
Report NC-33, 22 p. U.S. Department of Agricul- Department of Agriculture Forest Service, Gen-
ture Forest Service, North Central Forest Experi- eral Technical Report NC-39, 29 p. U.S. Depart-
ment Station, St. Paul, Minnesota. ment of Agriculture Forest Service, North Central

Hahn, J. T.,'and G. J. Brand. 1979. An implementa- Forest Experiment Station, St. Paul, Minnesota.
tion program, in A generalized forest growth pro- U.S. Department of Agriculture, Forest Service.
jection system applied to the Lake States region. 1958. Timber management guide for the national
p. 61-78. U.S. Department of Agriculture Forest forests of the north-central United States-white
Service, General Technical Report NC-49, 96 p. pine type. 12 p. Milwaukee, Wisconsin.

U.S. Department of Agriculture Forest Service, U.S. Department of Agriculture, Forest Service.
North Central Forest Experiment Station, St. 1967. Silvicultural practices handbook-chapter
Paul, Minnesota. 100-spruce-fir type. U.S. Department of Agricul-

Johnston, William F. 1977a. Manager's handbook for ture Forest Service Handbook 2409.26 R-9
black spruce in the north central states. U.S. Amendment Number 2.



" " APPENDIX A

Management Diagrams Diagramnumbersappearwithinsquares.Ifa dia-
gram endswitha numberwithina square,continueto

Plotor standdescription Diagram number thatdiagramtodeterminethemanagementprescrip-
Jackpine . 1 tion.Numbers whichappearwithincirclesindicate
Red pine 2 that particular trees must be marked. These marking
Whitepine . 3 rules are described in Appendix B.
Spruce-fir 4
Black spruce 5
M_ed swamp conifers 5 6
Northern white-cedar 5 7
Tamarack 5 '
Oak-hickory 8
Aspen " 9
Paper birch 10
Northern hardwood 11
Lowland hardwood 12
Understocked 13

Description of Symbols in Management Diagrams

Symbol Units Description
Age years Standage.
BA squarefeet/acre Basalareaof alllivetreesontheplot.
BAPOLE squarefeet/acre Basalareaof alllivetreeswithd.b.h,greaterthanor equalto 5 inches

• andlessthan10 inches.
BASAP squarefeet/acre Basalareaof alllivetreeswithd.b.h,lessthan5 inches
BASAW squarefeet/acre Basalareaof alllivetreeswithd.b.h,greaterthanor equalto 10 inches.

• inches Arithmeticmeand.b.h,of livetreesontheplot.
ICOMP -- Speciescompositioncode.
NT ' trees/acre Numberof livetreeson plot.

- ' QMDBH6 inches D.b.h.of treeof averagebasalarea.
SI feet Plotsiteindex.
< asin a<b--a is lessthanb

= asin a_b-- a islessthanorequalto b
> asin a>b-- a isgreaterthanb

' _> asin a>_b--a isgreaterthanor equalto b

•5Thefinal harvest is a three strip system. The first two
strips are clearcut and on better sites the last strip is
shelterwood cut. In STEMS, three plots of the same site
class and at rotation age are needed tosimulate the three
stn'p system. The first plot is clearcut, the second is
clearcut after a l O-year wait, and the third is clearcut or

sheltenvood cut after a 20-year wait.

6QMDBH=_ BA. " .005454x NT

7



.r_l CRITICAL VALUES
I"1

D

JP(1) 0.5
JP(2) 400. TREES/ACRE
JP(3) 2000. TREES/ACRE
JP(4) 60. FEET

NT < JP(2) _ JP(5) 40. YEARS
!13.1 JP(6) 70. YEARS

eAsAp> +_ .E'EASE _ JP(Z) SO.YEA.S
X,JJP(1). BA JP(2) _<NT < JP(3)/ JP(8) 140. SQUARE FEET/ACRE

, . JP(9) 120. SQUARE FEET/ACRE
RELEASE & WEED OR CLEAN _ JP(10) 80. SQUARE FEET/ACRE

+_ ; NT > JP(3) +/'f _ JP(11) 0.67

I

JP(12) 68.89 SQUARE FEET/ACRE
DO NOTHING JP(13) 1141. SQUARE FEET/ACRE INCH

JACK PINE " "A < .AMIN _ AGE < JP(5) y JP(14) 40.4 SQUARE FEET/TREE
l'-'J DO NOTHING

< JP(8) /BA
,."

BASAP _<
JP(1) .BA SI < JP(4) JP(5) _<AGE < JP(6) CLEARCUT

_>JP(8) /BA

." CLEARCUT

_>JP(6) / DO NOTHINGAGE
BA _>BAMIN ,,

< JP(9) /BA

• AGE _<JP(7)

THIN TO LARGER OF JP(10) or JP(11) • BA
kS)

i

BA JP(9) /
" Sl _>JP(4)

CLEARCUT

AGE > JP(7) /

BAMIN = JP(12) + JP(13). QMDBH. JP(14) • NT+ 1000 1000

' Jack Pine Objectives and Assumptions

1; Maintain jack pine.

2. Manage for timber, particularly large products if possible.
3. Trees are Uniformly distributed in the even-aged stand.

• 4. There is a low risk of loss from damaging agents.

• 5.Conditionsareappropriateforusingtheclearcutsilviculturalsystem.

C

. ,

m .... i .... • + . ....



