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Koochiching County Land Department
International Falls, MN
(218)283-6295

A M.L. 91 Ch.254, Ait. 1 Sec.14 Subd: 7.9 Appropriation: $85,000
Balance: $0

Aspen Decay Models for Mature Aspen Stands: This appropriation Is to the commissloner of
natural resources to contract with Koochiching county and the University of Minnesota, College of
Nalural Resources, to develop models for aspen decay In mature aspen stands.

B. Compatible Data: Not applicable
C. Malch Requlrgment: Not applicable
Narrative

The amount of aspen timber volume which Is lost to decay Is assumed to be large In Minnesota. Forest
managers need more information on managing mature aspen stands so that this loss Is minimized. By
understanding the relationship between Individual-stem decay and stand characteristics, decisions can be
made as to which mature stands should be harvested first, which can be lsft, and how long stands can be
left before the decay loss Is critical. The accuracy of long-range planning efforts can be Increased by
Incorporating this new Information Into existing growth and yleld models. Glven the increasing pressure on
Minnesota's aspen resource, accurate long-term planning and forecasting Is critical. This new Information
will also be developed in the form of indices which classlly stands as to their vulnerabllity to decay (risk-
level) based on stand characteristics such as soll type, site Index, and age. These Iindices could be easlly
placed Into exlsting geographic Information systems to serve as an ald for site specific harvesting
operations.

Oblectives

A. Devalop and Implement a sample design (survey) to obtain data relating Aspen decay and stand
characloiistics.

Al Narrative: While relationships between Iinner-stem decay and outer-stem characterstics are well
documented, the relationship to stand-level characteristics such as soll typs, site Index, and age
Is still vague. An effective survey will be developed In cooperation with the Minnesota DNR and
other researchers In the field.

A2 Procedures:

A key to the success of this project Is obtaining data from a broad cross-section of stand
conditions in Northern Minnesota and other similar locales. In addition to baing prohibitively
expenslve, collacting all "new" data Is unnecessary. Data for this project may come from two
SNUICOS:

1. Previous studies of aspen decay having the necessary varables. These studles may or may
not have looknd at relationships between decay and stand characterdstics but could be used for
this purpose.

Thete are a number of previous studies of aspen decay In Minnesota, Ontarlo, and
Mbein, ns well ns alsewhare. Saveral sources of data have already been identified.

The Minnesota Department of Natural Resources recently conducted an aspen decay
project (A. Jones and O. Phillips, Minnesota DNR Aspen Loss Assessment Work Plan,
1989). While this project did not specifically look at the question of how aspen decay
relates to stand characteristics It does provide some of the data necessary to look at that

- question.

A study conducted by the Ontarlo Ministry of Natural Resources in northwestem Ontarlo
also provides appropriate data (R. Miller, et. al., Ontardo Ministry of Natural Resources
1990, Proposad Methodology Enhancements of Trembling Aspen Soll Site/Productivity
Relationships In Northwestern Ontado). This study Involved remeasuring a large number
of permanent plots and felling a number of associated trees for stem analysls.

Initial conversations with these two projects Indicate that we will most likely be able to
use the data trom these projects In this study and effactively increase our sample size.
This In turn will result In a larger regional applicabllity to any relationships which we can
model.

In addition to thase two recent efforts, there are also a number of older studles which
may prove useful:

Maler, G.B. and D. Darrah, 1872. Decay levels In mature aspen stands, Whitecourt,
Alberta, Canada. Alberta Forest Resource Development Agreement Projact no. 1467-72.
376 pp.

Schmitz, H. and L. W. R. Jackson. 1927. Heart rot of aspen with speclal reference to
forest management In Minnesota. Unlversity of Minnesota Agricultural Experiment
Statlon Technical Bulletin 50. 43 pp.

Morawskl, Z. J. R, J. T. Basham, and K. B. Turner. 1058. Survey of pathological
condition In the forests of Ontado. Ontado Department of Lands and Forests, Division of
Timber, Repornt no. 25 (co-studlies) 96 pp.

Gevorklantz, S. R. and W, A. Duerr. 1938. Methods of predicting growth of forest
stands In the forest survey of the Lake States. USDA Forest Service, Lake States
Forest Experiment Station, Economic Notes no. 9. 59 pp.

As much useful data as possible wlll be agssembled from reports and historical records.
2. Fleld data collected speclfically for thls project.

This data source will certalnly be the bulk of the data for thls project. A number of
factors need to be considered in order to collect useful data. Plots will be established in
elther the aspen-birch unit or northern pine unit of the statewide (Phase 1) Inventory In
order to overlap measurements of this inventory taker in 1988-1990 and at eadier
Inventories. The primary emphasis will be in Koochiching and St. Louis countles
because of the large acreage In mature aspen stands found In this county.

Uslng the phase Il forest management Inventory state and county lands In the area,
potentlal stands for data collection will be located that are 1)in the Aspen cover type,
2)within one mile of a road, 3)between the ages of 20 and 80, and 4)have a site index
greater than 40.

Critical to the success of the study Is sampling stands over a wide range of age, site
Index, and tiee size. Therelore, the following matrix of site quallty versus stand age will
be sampled as completely as possible (It Is expected that tree size will be broadly
distributed by sampling from this matrix):



Site Index
Sland Age
40 - 60 60-70 70-80 80+
21-30 4+ plots 4+ plots 4+ plots 4+ plots
a3t - 40 4+ plots 4+ plots 4+ plots 4+ plots
41 -50 4+ plols 4+ plots 4+ plots 4+ plots
51 - 60 4+ plots 4+ plots 4+ plots 4+ plols
G1-70 4+ plots 44 plota 44 plots 44 plols
T+ 4+ plols 4+ plots 4+ plols 4+ plots
Total 244+ 244 24+ 24+

Our goal will be to have a minimum of four fleld plots In each cell. Where some cells
can be completed with data from previous studies wa may collect less fleld data. One
plot will be conslidared one observation In the cell of the above mentioned matrix. To
save on travel costs and be more eflective in the fleld, these plots may be clustered
within stands or within locales.

Each plot wiil consist of nested 1/15th (30.4 fest radius) acre and 1/100 acre fixed radius
plots. All tees larger than 5" will be tallied on the 1/15th acre plot and trees greater than
1" but less than 5" will be tallled on the smaller plot. On each plot, all trees >1* dlameter
at breast helght will be measured for spacles, diameler, total helght, height to live crown
base, and indicators of decay problems will be noted. In addition, degree of closure of
the crown canopy, aspect, slope, observation of recent disturbance, site quality, and soll
typs wll-bs roceorded for each plot. Sita Index will also be calculated for each plot based
on the helght and age of three dominant/codominant trees located on or near the plot.
Where appropriate, these site trees will also provide an estimate of stand age.

Alternativoly, avallable records may provide a good estimate of age. Measurement and
coding of stand varlahles will be consistent with the existing Phase | permanent plot
system.

Following measurement of the plot, four trees will be selected randomly within the
avallable dlameter classes from each plot. These trees will be felled at 0.5-foot stump
helght and sectioned at breast helght (4.5 feet) and at 4-foot Intervals thereatter to the
tip. Aftor folling, total tree length and tength of live crown will be measured. Each
saction will be Inspected lor the presence ol conks, cankers, borer activity and decay.
The locallon of ench of those on each sectlon wlil be recorded with an approprlate
symbol on a map of each 4-foot section. Species of conks and causal agents of cankers
will ba identifiad using macroscoplc characterstics. The width of conks at their widest
point and the length of cankers will be recorded.

The cross-sectional face of each saction will then be examined for the presencs of
docay. Three stagos of decay will be distingulshed; Inclplent, Intermediate and final.
Incipient dacay will consist of wood that Is faintly colored from a light pink to stiaw
brown. The intermediate stage Includes all degrees of coloration from straw to brown
but wood Is apparently still hard and firm. Final stage Includes all soft, punky wood (or
missing wood) lrrespective of color.

The area of each cross-section which Is solld or decayed will be determined by one of
methods. The first will involve placing a transparent grid over the ster -~ross-
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section. Boundaries of the stem and each stage of decay wlill be traced onto the grid.
This grid will then be planimetered or digitized In the office to armive at esimates of the
amount of decay and sound wood in the cross-section. The second possible method will
Involve photographing each cross section In a standard fashlon so that the photographs
could then be planimetered or digitized as above (This technique has been used with
success before - Goelz, J.C.G. and T.E. Burk. 1987. Testing a photographic method for
measuring stem cross-gections. Forest Sclence 33(3):784-89). The cholce of method
will be made after addiional review.

