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FOREWORD

In 1975, research was begun at the North Central Forest Experiment
Station to develop a system that would update, project, and analyze forest
resource information in the North Central Region. This comprehensive
evaluation system, designed to analyze all forest resources and their uses
as an integrated system, is known as FREP (Forest Resources Evaluation
Program).

STEMS (Stand and Tree Evaluation and Modeling System) is the tree
growth projection component of FREP. This component has also been
known as TRES, FREP, and FREP78. Today’s STEMS is the product of
a team of researchers at the North Central Station; the development of
STEMS continutes.

This publication is one of three designed to acquaint you with different
aspects of STEMS. A Description of STEMS, the User’s Guide to STEMS,
and A Programmer’s Guide for STEMS make up the set.



CONTENTS

Page

Structure of the STEMS System ......... ... ... .. .. 2
TGPS Program ...................... ... ... ... ... 2
TABL Program ............. ... ... ... ... .. ... .. . .. .. 4
Growth Model Components ................ ... .. .. .. .. 4
Potential function ............ ... ... ... . . .. .. .. .. .. 4
Modifier function ......... ... ... ... . ... .. . .. ... ... 5
Mortality function ............... ... . . ... . ... . ... . 6
Crown ratio function .............. ... ... ... ... . . . ... 7
Management Subsystem .............. ... ... ... .. .. .. 8
Regeneration Subsystem ............... ... ... . .. .. . . .. 8
Testing Stems ........... ... ... ... ... .. 9
Example Using Stems ........................... ... ... 12
Summary ... 16



A DESCRIPTION OF STEMS—
THE STAND AND TREE EVALUATION
AND MODELING SYSTEM

David M. Belcher, Biometrician,
Margaret R. Holdaway, Mathematical Statistician,
and Gary J. Brand, Mensurationist

Long range planning is an essential part of all
forest resource management. Prudent management
requires accurate estimates of both current resource
levels and the expected resource changes from im-
plementing various management alternatives. Such
information is required by law at State and Federal
levels. For private industry, the commitment of cap-
ital requires estimates of present and future resource
levels that are at least as accurate as those mandated
by legislation.

Even with our rapidly expanding expertise in in-
ventory procedures, our estimates of present and fu-
ture resource levels have numerous voids. Sampling
techniques capable of providing accurate estimates
of current forest resource levels are available (Coch-
ran 1977, Prodan 1968, Husch et al. 1972) but it is
seldom practical to reinventory the forest every time
current information is needed. Furthermore, re-
source inventories furnish no indication of future
changes that could result from implementing var-
ious management alternatives. Therefore, a desir-
able goal is a resource management system that will
add a dynamic dimension to the inventory process
through simulation.

Most work in the area of forest resource simula-
tion has been concentrated on timber projections and
many excellent growth and yield models have been
developed (Fries 1974, Fries et al. 1978). However,
most of these models have been restricted to one or
a few species groups in a relatively narrow geo-
graphic region. This segmented wealth of knowledge
is of only limited value to the forest manager who
must deal with all species and all forest resources,
often over a broad geographical expanse. In recent
years more emphasis has been placed on construct-
ing comprehensive simulators that can better por-
tray the dynamics of a diverse resource base. Still,
the economically unimportant species, mixed stands,

and forest resources other than timber have received
little attention.

As a result of these many needs, the development
of the Forest Resources Evaluation Program (FREP)
was undertaken by the North Central Forest Exper-
iment Station, USDA Forest Service, in 1975. The
ultimate goal of the FREP project is to achieve the
ability to simulate changes in all major forest re-
sources. The value of such a projection system is
twofold. First, it provides a mechanism for the de-
tailed update of previously inventoried resources to
estimate current resource levels. Second, it allows
the detailed projection of future resource levels based
on known or estimated current levels. Projections
with and without silvicultural treatments can be made
to provide the basis for resource assessment. Updates
and projections for large geographic regions and a
diversity of resource conditions can be made.