'_1 ' " CRITICAL VALUESRP(1) 0.5
RP(2) 400. TREES/ACRE
RP(3) 2. INCHES
RP(4) 9. INCHES
RP(5) 15. INCHES
RP(6) 20. INCHES
RP(7) 2000. TREES/ACRE
RP(8) 160. SQUARE FEET/ACRE
RP(9) 160. YEARS
RP(10) 140. YEARS

' RP(11) 120. YEARS

NT < RP(2) _ RELEASE _ RP(12) 140. SQUARE FEET/ACRE

I RP(13) 180. SQUARE FEET/ACREBASAP _ NT < RP(?) _ RP(14) 200. SQUARE FEET/ACRE

• RP(1) • BA,J b'B'R< RP(3) ' WEED & RELEASE _ RP(15) 90. SQUARE FEET/ACRE

I NT _>RP(7) /'" _ RP(16) 0.5
NT _>RP(2) DO NOTHING " RP(17) 120. SQUARE FEET/ACRE

" RP(18) 0.5
8A < RP(8) / RP(19) 150. SQUARE FEET/ACRE

I ®_ __>RP(3) CLEAN RP(20) 86.42 SQUARE FEET/ACRE

BA_> RP(8) / DO NOTHING RP(21) 1328. SQUARE FEET/ACRE INCH

RED PINE BA _ BAMIN_ BA < RP(12) / RP(22) 85.9 SQUARE FEET/TREE
AGE _<RP(9) THIN TO LARGER OF RP(15) OR RP(16) • BA

• _ < RP(4) ! SA _>RPI12)

' ' ' I CLEARCUT"IBASAP _< I AGE > RP(9) / DO NOTHING
I RP(1) • BAI BA< RP(13)

AGE <_RP(10)I THIN TO LARGER OF RP(17) OR RP(18) • BA/'%

 t2¢
RP(4) _<bUR < RPlS)

CLEARCUT

| AGE _ RP(10)/ DO NOTHING

• BA _>SAMIN SA < RP(14)

AGE _<RP(11) I BA _>RP(14) _ THIN TO RP(19) QI
RP(5) _<_ < RP(6) I CLEARCUT

IAGE > RP(11),jr BAMIN = RP(20) + RP(21) • QMDBH _ RP(22) • NT
CLEARCUT 1000 1000

, DBH > RP(6)

•

Red Pine Objectives and Assumptions

1. Maintain red pine.
2. Manage fortimber,particularlylargeproductsifpossible.

• 3. Trees are uniformly distributed in the even-aged stands.
• 4. Thereisa low riskoflossfrom damaging agents.

5. Conditionsareappropriateforusingtheclearcutsilviculturalsystem.

D
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[_ CRITICAL VALUESWP(1) 0.5
WP(2) 400. TREES/ACRE

NT < WP(2) 1_ WP(3) 20. YEARS
I WP(4) 40. YEARSBAsAP >

WP(! ) -BAJ WP(S) 120. YEARSWP(6) 110. SQUARE FEET/ACRE

l DO NOTHING WP(7) 110. SQUARE FEET/ACRE
NT _ WP(2)/* WP(8) 110. SQUARE FEET/ACRE

WP(0) 110. SQUARE FEET/ACRE
. WP(10) 60. SQUARE FEET/ACRE

o _ _ BA < BAMIN [_ WP(11) 70. SQUARE FEET/ACREDO NOTHING WP(12) 70. SQUARE FEET/ACRE

WHITEPINE AGE < WP(3) /'_' WP(13) 70. SQUARE FEET/ACRE, WP(14) 70. SQUARE FEET/ACRE
, RELEASE /'_ WP(1S) 40. SQUARE FEET/ACRE

WP(3) __AGE < WP(4)/ _

" DO NOTHING

• BA < BAMIN + WP(6)_

i..p J< WHITE PINE ['BA THIN TO BAMIN + WP(111 QIWP(1) • ICOMP = 1 _>BAMIN + WP(6)j
DO NOTHING

._ BA _ BAMIN + WP(7)j

WHITE-RED PINE l THIN TO BAMIN + WP(12) QICOMP =2 BA _>BAMIN + WP(7)/

WP(4) _<AGE < WP(5) DO NOTHING,

BA < BAMIN + WP(8)/

WP-SPRUCE-FIR THIN TO BAMIN + WP(13)

• ICOMP = 3 BA _>BAMIN + WP(8)J

BA _>BAMIN DO NOTHING

BA < BAMIN + WP(9)_

WP-HARDWOOD I THIN TO BAMIN + WP(14) QBAMIN = WP(1S) ICOMP = 4 BA _ BAMIN +WP(9)/

• _ SHELTERWOOD LEAVING WP(10) f_
• - AGE _>WP(S) / REMOVAL CUT IN 10 YEARS

p

White Pine Objectives and Assumptions

1. Maintain white pine.
2. Manage for timber, particularly large products if possible.
3. Conditions are appropriate for using the shelterwood silvicultural system.

4. The stand is considered pure white pine if 80 percent of the basal area is in white pine.
ICOMP = 1.

5. The stand is considered white-red pine if70 percent of the basal area is in white and red pine.
• ICOMP = 2.

6. The Stand is considered white pine-hardwood if 70 percent of the basal area is in white pine,
basswood, sugar maple, white ash, and oak. ICOMP = 4.

7. The stand is considered white pine-spruce-fir if white spruce and balsam fir basal area is
greater than hardwood or red pine basal area. ICOMP = 3.

10
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CRITICAL VALUES

SF(1) 0.5
• Nr < SF(2)_ SF(_) 400.T.E_S/ACnS

BASAP > SF(1)-BA ] SF(3) 40. SQUARE FEET/ACRE

DO NOTHING SF(4) 50. YEARS

NT > SF(2) _ SF(5) 35. YEARS-- SF(6) 20. YEARS
• SF(7) 40. YEARS

BA < SF(3) I-'?-I DO NOTHING SF(8) 100. YEARS

SPRUCE-FIR i13"] • AGE <_SF(4)j
SF(9) 45. YEARS

.... , SF(10) 35. YEARS
BALSAM FIR CLEARCUT SF(11) 140. SQUARE FEET/ACRE

ICOMP =,1 AGE _>SF(4)_ SF(12) 75. SQUARE FEET/ACRE
SF(13) . 100. SQUARE FEET/ACRE

DO NOTHING SF(14) 65. SQUARE FEET/ACRE
AGE < SF(5)

. BAsAP _<SF(1).BA ASPEN-FIR _ REMOVE ASPEN, SF(10) LATER CLEARCUT
I I

!m"

ICOMP = 2 AGE ___SF(5)
DO NOTHING

AaE< SF(S)_ .S,SASS

SF(S)<_AOS<SF(7)_ _-J
DO NOTHING

BA SF(3)
BA < SF(11)

WHITE SPRUCE SF(7) <_AGE < SF(S)] THIN TO SF(13) (_

ICOMP =3 ] BA _>SF(11)

CLEARCUT

• AGE_>SF(S)_
DO NOTHING

AGE < SF(9)
DO NOTHING

SPRUCE-FIR-OTHER
BA < SF(12) J

ICOMP : 4 AGE > SF(9)I THIN TO SF(14)
i

!BA _>SF(12)

Spruce-Fir Objectives and Assumptions

'1. In stands which are predominantly balsam fir, manage for maximum fiber production and
natural regeneration.