The areas In decay and sound wood wiil be converted to volumes via standard
mensurational formulas (e.g., smallans volume formula for the majority of the bole,
cylindrical and conic volume formulas at the base and tip, respactively)

Finally, each plot will be located on a map or existing aerial photography such that
additional large-scale photography can be obtained at a later date. This photography
may be used to Identify clonal differences within a plot and to provide additional stand
variables that might typically be avallable to forest managers. To evaluate the efficacy of
using aeral photography to Identify clonal differences, bud or leaf samples will be
collected from each tree on the plot. These will be subjected to protein analysis which
can help to Identify genotype (personal communication, Dr. Glenn Furnler, Univ. of
Minnesota, Department of Forest Resources).

Budget

LCMR Funds Matching Funds
a. Amount Budgoted: $50,000 $0
b. Balance: $0 $0

The contract between the DNR, the University of Minnesota, and Koochliching county defines
spaclfic objectives which result In specific disbursements of dollars.

All tasks were completed and notice of this forwarded to the DNR who then arranged for
payment.

Timeline for Products/Tasks July2! Jan92  June92 Jan93  June93
Historical/existing data acquisiion -—---——-|

Develop survey and fleld guidelines -l

Fleld data collection |—1

Aerlal photo data collection -

Keypunching of field data =i

Aerlal photo Interpretation |—-

Tissue analysls for clonal difference I-1

Status:

Data have been obtalned from several historical studies. Data from 83 aspon stands In Ontario
have baen obtalned from the Ontarlo Ministry of Natural Resources. These data were collectod
from 1/10 acre fixed radius piots upon which all trees were felled and sectioned. The volume of
healthy and decayed wood was calculated by graphing each tree in 2 dimenslons (width, height).
Assuming the tree cross-sections were round, these graphs were used to calculate the
merchantable pulpwood) volume and the net ((of decay) merchantable pulpwood volume. These
data were collected In the mid 1950's and are henceforth referred to as the Ontario Data. As an
aslde, several hundred more plots are avallable from stands classified as other forest types. At
some polnt, the models developed In this study will be extended to the other forest types for
Ontailo.

Data were also obtained from a 1990 study conducted by the Minnesota DNR. However these
data do not have the stand-level information necessary for this work.

The aspen data collected by the USFS FIA (Forest Inventory and Analysis) Project have also
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been obtained. FIA plots can ba classified as full or partial measurements. Only the full
measurement plots have any Information on decay actually observed on the plot; this information
being estimates of decay based on extemal stem Indicators such as conks, cankers, and wounds.
These full measurement FIA data are henceforth referred to as the FIA Data.

The data collected In the summers (July-Sept.) of 1891 and 1992 under this project consists of 53
plots located across Koochiching and St. Louls counties in Northern Minnesota. These data have
all been keypunched and checked for errors. These data are henceforth referred to as the LCMR
Data. A formal survey design and set of fleld guldelines were developed and used In completing

the field work. B.3.

All data have besn Incorporated Into a relational database management system to (a) factiitate
analysls and (b) serve as a central storage base.

Benefits: In addition to providing Information for objective B, objective A would provide valuable
data for other, future efforts In characterizing forest growth, development, and yield. Some
examples are Individual stem volume and taper equations, and climate change Impact analyses.
This data would be maintained by the Great Lakes Forest Growth and Yle!d Cooperative located
at the Unlverslty of Minnesota and be made avallable to researchers upon request.

B.4.

Develop 1elalionships between aspen stem quality and forest stand characteristics

Narratlve: Individual stem quality would be related to stand characteristics through various
multivariate statistical analysls and modeling techniques.

Procedures:

Actual and Percent volume In sound wood, Inciplent, Intermediate and final stages of decay will
be developad for each tree that Is fslled and sectioned. Using appropriate expanslon factors
these values will be expanded to a per acre basis for each stand.

Multivariate analysis techniques will be used to relate exogenous varables such as average stand
diameler, quadratic mean diameter of the stand, site Index, average helght, average crown ratio,

percant crown closure, basal area, trees per acre, and other vailables to the different endogenous B.5.

varables including absolute and percent decay (each type) and varous transformations.
Initially, extensive use of graphing techniques will be made to Identity appropriate relationships
between these varables. As an example, a three-dimenslonal graphical enalysis of final stage
decay, site Index and age wlll enable us to see If there Is any 2 or 3 dimensional relationship
between the threa variables.

Model estimation will rely on linear and nonlinear regresslon, and may Include principle
component analysis. Princlpal component analysis may help to identify linear comblinations of the
vaulables that provide a more parsimonious description of the relationships.

A gulding criteria will be that any developed equations will facliitate the estimation of decay levels
from commonly avallable stand characteristics or combinations thereof. In essence this will lead

to a better undorstnnding of the economic rotation age of aspen or equivalently, how long aspen

can be held on the stump whlle minimizing wood fiber loss.

Further analysls will involve relating our conclusions about aspen decay to the aspen decay
relationships found In both phase | and phase Il Minnesola statewlde Inventorles as well as in the
continuous forest Inventory of Koochiching county. By applying our equations 1o these surveys
we wlill determine eslimates of decay for a number of stands and then compare our estimates
with those found In the survey. The results should provide more accurate decay estimates for
these surveys.

Upon completion of the statistical analysis and modeling, the results will be incorporated Into an
exlsting growth and yield model and Into the GIS system of Koochiching county. This will help
faclitate tho usn of these results by Inlegrating the information Into a fleld usable format. GIS

maps are used on a dally basis as well as for future planning. It will also serve as a model! for
other countles.

Results of the project will be presented at least once at an annual meeting of the Great Lakes
Forest Growth and Yleld Cooperative. The members of this Cooperative include
locaVstateffederalindustry foresters and land managers. Within Minnesota, non-member local
government officials (county land commissioners) will also be Invited to the presentations. In
addlition, summary reports will be distributed to appropriate land commissioners within Minnesota.

Budget:

LCMB Funds  Maiching Funds
a. Amount Budgeted: $35,000 $0
b. Balance: $0 $0

The contract between the DNR, the University of Minnesota, and Koochlching county defines
specific objactives which result in specific disbursements of dollars. All tasks were completed and
notice of this forwarded to the DNR who arranged payment.

Timeling for Products/Tasks July9t Jan92 June92 Jan93 June93
- organize data - e
- graphical analysis [
- statistical analysis
- computer programming of
resulls Into existing
growth models
_ Integration of results
Into GIS f----| |
- presentation of results |-~ (B
- distribution of summary report :

Status:

All of the data to be used In this project, historical data and that collected specifically for this
project, have been combined Into a relational database. Eady In 1993, a preliminary report

describing inltial statistical analyses was provided to the Minnesota DNR for approval. Such

approval was recelved and more detalled analyses followed.

Prior to beginning statistical analysis, many preliminary steps were taken to convert the variables
observed on Individual trees, l.e., diameter outslde bark at breast helght (D), tree helght, crown
length, elc., into vardables useful from the context of modelling decay volume per acre or the
percent of stand volume In decayed wood. To do this, a large number of Intermediate computer
programs were written and utilized. For the Ontarlo Data, these programs baslcally aggregated
tree varables to a stand basls. As an example, the volume was recorded In the data for each tree
based on stem analysis. These per tree merchantable pulpwood volumes were summed for each
plot and the result multiplied by 10 (these were 1/10 acre plots) to obtaln per acre merchantable
pulpwood volumes, Similar aggregation was done for the FIA Data.



It was also necessary to determine the volume on the remaining (non-felled) trees on
each plol. Therefore equations were developed to estimate total helight, total volume, and
merchantable volume. Such equatlons are avallable elsewhere but given the quality of

The LCMR data was more complicated as it involved felling and sectioning a large number of
trees. Theso trees lormed the heart of the information on decay and in order to eventually obtain
the needod stand varlnblos a number of auxillary relationships were developed, Including:

True Individual tree Volumes - The true volume for all felled trees In the LCMR Data was
calculated by summing the volumes of all sampled sections. By summing the volume of
Individual sections and doing appropriate interpolations, the true volume from any lower
polnt to any upper polnt on the bole could be obtained for all felled trees. A variety of
merchantabliity limits were applled and true volume calculated for the volume from stump
to top diameters outside bark of 2, 3, 4, and 5 Inches. In addition the total stem volume
was calculated.

