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CENTRAL STATES FOREST MANAGEMENT GUIDES AS
APPLIED IN STEMS

Nancy R. Walters

Growth and yield projection models have become assess a stand's condition and apply an appropriate
one of the tools commonly used by forest managers management prescription. The user can easily modify
and planners in making decisions about the forest these guides, tailoring the management prescription
resource. Growth simulators aid in resource assess- to fit specific conditions or objectives.

ment by providing a means to update forest inven- This paper describes the management component
tories and estimate future yields. Growth models developed for use in the Central States variant of
become particularly useful when, in addition to pro- STEMS Similar guides have been developed for Lake
jecting the growth of stands, they can simulate States STEMS (Brand 1981).
management (tree cutting) and describe how those
management actions will affect future stand

development. MANAGEMENT GUIDES WITHIN
The Stand and Tree Evaluation and Modeling THE STEMS FRAMEWORK

System (STEMS) is an example of such a growth
model (Miner and Walters 1984). Scientists at the The management component of Central States

North Central Forest Experiment Station developed STEMS includes six management guides, one for
STEMS for use by forest managers and planners each major covertype of the Central States region:

wanting to evaluate many stands simultaneously, Eastern redcedar Elm-ash-cottonwood

such as in regional analysis. It operates on a main- Shortleaf pine Pin oak
frame computer and is being used by forest industries, Oak-hickory Tolerant hardwoods
States, and the USDA Forest Service Forest Inven-

tory and Analysis group, among others. Two variants Each computerized guide is a synthesis of existing
information on managing the particular forest type.are available: Lake States STEMS, intended for use

in Minnesota, Wisconsin, and Michigan; and Cen- Published information widely used by forest
tral States STEMS, for use in Missouri, Illinois, and managers as well as unpublished information from
Indiana. foresters who are experienced in managing Central

States forests provided the basis for these guides. A

The management component in STEMS was complete list of the sources used to develop the
designed with the understanding that users would guidelines is included in the Literature Cited.
be evaluating many forest stands at one time and

that the stands would represent a wide variety of The guidelines prescribe treatments for individual
forest types and conditions. To be of value in a system stands using stand information that is provided as

such as STEM_ the management component needed input to STEMS. This information is in the form of
to be able to prescribe and apply management a tree list that is altered as trees grow, die, and are

cut. For each tree on a sample plot, the STEMS treeactions as well as be flexible enough to allow the user
to alter those prescriptions. To achieve these goals, list includes the species, diameters, crown ratio and

a set of computerized management guides was tree quality codes as well as stand age and site in-
developed that has the capacity to automatically dex (Miner and Waiters 1984). These data provide the

only information required by STEMS for projecting
tree growth and mortality, deciding on a management
prescription, and selecting trees to cut.

NANCY WALTERS, Forester, North Central Forest
Experiment Station, St. Paul, Minnesota. Using the information supplied in the tree list,

STEMS determines the covertype of the stand and



then selects the appropriate management guide Table 1.--Description of terms used in decision keys
(Belcher 1981). The management guide for each
coverture consists of a decision key and a set of mark-

Symbol Units Description
ing rules. The decision key (Appendix A) is an
algorithm that determines the stand characteristics Age Years StandAge
and prescribes appropriate management. The mark- BA sq.ft.tacre Basalarea of all livetrees on the stand
ing rules (Appendix B) carry out the silvicultural (acceptableand unacceptablegrowingstock)
prescription, assigning the sequence in which trees BNAGS sq.ft./acre Basalarea of acceptablegr0wing-stocktrees
will be cut. BLINE sq.ftJacre Basalarea at the minimumstockinglevel

(seedecisionkeysfor calculation)
BASAW sq.ftJacre Basalareaof all livesawtimber-sizetrees

THE DEC][S[ON KEY BAPOLEsq.ft./acre Basalareaof all livepoletimber-sizetrees
BASAP sq.ft./acre Basalareaof all livesaplings

The decision key is like a map of roads branching DBH inches Averagediameterat breastheightof livetrees
in different directions, each leading to different on the stand

silvicultural prescriptions (fig. 1). At each intersec- NT trees/acre Numberof livetrees per acre on the stand
tion or decision point, true/false questions about QMDBH inches D.b.h.of tree of averagebasal area:square
characteristics of the stand are answered based on rootof (8N0.0054540 NT)
the stand and tree information. True statements are SI feet Standsite index(50year basis)
followed until enough stand information is ac- Rough& number
cumulated to make a silvicultural prescription. Rotten of trees Unacceptablegrowingstocktrees

Depending on the covertype being considered, the < as in a < b: a is less than b
"map", or decision key, may be very complex or - as in a _<b: a is less than or equal to b
relatively simple. The silvicultural prescriptions are > as in a > b:a is greater than b
based on a variety of stand characteristics, depending > asin a _>b:a is greaterthanorequaltob
on the covertype being evaluated. In some covertypes
it is necessary to know stand density to make
management recommendations. In others, treatments listed in table 1. The stand's health, its location, in-
are prescribed based on the age and/or site index of sect and disease problems, and the current market
the stand. Table 1 describes that array of stand conditions are just a few of the additional factors con-
characteristics used at the decision points of the keys. sidered in determining silvicultural prescriptions.
These characteristics provide the basis for making Because, in modeling, so many of these dynamic
the prescription, and some or all of them, in vary- characteristics cannot easily be considered, a few ini-

ing combinations, are used in each of the six keys. tial assumptions are made. One of the basic assump-
tions is that STEMS does not account for shrubs or

Obviously, forest management decisions in the real
intertree spacing so it therefore does not reflect the

world are based on many other factors besides those
effects they may have on tree growth. In addition to

this basic assumption, special assumptions are made
for each covertype (see Decision Keys in Appendix A).

