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PREFACE

This is an excitingtime for forestryin the Lake States where we have an
expandingresourcebase, particularlyhardwoods,and are close to major markets.
We have the industrialtechnologyto producethe fiber and energy needed to meet
market demands, and we have plenty of labor,due in part to reductionsin other
industries.

Major industrialexpansionsare taking place in the northernLake States,
the largestof which is the $500 million ChampionInternationalpulp mill at
Quinnessec,Michigan. Severalnew waferboardplants have been built in Minnesota
and Wisconsin;in Michigan,a new orientedstrandboardplant has been built by
Weyerhaeuserin Grayling,and Louisiana-Pacifichas built a new medium density
fiberboard plant in Newberry. In addition,large investmentshave been made or
announced in hardwoodlumbermills and other smallerwood products companiesin
northernMichigan. In total, the recent expansionin Michigan alone approximates
$1 billion in capitalinvestmentand will create about 1,300 new jobs.

The primaryfiber resourceto supplythese plants is the abundanthardwood
stands. Northernhardwoodsare the main "crop"on 10 million acres of forest
land in the Lake States. Most of today'snorthernhardwoodsare second-growth
stands that grew after the clearcuttingand high-gradingthat took place between
1900 and 1930. These stands are typicallyeven-aged,composed of poles 5 to
9 inches in diameter,often poor in quality,slow growing, and in need of thin-
ning.

The industrialexpansionin the Lake States encouragesus to more inten-
sively manage our hardwoodstands and allowsus to get into intermediateopera-
tions such as hardwoodthinning. Besidesprovidingfiber for industrial
consumption,these thinningswill enable us to acceleratethe growthof high-
quality crop trees. This will ensure that high-valueveneer and sawlogs, the
backbone of this hardwoodregionfor many years, will continueto be available
in the future.

Researchon managingand utilizingnorthernhardwoodshas been in progress
for many years by public agencies,the universitiesof the region,and industry.
Much informationhas been developedand is availablefor use by land managers.
This symposiumis one method of transferringthe availabletechnologyto poten-
tial users; I hope that this is only a start in improvingour technologytransfer
efforts. Also, I am sure that the dialoguethat took place during this symposium
will providedirectionfor future research.

We are pleasedto cooperatewith universities,trade associations,public
and private landowners,and others in our research. We have been especially
pleased to cooperatewith MichiganTechnologicalUniversity,Bay de Noc Community
College, the MichiganAssociationof Timbermen,and the Michigan-WisconsinTimber
Producers Associationin co-sponsoringthis symposium.

ROBERT A. HANN
Director
North CentralForest ExperimentStation
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SOME STRATEGICCONSIDERATIONSIN MANAGING
HARDWOODFORESTSIN THE LAKE STATES.........

Dr. Henry H. WebsterI/

Abstract.--Forestresourcesin our part of the country have
recently taken on greatly increasedimportancefor society. The
hardwoodcomponentof forest resourcesseems to be taking on
increasedimportanceand potential. Carefullyselectedhardwood
managementpracticespay off quite well. But three major
questionsat strategiclevelwill requirethe most careful
attention.

These are my major points. Each can be usefully,but
modestly,expanded.

INTRODUCTION

It is my pleasureto take part in this importantsymposium. I will
attemptto set the stage for your detaileddiscussionsof hardwoodthinning
opportunities. My remarksquite franklydraw heavilyon two earlier
presentations,the first made at the 1982SAF nationalconventionin
Cincinnati,the secondmade at the SAF regionaltechnicalconferenceheld in
Duluth during 1983. Severalpoints made on those occasionsare relevanthere.

FOREST RESOURCESHAVE GREATLY INCREASED
IMPORTANCEFOR SOCIETY

Forest resourceswere highly importantin the original developmentof the
Great Lakes region. They providedboth raw materialand financialcapitalfor
developmentof mid-continentUnited States. Their importancethen declined
significantlyin a relativesense as other sectorsof our economyand society
expandedand prospered. Forest resourceswere then importantprimarilyto the
resourcescommunityitself. The dominanteconomyof the Great Lakes region
(basedin steel, heavy machinery,and automobiles)has recentlyundergone
severe contractionas every casual newspaperreader is well aware. This effect
is so seriousthat it is at the heart of politicalcampaignargumentsover
industrialpolicy.