Lower Stem Dinmeter Inside Bark Equations- Because of an oversight the first year, the
diameter inside bark at breast helght (d) was not always observed. Tharefore the
following functions were postulated and fitted to the data collected the second year of the
study:

d =aD? m

and

d =~ ab et CROWN 2]

where a,h, and ¢ ato coefliclents to be eslimatod and CROWN Is the ratlo of live crown
length to total stem length (commonly referred to as crown ratio). Equation [2] was used
In this work but [1] was developed &3 other studies may not have information on crown
length or ratio. In addiion, while the diarneter inside bark at stump helght (d,) was
always observed, the stump height varied and an equation predicting diameter Inside
bark at a conslstent stump height (1.0 feet in this study) was required. The equation was:

-4 - 3]
d, = |-L|sa5-h
- [ asn

whorta h, = stump helight. Equation [3] Is derlved assuming the shape of the géometrc
solld between stump and breas! helght Is that of a nellold. Equations [1}-[3] were with
welghted nonlinear regression assuming that the vardance was proporiional to D
Coefficlont estimates and fit statistics are provided in Table 1.

Individual Tree Volume and Helght Equations - To obtain the volume of each tree which
consistad of wood In Intermediate and final stages of decay, the geometric volume
fonnulae above (Smallans, nellold, cylinder, cone) wero used along with the observed
cross-secllonal area of decay at the top and bottom of each cut section. Then, as with
the individual tree volumes, the volume In decayed wood was calculated for each felled
tree by summing the volumes of appropriate sections and making proper Interpolations.
From this an average percent decay was developed as

g ~ decay volume

total volume

Becauso the sampled (felled) trees were sampled at random, the observed average
parcent decay can be direclly extrapolated to be the observed average decay for the plot
whan oxpressed on a percent basis.

these dala, It was best to develop new ones. Because it Is appropriate to estimate
volume below breast height from baslc mensurational formulas (.., a nellold frustrum),
the volume equations fitted here were for the volume from breast helght to some top
diameter (0 inches In the case of total volume above breast helght). The total tree
volume, Including the volume below breast height can then be easily obtalned by
addition.

Vi = Via * Vawg,

Note that when d=0, V, Is equal to total tree volume. As with equations {1]-{3}, above, a
number of possible equations were examined with the following being the best when
compared as to fit and predictive abllity.

By = Bt - e s [4
Vo -a(’%" )bD’ Mo B)]
Vw'-vmp(l—a(%')‘) 161

where h,,, Is the height from breast height to the top of the tres and Si Is slte index. All
other variables have been previously defined. The coefficlents and fit statistics for
equations [4]-[6] are also shown In Table 1. Using the above functions, the merchantable
volume on each tree on each plot was estimated as the volume from a stump height of
1.0 foot to a d, of 3.0 Inches..

Table 1. Coefficient estimates and summary statistics for equations [1]-[6].

Bample Bize a b [ d n tol
237 0.9427 0.9832 NA N/A 0.00 0.16
237 0.0342 0.0805 0.04907 N/A 0.90 0.04
237 0.000t74 2.4026 NA N/A 0.95 0.48
(13 12.4514 02273 18188 0.4273 062 340
483 0.001855 0.1083 NA N/A 0.95 1.32
1752 0.7638 3.0740 NA N/A 0.93 0.14




Other stand-lavel varlables such as basal area per acre (BA, ft’/acre), number of trees per acre
(TPA), and gquadiatic menn diameter (QMD) were calculatad as appropriate. Similar aggregation
was done for the Ontarlo and FIA Data ns well.

Following these preliminary steps, three data sets as described In Table 2 were available. A
large number of additional vardables, including observations of simple soll traits, average
phenology (bark coloration, leaf size, etc. ) were also avallable but preliminary analysls suggested

that those variables In Table 2 were the most promising. .

Table 2, Description of LCMR, Ontarlo, and FIA dala sets.

R S A S

Data 8ot
Varlnbio S
LteMn Ontarlo FiA
min moan max min mesn max min mean max
(rd) (a.d) (0.d)
Docay () 09 106 340 08 15.7 540 0.0 1.2 413
(r.n (41.1) 7.5)
“tand Age on 45.8 88.0 440 [ZR] 167.0 20 458 103.0
. {yonre) B 2. {30.5) (21.0)
Site Wiviax (1) 544 723 948 247 378 50.1 240 68.8 @10
®.n 6.7 ()
Boral Aroa 25 100.7 2105 a7.4 152.4 3121 38 66.8 1838
(I'/acte) (46.2) (44.0) (36.8)
HNo. of 1rana per 150 2628 480.0 130.0 304.5 500.0 7.8 150.2 3033
Ace (95.8) (105) (00.8)
Ouadialic Mean 55 8.8 13.9 5.8 0.0 14.0 5.5 0.0 16.5
Diametor (2.0) 2.0 (1.8)
{inchos)
Avaragn Crown 52 166 30.0 N/A N/A N/A N/A N/A NA
Ratlo (5.3)
T S S

Initial analyses revealed that the FIA data did not contain any useful (in the context of modslling)
relationships between %decay and any stand-level attributes. No statistically significant
relationships could be found. This was to some extent anticipated due to the Inherent natuse of
the FIA plot design. These plots are actually clusters of 10 small varlable radlus plots. This
confounds the classification of the plot as to forest type, the determination of age and site index,
and many otherwise useful stand level variables. Therefore the %decay models were developed
with the LCMR and Ontado Data only.

Once the data described In Table 2 were assembled, the modelling of decay on a whole stand or
per acre basls was begun. Two basic model formulations were desired,

Risk Index Model - The sk Index model was formulatad In the context of logistic
regression and Is meant to be used to rank stands as to their probable risk level to
signlficant Incidence of decay. A binary variable was developed having a value of 1 when
the amount of decay exceeded 15% and a value of 0 when the amount of decay was
less than 15%. Logistic regresslion was then used to fit the function:

ash _"..
._L__S.Of';)_. m

Y,
at
1 +¢“'(~°“§L")

This model was fitted by minimizing the following loss function which provides maximum
likelihood estimates of a and b:

?_‘l,ym log(f,,) + (1 - ¥,,) log(1 - )

In addition to SI/QMD, a number of exogenous variables were examined but this was
conslistently the best formulation considering model fit, predictive abliity and model
parsimony.

Coefiicient estimates and summary statistics for these models are presented In Table 3.
Figures 1 and 2 show the fitted response surface for each data set.

%Decay Model - The %decay model can be used to estimate the actual amount of
decay which can be expected In a stand glven certaln stand conditions. The volume of
decayed wood can be calculated as the %decay (obtained from equations [8] and [9] )
times the estimate of merchantable volume In an Inventory. A number of linear an d
nonlinear models were examined, scrutinized, and compared with the two best given

below:
- ' g 8
%decay a( 81
- S\ e crom 9
%decay a( ) e 91

As with equations [1] and [2), it Is suggested that the mode!l having CROWN Included be
used whenever possible. CROWN, the average crown ratio, Is an easlly measured yet
under-utllized variable and Is an Important addition to the modsl.

Coelflicient estimates and summary statistics for these models are also provided in Table
3.



Although tha cosllicients for the ONTARIO and the LCMR data sets were quite different, the
vartables which proved to he most nportant In explalning slther the risk or the quantity of decay
wore quitn consistont. This certalnly lends justification to the basic approach and modo! form.

Models [7]-[9] provide simple yet rellable estimates of both %decay and a rsk Index which land
managers In Northarn Minnesota and Ontarlo can use with existing Inventory databases. it Is
suggested that the LCMR Data results be used for locations In Northem Minnesota. In addition,
the models are simple enough that they can easily be implemented via a GIS.

Table 3. Coelficlent estimates and summary statistics for final decay modeis.

i

Equation Humber Sangpla Slze s b c R iol

LCMA Dala

7 53 39435 -0.6300 NA NA NA

8 53 205.5415 -1.4330 N/A 0.24 5.24

a 53 640.0472 -1.5749 -0.0583 0.28 4.38
Outatlo Dala

7 83 8.6014 -2.3220 N/A NA N/A

a 83 306.1841 -2.4139 N/A 0.19 3.0435

Ll
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Further dolails on the analysls and results can be found in:

Wallers, D.K. 1883. Final Technical Report for the LCMR funded project, "Aspen Decay
Modols In Northem Minnesota® (in preparation).

VI

B.6.

Context

Beneflls: Forest management decisions, ranging from declslons about long-term planning to
those concerning the cholce of stands tor immediate harvest depend on a knowledge of the
health of the forest. Foresters are making dacisions conceming which stands (or portion: thernof)
to harvest and which to leave svery day. 1hese stands have varylng degrees of resistance to
decay. The analysls as proposed here would summarize this information and present it in a
useful and straight forward manner. The results will Indicate which stands should be cut now and
which can be retalned for several years. Such declsions can have a marked effect on tuture
timber supply by providing for wood fiber maximization within multiple use forest management
concepts.