SAofsawtimber I:)onothing Figure 2 illustrates the decision key for the
<so_.ft ,jr .........

sa ofpo|esF----- tolerant hardwood covertype. The circled numbers

pertain to marking rules that will be discussed later.Th|n This management guide operates on the above basic
BAof 9,awtiml_r _tttiml_r assumption as well as the assumption that all-aged
>sosq ft.I ->so _" ft . stands will be maintained or developed and that the

Tolerant management objective is timber.Hardwood Leave
BAof sawtimber poletimber The guide for this covertype bases its management
<so sq. ft _ prescriptions on the density distribution in the stand.

_, ofpo,es At the first decision point the amount of basal area
-->20sq.ft. Thinpoles in poletimber (BAPOLE) is assessed. At the next deci-

8A of saw'dmber andsawUmber sion point basal area in sawtimber-size trees (BASA_W)

>_.80___sq.__ _ is determined. At each of these decision points
STEMS compares the stand's characteristics
calculated from the tree list to the decision values

Figure 1.--Simplified tolerant hardwood decision key built into the management guides. Those values
(BA = Basal Area).



Donothing

__.___I Removerough
Thin androtten

BAPOLE<20 sawtimber poletimber

BASAW>_.80_ - '-_
Thin poletimber

Tolerant to BAPOLE

Hardwood Leave + BASAW= 70

BASAW<80 _ _')
Thin

Thin poletimber
BAPOLE>__20

sawtimber to 15

®

Figure 2.--Tolerant hardwood decision key.

associated with the stand characteristics at each deci- To demonstrate how a decision key is used to deter-

sion point are called "critical values". In this decision mine a silvicultural prescription, assume we have a
key the critical value for BAPOLE is 20 square feet. sugar maple-beech stand (ie, tolerant hardwood cover-

Stands with less than 20 square feet in poletimber type) with 100 square feet total basal area including:

(BAPOLE < 20) follow the top branch. Those stands 18 square feet in poletimber, and 82 square feet in

with 20 square feet or more in poletimber (BAPOLE sawtimber (fig. 3).

>- 20) follow the lower branch. Similarly, the critical

value for BASAW in this key is 80 square feet. The To determine the prescription for this stand, the

critical value for BASAW happens to be the same for basal area in poletimber (BAPOLE) of 18 square feet

each of the two sets of branches, but they may be dif- is compared to 20 square feet, the critical value at

ferent for each set of branches in other keys. Default the first decision point. Because the stand has less

critical values, based on pub]ished management than 20 square feet in poletimber, the upper branch

guidelines, are established for each decision key and is followed. At the next decision point, because the
basal area in sawtimber (BASAW) of 82 square feet

are used unless changed by the user. is more than the critical value of 80 square feet, the

Donothing

BASAW<80/
Removerough

Thin androtten
BAPOLE<20_sawtimber poletimber

I BASAW>__80v,4 ....
=,I,_.,,,-, _" Thin poletimberTolerantJ to BAPOLE

i Thin poleti be

BAPOLE_>20J sawtimber to 15 /,_

.... Routeusedto reacha prescriptionfora standwith:
BAPOLE= 18sq. fl:.and BASAW= 82 sq. ft.

Figure 3.--Example of how a decision key is used,



lower branch is taken. That lower branch leads to To provide this flexibility, the critical values that

a prescription that thins the sawtimber size class to may be changed are designated by symbols. In the
70 square feet and removes rough and rotten tolerant hardwoodkey, the critical values are denoted
poletimber, as TH(1), TH(2)...TH(7) (fig. 4). TH(8) allows the user

to set the lower limit for the sawtimber size class (see
Although the silvicultural prescriptions made by fig. 4, assumption 3). The values assigned to each

these management guides are usually reasonable, for symbol are stored in an auxillary data file and are

many different reasons they sometimes are not. used in STEMS unless changed by the user. Using
Perhaps the assumptions don't apply in the user's the default values as printed in figure 4, this

situation or the market conditions make the prescri- generalized key would produce the same prescription
bed management impractical. In these situations, for any given stand as would the specific key in figure
users can do one of two things. One option is to choose 3.
one of the other available guides rather than the one

chosen by STEMS. For instance, the oak-hickory As an example of how these critical values are used
guide provides guidelines for even-aged management to provide flexibility in management, let's use the
and may not be useful to those having uneven-aged same sugar maple-beech stand and add an assump°
managment goals for upland hardwood stands. In this tion. Assume market conditions are such that it is
case the user could chose to use the tolerant hard- not economically feasible to enter the stand as often

wood guide, which provides guidelines for uneven- as would be silviculturally advisable (fig. 5). Let's say
aged management, and override the assigned even- we'd want to have 90 square feet of sawtimber pres-
aged management guide, ent before entering stands with a small proportion

of poletimber.
The other option is to modify the key so that a dif-

ferent outcome is produced. This flexibility is provided By changing TH(2) from 80 to 90 square feet, the

by allowing the user to change the critical values at prescription will be to "do nothing" for any stand with
each decision point. The stand characteristic itself less than 20 square feet in poletimber and less than
(e.g., BAPOLE, BASAW), cannot be changed, nor can 90 square feet in sawtimber. Because our example
the framework be altered; only the value at each in- stand has 18 square feet of poletimber and 83 square
tersection is variable, feet in sawtimber, we follow the path to the "do

BASAW Do nothing

Remove rough
BAPOLE _------ Thin and rotten

<TH(1) ! sawtimber poletimber

"" Thinpoletimber
Tolerant toBAPOLE
Hardwoodi Leave + BASAW= TH(5)/._

BAPOLE _ Thin poletimber
_ >_TH(1) _ sawtimber to TH(7)

>_TH(3)

c c=va,uea Assumptions
THO)= 20.84._/ac
13t(2)= 80.sq. ft./ac
_0) = 80.sq. ft/a¢ 1. Maintain or develop all-aged tolerant hardwood stands.
TH(4)-"70.sq.fL/ac 2. Manage for timber, particularly large products ff possible.
T.(5) = 85. sq._/ac 3. Minimum sawtimber d.b.h, for BASAW is TH(8).
TH(6) = 70. sq. ft./ac
TH(7)= 15.sq. ft./ac
11t(8)= 10.inches

Figure 4.--Generalized tolerant hardwood key.