One notableresult is a major effortto developand diversifythe regional
economy. Major effortsare going forward in all of the Great Lakes states,
with a substantialmeasureof interstatecooperationat several levelswith
overall leadershipprovidedby the Great Lakes GovernorsAssociation. Forest
resourcesand industriesare an importantpart of these efforts. In Michigan,
for example,there are just three target sectorsat this point. Two involve
renewableresources,namely forest resourceand industries,and agricultural
processing. The third is certainhigh-valueparts of the automobile
industries.

I/stateForester,MichiganDepartmentof NaturalResources



Michigan'sefforts to developforest resourcesand industriesare
spearheadedby GovernorBlanchard's25-pointinitiativeannouncedin this city
last December 14. This initiativeinvolvesmajor proposalsfor improvingthe
businessclimatefor forest products industries,for assuringfuture timber
supplies,for coordinatingpublic and privateforestryactivities,and for
creating innovativenew arrangements(includingfunding)to carry these matters
forward. Rather similareffortsare going forwardin Wisconsinand Minnesota.
And at the same time the nationally-knownConservationFoundationis carrying
out an analysisof major regionalforestpolicy issues. This analysis is
intendedto help positivetimber-baseddevelopmentgo forwardwith adequate
attentionto naturalisticand recreationalvaluesof forest resources.

These activitiesall illustrateone very simplepoint" Forest resources
are again a major part of the fundamentalsocialand economicagenda of this
region. This simplefact places a premiumon professionallycompetent,
technicallyadequate,and sociallysensitivemanagementof forest resources.
Our sessionshere today help to lay part of a strengthenedbasis for such
management.

HARDWOODRESOURCESARE EMERGING

Hardwoodshave historicallytaken secondplace to softwoodsin a
considerablenumberof situations. Softwoodshave been generallymore useful
due to a numberof factors,particularlylengthof fibers and usefulnessin
construction. High-qualityhardwoodsused in furnituremanufacturehave been
an exceptionto this overallpattern.

Breakthroughsin utilizationand marketingof hardwoodshave taken place
to varyingdegreesseveraltimes in recentdecades. We appear to be
approachingwhat may in fact be a major breakthrough. Technologicdevelopments
and externaleconomicforces seem to be convergingtoward this result.

Severaltechnologicdevelopmentsappearto be increasingthe usefulnessof
a considerablenumberof hardwoodspecies. These developmentsincludethe
press-dryingprocessfor paper production,and the saw-dry-ripprocessfor
lumberproduction. In both cases, hardwoodsand softwoodsappear to be more
nearly interchangeablethan was previouslythe case. This is to the
considerablerelativeadvantageof hardwoods.

Externaleconomicforcesrelate especiallyto rising transportationcosts,
and their effect on alternativesourcesof timber products for the largemarket
centersof the Great Lakes region. Our major citieshave historicallybeen
suppliedto major extent with paper and buildingproducts from the Deep South,
easternCanada,and the PacificNorthwest. Transportationcosts have increased
a great deal since this patternwas established. Energy costs affected by OPEC
are the root of this. Productioncloserto market centers has become

substantiallymore attractiveas a result. Developmentof the various types of
compositeboard industriesin the Lake States has been substantiallya result
of this set of economicforces.

These developmentsand forces suggestthat a major breakthroughconcerning
hardwoodsmay be occurring. This can be saideven if we recognizethat some
apparentearlierbreakthroughsonly half to two-thirdshappened.
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In all of this there is an importantcentral issue. How do we go about
matching industrialprocessesand forest resources? To what degreedo we
change industrialprocessesto take advantageof kinds of timber that grow
fairly naturallyand easily? Or to what degree do we change forest resources
to grow timber in greatestdemandfor today'sindustrialprocesses? What
balancedo we strikebetweenthese two differentapproaches? This is at the
heart of questionsconcerningmanagementof hardwoodsversus conversionto
softwoods. There is no single,simple,and universallyapplicableanswer. But
major effortsto more effectivelyuse relativelyabundanthardwoodresourcesdo
appear to me to be a most importantdirection. This amountsto runningto the
wide side of the field in simple resourceterms. In addition,industrial
processescan be adaptedmore quicklythan extensiveareas of forestscan be
convertedand broughtto maturity.

"Thewide side of the field" is an importantconcept. Our region
currentlyhas lower timber pricesthan other major forestedregionsof the
United States. This is a resultof less intenseutilizationthan in the South
and PacificNorthwest. These lowerprices are now a positiveattractantfor
timber industrydevelopmentas timber supplies in these other U.S. regions,and
in Canada,tightenup appreciablyfor a variety of reasons. We should take
care not to lose this advantage immediately. Managementmust intensify.
However,real effort is neededto focus on practicesthat are both economically
efficientand compatiblewith continuinglow cost of final pro_]-u-ct.