. Evaluation

For the FY92-93 blennium the program can be evaluated by lis abllity to: 1)assemble a quality
data set for modeling aspen decay In mature stands; 2)express the relationships between aspen
decay levels and stand level parametars quantitatively and 3)package the quantitative expression
of the relationships In a format that is both stralght-forward and useful to forest managers.In a
broader sense, this program can be evaluated on its contribution to a clearer understanding of the
aspen supply Issue and the Implicalions of an aging aspen resource. In addition, the methodology
developed hereln should be useful for evaluating decay In other species. The degree to which the
methodology Is extrapolated to other specles Is certalnly a useful criteria for evaluation.

Current and previous work In aspen decay addresses many questions but does not address the
question of which stands can be kept from havest and which stands should be harvested before
decay loss becomes serious. WIith recent growth In computerized Inventories, stand level
Information Is routinely avallable to many field foresters. This study will develop relationships
between aspen decay and this stand level Information which can asslst the forester In choosing
stands for harvest.

This work will supplement pravious work because many of the questions previously addressed
can be answered better with this additional data. And, In addition, we propose to use previous
work to supplement our data and our results.

There have been no past LCMR funds used in this area. Besides aspen, there are a number of
specles for which a better understanding of decay relationships needs to be found. These could
cerlalnly be proposed for LCMR funding at a future date with techniques evolved from this study.
Not applicabie.

Blennlal budget system program tite and budget: Not avallable at this time.

Quallfications

A.

Program Manager:

Mr. Dennis Hummitzsch
Land Commissioner
Koochlching County, Minnesota

Mr. Hummitzsch has a B.S. In Forest Sclence from the University of Wisconsin - Madison.
Currently, the program coordinator has responsibllity to direct and administer the forest
management of 284,000 acres of public land in Koochiching county, Minnesota. Management of
this resource has a reglonal impact regarding not only wood fiber supply but also other amenity
uses. His prlor experence has been vared as a fleld forester during the past 15 years.

Mr. Hummitzsch's primary role will be as program coordinator and to make certain that the results
of this research will be directly and easily applled In practice. In addition, he wiil help to screen,



Identify, and locate appropriate stands In which fleld data wilt be collected within Koochiching
county.

Malor Cooperators:

1. Mr. David K. Walters
Research Spacialist
Depaitment of Forest Resources, University of Minnesota

Mr. Walters Joined the faculty at the University of Minnesota in 1988 and his duties
Include the technical and administrative leadership of the Great Lakes Forest Growth and
Yield Cooperative. Concurrently, he Is working on a doctorate degree In forestry. He has
worked on a number of aspects of forest growth and yleld at Oregon State University,
Viiginin Tech, Bolse Cascade Corporation, and the University of Minnesota. He Is the
author of numerous technical publications on forest growth modelling and planning
methodology.

Mt Wellers primary role will be to organize and supervise fleld data collection (Objective
A) and to provide the slatislical and analytical experise for completing Objective B.

List of Publications (partial)

Waltors, D.K,, A.R. Ek, and D. Czysz. 1990. Construction of vardable density emplrical
yleld tables from forest management inventory data. Northern Journal of Applled Forestry
(1 PHESS).

Walters, D.K., and A.R. Ek. 1990. Development and application of a state-wide empirical
growth and yleld model for natural aspen stands. IN: Proceedings of Aspen Symposlum
‘89, Duluth, MN, July 25-27, 1989. U.S.D.A. Forest Service General Technical Report
NC-140. pp. 177-183.

Walters, D.K., T.G. Gregolre, and H.E. Burkhart. 1989. Conslstent estimation of site
Indox curves. Blometrics 45:23-33.

Gregoire, T.G. and D.K. Walters. 1988. Composite vector estimators derived by
welghting Inversely proportional to varance. Canadian Journal of Forest Research
18:282-284.

Walters, D.K., and Harold E. Burkhart. 1987. A method for localizing site Index
equatlons. IN: Proceedings of the IUFRO Forest Growth Modeling and Prediction
Conference, Minneapollis, MN, August 24-28, 1987. University of Minnesota.

Hann, D.W,, D.K. Walters, and J.A. Scrivani. 1987. Incorporating crown ratio into
prediction equations for Douglas-fir stem volume. Canadian Journal of Forest Research
17:17-22.

Walters, D.K. and D.W. Hann. 1986. Predicting merchantable volume In cubic feet to a
variable top and in scribner board fest to a 6-Inch top for six major conifers of Southwest
Oregon. Forest Research Laboratory, Oregon State Unlversity, Corvallis, OR. Research
Bulletin 52. 107pp.

Walters, D.K. and D.W. Hann. 1988. Taper equations for six conifer species in
Southwest Oregon. Forast Research Laboratory, Oregon State University, Corvallls, OR.
Resoarch Bulletin 56. 41pp.

Waltars, D.K.,, D.W. Hann, and M.A. Clyde. 1985, Equations and tables predicting gross
total stem volumes In cubic feet for six major conifers of Southwest Oregon. Forest
Research Laboratory, Oregon State University, Corvallls, OR. Research Bulletin 50.
a7pp.

Dr. Chung-Muh Chen
Senior Research Analysls and Forest Blometrclan
Divislon of Forestry, Minnesota Department of Natural Resources

Dr. Chen Is the Senlor Research Analyst with the DNR Divislon of Forestry. His major
role In the Dlvision Is the analysis of forest resources for timber supply, growth and yield,
and the design of sampling methods for forest Inventory. Dr. Chen has published papers
In Forest Sclence, the Journal of Forestry, University of Minnesota Research Notes, and
as US Forest Service North Central Experiment Station Technical Notes.

Dr. Chen's primary role will be to provide assistance with obtaining existing data
(described In Objective A) and with providing expertise to assist with the statistical
modeling (Objective B).

Dr. Alan R. Ek
Professor and Department Head
Department of Forest Resources, Unlversity of Minnesota

Dr. Ek Is Professor and Head, Department of Forest Resourcas, College of Forestry,
Unlversity of Minnesota, St. Paul. He jolned the faculty there in 1877, after serving on
the forestry staff of the University of Wisconsin, Madison, since 1969. He Is the author
of more than 130 technical publications on forest sampling, forest growth modsliing and
planning methodology and a member of Xi Sigma P, Sigma XI, Biometric Soclety,
IUFRO, the American Soclety of Photogrammatry and Remote Sensing and the Soclely
of American Foresters (SAF). He has served as the Measurements Subject Area
Representative on the Forest Science and Technology Board of the SAF, on the editorial
advisory board of Forest Sclence, as a working group secretary (Biometrics) and as
Minnesota SAF State Policy Chair. He Is a frequent consultant on forest resource
Inventory deslign, forest growth modelling and research planning In the U.S. and
worldwide.

Dr. Ek wlill provide consultalion on deslign and measurement of the decay survey.
List of Publications (partlal)

Ek, A. R. and R. A. Monserud. 1974. Trials with program FOREST: Growth and
reproduction simulation for mixed specles even- or uneven-aged forest stands. In:
Growth models for tree and stand simulation. J. Fries (ed.). IUFRO Working Party
154.01-4. Proceedings of 1973 Mestings. Royal College of Forestry Research Notes
No. 30. pp. 56-73. Stockholm.

Ek, A. R. 1974, Nonlinear models for stand table projection in northern hardwood
stands. Canadlan Journal of Forest Research 4: 23-27.

Ek, A. R. and R. A. Monserud. 1979. Performance and comparison of stand growth
models based on indlvidual tree and diameter class growth. Canadlan Journal of Forest
Research 9: 231-244,

Ek, A. R. and R. A. Monserud. 1981. Methodology for modeling forest stand dynamics.
in: Dynamic Propertles of Forast Ecosystems. D. E. Relchle (ed.). Cambridge
Unlverslty Press. 600 p. (pp. 37-52).

Isebrands, J. G., A. R. Ek and R. S. Meldahl. 1982. Compaison of growth model and
harvest yields of short rotation Intensively cultured Populus: a case study. Canadlan
Journal of Forest Research 12: 58-63.

Martin, G. L. and A. R. Ek. 1884. A compadson of competition measures and growth
models for predicting plantation red pine dlameter and helght growth. Forest Sclence 30:



731-743.

Eriksson, M., A. R. Ek, and T. E. Burk. 1988. A framework for Integrating forest growth
and dendrochronological methods. Proceedings of IUFRO Forest Simulation Systems
Confoience, Berkeley, CA. Nov. 2-5, 1988 (in press).