The first forest resource chosen was timber be-
cause of the wealth of information available in the
literature and because a large amount of data on
tree growth was readily accessible (Leary 1979).

Information about FREP and earlier versions of
the tree growth projection system (TRES and FREP78)
have been previously published (Buchman 1978,
Lundgren 1978, Lundgren and Essex 1978, USDA
Forest Service 1979, Hahn et al. 1979, Smith and
Raile 1979). A short version of STEMS has also been
produced (Brand 1981a).

This paper describes the computer program STEMS
(Stand and Tree Evaluation and Modeling System),
the current version of the tree growth projection sys-
tem. It presents the program structure, discusses the
growth model components, the management subsys-
tem, and the regeneration subsystem. Some prelim-
inary results of model testing are also presented and
an example is discussed.



STRUCTURE OF THE
STEMS SYSTEM

STEMS is a system of computer programs that
projects the growth of individual trees in stands. Based
on biological principles of forest growth, STEMS of-
fers a flexible, generalized approach to simulating
the change of forest trees in stands. Coefficients for
its generalized diameter growth and mortality func-
tions have been developed from more than 2,500 per-
manent remeasured plots for all the major tree spe-
cies in the Lake States region of the United States.

STEMS is an individual-tree, distance-indepen-
dent model that can provide much detail about trees
and stands. Because each tree is projected individ-
ually (as a member of a competing community of
trees), the system offers the user the opportunity to
tailor output and silvicultural treatment subrou-
tines to meet his specific objectives. User control of
management options and output summaries further
serves to make STEMS suitable to a variety of user
needs. Changes for a single stand may be monitored
in great detail and whole forest inventories may be
projected.

STEMS consists of two FORTRAN programs—
TGPS and TABL (fig. 1). The program TGPS (Tree
Growth Projection System) “grows” stands of forest
trees by simulating the birth, growth, harvest, and
death of individual trees within a stand. Projection
equations predict annual diameter growth of the tree,
probability of mortality, and crown ratio. TGPS ap-
plies management action (removals) to the stands
according to management guides developed for Lake
States conditions (Brand 1979, 1981b). Regeneration
of stands removed by management action is also pro-
vided. TGPS produces a standard output file of initial
and updated tree lists for later summarization by
TABL (TABLes) or other programs.

System Parameters and Specifications

TGPS Run Options
Input Volume Coefficients
TGPS
(Tree Growth
Projection
System)

Initial Tree Lists

Echo of System Parameters
and Specifications

Output Messages

STEMS
Standard Output File

(Stand and Tree
Evaluation and
Modeling System)

TABL Run Oplions
Volume Coefficients

tnput

TABL
{Summarization
Program)

Echo of System Parameters

Output and Specifications

Summary Tables

{ Standard Output Fite

Figure 1.—Organization of the STEMS system.

Program TABL is available for summarization ¢
the standard output file by species group and use:
specified diameter class. The summary tables pre
sent the components of growth in terms of numbe
of trees per acre and basal area with optional volumes

TGPS Program

Program TGPS consists of a series of subroutines
that perform the required input, processing, and out-
put (fig. 2). The first action of the program is to set
up the projection environment by reading the run
options, the system parameters and specifications,
and the volume equation coefficients with subrou-
tines SETRUN, SETSYS, and SETVOL, respec-
tively. These subroutines and all others presented in
this discussion are fully detailed by Belcher (1981).

The remaining subroutines compose the Plot Pro-
cessor Loop. This loop is executed once for each plot
on the input file or for a lesser number of plots if the
appropriate run option is used. The first action of
the Plot Processor Loop is to read an initial tree list
with Subroutine READ. Next, Subroutine TESTIT
examines the list to search for conditions likely to
produce undesirable results further along in the pro-
gram. Informative messages are printed to describe
any problems that exist or corrective measures that
have been taken. The detail of these informative
messages is controlled with another run option.