CAREFULLYSELECTEDHARDWOODMANAGEMENT
PRACTICESPAY OFF QUITE WELL

We can now turn our attentionto managementpracticesdesignedto assure a
stable supply of improvedhardwoodtimber in the future.

The fact is that some such practicespay off quite handsomelyin
hardheadedfinancialterms if viewed as moderatelylong-terminvestments.

Pay off can be usefullymeasured via real rates of return for complete
managementregimesfor particularforest types. Real rates of return are over
and above inflation: they measurehow rapidly investmentsin management
practices"grow into" increasedvalues at harvest. The effects of management
in increasingvolume,improvingquality,and shorteningtime requiredto reach
a given stand conditionare all reflectedin higher rates of return. If timber
prices increasefasterthan prices for other goods and servicesthis is also
reflected. Real rate of return_ the overall inflationrate equals interest
rate that can be comparedwith that offeredat the bank or elsewhere.
Managementregimesfor particularforest types assume that the most appropriate
silviculturalpracticesfor each type are applied in a technicallycorrect
manner in sequenceat optimumtimes. It is furtherassumedthat managementis
appliedonly on productivesites. These assumptionsare powerful statements
concerningthe absoluteneed for technicallyskilledapplicationof
silviculturalpractices.

Real rates of return in the range of 9 to 12 percentper year have been
calculatedin competentlydone analysesfor severalregionalforest types. For
example, such rates have been calculatedfor the northernhardwoodtype, and
(in a more restrictedsense) for good qualityoaks on productivesites.
Similarly,rates in this same range have been calculatedfor our principalpine



types. Rates of return for active timbermanagementare markedly lower in the
aspen type and in secondarysoftwoodtypes such as spruce-fir. This difference
in returnsamong types has a simple,elementalcause: aspen and spruce-fir
grow about as well by themselvesas they do with deliberatesilvicultural
effort. The other types are substantiallymore responsive.

Rates of return can also be calculatedfor individualpractices. This has
been done in a numberof major analysesmade over the past twenty-fiveyears.
Such calculationstend to show higherrates of returnfor intermediate
practicesthan for regeneration;indeedthey tend to show higherrates for
intermediatepractices(e.g. thinning)carriedout relativelylate in the
rotationthan for generallysimilarpracticescarriedout earlier.

A part of these higher rates for latepracticesis spurious: the
arithmeticmechanicsof compoundinterestautomaticallyraises rates of return
for shorter-termas comparedwith longer-terminvestments. But there is a
valid point with practicalapplicationin those foresttypes that regenerate
fully and easilywith littlemanagerialattention,as do a numberof hardwood
types. Managementregimes for these types can appropriatelybegin with
thinningor other intermediatepractices. Such regimesgenerallypay off at
higher rates than do those for types where major regenerationeffortsand
expendituresare necessary.

THREE MAJOR FACTORSREQUIREATTENTION

These high rates of returngive a promisingpicturefor deliberate
managementof hardwoodresources. Thinning is obviouslyan importantpart of
such management.

Three mattersof large scope requireour most serious collective
attention,however, if this promise is to be fulfilled. The first is the cost
advantageto timber industriesnow providedby relativelylow-costtimber in
our region. From a developmentalperspectiveit is importantto prolongthis
advantage. Can we do so as managementbecomesmore intensive? We probablycan
if we focus adequately. But this won't happenautomatically. There is
particularreason to worry about complexforms of managementthat can readily
run up costs in relationto output. Traditionalindividualtree managementof
northernhardwoods,with thinningcarriedout by traditionalmeans, is perhaps
an outstandingexample. Thereforeit is particularlyimportantto develop
simplifiedmanagementapproachesfor this type, as it is also importantto
developefficientmethods and machineryfor carryingout specificpractices
such as thinning.

The second crucial questionis the matter of investment. We must liberate
ourselvesfrom the idea that nothingcan be investedin producingimproved
forests. Of course,it costs less in an immediatesense if thinningor other
practicescan be done on a wholly commercialbasis. But to limitourselvesto
that basis alone may mean continuingin a classic low-leveltrap. Past
practiceshave given us somewhatraggedforests. If we limit ourselvesto
improvementthat can be immediatelyfinancedfrom current receiptswe are
perpetuatingthis conditionunnecessarily. The point of keeping costs down is
not to avoid investment. Rather it is to investin practicesand situations
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that give a lot of improvedfinal result in relationto amount of investment.
That is the point of the excellentrates of return cited earlier.