Vit Reporting Requirements

Semiannual status reports will be submitted not later than January 1, 1992, July 1, 1992, January 1, 1993
and a final status report by June 30, 1993.
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Development of Aspen Decay Models for Mature Aspen Stands - Forestry 21

Program Manager: Dennis Hummitzsch, Land Commissioner
Koochiching County Land Department
International Falls, MN
(218)283-6295

A ML. 91 Ch.254, Art. 1 Sec.14 Subd: 7.9 Approprlation: $85,000
Balance: $0

Aspen Decay Models for Mature Aspen Stands: This appropriation Is to the commissioner of
natural resources to contract with Koochiching county and the University of Minnesota, College
of Natural Resources, to develop models for aspen decay In mature aspen stands.

B. Compalible Data: Not applicable
C. Match Requirement: Not applicable
Narrative

The amount of aspen timber volume which Is lost to decay Is assumed to be large in Minnesota. Forest
managers need more Information on managing mature aspen stands so that this loss is minimized. By
understanding the relationship between individual-stem decay and stand characteristics, declsions can be
made as to which mature stands should be harvested first, which can be left, and how long stands can
be left before the decay loss Is critical. The accuracy of long-range planning efforts can be Increased by
Incorporating this new Information Into existing growth and yleld models. Glven the increasing pressure
on Minnesota’s aspon resource, accurate long-term planning and forecasting Is critical. This new
information will also be developed In the form of Indices which classify stands as to thelr vulnerabiliity to
decay (risk-level) based on stand characteristics such as soll type, site Index, and age. These Indices
could be easlly placed Into existing geographic information systems to serve as an ald for site specific
harvesting operations.

Oblectlves

A. Devslop and Implement a sample design (survey) to obtain data relating Aspen decay and stand
characteristics.

Al Narratlve: While relationships between inner-stem decay and outer-stem characteristics are well
documented, the relationship to stand-level characteristics such as soll type, site Index, and age
Is stilt vague. An effective survey will be developed in cooperation with the Minnesota DNR and
other researchers In the fleld.

A2 Procedures:

A key to the success of this project Is obtalning data from a broad cross-section of stand
conditions In Northem Minnesota and other similar locales. In addition to being prohibltively
expensive, collecting all "new" data Is unnecessary. Data for this project may come from two
s0Urcos:

1. Previous studies of aspen decay having the necessary varables. These studies may or may
not have looked at relationships between decay and stand characteristics but could be used for
this purpose.

e,

The Minnesota Department of Natural Resources recently conducted an aspen decay
project (A. Jones and O. Phillips, Minnesota DNR Aspen Loss Assessment Work Plan,
1989). While this project did not specifically look at the question of how aspen decay
relates to stand characteristics It does provide some of the data necessary to look at
that question.

A study conducted by the Ontario Minlistry of Natural Resources In northwestem Ontaro
also provides appropriate data (R. Miller, et. al., Ontarto Ministry of Natural Resources
1890, Proposed Methodology Enhancements of Trembling Aspen Soll Site/Productivity
Relationships In Northwestern Ontario). This study Involved remeasuring a large
number of permanent plots and lelling a number of assoclated trees for stem analysis.

Initlal conversations with these two projects Indicate that we will most llkely be able to
use the data from these projects In this study and effectively Increase our sample size.
This in turn will result In a larger reglonal applicabllity to any relationships which we can
model.

In addition to these two recent efforts, there are also a number of older studies which
may prove uselul:

Maler, G.B. and D. Darrah. 1972. Decay levels in mature aspen stands, Whitecourt,
Alberta, Canada. Alberta Forest Resource Development Agreement Projoct no. 1467-
72. 376 pp.

Schmitz, H. and L. W. R. Jackson. 1927. Heart rot of aspen with speclal reference to
forest management in Minnesota. Unlversity of Minnesota Agricultural Expeiiment
Station Technical Bulletin 50. 43 pp.

Morawskl, Z. J. R., J. T. Basham, and K. B. Turner. 1858. Survey of pathological
condition In the forests of Ontario. Ontario Department of Lands and Forests, Division
of Timber, Report no. 25 (co-studles) 86 pp.

Gevorklantz, S. R. and W. A, Duerr. 1938. Methods of predicting growth of forest
stands In the forest survey of the Lake States. USDA Forest Service, Lake States
Forest Experiment Station, Economlc Notes no. 9. 59 pp.

As much useful data as possible will be assembled from reports and historcal records.
2. Field data collected spacifically for this project.

This data source will certalnly be the bulk of the data for this project. A number of
factors need to be consldered in order to collect useful data. Plots will be established in
either the aspen-birch unit or northern pine unit of the statewide (Phase 1) inventory in
order to overlap measurements of this inventory taken in 1988-1990 and at earier
Inventorles. The primary emphaslis will be In Koochiching and St. Louls counties
because of the large acreage In mature aspen stands found In this county.

Using the phase Il forest management inventory state and county lands in the area,
potentlal stands for data collection will be located that are 1)in the Aspen cover type,
2)within one mile of a road, 3)between the ages of 20 and 80, and 4)have a site Index
greater than 40.

Critical to the success of the study Is sampling stands over a wide range of age, site
Index, and tree size. Therelore, the following matrx of site quallty versus stand age will
be sampled as complately as possible (it Is expected that tree size wili be broadly
distributed by sampling from this matrix):



II Slte Index
Sland Age
' 40 - 60 60 - 70 70-80 80+
21-30 44 plots 4+ plote 4+ plots 4+ plots
31-40 4+ plols 4+ plots 4+ plols 4+ plots
41 -50 u 4+ plots 4+ plots 4+ plots 4+ plols
51-60 4+ plots 4+ plots 4+ plots 44+ plots
61-70 4+ plots 4+ plots 44+ plots 4+ plots
Ti+ " 4+ plois 44+ plots 4+ plots 4+ plots
Total I 24+ 244+ 24+ 244+

Our gonl will be to hava a minimum of four fleld plots In each cell. Where some cells
can be completed with data from previous studies we may collect less fleld data. One
plot will be considered one observation in the cell of the above mentioned matiix. To

save on travel costs and be more effective In the fleld, these plots may be clustered A3,

within stands or within locales.

Each plot will consist of nested 1/16th (30.4 feet radius) acre and 1/100 acre fixed
radius plots. All trees larger than 5" will be tallied on the 1/15th acre plot and trees
greater than 1* but less than 5° will be tallied on the smaller plot. On each plot, all trees
>1" dlameter at breasi heigni wiii be measured ior spacles, dlameler, total height,
helght to live crown base, and Indicators of decay problems wiil be noted. in addition,
degree of closure of the crown canopy, aspect, slope, observation of recent
disturbance, slte quality, and soll type will be recorded for each plot. Site index will also
be calculated for each plot based on the height and age of three domlinant/codominant

treas located on or near the plot. Where approprlate, these slle trees will also provide A4,

an eslimate of stand age.

Alternatively, avallable records may provide a good estimate of age. Measurement and
coding of stand variables will be consistent with the existing Phase | permanent plot
system.

Following measurement of the plot, four trees will be selected randomly within the
avallable diameter classes from each plot. These trees wili be feiled at 0.5-foot stump

helght and sectioned at breast height (4.5 feet) and at 4-foot Intervals thereafter to the AS.

tip. Alter felling, total tree length and length of live crown will be measured. Each
seclion will be Inspected for the presence of conks, cankers, borer activity and decay.
The location of each of these on each section wili be recorded with an appropriate
symbol on a map of each 4-foot sectlon. Specles of conks and causal agents of
cankers will be Identified using macroscoplic characteristics. The width of conks at their
widest point and the length of cankers will be recorded.

The cross-sectlonal face of each section will then be examined for the presence of
docay. Three stagos of decay will be distingulshed; Inclpient, Intermediate and final.
Inciplent decay will conslst of wood that Is taintly colored from a light pink to straw
brown. The Intermediale stage Includes all degrees of coloration from straw to brown
but wood Is apparently siill hard and firm. Final stage Includes r 1, punky wood (or
missing wood) lrrespective of color.

The arnn nf nach frnce enctinn wihich la anlld or dacavad will ba drtarmined by one of

two methods. The first will Involve placing a transparent grid over the stem cross-
section. Boundarles of the stem and each stage of decay willl be traced onto the grid.
This grid will then be planimetered or digitized In the office to arlve at esimates of the
amount of decay and sound wood In the cross-section. The second possible method
will involve photographing each cross section In a standard fashion so that the
photographs could then be planimetered or digltized as above (This technique has been
used with success before - Goelz, J.C.G. and T.E. Burk. 1987. Testing a photographic
method for measuring stem cross-sections. Forest Sclence 33(3):784-89). The cholce
of method will be made after additional review.