BASAW Donothing

Removerough
BAPOLE Thin androtten
<TH(1) sawtimber poletimber

SASAW tO_(4) _
_TH(2) Thinpoletimber

Tolerant toBAPOLE
Hardwood Leave A _+ BASAW=TH(5) a

SASAW .w.m_, f3T-'--_ ......

i8APOLE_'_ Thin i_;timber
>_TH(1) sawtimber toTH(7)

_TH(3)

c_ca_v._.es Assumptions
TH(1)= 20.sq.ft./ac
TH(2)= gO.sq.fC/ac
TH(3)= 80,sq. ff./ac 1. Maintain or develop all-aged tolerant hardwood stands.
TH(4}= 60. $q. ft/a¢ 2. Manage for timber, particularly large products if possible.
TH(5)= 75. sq. ft/ac 3. Minimum sawtimber d.b.h, for BASAW is TH(8).
TH(8)= 80. sq. tt/ac 4. Market conditions are poor.
TH(7)= 15.sq. ft./ac
TH(8)= 10.inches

Figure 5.--Modified tolerant hardwood key.

classes can be managed separately. Marking rules

nothing" prescription. In keeping with our new I and 2 specify that the sawtimber size class be thin-
assumption, when treatment is warranted, we may ned and that all rough and rotten poletimber be
also want to thin more heavily than the guide sug-
gests. If this is the case, we could also lower the values removed (fig. 6). Marking rule I calls for rough and
for TH(4), TH(5), and TH(6) so that when, and if, we rotten sawtimber to be removed first (procedure 1),

took any of the three lower branches, the stand then less desirable species are thinned from above,
would be thinned to a lower residual basal area. down to 18 inches d.b.h. (procedure 2). If the basal

area limit is not reached before this point, more

desirable species will be thinned from above, down
MARKING RULES to 22 inches d.b.h. (procedure 3). The last two pro-

cedures in marking rule 1 thin from the remaining
Once the decision key determines a prescription, sawtimber-size trees of the undesirable species and

STEMS automatically applies that treatment to the then the desirable species, in that order. Cutting stops
stand. The circled numbers on the right hand side when the residual basal area prescribed in the deci-
of the decision keys correspond to a set of marking sion key is reached. Marking rule 2 calls for all rough

rules that apply the prescription (for example, see figs. and rotten poletimber-size trees to be removed and
4 or 5). Certain prescriptions are easy to apply and is applied regardless of the action taken through
don't need marking rules, as in "do nothing", where marking rule 1. Marking rules 3 through 6 follow
all the trees are left to grow, and in clearcut, where similar logic and are found in Appendix B. As with
all the trees in the stand are harvested. The "thin" the decision keys, these marking rules can be tailored

prescription, on the other hand, requires a sequence to fit the user's particular situation by modifying an
of priorities assigning which trees to cut first to pro- auxiliary data file. Appendix C outlines the method
duce the desired residual stand. This procedure is for changing marking rules.
outlined in a set of marking rules for each decision

key (Appendix B). The criteria used to assign trees APPLICATIONS
for cut are tree species, diameter at breast height

(d.b.h.), tree quality, and crown ratio. This management component in and of itself has

In the case of tolerant hardwoods, the marking potential for far-reaching applications. Thus far,
rules are paired so that poletimber and sawtimber however, most uses have been made within STEMS.



MARKING RULE 1 assesscurrent treatment opportunities for the forest
resourceinthe North CentralStates_Forestedareas

Remove rough and rotten sawtimber, in a State were consideredfor severalclassesof

thin from above favoring hard maple, silvicultural treatments based on the stand
other commercial upland hardwoods, characteristics. Cut volumes generated from
walnut, and ash until sawtimber basal simulated silvicultural operations were calculated,
area is less than TH(4). and the results represented the volumes that could

have been expected if all treatments were carried out
Trees are removed in this order until (Smith and Jakes 1981).

basal area limit is reached: When using the guides within STEMS, note that
there are no built in constraints on the amount of

Procedure 1 . Remove rough and volume or number of acres cut. Actual silvicultural

rotten sawtimber, treatments prescribed when projecting the growth of
2. Remove non-hard maple, many stands over a large area will probably be ap-

other commercial upland plied with some economic or market-related limits
hardwoods, walnut, ash in mind. Therefore, when doing regional updates or

more than 18 inches projections, such as those mentioned earlier, users
d. b.h. may have to supplement the management guides

3. Remove hard maple, with some constraints on acres cut or on the allowable
other commercial upland harvest.
hardwoods, walnut, ash
more than 22 inches These management guidelines can be used outside
d. b.h. the framework of STEMS. For example, the guides

4. Remove non-hard maple, can be used manually with other growth and yield
other commercial upland predictors that do not offer silvicultural guides, such
hardwoods, walnut, ash as the TWIGS program, a version of STEMS that
s aw tim b e r. operates on mini- and micro-computers (Miner et al.