The third crucialquestionconcernsexpansionof market and utilization
opportunitiesfor hardwoods. We have alreadynoted technologicdevelopments
and economicforces that are fosteringsuch expansion. But this will not
happen automatically. It will requiresustainedeffortby many organizations
both publicand private. It will requiresustainedeffort in basic research,
in specifictechnologicdevelopment,in plant improvement,and in efforts to
attract additionalforest productsfirms to our region.

A united front is essential in these efforts. To my eye, the Lake States
forest resourcescommunityis developingmuch greatercohesivenessthan was
ever previouslythe case, even though we still have some distanceto go. And
we have new allies who are interestedin forest resourcesfor their regional
developmentalpotential. That is most encouraging.



THE LAKE STATES'HARDWOODRESOURCE

I/
John S. Spencer,Jr.--

Abstract.--TheLake States contained34.3 millionacres of

commercialforest land in 1977 in hardwoodforesttypes--75percent
of the total commercialarea. The aspen and maple-birchtypes with
12.9 and 10.9 million acres, respectively,lead all others.
Thinning is the appropriatetreatment,from a silviculturalview-
point, for an estimated3.0 millionacres, half of which is in the
maple-hirch type.

"Onehot day during the close of August,Margolis ran amok. He complained
that perspirationkept runningdown his glasses,and althoughhe could not see
withoutthem, he could not see with them either. Althoughit was intensely
hot, Wagner ran the line throughthe hardwoodlowlandat full speed, tryingto
get away from the maddeninginsects. Margolis,inhalingsmall insectswith
every breath,ran into a springycedar snag,which catapultedhim throughthe
air. He snortedlike an infuriatedbullwhen he got up and chargedthe snag
with a wild burst of speed. The snag did not break,however,but threw him
backwardsinto the brush again. This time he ran at it with his hand axe,
exclaimingwhile he hacked, 'There,damnyou, -- take that, and that! And
when it came down, triumphantly, 'andTHAT!'"

These words, written about 1937 by Harry G. Gafvert,member of the first
Forest Survey team to inventorythe timber resourcesof the Lake States, tell
us somethingof the sense of purposeand directioninstilledin those young
men of long ago as they completedtheir precedent-settingsurvey. The words
also tell us, perhaps, of an early applicationof thinning,the subjectof
this symposium. The rest of the paper portraysthe hardwoodresourceas it
exists presentlyin the Lake States.

OLD SURVEYMETHODS

The survey Mr. Gafvert helped completebetween1933 and 1936 came about
becauseof a publicconcernthat the countrymight be runningout of timber--
an understandablefear given the Nation'sinsatiableappetitefor timber and
the generalabsenceof appliedforestmanagementin the 19th and early 20th
centuries. The legislativefoundationfor nationwideforest inventorieswas
laid in 1928 with passage of the McSweeney-McNaryForest ResearchAct.

I/PrincipalResourceAnalyst, North CentralForest ExperimentStation,USDA
Forest Service, St. Paul, Minnesota.
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Foresters used a system of sampling in the Lake States that was developed
in Sweden, Cruise lines were run 10 miles apart in an east-west direction
across the State. Crews n_asured I/5-acre plots every 10 chains (660 feet)
along these lines. Field work continued year-round, and in isolated areas the
crews camped on the line to keep from dead-heading long distances back to a
road at night, _Iorking conditions were demanding in the mid-1930's, with the
lack of good maps, down parkas and sleeping bags, lightweight camp gear, insu-
lated boots, and even reliable insect repellent.

NEW SURVEY METHODS

A few things have changed since that first survey. We are now called
Forest Inventory and Analysis rather than Forest Survey. Our primary legisla-
tive mandate now is the 1974 Forest and Rangeland Renewable Resources Planning
Act, which broadened the scope of state-wide inventories. Sampling techniques
changed also to combine information obtained from aerial photos with data
measured on the ground -- commonly called a two-stage sampling technique.
Field plots measured on the ground are a subsample of aerial photo points exa-
mined under a stereoscope. The field plots are a cluster of 10 points located
70 feet apart, covering an area of about one acre. The crew establishes a
variable-radius plot at each of the 10 points. Field crews still work year-
round, however, and they share many of the difficulties of their counterparts
of the past. The data generated from every inventory is largely purchased by
the sweat of these hard-working and unsung people.