2. Manage white spruce for large products.

3. There is adequate advance regeneration of white spruce and balsam fir at the end of the
rotation.

• 4. The stand is considered balsam fir if 80 percent of the basal area is in balsam fir. ICOMP = 1.
5. The stand is condsidered white spruce if 50 percent of the basal area is in white spruce.

ICOMP - 3.

6. The stand is considered aspen-fir if 70 percent of the basal area is in aspen and balsam fir.
ICOMP- 2.

•7. Stands not meeting these criteria (4, 5, 6) are considered spruce-fir-other. ICOMP = 4.

11
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CRITICAL VALUES
BS(1) 25. FEET
BS(2) 209. SQUARE FEET/ACRE
BS(3) 1837. SOUARE FEET/ACRE YEAR

BAROT = BS(2) - BS(3) • AGE + BS(4) • AGE 2 BS(4) 10.6 SQUARE FEET/ACRE YEAR2
_ 1000 1000 BS(5) 80. YEARS

BS(6) -175.4 SQUARE FEET/ACRE
BAMIN = BS(6) + BS(7) • AGE ' BS(7) 2.583 SQUARE FEET/ACRE YEAR

DO NOTHING

Sl <BS(1) J DO NOTHING

AGE < BS(5)

CLEARCUT

BLACK SPRUCE BA < BAROT BA < BAMIN
OR TAMARACK

..

AGE _>BS(5)

DO NOTHING

• SI >_BS(1) BA _>BAMINJ, i i

CLEARCUT
i - i Hi

BA _>BAROTJ
• .

BlackSpruce(Tamarack)Objectivesand Assumptions

1. Maintainblackspruce.

2.Manage forpulpwood.

3.Standsoccuron organicsoil.

4.Thereisa lowriskoflossfrom damaging agents.

5.Conditionsare appropriateforusingtheclearcutsilviculturalsystem.

6. Sinceverylittleisknown abouthow tomanage thetamaracktype,blacksprucemanage-
ment was selectedasprobablybeingthemost reasonableregimetofollow.

I
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_ CRITICAL VALUES
SC(1) 25. FEET
SC(2) 36. FEET
SC(3) 120. YEARS
SC(4) 50. YEARS

; SC(5) 60. YEARS
SC(6) 80. YEARS

DO NOTHING SC(7) 90. YEARS

AGE < SC(3) J SC(8) 100. YEARS
SC(9) 50. YEARS

SI < SC(1) ' STRIP CLEARCUT (3 STRIPS) SC(10) 60. YEARS
SC(11) 80. YEARS

AGE _>SC(3) SC(12) 60. SQUARE FEET/ACRE
J DO NOTHING SC(13) 60. SQUARE FEET/ACRE

<sc(4)
CUT MATURE ASPEN & FIR

sc(4)_<ADs<SC(S)
: DO NOTHING

SC(5) _ AGE < SC(6) J

SC(1) <_Sl < SC(2) REMOVE HARDWOODS /_

SC(6) _<AGE < SC(7)JMIXED SWAMP CONIF.
• DO NOTHING

_<AGE < SC(8) JSC(7)
..

STRIP CLEARCUT WITH SHELTERWOOD TO SC(12) _'_

AGE _ SC(8) J REMOVAL CUT IN 10 YEARS (3 STRIPS)

DO NOTHING

AGE < SC(9) J

SC(9) <_AGE < SC(10) _ REMOVE HARDWOODS & MATURE FIR Q

Sl _>SC(2) DO NOTHING

• . SC(IO) _ AGE < SC(11)

STRIP CLEARCUT WITH SHELTERWOOD TO SC(13)
4

AGE _>SC(11) J REMOVAL CUT IN 10 YEARS (3 STRIPS)

I . .rt
-ft.

I

Mixed Swamp Conifer Objective and Assumptions
;j

1. Maintain swamp conifers.
2. Manage for maximum fiber yield.
3. There is low risk of loss from damaging agents.
4. Conditions are appropriate for using the strip clearcut-shelterwood silvicultural system.

13
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" CRITICAL VALUES
WC(1) 25. FEET
WC(2) 36. FEET

WC(3) 120. YEARS
' WC(4) 50. YEARS ,

WC(5) 60. YEARS
• WC(6) 150. YEARS

WC(7) 50. YEARS
DO NOTHING WC(8) 60. YEARS

WC(9) 130. YEARS
AGE _ WC(3), J WC(10) 200 SQUARE FEET/ACRE

WC(11) 200 SQUARE FEET/ACRE
Sl _ WC(1) STRIP CLEARCUT (3 STRIPS) WC(12) 150 SQUARE FEET/ACRE

_ _., ,AGE _>WC(3) J ' WC(13) 60 SQUARE FEET/ACRE
DO NOTHING WC(14) 150 SQUARE FEET/ACRE

, WC(15) 60 SQUARE FEET/ACRE
t .. AGE WC(4)

•" CUT MATURE ASPEN & FIR

WC(4) _ AGE _ WC(5)i
DO NOTHING

WC(1) _<SI < WC(2) BA < WC(10)
Ne . •

WHITE-CEDAR WC(5) _<AGE < WC(6) THIN TO WC(12)

BA _>WC(10) j

STRIP CLEARCUT WITH SHELTERWOOD LEAVING WC(13)/-_

AGE _>WC(6) J REMOVAL CUT IN 10 YEARS (3STRIPS)

DO NOTHING

AGE < WC(7) /

. _ CUT MATURE ASPEN & FIR

WC(7) _ AGE < WC(8) _ DO NOTHING

SI >_WC(2) BA < WC(11)

WC(8) _<AGE < WC(9) THIN TO WC(14)

BA _ WC(11)

STRIP CLEARCUT WITH SHELTERWOOD LEAVING WC(15)

• , AGE _>WC(9) J REMOVAL CUT IN 10 YEARS (3 STRIPS)