5. Remove hard maple, In prep.). In contrast to STEMS, TWIGS is ideal for
other commercial upland intensive evaluation of one stand at a time. Its
hardwoods, walnut, ash management component consists of a menu list of
s awt i m b e r. treatment options--but offers no guidelines about

which treatment to choose. The management

MARKING RULE 2 guidelines described in this publication, along with
TWIGS and a professional's good judgment, make up

Remove all rough and rotten a useful set ofdecisionmaking tools for the natural
po iet i m b • r. resource professional.

Figure 6.--Tolerant hardwood marking rules 1 and 2.
CONCLUSION

Managed as well as unmanaged forest inventories Computerized silvicultural guidelines, based on ac-
have been projected into the future and updated from cepted management practices, have been developed
past to present, and effects of various management for incorporation into the Central States variant of
strategies have been evaluated. One specific applica- STEMS. One set of management guidelines for each
tion of management guides within the framework of of six major forest covertypes in the Central States
Lake States STEMS has been the update of statewide is included in STEMS' management component.
forest inventories to provide interim information be- Each set of guidelines includes a decision key that
tween major field inventories. In this application, the prescribes silvicultural treatments and a set of mark-
management guidelines were modified and applied ing rules that implements the prescriptions. The keys
to estimate the total volume of wood that would have use stand and tree characteristics supplied by the
been harvested during the update period (Raile and user to determine silvicutural prescriptions. Within

Smith 1982). In another Lake States application, STEMS the guidelines can automatically be applied
predicted yields were calculated from selected cut- to a stand, or they can easily be modified to create
ting prescriptions using area control constraints, and a silvicultural prescription that better suits a par-
future deficiencies and surpluses in the forest ticularsituation. Although these management guides
resource were identified (Jakes and Smith 1980). were written to be included in STEMS, they can

Management guides have also been used to help readily be incorporated into other growth projection
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systems or used as a field refbrence when preparing Miner, C. L.; Walters, N. R. 1984. STEMS: a

management prescriptions, nontechnical description fbr foresters. Res. Pap.
NC-252. St. Paul, MN: U.S. Depm_ment of

The management guidelines increase the ease,
Agriculture, Forest Service, North Central Forest

flexibility, and realism of simulating forest manage-
Experiment Station. 12 p.ment and growth. With this capability, foresters are

better able to update past resources and predict future
Miner, C. L.; Walters, N. R.; Belli, M. L. A technicalones, and evaluate the effects of alternative manage- .

guide to TWIGS for the North Central U.S. St.

ment strategies. Paul, MN: U.S. Department of Agriculture, Forest
Service, North Central Forest Experiment Station.
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greater_mn_ !equalto80% of the Thebasalareaof
The I:_)t_1gfoaltor Removealltrees dealed _o_._rl !aH Itvetrees(BA)Is Th_ backtothe
thano_aquaiIo 80 h_omthe pk_ dlan_ (20") | greaterthanor basal areaat Ihe

1_lual lo lhe ba#l deslmd n_illmurn
_ 711 l o_,_t_ mc_ _v_

I minimumstocking (BLINE)plus 10

m_ng n_ #3)



Do nothing

D
............. ! Clearcut

EasternRedcedar

Age<RC(4) _

Do nothing

NT<RC(8) ....J

sl>-"c(l"-----L) _>_

RC(4)_<Age<RC(5)
Thin to RC(12)

RC(8) _ ......
Do nothing

NT<RC(9)

NT>__RC(3) RC(5)_%<Age< RC(6)
CriticalValues Thin to RC(13) /_

NT>__RC(9)
RC(1) = 35.feet Do nothing
RC(2) = 60.years
RC(3) = 120.trees/ac NT<RC(10)
RC(4) = 25. years
RC(5) = 35.years RC(6)__<Age<RC(7)
RC(6) = 45.years Thinto RC(14)

RC(7) = 60.years NT_RC(10) _
RC(8) = 400.trees/ac Clearcut

RC(9) = 250.trees/ac <RC(11) • NT are cedarRC(10)= 175.trees/ac
RC(11)= 0.5 trees/ac
RC(12)= 400.treeslac Age>__RC(7) Shelterwo(xlcut to RC(15) • BA;
RC(13)= 250.trees/ac Removalcut in 10years

RC(14)= 175.Vees/ac >__RC(11)• NT arecedar _ ......
RC(15)= 0.3

Eastern Redcedar Assumptions

1. Market is such that it is appropriate to manage for eastern redcedar.
2. Management objectives are for saw log production under an even-aged system with rotation age at 60 years.

References: Ferguson et al. 1968, Lawson 1985, USDA 1976.
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Donothing

Donothing

ShortleafPine

Donothing

sA<SU.E+SP(4)

Thinto BLINE

SI>SP(1) SP(2)__<Age<SP{3) _ Q

[
BA>__BLINE+ SP(4)

t Thinto BLINE

CriticalValues Clearcut

SP(2)= 15.years
SP(3)= 50.years Age>---SP(3) ShelterwoodleavingBLINE;
SP(4)= 10.sq. ft. Removalcut in10 years
SP(5)= 60.percent SP(6)=0 _ _ZJ
SP(6)= 0

Shortleaf Pine Assumptions

1. Shortleaf pine type consists of sawtimber or poletimber stands in which pine comprises 50 percent or more
of the cubic volume, or seedling or sapling stands in which more than half the number of trees are pine.

2. The stand is even-aged.
3. Conditions are appropriate for using the clearcut silvicultural system.
4. 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 SP(5)
in the following equation. This equation describes the B-line of the stocking guide in Rogers 1982.