The areas In decay and sound wood will be converted to volumes via standard
mensurational formulas (e.g., smalians volume formula for the majority of the bole,
cylindrical and conlc volume formulas at the base and tip, respectively)

Finally, each plot will be located on a map or existing aerial photography such that
additional large-scale photography can be obtained at a later date. This photography
may be used to Identify clonal differences within a plot and to provide additional stand
variables that might typically be avallable to forest managers. To evaluate the ellicacy
of using aeral photography to ldentify clonal differences, bud or leaf samples will be
collected from each tree on the plot. These will be subjected to proteln analysls which
can help to identify genotype (personal communication, Dr. Glenn Furnler, Univ. of
Minnesota, Department of Forest Resources).

Budget

LCMR Funds  Matching Fupds
a. Amount Budgeted: $50,000 $0
b. Balance: $0 $0

The contract between the DNR, the University of Minnesota, and Koochiching county defines
specific objectives which resuit in specific disbursemeiits of dollars.

All tasks were completed and notice of this forwarded to the DNR who then arranged for
payment.

Timeline for Products/Tasks
Historical/existing data acquisition
Develop survey and fleld guidelines -l
Field data collection [ |
Aerial photo data collection -
Keypunching of fleld data

Aerlal photo Interpretation

Tissue analysis for clonal difference I-1

July91  Jan92 June92 Jan93 June93d

Status:

Data have been obtalned from several historical studies. Data from 83 aspen stands In Ontario
have been obtained from the Ontaro Ministry of Natural Resources. These data were collected
from 1/10 acre fixed radius plots upon which all trees were felled and sectioned. The volume of
healthy and decayed wood was calculated by graphing each tree in 2 dimensions (width, height).
Assuming the tree cross-sectlons were round, these graphs were used to calculate the
merchantable pulpwood) volume and the net ((of decay) merchantable pulpwood volume. These
data were collected In the mid 1950's and are henceforth referred to as the Ontario Data. As an
aside, several hundred more plots are avallable from stands classified as other forest types. At
some point, the models developed In this study will be extended to the other forest types for
Ontaro.

wore also obtalned from a 1990 study conducted by the Minnesote . Howaver these
tdaw du ivi ave the stand-level Information necessary for this work.



A.B.

B.1.

B2

The aspen data collected by the USFS FIA (Forest Inventory and Analysis) Project have also
been obtalned. FIA plots can be classliied as full or partial measurements. Only the full
measurement plots have any Information on decay actually observed on the plot; this Information
being eslimates of decay based on extemal stem Indicators such as conks, cankers, and
wounds. These full measurement FIA data are henceforth referred to as the FIA Data.

The data collectod in the summers (July-Sept.) of 1991 and 1992 under this project consists of
53 plots located across Koochiching and St. Louls countles In Northern Minnesota. 500 trees
were felled and sectioned, providing detalled information on Individual tree volume and decay. In
addition, other more traditional measurements were made on 11168 standing trees. These data
have all been keypunched and checked for errors. These data are henceforth referred to as the
LCMR Data. A formal survey design and set of field guldelines were developed and used In
completing the fleld work.

All data have been Incorporated into a relational database management system to (a) facllitate
analysls and (b) serve as a central storage base. A listing of the database structure (tables and
variables), as well as copies of the survey design and fleld guldeline documents are avallable

from David Walters (612/624-3400), University of Minnesota, Dept. of Forest Resources. In total, B.3.

the database requires approximately 20. megabytes of physlical disk space.

Benefits: In addition to providing Information for objective B, objective A would provide valuable
data for other, future efforts In characterizing forest growth, development, and yleld. Some
examples are individual stem volume and taper equations, and climate change impact analyses.
This data would be malntained by the Great Lakes Forest Growth and Yisld Cooperative located
at the University of Minnesota and be made avallable to researchers upon request.

Devolop relationships between aspen stem quality and forest stand characteristics

B.4.

Narratlve: Individual stem quality would be related to stand characteristics through varlous
multivariate statistical analysis and modeling techniques.

Procedures:

Actual and Percent volume In sound wood, Inclplent, Intermediate and final stages of decay will
be developed for each tree that Is felled and sectioned. Using appropriate expansion factors
those values wlill be expanded to a per acre basls for each stand.

Multivariate analysis technlques will be used to relate exogenous varables such as average
stand dlameter, quadratic mean dlameter of the stand, site index, average height, average crown
rallo, percent crown closure, basal area, trees per acre, and other varables to the different
endogenous variables Including absolute and percent decay (each type) and varlous

transformations. B.5.

Initially, extensive use of graphing techniques will be made to Identify appropriate relationships
between these variables. As an example, a three-dimensional graphical analysis of final stage
decay, site Index and age will enable us to see If there Is any 2 or 3 dimenslonal relationship
between the three varables.

Model estimatlon will rely on linear and nonlinear regression, and may Include principle
component analysis. Princlpal component analysls may help to identify linear combinations of
the vairlables that provide a more parsimonious description of the relationships.

A gulding criteria will be that any developed equations will facliitate the estimation of decay
levels from commonly available stand characteristics or combinations thereof. In essence this
will lead to a better understanding of the economic rotation age of aspen or equivalently, how
long aspen can be held on the stump while minimizing wood fiber loss.

Further analysls will Involve relating our conclusions about aspen decay to the aspen decay
rointinnehine (annd In hath nhaer ¢ o4 nhnea | Minnaentn riatawlda Invantnrles ag well as In

surveys we will determine estimates of decay for a number of stands and then compare our
estimates with those found In the survey. The results should provide more accurate Jecay
estimates for these surveys.

Upon completion of the statistical analysis and modeling, the results will be Incorporated lnto an
existing growth and yleld model and Into the GIS system of Koochiching county. This will help
facllitate the use of these resulls by integrating the Information into a fleld usable format. GIS
maps are used on a dally basls as well as for future planning. It will also serve as a modoel for
other countles.

Results of the project will be presented at least once at an annuai meeting of the Great Lakes
Forest Growth and Yield Cooperative. The membars of this Cooperative Inciude
local/state/federal/industry foresters and land managers. Within Minnesota, non-member local
government officlals (county land commissloners) will also be Invited to the presentations. In
addition, summary reports will be distributed to appropriate land commissloners within
Minnesota.

Budget:

LCMR Funds Matching Funds
a. Amount Budgeted: $35,000 $0
b. Balance: $0 $0

The contract between the DNR, the Unlversity of Minnesota, and Koochiching county defines
speclfic objectives which result In speclfic disbursements of dollars. All tasks were completed
and notice of this forwarded to the DNR who arranged payment.
Timeline for Products/Tasks July91  Jan92 June92 Jan93 June93
- organize data -l
- graphical analysis I-—i
- statistical analysis
- computer programming of
results Into existing
growth models | |
_ Integration of results
Into GIS |-l
- presentation of results (B Il
- distribution of summary report Il

Slatus:

All of the data to be used In this projact, historical data and that collected specifically for this
project, have been combined Into a relational database. Eardy in 1983, a preliminary report

describing Initial statistical analyses was provided to the Minnesota DNR for approval. Such

approval was recelved and more detailed analyses followed.

Prior to beginning statistical analysls, many preliminary steps weie taken to convat the vailabloes
observed on Individual trees, l.e., diameter outslde bark at breast helght (D), tree helight, crown
length, etc., Into varables useful from the context of modelling decay volume per acre or the
percent of stand volume In decayed wood. To do this, a large number of intermediate computer
programs were written and utllized. For the Ontarlo Data, these programs baslcally aggregated
tree varables to a stand basis. As an example, the volume was recorded in the data for each
tree based on stem analysis. These per tree merchantable pulpwood volumes were summed for
each plot and the result multiplied by 10 (these were 1/10 acre plots) lo obtaln per acre
merchantable pulpwoed volumas, Similar aggregation was done for the FIA Data.



The LCMR data was more complicated as It invoived felling and sectioning a large number of
traes. These trees formed the heart of the Information on decay and In order to eventually obtain
the needed stand variables a number of auxlillary relationships were developed:

Lower Stem Diameter Inside Bark Equations- Because of an oversight the first year, the
diameter inslde bark at breast height (d) was not always observed. Therefore the
following functions were postulated and fitted to the data collected the second year of

True Individual tree Volumes - The true volume for all felled trees In the LCMR Data
was calculated by summing the volumes of all sampled sections. Depending upon their
location in the bole, the volume of Individual sections was calculated by different
means. Smallans formulae,

I(a, +a)

Vomations = 2

was used for all sampled sections above breast helght (4.5 feet). Note that | Is the
length of the sectlon, a, Is the area of the upper (generally smaller) end and a, Is the
cross-sectional area of the lower (generally bigger) end. The volume of the sectlons
betwaen the top of the sturmp and breast helght was approximated as the frustrum of a
nellold,

whote |, a_u, and a_l| are as defined above.
Tho volume of the stump was calculated as a cylinder,
Vo tinder = la,
Finally, the volume from the top of the last sampled section (generally colnciding with a

merchantable top diameter outside bark (D)) of 3 Inches) to the tree top was calculated
as a cone,

Winm

Veme = (@)

In order to fit (described iater) a model of individual tree merchantable volume, it was
necessary to obtain the true volume to a varety of top dlameters. For those top
diameters which fell above the last section actually sampled, the volume from the top of
the last section to the deslred top dlameter was calculated as the frustrum of a cone.