' Northern White-cedar Objectives and Assumptions

1. Maintain northern white-cedar.
i

2. Timber management and deeryard management are of equal importance.
3. Manage for large products since older stands also provide better shelter for deer.
4, Stand does not provide the only deer shelter in the area.
5. There is a low risk of loss from damaging agents.
6. Conditions are appropriate for using the strip clearcut-shelterwood silvicultural system.

l
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'_ BA < BAMiN + OK(12) J

DO NOTHING

BASAW < OK(9) • BA | THIN TO BAMIN

t OA ___BAMIN + OK(12) J

1 (j
AGE<OK(S C'EARCUT

BA"< BAMIN _ DO NOTHING
BA < BAMIN + OK(18)I

BASAW > OK(9) • BA I- 1/2 TREES < .8. OK(15) I

l. "t ..,..o__. ® o.(,)
;. A _>BAMI * DO NOTHING OK(I) 55. FEET

' SI < OK(l) BA < BAMIN + OK(19) J OK(2) 75. FEET

DO NOTHING il/2 TREES _>.8 • OK(15_ THIN TO BAMIN + OK(24)
OK(4) 100. YEARS

OK(3)_<AGE< OK(4)/ • ' /"A _>.AUIN+OKOS)/
OK(S) 6O. YEARS

• OK(6) 80. YEARS

DO NOTHING OK(?) 50. YEARS
CLEARCUT - OK(8) 70. YEARS

BA < 8AMIN + OK(13) J - OK(9) 0.5

AGE_>OK(4)/- .ASAW< OXO0).SA| THINTOSAUIN OKO0) 0.S
1BA _>8AMIN + OK(13) J (_

OK(11) 0.S

OK(12) 10. SQUARE FEET/ACRE

AGE < OK(5) CLEARCUT OK(13) 10. SQUARE FEET/ACRE
OK(14) 10. SQUARE FEET/ACRE

_ DO NOTHING OK(15) 16. INCHES _ DESIRED
BA < BAMIN + OK(20) J OK(16) 20. INCHES _ ROTATION

ILOA__._.,.i,,= OK(l?) 24. INCHES _DIAMETER

• ASAW _>OK(10) • BA TREES < .8. OK(16)- . THIN TO BAMIN (,_ OK(le) 10. SQUARE FEET/ACRE

LBA ->BAMIN + OK(20) ,/" "_" OK(19) 25. SQUARE FEET/ACRE

OAK-HICKORY OK(l) _<SI < OK(2) BA < BAMIN + OK(21) DO NOTHING OK(21)OK[20)25.10"SQUARESQUAREFEET/AcREFEET/ACREOK(22) 10. SQUARE FEET/ACRE

• OK(S) <--AGE < OK(6) _DO NOTHING 11/2 TREES _>.8 • OK(16)i THIN TO BAMIN + OK(25)_'_ OK(23) 25. SQUARE FEET/ACRE• _ !BA _>BAMIN + OK(21) f _ OK(24) 15. SQUARE FEET/ACRE
OK(25) 15. SQUARE FEET/ACRE

CLEARCUT OK(26) 15. SQUARE FEET/ACRE

• , AGE _>OK(6) ,,f' DO NOTHING OK(2?) 58. PERCENT STOCKED

BA < BAMIN + OK(14) J

BASAW < OK(11) • BA I THIN TO BAMIN

• ! ] BA -> BAMIN + OK(,4) _" Q

AGE < OK(7)J CLEARCUT

1 l BA < 8AMIN DO NOTHING_/ SA <BAMIN OK(22) /o.(,,,.j ,,,T.,<. T.TO.A.
l. I / ®" Sl >_OK(2: i A >_BAMIN -- DO NOTHING

• BA < BAMIN + OK(23) J _

DO NOTHING i 1/2 TREES _>.8. OK(I?)I THIN TO BAMIN + OK(26)

oK(,)_<:_,<oK(0)/ 1BA > BAMIN " OK(23) J (_

CLEARCUT

i, GE ___OK(8) J " BAMIN = OK(2?) • .05454- QMDBW".0507 • DBAR + .0317 QMDBH:

•

• ,

Oak-Hickory Objectives and Assumptions

1. Favor pineswhere the oak site index is low. Favor northern hardwoods where the oak site
' index is high. Otherwise, maintain oaks.

2. Manage for timber, particularly large products if possible.

• 3. The minimum acceptable stand basal area is dependent on the size of the trees present. That
is, it is a measure of stocking. The percent of full stocking considered acceptable can be
changed by altering the value of OK(27).

• 4. Advanced regeneration must be present before clearcutting.

15
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CLEARCUT REGENERATE WITH CONIFERS

• SI <AS(l) / , "T < AS(9)
AGE < AS(3) I DO NOTHING

INT _>AS(9) _ CRITICAL VALUES

• BA < BAI_IN _-_ AS(l) 56. FEET
I'"1 AS(2) 70. FEET

AS(3) _ AGE < AS(4) DO NOTHING AS(3) 20. YEARS

AS'(1) _<SI < AS(2) BA _ BAMIN_ AS(4) 30. YEARS
AS(S) 45. YEARS

DO NOTHING AS(6) 20. YEARS
AS(7) 30. YEARS

ASPEN AS(4) _<AGE < AS(5) _ AS(0) 55. YEARS
AS(9) 2,000. TREES/ACRE

CLEARCUT AS(10) 1,000. TREES/ACRE

• AGE _ AS(5) _ "' AS(11) 130 SQUARE FEET/ACRE
AS(12) 65 SQUARE FEET/ACRE

NT < AS(10) r"-I AS(13) 5.56 SQUARE FEET/ACRE
113.1 AS(14) 1.48 SQUARE FEET/ACRE YEAR

AGE < AS(S) DO NOTHING AS(15) -.383 SQUARE FEET/ACRE FOOT

• NT _>AS(10)_
' DO NOTHING

BA<BAMIN_7 BA<AS(11) J '
AS(6) __AGE < AS(7) 1

SI _>AS(2) I BA _>BAMIN

DO NOTHING BA >_AS(11) / THIN TO AS(12) Q

AS(7) _<AGE < AS(S) j

CLEARCUT
.... BAMIN = AS(13) + AS(14) • AGE + AS(15) • SI

. . . AGE>_AS(O) /"

e

Aspen Objectives and Assumptions

1. Maintain aspen on better sites.
2. Manage fortimber,'particularlylargeproductsifpossible.

• " 1

3. Understocked stands are not capable of producing 1,000 cubic feet per acre at age 40.

.
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CRITICAL VALUES

' BASAP _ DO NOTHING._J

PB(1). BA
PB(1) 0.5

, PB(2) 50. FEET
°_ _ DO NOTHING PB(3) 60. YEARSi

AGE _ PB(3) ._ PB(4) 40. YEARS
• _ PB(5) 50. YEARS

PB(6) 80. YEARS
PAPER BIRCH SI < PB(2) PB(7) 120. SQUARE FEET/ACRE

• CLEARCUT PB(8) 80. SQUARE FEET/ACRE

PB(9) 65. SQUARE FEET/ACREAGE _>PB(3)
f-

DO NOTHING

BASAP _< AGE < PB(4) JPB(1). BA DO NOTHING

• .. BA < Pe(7) J

PB(4) _<AGE < PB(5)