BLINE = SP(5) [ (0.05454 QMDBH2)/(0.088 + 0.094 DBH + 0.025 QMDBH2)]

5. SP(6) enables the user to determine the harvest method where: 0 = shelterwood cut and 1 =
clearcut.

References: Brinkman and Rogers 1967, Brinkman and Smith 1969, Rogers 1982, USDA 1980.
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] BA<BUNE-OH(1) {_

Do nothing

_Clesrcut

Do nothing

<SLINE + OH(11) J_
_,W

Oak- <OH(9) • 8A
i*

! m. to8u.E .-.

__mi.E o.,t1_)J --- -"
Age<OH(5) _ Clearcut

BA/AGS<SUNE*OH(12)

I I _ _<.L,.e oo.oth,..
+ OH(17) "

'_'_, J J I IBA_--_BLINE Thinto BLINE ,,_

,,_.u.E-OHO) J _ oo.o.,,.g J _ (8)
_<OH,S_"g l->,/2t.e__t..,'_ mntoeU._
J........ Clearcut | BA>__BLINE + OH(21)

tA_'->°"(m / l �o.o%j_--_J

Do nothing

BA<BLINE + OH(13) J
8ASAW I

I I Thin to BLINE r'_

j _INE �o.0_)" _ .....
Age<OH(7) I Clearcut

Crtt_, Values _
] I .A<suNE Oo_o=mO

o..,=20.,.  ac I,s,w !OH(21 = 55. feet

OH(3) = 75. feet _ _ ,
OH(4) = 100. years

o_s)= so.yea., ,_o.o I I IBA_BLINE _Thinto BLINE

OH(;') = 50. years
0_8) = 70. years

OH(9) = 0.5 Donothing l __+OH(20)

o+o,=o+ I IOH111)= 10. sq. ft./ae OHlT)_age.<OHl8 _1/2 trees mature2 fNE

Oit(12) = 20. sq. ft./at . Clearcut | BA_BLJNE + OH(22)
OH(13)= 10. sq. ft.]_ Ag_OH(8) _' -- + OH(20)
OH(14) - 20. sq. _/aC _ |.. _.._]_"----+--(_
OH(15}= 20. inches [ desired

OH(16}= 24. inches _ rotationdiameter

OH(17)= 10.sq. fL/ec 'A maturetree has DBH_0.8 - Oit(15).
OH(18)= 25. sq. tL/ac =Amaturetree has DBH_0.8 - Oit(16).
Ott(19) = 10, sq. _/ac
OH(20)= 25. sq. ft./ac
Oit(21) = 10. sq. ft/ac
OH(22)= 10, sq. lt./ac
OH(23)= 58. percent stocked
OH(24)= 11,inchea

Oak-Hickory Assumptions

1. Management objectives are to favor tolerant hardwoods where the oak site index is high, favor oaks
on medium sites, and maintain oaks or convert to another species after clearcutting where the oaksite index is low.

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

3. Advanced regeneration will be present before clearcutting.
4. Minimum sawtimber DBH for BASAW is OH(24).

5. 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
OH(23) in the following equation. This equation describes the B-line of the stocking guide in Sander1977.

BLINE = OH(23)[ (0.05454 QMDBH2)/(-0.0507 + 0.1698 DBH+ 0.0317 QMDBH_)]

References: Gingrich 1971, Roach and Gingrich 1968, Sander 1977, USDA 1981.



Do no_ing CriticalValues
EAC{1) = 70. feet

BA<BLINE EAC(3) = 12.inches
_-- EAC(4) = 5. inches

EAC{5) = 24. inches

Donothing EAC{6) = 10.sq. ft./ac

BA>.LINE-EAC(6) _ EAC(7) = 10.sq. ft./acSi<EAC{1) -- _ __ EAC(8) = 20.sq. ft./ac
eAC(9) = 0. sq.fL/ac

Donothing EAC{10)= 119.sq. fL/ac

eAC01)=0.0
BA>__BLINE

| Clearcut

|DBH>_EAC(3) ._----_ .......

Elm-Ash-
Cottonwood Donothing

DOnothing

BA_ BLINE-EAC{7)

.;l>__EAC(1) Do nothing

BA__<BL]NE + EAC{8)

DBH<EAC(5) I

N_------- Thinto BLINE+ EAC(9)

BA>_BLI __BA>_BLINE + EAC(8)
Q

Clearcut

DeH>__EAC(5)_______

Elm-Ash-Cottonwood Assumptions

1. It is silviculturally appropriate to use even-aged silviculture in the stand.

2. Management objectives can be met using even-aged silviculture.

3. Timber production is the primary objective, particularly large products on good or better sites, pulpwood

on poorer sites.

4. Understocked stands can be regenerated go trees.

5. Adequate seed source exists in adjacent stands or the area will be planted aider clearcutting.
6. Competing vegetation is controlled in young stands.

7. 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 EAG(10)

and EAG(11) in the following equation. This equation describes the B-line of the stocking guide in Myers
and Buchman 1084.

BLINE = EAG(10XI-e -EAC(zz)°QMDBH)

References: Myers and Buchman 1084, Putnam et al. 1060, Schlesinger (personal communication).
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Dor',o_ing
BA<_INE + PO(2)J --

Age<PO(1)

Th_ tO BL_P4E _,"

PinOak _.BL|NE + PO(2)/"-----'---'-'_._)

Ctearcut

Cr_ica|Values

PO(t)= 40.years
PO(2)= 20.sq.,./a¢
PO(3)= 80.percent

Pin Oak Assumptions

1_ A management decision has been made to manage pin oak on a 40-year rotation to produce pilings.
2. The ctearcut pr_scription assumes > 1,500 well spaced desirable hardwood seedlings per acre for advance

regeneration_
3. The :minimum acceptable stand basal _ea is dependent on the size of the trees present. That is, it is a

measure of s_zking. The percent of the full stocking considered acceptable can be changed by altering
PO(3) in the following equation_ This equation describes the B-line of the st(_king _ide in Sander 1977.