LAKE STATES TIMBER RESOURCE

The inventory information that follows is dated 1977, but it comes from
three surveys of different dates, The Michigan and Minnesota inventories are
dated 1980 (Spencer 1983) and (Raile and Smith 1983) and 1977 (Jakes 1980)
and (Spencer 1982), respectively. Fieldwork for the new inventory of
Wisconsin was completed in January, 1984, and preliminary data are available
for three of the five Forest Survey Units. However, statewide data are not
complete. Therefore, data from the 1968 survey, which were computer-updated
to 1977 for the National Assessment (USDA Forest Service 1982), are used here.

AREA

Forest land in the United States amounted to 736 million acres in 1977--
one-third of the Nation's total land area (table 1). The Pacific Coast and
South, with 29 and 28 percent of the total forest land, respectively, lead all
other regions (fig. 1). The Lake States, with 5 percent of the Nation's land
area, contain 7 percent of its forest land, 50 million acres.
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Figure 1.--Regionsof the UnitedStates.

Table 1.--Areaof forest land by land class,and region, UnitedStates, 1977

(In millionacres)

Total Commercial Productire- Other
Region forest land forest land reserved forest land

PacificCoast 214.3 70.6 4.1 139.6
South 206.9 188,0 2,1 16,8
Rocky Mountain 137.8 57.8 8.4 71.6
Northeast 83.1 77.4 3.8 1.9
Central 40.5 39.2 0,7 0.6
Prairie 3.1 2.6 -- 0.5
Lake States 50.0 45.7 1.8 2.5

AlI Regions 735.7 481.3 20.9 233.5
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Althoughthe Pacific Coast Region containsthe largestarea of forest
_and, only one-thirdof it is commercialforest land, Nearly two-thirdsis
unproductiveor deferredforest land--eitherincapableof producingcrops of
industrialwood becauseof adversesite conditions,or temporarilydeferred
from harvestinguntil studiesunder RARE II are completedto determinewhether
the land should be includedin the wildernesssystem. The South, then, con-
tains the largestarea of commercialforest,188.0 million acres. Ninety-one
percent of the Lake States'forest land is commercialforest,45.7 million
acres. Productive-reservedforest accountsfor 1.8 million acres and unpro-
ductive forest makes up the remaining2.5 millionacres.

Among the Lake States,Michigan leads in forest and commercialforest area
(table 2). Minnesotaleads in area of productive-reservedforest (primarily
the BoundaryWaters Canoe Area Wildernessand the VoyageursNationalPark),
and unproductiveforest.

Table 2.--Areaof forest land by land class,Lake States,1977

(In millionacres)

Total Commercial Productire- Other
State forest land forest land reserved forest land

Michigan 18.4 17.5 0.6 0.3
Minnesota 16.7 13.7 1.2 1.8
Wisconsin 14.9 14.5 -- 0.4

Lake States 50.0 45.7 1.8 2.5
•, ,.........., ...... , .............................. L . , m L L i . ,

Nationwide,commercialforest area has declinedby 3.6 percentsince 1952.
The Northeastwas the only regionto show a gain, largelybecauseof abandoned
farmland revertingnaturallyto forest. The Lake States declined10.6 per-
cent, second only to the PrairieStates' 13.9 percentdrop:

Region

Northeast + 6.0
South (-)2,1
PacificCoast (-)5.4
Central (-)6,0
Rocky Mountain (.-)9.6
Lake States (-)10.6
Prairie (-)13.9

All Regions (-)3.6

Among the Lake States,Minnesotashowedthe biggestdeclinebetween 1952
and 1977, 2.9 millionacres or 17.5 percent (table3). Much of this was due
to conversionof commercialforest landto productive-reservedforest,



Table 3.--Area of commercial forest land in the Lake States_
!952_ 196_, 1970_'and 1977

(In million acres)

Year Total Michigan Minnesota Wisconsin

1952 51.0 19.1 16.6 15.3
1962 49.2 19.1 15.4 14.7
1970 47.8 18.8 14.5 14.5
1977 45.7 17.5 13.7 14.5

Two forest types dominate Lake States timber stands, accounting for 56
percent of the commercial area--the aspen-birch type (32 percent) and the
maple-birch type (24 percent) (table 4). The aspen-birch type has received
increased attention, especially in Minnesota, since the advent of the wafer-
board industry. The aspen-birch type is most extensive in Minnesota where it
comprises 50 percent of the commercial forest. The maple-birch type is most
widespread in Michigan, accounting for 35 percent of that State's commercial
area.