El_>p.(2) .A_>p.(7) THINTOP.(0)

- DO NOTHING

PB(5) _ AGE < PB(6)
SHELTERWOOD CUT LEAVING PB(9)

AGE _>Pe(6)

• ,

Paper Birch Objectives and Assumptions
_

1. Maintain paper birch on better sites, convert to conifers on other sites.

.2. Manage for timber, particularly large products if possible.

3. Conditions are appropriate for using the shelterwood silvicultural system on better sites. The
assUmption is made that the removal cut will also include scarification.

17
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•r_1 : . CRITICAL VALUES

NH(1) 0.7
NH(2) 1,000. TREES/ACRE
NH(3) 80. SQUARE FEET/ACRE
NH(4) 9.0 INCHES
NH(S) 20. INCHES

NH(6) 16. INCHES
NH(7) 20. SQUARE FEET/ACRE
NH(8) 70. SQUARE FEET/ACRE

• NH(9) 110. SQUARE FEET/ACRE
NH(10) 7S. SQUARE FEET/ACRE
NH(11) 160. SQUARE FEET/ACRE
NH(12) 90. SQUARE FEET/ACRE

, NH(13) 80. SQUARE FEET/ACRE
NH(14) 80. SQUARE FEET/ACRE
NH(15) 05. SQUARE FEET/ACRE
NH(10) 120. SQUARE FEET/ACRE

DO. NOTHING , NH(17) 70. SQUARE FEET/ACRE

NT<NH(2) J NH(18) 8S. SQUARE FEET/ACRE

i NT_ NH(2) / RELEASE Q Q NH(19),O. SQUAREFEET/ACRE
BASAp >NH(1) ..BA THIN TO NH(8) . NH(20) 15. SQUARE FEET/ACRE

/ _ < NH(4) /

• DO NOTHING DO NOTHING/

NORTHERN BA < NH(3) / BA < NH(9) /

HARDWOOD NH(4) ___ < NH(S)| THIN TO NH(1S)
YELLOW BIRCH JBA > NH(0) JICOMP = 1

SHELTERWOOO CUT LEAVING NH(10)

BASAP _<NH(1) • BA .J_gJ:i _>NH(5) _/ DO NOTHING REMOVAL CUT IN 10 YEARS

BA < NH(11) /

_ < NH(6) THIN TO NH(16)

BA _>NH(11)

mm I

BA _>NH(3) HEMLOCK

ICOMP = 2 SHELTERWOOD CUT LEAVING NH(12)

D'BI:I _>NH(6) J REMOVAL CUT IN 10 YEARS

Do.OT.,.Q .s.ovs.o.Q.A.O

.SAW<..(.)/ _'_ _rrs. po-s (_
BAPOLE < NH(,)J THIN SAW TO NH(17)_ THIN POLE TO BAPOLE

BASAW _>NH(13)_ '_ _ + BASAW = NH(18)

i
NORTHERN HARDWOOD LEAVE SAWTIMBER (_

ICOMP = 3 BASAW < NH(14)/' THIN POLE TO NH(20)A

_)BAPOLE _>NH(7)J THIN SAW TO NH(19) [11_) _

IBASAW_>NH(14_

• .

Northern Hardwood Objectives and Assumptions

1. Maintain or develop all-aged northern hardwood stands.
2.Manage fortimber,particularlylargeproductsifpossible.

3. Maintainstandsthatare primarilyyellowbirchor hemlock throughthe use ofthe
shelterwoodsilviculturalsystem.

4. Ifyellowbirchbasalareaismore than25percentofthenorthernhardwoodbasalareathe
standisconsideredprimarilyyellowbirch.ICOMP = 1.

5. Ifhemlockbasalareaismorethan50percentofthenorthernhardwoodbasalareathestand
isconsideredprimarilyhemlock.ICOMP --2.

6.. If conditions 4 or 5 are not met the stand is considered northern hardwoods. ICOMP = 3.

18
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CRITICAL VALUES
,

LH(1) 55. FEET
LH(2) 90. YEARS

o LH(3) 90. YEARS "
LH(4) i10. SQUARE FEET/ACRE
LH(5) 110. SQUARE FEET/ACRE DO NOTHING

LH(6) 85. SQUARE FEET/ACRE , BA < LH(4) J•.(7) as.SQUA.EFEET/AC.E /

LH(S) 75. SQUARE FEET/ACRE AGE < LH(2){ THIN TO LH(S) _ _"

/. " BA_LH(4)J
SI < LH(1)

CLEARCUT

LH(2)_ DO NOTHINGAGE _>

LOWLAND HARDWOOD BA < LH(5)J

AGE<,.(3)J T.I. TO,.(7) _-_
!BA _>LH(5) J

SI >_LH(1)
SHELTERWOOD CUT LEAVING LH(0) /_

_JREMOVAL CUT IN 10 YEARSAGE _>LH(3)

Lowland Hardwood Objectives and Assumptions

1. Manage for timber.
2. Advanced regeneration must be present before the overstory is removed. Very little is known

abouthow tomanagelowlandhardwoods.
, . .

.
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CRITICAL VALUES
,. , DO NOTHING

J j,

uS(1 ) 20. SQUARE FEET/ACRE D-'B-R< US(2)
• US(2) 10. INCHES r"

BA _>US(1) /. CLEARCUT AND REGENERATE

• U.OSnSTOCKEOSTANOS |O--__>US(2)

REGENERATE

.A < US(1)_

I

Understocked Stand Objectives and Assumptions

1. Stands with a basal area less than 20 square feet are open enough so that they can be
• • regenerated without removing the overstory.