BLtNE = P(_3)[ (0_05454 ® QMDBH)/(-0_0507 + 0.1698 DBH+ 0.0317 QMDBH2)]

i_fere:nces: Putnam 1951, SAF 1981, USDA I979, 1980_
!
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_] DonothingBASAW

<TH(2) _--_--
BAPOLE ........... Removerough

Thin androtten<TH(1)
sawtimber poletimber

.=w ®_>_TH(2)
Thinpoletimber

Tolerant to BAPOLE+
Hardwood

Leave BASAW= TH(5) ,,-_

BASAW sawtimber _ t9
Thin

BAPOLE
Thin poletimber

_>TH(1) sawtimber to TH(7)

®>_13t(31

CriticalValues

TH(1)= 20. sq. ft./ac
TH(2)= 80. sq. ft./ac
TH(3)= 80. sq. fL/ac
TH(4)= 70. sq. ft./ac
TH(5)= 85. sq. fL/ac
TH(6)= 70. sq. ft./ac
TH(7)= 15.sq. ft./ac
TH(8)= 10. inches

Tolerant Hardwood Assumptions

1. Maintain or develop all-aged tolerant hardwood stands.

2. Manage for timber, particularly large products ff possible.
3. Minimum saw-timber d.b.h, for BASAW is TH(8).

References: Tubbs 1977, USDA 1973.
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Regenerate

Understocked _ Donothing

i_ DBH<US(2)
iSA>-USO)

Clearcut and regenerate

DBH_US(2) _- ...........................

CriticalValues

US(l) = 20.sq.ft/acre
US(2)= 10. inches

Understocked Stand Assumptions/

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

removing the understory.

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

Reference: Brand 1981.



APPENDIX B Marking Rule 5: Make a shelterwood cut, leaving
30 percent of existing basal area in seed cutting (favor
eastern redcedar), and make a removal cut 10 years

Marking Rules later.

Marking rules consist of a number of removal pro- Procedure: 1. Remove rough and rotten trees.
cedttres that carry out the prescription determined 2. Leave largest d.b.h., highest crown
by the covertype decision key. The procedures indicate ratio, eastern redcedar.

how the cut will be made using tree species, diameter Shortleaf Pine
at breast height, crown ratio and quality as criteria.
For each covertype, the marking rule numbers refer Marking Rule 1: Manage for pine on a 40_year rota-

to the numbers along the right side of tion for posts and poles. Eliminate all non-shortleaf
the corresponding decision key (Appendix A). For in- pine, then row thin until basal area is less than the
structions on how to modify these marking rules, see minimum acceptable stocking level (BLINE).

Appendix C. Procedure: 1. Remove species other than shortleaf
Eastern Redcedar pine.

2. Remove every third shortleaf pine.
Marking Rule 1: Remove all woody competition

regardless of position. (BAT(YF = BA of eastern Marking Rule 2: Manage for pine on a 40-year rota-
redcedar), tion for posts and poles. Thin until basal area is less

than BLINE, eliminating inferior and competing
Procedure: 1. Remove species other than eastern hardwoods.

redcedar, taking the smallest diameter
trees first. Procedure: 1. Remove rough and rotten trees.

2. Remove species other than shortleaf
Marking Rule 2: Remove rough and rotten trees and loblolly pine, taking the smallest

and thin from below, favoring eastern redcedar, un- diameter trees first.

til number of trees per acre is less than RC(12). 3. Remove shortleaf and loblolly pine,

Procedure: 1. Remove rough and rotten trees, taking the smallest diameter trees
2. Remove species other than eastern first.

redcedar, taking the smallest diameter Marking Rule 3: Make a shelterwood cut leaving
trees first, the minimum acceptable stocking level (BLINE) in

3. Remove eastern redcedar, taking the the seed cutting, favoring shortleaf pine. Make a
smallest diameter trees first, removal cut 10 years later.

Marking Rule 3: Remove rough and rotten trees Procedure: 1. Remove rough and rotten trees.
and thin from below, favoring eastern redcedar, un- 2. Leave largest d.b.h., highest crown
til number of trees per acre is less than RC(13). ratio shortleaf pine.

Procedure: 1. Remove rough and rotten trees. Central States Oak-Hickory
2. Remove species other than eastern

redcedar, taking the smallest diameter Marking Rules 1, 2, and 3: Remove rough and rot-
trees first, ten trees and thin from below, discriminating against

3. Remove eastern redcedar, taking the undesirable species and favoring shortleaf pine and
smallest diameter trees first, valuable oaks.

Marking Rule 4: Remove rough and rotten trees Procedure: 1. Remove rough and rotten trees.
and thin from below, favoring eastern redcedar, un- 2. Remove tupelo, beech, elm, and non-
til number of trees per acre is less than RC(14). commercial species, taking the

smallest diameter trees first.

Procedure: 1. Remove rough and rotten trees. 3. Remove soft maple, hard maple, other
2. Remove species other than eastern upland hardwoods, and other lowland

redcedar, taking the smallest diameter species, taking the smallest diameter
trees first, trees first.

3. Remove eastern redcedar, taking the 4. Remove species other than red oak,
smallest diameter trees first, black oak, white oak, and shortleaf

pine, taking the smallest diameter
trees first.
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5. Remove red oak, black oak, white oak, than 18 inches d.b.h., tak_
and shortleafpine, taking the smallest ing the largest diameter
diameter trees first, trees first.