By summing the volume of individual sections and doing appropriate Interpolations, the
true volume from any lower polint to any upper point on the bole could be obtalned for
all folled trees. A varety of merchantablilty limits were applled and true volume
calculated for the volume from stump to top diameters outside bark of 2, 3, 4, and §
Inches. In addition the total stem volume was calculated.

the study:

d = aD* [11

and

d = aD%ec CROWN [2]

where a,b, and ¢ are coefficlents to be estimated and CROWN Is the ratlo of live crown
length to total stem length (commonly referred to as crown ratio). Equation 2] was
used in this work but [1] was developed as other studies may not have Information on
crown length or rallo. In addition, while the diameter Inside bark at stump helght (d,)
was always observed, the stump height varied and an equation predicting dlameter
Inside bark at a consistent stump height (1.0 feet in this study) was required. The
equation was:

d -( d ]«(4.54:,) 131

* \ad®

where h, = stump helght. Equation [3] Is derdved assuming the shape of the geometic
solld between stump and breast helght Is that of a nellold. Equations [1]-{3] were with
waelghted nonlinear regression assuming that the varlance was proporional to D.
Coefliclent estimates and it statistics are provided in Table 1.

Individual Tree Volume and Helght Equatlons - To obtaln the volume of each tree which
consisted of wood In Intermediate and final stages of decay, the geometiic volumme
formulae above (Smallans, nelloid, cylinder, cone) were used along with the observed
cross-sectional area of decay at the top and bottom of each cut section. Then, as with
the Individual tree volumes, the volume In decayed wood was calculated for each felied
tree by summing the volumes of appropriate sections and making proper Interpolations.
From this an average percent decay was developed as

%d = decay volunme
total volume

Because the sampled (felled) trees were sampled at random, the observed average
percent decay can be directly extrapolated to be the observed average decay for the
plot when expressed on a percent basis.



It was also necessary to detennine the volume on the remaining (non-felled) trees on
each plot. Therefore equations were developed to estimate total height, total volume,
and marchantable volume. Such equations are avallable elsewhere but glven the quality
of these data, It was besl to develop new ones. Because It Is appropriate to estimate
volume below breast helght from basic mensurational formulae (.e., a nelloid frustrum),
the volume equations fitted here were for the volume from breast height to some top
diameter (0 Inches In the case of total volume above breast height). The total tree
volume, Including the volume below breast helght can then be easlly obtained by
addition.

Ve = Vi * Vong,
Note that when d=0, V, Is equal to total tree volume. As with equations [1]-{3]), above,

a number of possible equations were examined with the following being the best when
compared as to fit and predictive abllity.

hay = bt - &™) s1™ [4]
Vo = a [ 220 o h, (5]
un'-vw(l—a(%)’) (61

where h,,, Is the helght from breast helght to the top of the tree and Sl Is site index. All
other variables have been previously defined. The coefficients and fit statistics for
equations {4]-]6] are also shown In Table 1. Using the above functions, the
merchantable volume on each tree on each plot was esimated as the volume from a
stump helght of 1.0 foot to a d, of 3.0 Inches..

Table 1. Coefficient estimates and summary statistics for equations [1}-[6].

Equation Samgle Size a b c d R' Tl

Number
1 237 0.9427 0.9832 NA N/A 0.99 0.1
2 237 0.0342 0.9805 0.04007 N/A 0.00 0.04
3 237 0.000174 2.4025 NA N/A 0.06 0.48
4 157 12.4514 0.22713 1.6188 0.4273 0.82 3.40
5 483 0.001855 0.1083 NA NA 0.05 1.32
8 1752 0.76368 3.0740 NA N/A 0.03 0.14

Other stand-leve! variables such as basal area per acre (BA, ft/acre), number of lrees per acre
(TPA), and quadratic mean diameter (QMD) were calculated as appropriate,

-
BA = EXPAND 2 005454154D?
i=1

TPA = EXPAND n

o - ( 2% )

where n Is the number of trees on the plot and EXPAND Is the reciprocal of piot size (in the
case of the LCMR data, EXPAND = 1/ (1/7) or 7.0). Only trees greater than or equal t0 5.0
Inches at breast helght were Included in these calculations. This restriction was dus 1o the fact
that the end goal of this projact was that the models be readily applicable to many data sets.
The data collected by most land management agencles in the Lake States generally coincides
with this threshold value.

Simllar aggregation was done for the Ontarlo and FIA Data as well.

Following these preliminary steps, three dala sets as described In Table 2 were available. A
large number of additional variables, Including observations of simple soll trails, average
phenology (bark coloration, leaf size, etc. ) were also avallable but preliminary analysis
suggested that those variables In Table 2 were the most promising. .



Table 2. Description of LCMR, Ontarlo, and FIA data sets.

Data Set
Varlable
LCMRA Ontario FiA
min mean max min moan max min mean max
{sd) (s.d) {ad)

Decay (%) 09 1085 34.0 0.8 187 54.0 0.0 72 413
(1.7 (1.4} 1.5

Stand Age o8 458 68.0 44.0 041 157.0 20 45.5 103.0
(years) (12.3) {230.5) {21.0)

Sl lindox (1) H4 4 723 e48 247 378 501 240 66.8 91.0
1) .7 (11.1)

Basal Atea 25 100.7 2105 47.4 152.4 312 3.8 868 180.8
(tf7acre) {46.2) (44.0) {36.8)

No. of Trees per 150 2628 480.0 130.0 304.5 590.0 7.8 150.2 303.3
Ace (95.8) (105) (00.8)

Quadtatic Mean 56 8.8 1390 58 0.9 14.0 55 °.0 16.5
Dlamoter (2.0) (2.0) (1.8)

{inchas)
Averago Grown 52 15.6 300 N/A NIA NIA NIA N/A NA
Ratlo (5.9)

Initial analyses revealed that the FIA data did not contaln any useful (in the context of modelling)
relationshlps between %decay and any stand-level attributes. No statistically significant
relationships could be found. This was to some extent anticipated due to the inherent nature of
the FIA plot design. These piots are actually clusters of 10 small variable radius plots. This
confounds the classification of the plot as to forest type, the determination of age and site index,
and many otherwise useful stand level vardables. Therefore the %decay models were developed
with the LCMR and Ontaro Data only.

Once the data described In Table 2 were assembled, the modelling of decay on a whole stand
or per acre basls was begun. Two baslc model formulations were deslied,

Risk Index Model - The tisk Index model was formulated In the context of logistic
regression and Is meant to be used to rank stands as to thelr probabie risk level to
signlificant Incidence of decay. A binary varable was developed having a value of 1
when the amount of decay exceeded 15% and a value of 0 when the amount of decay
was less than 15%. Logistic regresslon was then used to fit the function:

..5(._2_
Wb
- 171

Y
¥}
1 +e“.(%)

This model was fitted by minimizing the following loss function which provides maximum
likelihood estimates of a and b:

3 Yoy logfo,) + (1 - ¥y) og(l - Fy)

In addition to SI/QMD, a number oi exogeiious varables wera examined but this was
consistently the best formulation consldering model fit, predictive abllity and model
parsimony.

Coefficient estimates and summary statistics for these models are presented In Table 3.
Figures 1 and 2 show the fitted response surface for each data set.

%Decay Model - The %decay model can be used to estimate the actual amount of
decay which can be expected in a stand given certain stand conditions. The volume of
decayed wood can be calculated as the %decay (obtained from equations [8] and [9] )
times the estimate of merchantable volume in an Inventory. A number of linear an d
nonlinear models were examined, scrutinized, and compared with the two best given
below:

%decay = a ( 6%3 )b (81

Kdecay - a ( }. ¢ CROWN) 9]

QMD

As with equations (1] and [2], it Is suggested that the model having CROWN Included
be used whenever possible. CROWN, the average crown ratlo, I8 an easlly measured
yet under-utilized variable and Is an important addition to the model.

Coefficlent estimates and summary statistics for these models are also provided In
Table 3. Figures [3)-{9] show the actual and estmated %deca us a number of
Independent varables.