"2. Stands with a basal area greater than 20 square feet will be operable if the average diameter
is greater than 10 inches.

°

°
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APPENDIX B
!

Marking rulesin thissectionareprecededby a 4.Remove rough and rottentreesand thinfrom
number thatdesignatesthe finalpositionin the belowfavoringredpineuntilBA islessthanthe
management diagrams. Tl_esenumbers appear largerofRP(15)or RP(16) × BA.
withincirclesin the management diagrams.Re- Procedure:1.Remove roughand rottentrees.
moval proceduresfollowa verbaldescriptionofthe 2. Remove smalld.b.h.,non-redpine.

marking rule. 3. Remove smalld.b.h.,redpine.

Jack Pine 5. Remove rough and rottentreesand thinfrom
1.Remove overtoppingtrees, belowfavoringredpineuntilBA islessthanthe

Procedure:1.Remove treesover10inchesd.b.h, largerofRP(17)orRP(18) x BA.

2.Remove overtoppingtreesand leave1,000trees/ Procedure::1. Remove rough and rottentrees.
.acre. 2. Remove small d.b.h., non-red pine.

Procedure: 1. Remove trees over 10 inches d.b.h. 3. Remove small d.b.h., red pine.

2 Remove trees until there are only 6. Remove rough and rotten trees and thin from
1,000 trees/acre, below favoring red pine Until BA is less than

3. Remove rough and rotten trees and thin from RP(19).
• belowfavoringpinesandwhitespruceuntilBA is Procedure:1.Remove roughand rottentrees.

lessthan thelargerofJP(10)orJP(11)x BA. 2. Remove smalld.b.h.,non-redpine.

Procedure:1.Remove roughand rottentrees. 3. Remove smalld.b.h.,redpine.
2. Remove small d.b.h.,non-jack

pine, red pine, white pine, white White Pine
• spruce. 1.Remove overtoppingtreesand undesirablespe-

3. Remove smalld.b.h.,jackpine,red cies(whitepine,redpine,and whitespruceare
pine,whitepine,whitespruce, desirable).

Procedure:1.Remove non-whitepine,redpine,
whitespruce.

Red Pine 2. Remove treesover12inchesd.b.h.

1.Remove undesirablespecies(redpine,jackpine, 2.Remove mature aspenandjackpine,roughand
whitepine,and whitesprucearedesirable)and rottentrees,and thinfrombelowfavoringwhite
Overtoppingtrees, and redpineand whitespruceuntilBA isless
Procedure:1.Remove non-redpine,jackpine, than BAMIN + WP(11).

whitepine,whitespruce. Procedure:1. Removejackpineandaspenover6
2. Remove trees over 12 inches d.b.h, inches d.b.h.

2. Remove undesirable species and overtopping 2. Remove rough and rotten trees.
' trees and reduce the number of trees to 1,000 3. Remove small d.b.h., non-white

trees/acre, pine,redpine,whitespruce.
Procedure:1.Remove non-redpine,jackpine, 4. Remove smalld.b.h.,whitepine,

whitepine,whitespruce, redpine,whitespruce.

2.Remove treesover12inchesd.b.h. 3. Remove matureaspenandjackpine,roughand
3.Remove treesuntilthereareonly rottentrees,and thinfrombelowfavoringwhite

1,000trees/acre, and redpineand whitespruceuntilBA isless
3. Reducethenumber oftreesto 1,000trees/acre, thanBAMIN + WP(12).

Procedure:1. Remove treesuntilthereareonly Procedure:1. Removejackpineandaspenover6
• 1,000trees/acre, inchesd.b.h.
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. 2. Remove rough and rotten trees. 3. Remove small d.b.h., white spruce.

3. Remove small d.b.h., non-white 4. Remove rough and rotten trees and thin favoring
•pine, red pine, white spruce, white spruce until BA is less than SF(14). Thin

4. Remove small d.b.h., white pine, from above in non-white spruce and from below in
red pine, white spruce. _white spruce.

4. Remove mature balsam fir, rough and rotten Procedure: 1. Remove rough and rotten trees.
trees, and thin from below favoring white and red 2. Remove large d.b.h., non-white
pine and white spruce until BA is less than spruce.

BAMIN + WP(13). 3. Remove small d.b.h., white spruce. .
Procedure: 1. Remove balsam fir over 5 inches

d.b.h. Mixed Swamp Conifer '

2. Remove rough and rotten trees. 1. Remove mature aspen and balsam fir.
_3. Remove small d.b.h., non-white . Procedure: 1. Remove aspen over6 inches d.b.h.

_ _ pine, red pine, white spruce. 2. Remove balsam fir over 5 inches
4. Remove small d.b.h., white pine_ d.b.h.

• red pine, white spruce. 2. Remove hardwoods.

5, Removemature.aspen and jack pine, rough and Procedure: 1. Remove elm, aspen, paper birch.
rotten, trees, and thin from below favoring white 2. Remove black ash, red maple, yel-
and red pine and white spruce until BA is less low birch.

than BAMtN + WP(14). 3. Make a shelterwood cut leaving SC(12) square
Procedure: 1. Remove jack pine and aspen over6 feet/acre in seed cutting (favor northern white-

inches d.b.h, cedar, black spruce, white spruce, and tamarack)
' 2.. Remove rough and rotten trees, with a removal cut 10 years later. (Done for the

3. Remove small d.b.h., non-white third strip only.)

pine, red pine, white spruce. Procedure: 1. Remove rough and rotten trees.
4. Remove small d.b.h., white pine, 2. Leave largest d.b.h., highest

red pine, white spruce, crown ratio northern white-cedar,
6. Make a shelterwood cut leaving WP(10) square black spruce, white spruce, tama-

feet/acre in seed cutting (favor white pine) with a rack.
removal cut 10 years later.