Marking Rules 4, 5, and 6: Remove rough and rot- 3. Remove hard maple, other

ten trees and thin from below, discriminating against commercial upland hard-
undesirable species and favoring valuable oaks, black woods, walnut, and ash
walnut, and white ash. more than 22 inches d.b.h.,

taking the largest
Procedure: 1. Remove rough and rotten trees, diameter trees first.

2. Remove tupelo, beech, elm and non- 4. Remove species other than

commercial species, taking the hard maple, other commer-
smallest diameter trees first, cial upland hardwoods,

3. Remove soft maple, hard maple, other walnut, and ash

upland hardwoods, and other lowland sawtimber, taking the
species, taking the smallest diameter smallest diameter trees
trees first, first.

4. Remove species other than red oak, 5. Remove hard maple, other
black oak, black walnut, and white commercial upland hard-
ash, taking the smallest diameter woods, walnut, and ash
trees first, sawtimber, taking the

5. Remove red oak, black oak, black smallest diameter trees
walnut, and white ash, taking the first.
smallest diameter trees first.

Poletimber procedure: 1. Remove rough and rotten
Elm-Ash-Cottonwood poletimber.

Marking Rule 1: Remove rough and rotten trees
Marking Rules 3 and 4: Leave sawtimber; remove

and thin from below, favoring green ash, silver maple, rough and rotten poletimber; and thin poletimbercottonwood, and sycamore, until basal area is less
from below, favoring hard maple, other commercialthan the minimum acceptable stocking level

(BLINE). upland hardwoods, walnut, and ash until poletimber
and sawtimber basal area combined is less than

Procedure: 1. Remove rough and rotten trees. TH(5).

2. Remove species other than green ash,
silver maple, cottonwood, black walnut, Sawtimber procedure: 1. Do nothing to the

and sycamore, taking the smallest sawtimber.

diameter trees first. Poletimber procedure: 1. Remove rough and rotten
3. Remove green ash, silver maple, cot- poletimber.

tonwood, black walnut, and sycamore, 2. Remove species other than
taking the smallest diameter trees hard maple, other commer-
first, cial upland hardwoods,

Tolerant Hardwoods walnut, and ash
poletimber, taking the

Marking Rules I and 2: Remove rough and rotten smallest diameter trees
sawtimber; thin, favoring hard maple, other commer- first.

cial upland hardwoods, walnut, and ash until 3. Remove hard maple, other
sawtimber basal area is less than TH(4); and remove commercial upland hard-
all rough and rotten poles, woods, walnut, and ash

Sawtimber procedure: 1. Remove rough and rotten poletimber, taking the
sawtimber, smallest diameter trees

2. Remove species other than first.
hard maple, other commer- Marking Rules 5 and 6: Remove rough and rotten

cial upland hardwoods, sawtimber and poletimber; thin sawtimber, favoring
walnut, and ash more immature hard maple, other commercial upland

hardwoods, walnut, and ash until sawtimber basal
area is less than TH(6); and thin poletimber from

18



below, favoring hard maple, other commercial upland users can modify both the marking rules and the
hardwoods, walnut, and ash until poletimber basal prescription to fit their particular situations. Appen-
area is less than TH(7). dix C explains how to modify the marking rules; a

discussion of how to modify the prescription is found
Sawtimber procedure: 1. Remove rough and rotten in the text.

sawtimber.

2. Remove species other than As seen in Appendix B, each covertype marking
hard maple, other commer- rule consists of a number of removal procedures. The
cial upland hardwoods, procedures use tree species, diameter, crown ratio, and
walnut, and ash more quality to indicate how the cut will be made. This
than 18 inches d.b.h., tak- information is stored in a series of codes in an aux-

ing the largest diameter iliary data file. Each procedure is characterized us-
trees first, ing a field of 13 digits; the first number indicates how

3. Remove hard maple, other the cut will be made (procedure codes in table 2) and
commercial upland hard- the following numbers supply the specific informa-
woods, walnut, and ash tion needed to carry out the cut. The user can modify
more than 22 inches d.b.h., the removal procedures by changing the codes in the

taking the largest auxiliary file before making a STEMS run.
diameter trees first.

The following example demonstrates how the codes
4. Remove species other than are used.

hard maple, other commer-
cial upland hardwoods, Marking rule 1 in the tolerant hardwood guide
walnut, and ash outlines a thin with the following procedures:
sawtimber, taking the 1. First, remove rough and rotten sawtimber of any
smallest diameter trees

species;
first. 2. next, remove undesirable species from above (cut

5. Remove hard maple, other largest diameter trees first) down to 18 inches
commercial upland hard- d.b.h.;
woods, walnut, and ash 3. then, remove desired species from above down to
sawtimber, taking the 22 inches d.b.h.;
smallest diameter trees

4. continue by removing the remaining undesirable
first, sawtimber (starting with the smallest diameter

Poletimber procedure: 1. Remove rough and rotten trees);
poletimber. 5. and finally, remove desired species of sawtimber

2. Remove species other than size, removing smallest diameter trees first.
hard maple, other commer- The codes that produce this marking rule are:
cial upland hardwoods,
walnut, and ash

poletimber, taking the ProcedureLower UpperSpeciesSpeciesSpeciesSpecies
smallest diameter trees code diameterdiametergroup group group group
first, limit limit code* code* code* code

3. Remove hard maple, other Position 1 23 45 67 89 1011 1213
commercial upland hard- 1 10 99 O0 O0 O0 O0
woods, walnut, and ash 3 18 99 18 19 06 O0
poletimber, taking the 5 22 99 18 19 06 O0
smallest diameter trees 2 10 99 18 19 06 00
first. 4 10 99 18 19 0 6 0 0

*speciesgroupcode18ishardmaple,19isash,and6iswalnut.
APPENDIX C (seetable3 foracompletelistof CentralStatesspeciesgroupcodes.)