Although the coelfficients for the ONTARIO and the LCMR data sets were quite different, the

variables which proved to be most Important in explaining either the risk or the quantity of decay Table 3. Coelfficient estimates and summary statistics for flnal decay modals.
were quite consistent. This certalnly lends justification to the basic approach and model form. R A e s i 550
Models [7]-{9] provide simple yet rellable estimates of both %decay and a risk index which land Equation Number Samplo Size . b . - o
managers in Northern Minnesota and Ontario can use with existing Inventory databases. It Is
suggested that the LCMR Data results be used for locations In Northem Minnesota. In addition, LoD
the models are simple enough that they can easily be Implemented via a GIS. ala
7 53 3.0435 -0.6399 N/A NA NA
8 53 205.5415 -1.4330 N/A 0.24 5.24
[ 53 640.0472 -1.5740 -0.0583 0.38 4.38
Ontario Data
7 83 8.6014 -2.3220 N/A NA NA )
8 83 3008.1841 -2.4129 N/A 0.10 . 304356 i
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Further detalis on the analysls and results can be found In:

Wallers, D.K. 19893. Final Technical Report for the LCMR tunded project, "Aspen Decay
Models In Northem Minnesota® (In preparation).

B.6. Beneflls: Forest management declsions, ranging from decisions about long-term planning to
those conceming the choice of stands for Immediate harvest depend on a knowledge of the
health of the forest. Foresters are making decisions conceming which stands (or portlons
thereof) to harvest and which to leave every day. These stands have varying degrees ol
reslstance to decay. The analysis as proposed here would summarize this Infornation and
present It In a useful and stralght forward manner. The results wlill Indicate which stands should
be cut now and which can be retalned for several years. Such declslons can have a marked
effect on future timber supply by providing for wood fiber maximization within mulliple use forest
management concepls.

v. Evaluation

For the FY92-83 blennilum the program can be evaluated by Its abllity to: 1)assemble a quality
data set for modeling aspen decay in mature stands; 2)express the relationships between aspen
decay levels and stand level parameters quantitatively and 3)package the guantitative
expresslon of the relationships In a format that Is both straight-forward and uselul to forest
managers.In a broader sense, this program can be evaluated on Its contribution to a clearer
understanding of the aspen supply Issue and the Implications of an aging aspen resource. In
addition, the methodology developed hereln should be useful for evaluating decay In other
spacles. The degree to which the methodology Is extrapolated to other specles Is certalnly a
useful criterla for evaluation.

Context

A. Current and previous work In aspen decay addresses many questions but does not addiess the
question of which stands can be kept from harvest and which stands should be harvested before
decay loss becomes seirtous. With recent growth In computerized Inventories, stand level
Information Is routinely avallable to many fleld foresters. This study wiil develop relationships
between aspen decay and this stand level Information which can assist the forester In chooslig
stands for harvest.

B. This work will supplement previous work because many of the questions previously addressed
can be answered better with this additional data. And, In addition, we propose to use previous
work to supplement our data and our results.

C. There have been no past LCMR funds used In this area. Besldes aspen, there are a number of
specles for which a better understanding of decay relationships needs to be found. These could
certalnly be proposed for LCMR funding at a future date with technigues evolved from this study.

D. Not applicable.

E. Blennlal budget system program titte and budget: Not avallable at this time.

Qualifications

A. Program Manager:

Mr. Dennis Hummitzsch
Land Commlissloner
Koochiching County, Minnesota



Currently, the program coordinator has responsibllity to direct and administer the forest

management of 284,000 acres of public land in Koochiching county, Minnesota. Management of

this resource has a reglonal Impact regarding not only wood fiber supply but aiso other amenity
uses. His pilor experlence has been vared as a fleld forester during the past 15 years.

Mr. Hummitzsch's primary role will be as program coordinator and to make certain that the
results of this research will be directly and easlly applled In practice. In addition, he will help to
screen, Identify, and locate appropriate stands in which fleld data will be collected within
Koochiching county.

Malor Cooperators:

1.

Mr. David K. Walters
Research Specilalist
Department of Forest Resources, University of Minnesota

Mr. Walters Jolned the faculty at the University of Minnesota In 1988 and his dutles
Include the technical and administrative leadership of the Great Lakes Forest Growth
and Yield Cooperative. Concurrantly, he Is working on a doctorate degree In forestry.
He has worked on a number of aspects of forest growth and yleld at Oregon State
Unlversity, Virginia Tech, Bolse Cascade Corporation, and the University of Minnesola.
He Is the author of numerous technical publications on forest growth modelling and
planning methodology.

Mr. Walters primary role wlill be to organize and supervise field data collection
(Ohjective A) and to provide the statistical and analytical expertise for completing
Objeclive B.

List of Publications (partial)

Wallers, D.K., A.R. Ek, and D. Czysz. 1890. Construction of varable density empirical
yleld tables from forest managemant inventory data. Northern Journal of Applled
Forastry (IN PRESS).

Walters, D.K., and A.R. Ek. 1990. Development and application of a state-wide
emplrical growth and yleld model for natural aspen stands. IN: Proceedings of Aspen
Symposium '89, Duluth, MN, July 25-27, 1989. U.S.D.A. Forest Service General
Technical Report NC-140. pp. 177-183.

Walters, D.K., T.G. Gregolre, and H.E. Burkhart. 1989. Conslstent estimation of site
Index curves. Blometrics 45:23-33.

Gregolre, T.G. and D.K. Walters. 1988. Composite vector estimators derived by
welghting Inversely proportional to varlance. Canadian Journal of Forest Research
18:282-284.

Walters, D.K., and Harold E. Burkhart. 1887. A method for localizing site Index
equations. IN: Proceedings of the IUFRO Forest Growth Modeling and Prediction
Conference, Minneapolis, MN, August 24-28, 1987. University of Minnesota.

Hann, D.W,, D.K. Walters, and J.A. Scrivani. 1987. Incorporating crown ratio Into
pradiction equations for Douglas-fir stem volume. Canadlian Journal of Forest Research
17:17-22.

Wallers, D.K. and D.W. Hann. 1986. Predicting merchantable volume in cublc feet to a
variable top and In scribner board feset to a 6-Inch top for six major conifers of
Southwest Oregon. Forest Research Laboratory, Oregon State 1'-iversity, Corvallls,
OR. Research Bulletin 52. 107pp.

Wallars, D.K. and D.W. Hann. 1988. Tapef equatiens for six coniler species In

Southwes! Oregon. Forest Research Laboratory, Oregon State University, Corvallls,
OR. Research Bulletin 56. 41pp.

Walters, D.K., D.W. Hann, and M.A. Clyde. 1985. Equations and tables predicling gross
total stem volumes In cublc teet for six major conifers of Southwest Oregon. Forest
Research Laboratory, Oregon State University, Corvalils, OR. Research Bulletin 50.
37pp.

Dr. Chung-Muh Chen
Senlor Research Analysis and Forest Blometriclan
Division of Forestry, Minnesota Department of Natural Resources

Dr. Chen Is the Senlor Research Analyst with the DNR Division of Forestry. His major
role In the Division Is the analysis of forest resources for imber supply, growth and
yleld, and the design of sampling methods for forest inventory. Dr. Chen has published
papers In Forest Sclence, the Journal of Forestry, University of Minnesota Research
Notes, and as US Forest Service North Central Experiment Station Technical Notes.

Dr. Chen's primary role will be to provide assistance with obtaining existing data
(described in Objective A) and with providing experise to assist with the statistical
modeling (Objective B).

Dr. Alan R. Ek
Professor and Department Head
Department ol Forest Resources, Unlversity of Minnesota

Dr. Ek Is Professor and Head, Department of Forest Resources, College of Forestiy,
Universlty of Minnesota, St. Paul. He jolned the faculty there In 1877, alter serving on
the forestry staff of the Unlversity of Wisconsin, Madison, since 1969. He Is the author
of more than 130 technical publications on forest sampling, forest growth modelling and
planning methodology and a member of Xi Slgma Pi, Sigma XI, Biometric Society,
IUFRO, the American Soclety of Photogrammetry and Remote Sensing and the Soclety
of American Foresters (SAF). He has served as the Measurements Subject Area
Representative on the Forest Sclence and Technology Board of the SAF, on the
editorial advisory board of Forest Sclence, as a working group secretary (Biometrics)
and as Minnesota SAF State Policy Cheir. He Is a frequent consultant on forest
resource inventory deslign, forest growth modelling and research planning In the U.S.
and worldwlde.

Dr. Ek will provide consultation on design and measurement of the decay survey.
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Reporting Requirements

Semlannual status reports will be submitted not later than January 1, 1892, July 1, 1992, January 1, 1993
and a final status report by June 30, 1993.