4. Remove hardwoods and mature balsam fir.
Procedure: 1. Remove rough and rotten trees.

Procedure: 1. Remove balsam fir over 5 inches
2. Leave largest d.b.h., highest d.b.h.

crown ratio white pine. 2. Remove elm, aspen, paper birch.
Spruce.fir 3. Remove black ash, red maple, yel-
!., Remove aspen and leave the balsam fir to grow for low birch.

another SF(10) years, then clearcut. 5. Make a shelterwood cut leaving SC(13) square
PrOcedure: 1. Remove aspen, feet/acre in seed cutting (favor northern white-

2. SF(10) years later clearcut (should cedar, black spruce, white spruce, and tamarack)
' contain another stand of aspen), with a removal cut 10 years later. (Done for the

third strip only.)
2. Remove overtopping trees and non-white spruce. Procedure: 1. Remove rough and rotten trees.

Procedure:" 1. Remove non-white spruce.
2. Remove trees over12 inches d.b.h. 2. Leave largest d.b.h., highest

crown ratio northern white-cedar,
3. Remove rough and rotten trees and thin favoring black spruce, white spruce, tama-

wliite spruce until BA is less than SF(13). Thin rack.
from above in non-white spruce and from below in
white spruce. Northern White-cedar
Procedure" 1. Remove rough and rotten trees. 1. Remove mature aspen and balsam fir.

2. Remove large d.b.h., non-white Procedure: 1. Remove aspen larger than 6 inches
. spruce, d.b.h.
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" 2. Remove balsam fir larger than 5 Procedure: 1. Remove rough and rotten trees.
_inches d.b.h. 2. Remove small d.b.h., non-jack

2. Remove rough and rotten trees and thin from " pine, red pine, white pine.
below favoring white spruce, black spruce, and 3. Remove small d.b.h.,jackpine, red
northern white-cedar until BA is less than pine, white pine.,

WC(12). 2. Remove rough and rotten trees and thin from
Procedure: 1. Remove rough and rotten trees, below favoring pines until BA is less than

2. Remove small d.b.h., non-white BAMIN.

L . spruce, black spruce, northern Procedure: 1. Remove rough and rotten trees.
white-cedar. 2. Remove small d.b.h., non-jack

3. Remove small d.b.h., white spruce, pine, red pine, white pine.
black spruce, northern white- 3. Remove smalld.b.h.,jack pine, red

. cedar. . pine, white pine.

3. 'Make a shelterw0od cut leaving WC(13) square 3. Remove rough and rotten trees and thin from
feet/acre inseed cutting (favor white spruce, black below favoring pines until BA is less than BAMIN
spruce_ and northern white-cedar) with a removal + OK(24).
cut 10 years later. (Done for the third strip only.) Procedure: 1. Remove rough and rotten trees.
Procedure: 1. Remove rough and rotten trees. 2. Remove small d.b.h., non-jack

2. Leave largest d.b.h., highest pine, red pine, white pine.
crown ratio white spruce, black 3. Remove small d.b.h.,jack pine, red
spruce, northern white-cedar, pine, white pine.

4. Remove mature aspen and balsam fir. 4. Remove rough and rotten trees and thin from
Procedure: 1. Remove aspen larger than 6 inches below favoring oaks and hickories until BA is less..

d.b.h, than BAMIN.

2. Remove balsam fir larger than 5 Procedure: 1. Remove rough and rotten trees.
inches d.b.h. 2. Remove small d.b.h., non-oaks and

5. Remove rough and rotten trees and thin from hickories.
• • below favoring white spruce, black spruce, and 3. Remove small d.b.h., oaks and

• northern white-cedar until BA is less than hickories.
WC(I4).

5. Remove rough and rotten trees and thin from
Procedure: 1. Remove rough and rotten trees.

below favoring oaks and hickories until BA is less
2. Remove small d.b.h., non-white than BAMIN.

spruce, black spruce, northern
white-cedar. Procedure: 1. Remove rough and rotten trees.

2.Remove smalld.b.h.,non-oaksand
3. Remove small d.b.h., white spruce,

black spruce,northern white- hickories.
: cedar. 3.Remove small d.b.h.,oaks and

hickories.
6.Make a shelterwoodcutleavingWC(15) square

feet/acreinseedcutting(favorwhitespruce,black 6. Remove rough and rottentreesand thinfrom
spruce,andnorthernwhite-cedar)witha removal belowfavoringoaksandhickoriesuntilBA isless
cut 10years later. (Done for the third strip only.) than BAMIN + OK(25).

1 Procedure: 1. Remove rough and rotten trees. Procedure: 1. Remove rough and rotten trees.
2. Leave' largest d.b.h., highest 2. Removesmalld.b.h.,non-oaksand

• crown ratio white spruce, black hickories.
spruce, northern white-cedar. 3. Remove small d.b.h., oaks and

hickories.

Oak-hickory 7. Remove rough and rotten trees and thin from

1. Remove rough and rotten trees and thin from below favoring sugar maple, basswood, and white
below favoring pines until BA is less than ash until BA is less than BAMIN.

. BAMIN. Procedure: 1. Remove rough and rotten trees.
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. 2; Remove small d.b.h., non-sugar sugar maple and favoring yellow birch, basswood,
•maple, basswood, white ash. white ash, and northern red oak until BA is less

3. Remove small d.b.h., sugar maple, than. NH(8).
basswood, white ash. Procedure: 1. Remove rough and rotten trees.

8. Remove rough and rotten trees and thin from 2. Remove elms over 10 inches d.b.h.
below favoring sugar maple, basswood, and white 3. Remove large d.b.h., sugar maple.

ash until BA is less than BAMIN. 4. Remove small d.b.h., non-yellow
ProcedUre: 1. Remove rough and rotten trees, birch, basswood, white ash, north-

2. Remove small d.b.h., non-sugar ern red oak. t
maple, basswood, white ash. 5. Remove small d.b.h., yellow birch,

3. Remove small d.b.h., sugar maple, basswood, white ash, northern red
' basswood, white ash. oak.

9. Remove rough and rotten trees and thin from . 3. Remove rough and rotten trees and thin from
below favoring sugar maple, basswood, and white below discriminating against elm sawtimber and
ash until BA is less than BAMIN + OK(26). sugar maple and favoring yellow birch, basswood,

PrOcedure: 1. Remove rough and rotten trees.' white ash, and northern red oak until BA is less
than NH(15).