Up to five removal procedures can be combined

Modifying the Marking Rules to simulate a marking rule. Usingthe nine procedure
options and the criteria for cuts, many different

Appendices A and B outline the prescriptions and marking rules can be created.
marking rules that are systematically applied to
stands projected by STEMS. As mentioned, STEMS
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Table 2.--Removal procedures

Procedure Procedure Informationneeded Digit Code/Value
CODE forcoding position

1 Removeroughandrottentreesindesignated Sizeclassto remove 1 1
sizeclassuntilrequiredBAis achieved. 2-3 Lowerdiameterlimit
(Treequalitycodesareneededfor this 4-5 Upperdiameterlimit
procedure). 6-13 All zeros

2 Removesmallesttreesof unspecifiedspecies Sizeclassto remove, 1 2
untilrequiredBAisachieved. 4 speciesgroupsto 2-3 Lowerdiameterlimit

leave. 4-5 Upperdiameterlimit
6-7,8-9 4 speciesgroupcodes

10-11,12-13 to leave

3 Removelargesttreesof unspecifiedspecies Sizeclassto remove, 1 3
untilrequiredBAis achieved. 4 speciesgroupsto 2-13 Sameas 2

leave.

4 Removesmallesttreesof specifiedspecies Sizeclassto remove, 1 4
until requiredBAis achieved. 4 speciesgroupsto 2-3 Lowerdiameterlimit

remove. 4-5 Upperdiameterlimit
6-7,8-9 4 speciesgroupcodes

10-11,12-13 to remove

5 Removelargesttreesof specifiedspecies Sizeclassto remove, 1 5
until requiredBAis achieved. 4 speciesgroupsto 2-13 Sameas 4

remove.

6 Shelterwoodcut leavingrequiredBA Sizeclassto remove, 1 6
;_(leavelargestd.b.h.,highestcrown 4 speciesgroupsto 2-3 Lowerdiameterlimit

ratiotrees), favor. 4-5 Upperdiameterlimit
6-7,8-9 4 speciesgroupcodes

10-11,12-13 to favor

7 Reducenumberof trees. Numberof treesto 1 7
leave. 2-5 Numberof trees/acre

to leave
6.13 Allzeros

8 Removeall overtopping. Lowerd.b.h,of trees 1 8
to remove. 2-3 Lowerd.b.h,of trees

to remove
4-13 All zeros

9 Removeall treesof a certainsize Sizeclassto remove, 1 9
andspecies. 4 speciesgroupsto 2-13 Sameas 4

remove.



Table 3.--Central States STEMS species codes Table 3.--Central States STEMS species codes

(Continued)

Group Species Group Species
code code Species code code Species

1 068 Easternredcedar 17 Basswood
060 Juniper 951 Americanbasswood

2 110 Shortleafpine 18 Hardmaple
3 132 Virginiapine 318 Sugarmaple

131 Loblollypine 19 Whiteand greenash
4 Othersoftwoods 541 Whiteash

129 Whitepine 540 Ashspp.
5 -- 544 Greenash
6 Walnut 20 802 Whiteoak

602 Blackwalnut 21 Redoak
601 Butternut 833 Northernredoak

7 Tupelo 812 Southernredoak
694 Swamptupelo 22 837 Blackoak

(blackgum) 23 806 Scarletoak
691 Watertupelo 24 824 Blackjackoak
693 Blacktupelo 25 826 Chinkapinoak

8 Selecthickory 804 Swampwhiteoak
407 Shagbarkhickory 823 Bur oak
405 Sheilbarkhickory 825 Swampchestnutoak
409 Mockernuthickory 26 835 Postoak

9 Otherhickory 836 Deltapostoak
403 Pignuthickory 27 832 Chestnutoak
400 Hickoryspp, 28 830 Pinoak
401 Waterhickory 809 Northernpinoak
402 Bitternuthickory 813 Cherrybarkoak
404 Pecan 817 Shingleoak
408 Blackhickory 822 Overcupoak

i0 Beech 827 Wateroak
531 Americanbeech 828 Nuttalioak

11 543 Blackash 831 Willowoak
545 Pumpkinash 834 Shumardoak
546 Blueash 29 Otheruplandhardwoods

12 742 Cottonwood 931 Sassafras

13 Softmaple 331 Ohio buckeye
316 Redmaple 452 Catalpa
313 Boxelder 521 Persimmon
317 Silvermaple 550 Honeylocustspp.

14 Cherry 552 Honeylocust
762 Blackcherry 741 Balsampoplar

15 Elm 743 Bigtoothaspen
972 Americanelm 746 Quakingaspen
461 Sugarberry 901 Black locust
462 Hackberry 30 Otherlowlandspecies
971 Wingedelm 731 Sycamore
970 Elmspp. 221 Baldcypress
974 Siberianelm 373 Riverbirch
975 Redelm 611 Sweetgum
977 Rockelm 920 Willowspp.

16 621 Yellowpoplar 922 Blackwillow

(Tablecontinued) (Tablecontinued)
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Table 3.--Central States STEMS species codes

(Continued)

Group Species
code code Species

31 Noncommercialspecies
999 Misc.noncommercial
391 Bluebeech
471 Redbud
491 Dogwoodspp.
500 Hawthornspp.
571 Kentuckycoffeetree
641 Osageorange
651 Cucumbertree
653 Sweetbay
680 Mulberry
681 Whitemulberry
682 Red mulberry
701 Ironwood
711 Sourwood
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