Next Subroutine WRITER is called. This subrou-
tine writes three types of information to the Stan-
dard Output File (discussed in a later section). The
first is plot-specific information that does not change
during the projection period (e.g., property name,
site index, etc.). The second is the current tree list,
and the third is a trailer record that indicates all
output is complete for this plot. At this point within
the Plot Processor Loop only the plot-specific infor-
mation is written.

Subroutines SETSI computes site index by species
group. This technique is based on the work by Car-
mean and Vasilevsky (1971) and Carmean (1979).

Subroutine COVTYP sets the cover type for the
plot by examining the current basal area of each
species group. This first call to COVTYP computes
the cover type for the initial tree list.

Subroutine WRITER is called next to write the
initial tree list and stand conditions to the Standard
Output File. Note that no projection has yet been
done. The initial tree list written here is the same
one entered with READ and is included in the output
file for summarization purposes.
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Figure 2.—Organization of TGPS, the tree growth processor.

At this point, TGP enters the Growth and Man-
agement Section, which is executed once for each of
the cycles requested in the run options. The main
feature of this section is a call to Subroutine GROW
that “grows” the plot for one cycle by applying a
sequence of l-year projections of growth and mor-
tality. If management is desired, it is performed at
the requested point within the cycle by calls to Sub-
routine MANAGE. If regeneration is required, it is
applied at the appropriate point. The projected tree
list is written to the Standard Output File by Sub-
routine WRITER from within GROW.

When the Growth and Management Loop has
completed all of its cycles, the projection of the cur-
rent plot is complete. WRITER is again called to
write a record on the Standard Output File to in-

dicate the end of the plot projection. This also signals
the end of the Plot Processor Loop and control re-
turns to READ to enter the next plot to be projected.

When all the plots to be projected are complete, a
final call to WRITER is made to print the format
used for the Standard Output File. This is the format
to be followed if the user will summarize the Stan-
dard Output File tree lists with his own summari-
zation program.

Throughout the program, TGPS provides calls to
Subroutine OUTUR. This subroutine consists only
of the common block and RETURN statement. Use
of OUTUR is optional but is included as a place for
inserting user-written code to do summarization,
output, or any further processing.



TABL Program

Program TABL (fig. 3) summarizes the standard
output file produced by TGPS. The program first reads
the TABL run options, system specifications, and vol-
ume equation coefficients. Then the Plot Processor
Loop is entered and the plot specific information is
read for the first plot. Next a tree list is read, and
subroutine SETIT organizes calls to subroutine SU-
MARY to compute the current plot conditions and
to subroutine TABLE to print a plot summary. The
read-summarize-print loop is repeated until all in-
formation is printed for the current plot. Then the
next plot on the standard output file from TGPS is
processed.

When all plots have been processed, summaries
of all plots combined may be printed. The types of
tables printed and the details of each are controlled
by TABL run options (for more detail on the sum-
marization and tabling process see Belcher 1981).

START

1
Call SETUP to get run options,
system specifications, and
volume coefficients.

o — — — o — — o— o— v o— —— — nvoan vt

PLOT PROCESSER_{.(Z_OB_ 1 START

GROWTH MODEL
COMPONENTS

The STEMS tree growth simulation model con-
sists of four components: (1) a function that estimates
the potential annual diameter growth of an individ-
ual tree, (2) a modifier function to reduce the poten-
tial growth because forest-grown trees may be com-
peting for limited resources and therefore not reach
their potential growth, (3) a mortality function, and
(4) a crown ratio function.

Potential Function

Potential diameter growth is the annual diameter
increment for a tree in a forest stand free to grow
without competition from its neighbors.

A basic premise in the design logic of this forest
growth projection system is that the growth of a tree
can be represented by a multiplicative combination
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Figure 3.—Organization of TABL, standard summary routine.