2. Remove small d.b.h., non-sugar
maple, basswood, white ash. Procedure: 1. Remove rough and rotten trees.

•3. Remove small d.b.h., sugar maple, 2. Remove elms over 10 inches d.b.h.
basswood, white ash. 3. Remove large d.b.h., sugar maple.

4. Remove small d.b.h., non-yellow
Aspen , birch,basswood,whiteash,north-
1.Remove roughand rottentreesand thinfavoring ern redoak.

aspenuntilBA islessthan AS(12).Thin from 5.Remove smalld.b.h.,yellowbirch,
abovein non-aspenand frombelowinaspen, basswood,whiteash,northernred
Procedure:1.Remove rough and rottentrees, oak.

2. Remove larged.b.h.,non-aspen. 4.Make a shelterwoodcutleavingNH(10) square
3. Remove smalld.b.h.,aspen, feet/acreinseedcutting(favoryellowbirch,bass-

• wood, white ash, and northern red oak) with a
Paper Birch removal cut 10 years later.
1. Remove rough and rotten trees and thin from Procedure: 1. Remove rough and rotten trees.

below favoring paper birch and aspen until BA is 2. Leave largest d.b.h., highest
less than PB(8). crown ratio, yellow birch, bass-
Procedure: 1,. Remove rough and rotten trees, wood, white ash, northern red oak.• ,

- ' 2. Remove small d.b.h., non-paper 5. Remove rough and rotten trees and thin from
birch, aspen, below discriminating against elm sawtimber and

3. Remove small d.b.h., paper birch, favoring hemlock and yellow birch until BA is less
aspen, than NH(16).

2. Make a shelterwood cut leaving PB(9) square Procedure: 1. Remove rough and rotten trees.
feet/acre i.nseed cutting (favor paper birch) with a 2. Remove elms over 10 inches d.b.h. '

removal cut 10 years later. 3. Remove small d.b.h., non-hem- ,
Procedure: 1. :Remove rough and rotten trees, lock, yellow birch, t

• 2. Leave largest d.b.h., highest 4. Remove small d.b.h., hemlock, yel-
crown ratio paper birch, low birch.

Northern Hardwood 6. Make a shelterwood cut leaving NH(12) square
feet/acreinseedcutting(favorhemlockand yel-

l.Remove overtoppingtrees, lowbirch)with a removalcut10 yearslater.
Procedure:1.Remove treesover8 inchesd.b.h.

Procedure:1.Remove roughand rottentrees.

2.Remove rough and rottentreesand thinfrom 2. Leave largestd.b.h.,highest
belowdiscriminatingagainstelm sawtimberand crown ratio,hemlock, yellow
' birch.

.,
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7. & 8. Remove rough and rotten sawtimber, thin 3. Remove yellow birch, sugar ma-
favoring immature yellow birch, sugar maple, and ple, basswood over 22 inches d.b.h.

- basswood until sawtimber BA is less than NH(17), 4. Remove non-yellow birch, sugar
•and remove all rough and rotten poles, maple, basswood sawtimber.

Procedure: 1. Remove rough and rotten sawtim- 5. Remove yellow birch, sugar ma-
ber. ple, basswood sawtimber.

2. Remove non-yellow birch, sugar
maple, basswood over 18 inches 1. Remove rough and rotten poletim-
d.b.h, ber.

3. Remove yellow birch, sugar ma- 2. Remove non-yellow birch, sugar
ple, basswood over 22 inches d.b.h, maple, basswood poletimber.

4. Remove non-yellow birch, sugar 3. Remove yellow birch, sugar ma-
maple, basswood sawtimber, ple, basswood poletimber.

5. Remove yellow birch, sugar ma- Lowland Hardwood

ple, basswood sawtimber. 1. Remove rough and rotten trees, remove elms, and
1. Remove rough and rotten poletim- thin from below favoring black ash, yellow birch,

ber. , and red maple until BA is less than LH(6).

9. & 10. Leave sawtimber, remove rough and rot- Procedure" 1. Remove rough and rotten trees.
ten poletimber, and thin poletimber favoring -2. Remove large d.b.h., elms.
yellow birch, sugar maple, and basswood until 3. Remove small d.b.h., non-black
poletimber and sawtimber BA is less than ash, yellow birch, red maple.
NH(18). 4. Remove small d.b.h., black ash,
Procedure: 1. Do nothing to the sawtimber, yellow birch, red maple.

. 1. Remove rough and rotten poletim- 2. Remove rough and rotten trees, remove elms, and
ber. thin from below favoring black ash, yellow birch,

2. Remove non-yellow birch, sugar and red maple until BA is less than LH(7).
maple, basswood poletimber. Procedure: 1. Remove rough and rotten trees.

3. Remove yellow birch, sugar ma- 2. Remove large d.b.h., elms.
ple, basswood poletimber. 3. Remove small d.b.h., non-black

]I. & 12. Remove rough and rotten sawtimber and ash, yellow birch, red maple.
poletimber, thin sawtimber favoring immature 4. Remove small d.b.h., black ash,
yellow birch, sugar maple, and basswood until yellow birch, red maple.
sawtimber BA is less than NH(19), and thin 3. Make a shelterwood cut leaving LH(8) square
Poletimber favoring yellow birch, sugar maple, feet/acre in seed cutting (favor black ash, yellow
and basswood until poletimber BA is less than birch, and red maple; discriminate against elm)
NH(20). with a removal cut 10 years later.

Procedure: 1. Remove rough and rotten sawtim- Procedure: 1. Remove rough and rotten trees.
ber. 2. Remove large d.b.h., elms.

2. Remove non-yellow birch, sugar 3. Leave largest d.b.h., highest
. maple, basswood over 18 inches crown ratio, black ash, yellow

. d:b.h, birch, red maple.
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Brand, Gary J. ¢{

1981. Simulating timber management in Lake States forests. U.S.
Department of Agriculture Forest Service, General Technical Report
NC-69, 25 p. U.S. Department of Agriculture Forest Service, North

; Central Forest Experiment Station, St. Paul, MN.
Describes in detail a management subsystem to simulate cutting in

Lake States forest types. This subsystem is part of a Stand and Tree
Evaluation and Modeling System (STEMS) contained in the Forest
Resource Evaluation Program (FREP) for the Lake States. The
management subsystem can be used to test the effect of alternate
management strategies.

KEY WORDS: silviculture guide, computer model, growth model.
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