Table 4.--Area of commercial forest land in the Lake States,

by forest type, 1977

(In million acres)

Forest type . Total , Michigan Minnesota Wisconsin

White-red-jack pine 3.7 1.7 0.8 1.2
Spruce-fir 6.9 2.6 2.9 1.4
Oak-hickory 5.4 1.8 0,9 2.7
Elm-ash-cottonwood 3.1 1.3 O,7 1.1

Maple-hirch 10..9 6.1 1.3 3,5
Aspen-hirch 14.9 3.8 6.9 4.2
Nonstocked 0.8 0.2 0.2 0.4

All types 45,7 17.5 13.7 14.5

The proportion of area in each stand-size class reveals much about what
has happened in the past to those stands. In the West where old-growth stands
are common, two-thirds of the commercial area is in sawtimber stands (table
5). In the South where much of the forest is intensively managed, the commer-

cial area is fairly evenly divided among the three stand-size classes. The
Lake States is the only region where sawtimber stands do not predominate,
This reflects the continuing maturation and rebuilding of stands from the
cutover and burned over conditions prevalent in the late 19th and early 20th
centuries.
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Table 5.--Percent of commercial forest land in each
stand-size class, United st.a_t_es,..1977

(In percent)

Sapling"and.............
Region Sawtimher Poletimber seed,ling Nonstocked

South 38 31 28 3
Northeast 40 29 29 2
Pacific Coast 66 14 14 6
Rocky Mountain 67 20 9 4
Central 42 27 28 3
Prairie 40 28 14 18
Lake States 25 47 27 1

, ,., , , , , , ,l , , ± , , i , , J, ........... ,,

AlI regions ..... 4,5......................28 ...............24......................3 .....

Poletimberstands are somewhatmore widespreadin Minnesota,where they
account for 51 percent of the area, than in Wisconsin (46 percent)or Michigan
(45 percent) (table6). The proportionof sawtimberstands is greater in
Michigan (29 percent)than in Minnesota (23 percent) or Wisconsin (23 per-
cent). The proportionof nonstockedcommercialforestin the Lake States is
lower than in any other region.

Table 6.--Areaof commercialforest land in,the Lake St,ates_
bY stand-sizeclass'.1977

(In millionacres)

Stand-size ...............................
class Total Michigan Minnesota Wisconsin

Sawtimber 11.5 5.1 3.1 3.3
Poletimber 21.4 7.8 7.0 6.6
Sapling and seedling 12.1 4.4 3.4 4.3
Nonstocked 0.7 0.2 0.2 0.3

J Jl • i i i .i i i ! i [ L L i i_ ,L L [ I

All classes 45.7 17.5 13.7 14.5

The percentof area in hardwoodforest types in the Lake States by stand-
size class parallelsthe percent for all forest types (table7). However, the
proportionsfor individualforest types vary considerably. Sapling-seedling
stands make up 36 percent of the aspen forest type and 27 percentof the elm-
ash-cottonwoodtype, but only 18 percentor less of other hardwoodtypes.
Seventy-twopercentof the paper birch type and 52 percentof the aspen type
are in poletimberstands. Other hardwoodtypes contain43 percentor less of
poletimberstands. Sawtimberstands are most prevalentin the oak-hickoryand
maple-birchtypes,with 41 and 40 percent, respectively.
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Table 7.--Areaof commercialforest land b_,hardwoodforesttype_ stand-size
class, and state_.Lak"eStat.es_ 1977 .....

(In thousandacres)

Forest type All Lake States Michigan Minnesota Wisconsin

Oak-hickory

Sawtimber 2,165 684 453 1,028
PoIetimber 2,189 782 361 1,046
Saplingand seedling 978 308 80 590
All stands 5,33-2 1,-'i7"4" 894

EIm-Ash-Cottonwood

Sawtimber 993 453 195 345
Poletimber 1,358 471 389 498
Saplingand seedling 871 402 155 314
AlI stands 3_'222 1,3_26 _739 1,157

Maple-hirch
Sawtimber 4,410 2,480 675 1,255
PoIetirober 4,662 2,568 494 1,600
Sapling and seedling 1_832 I_050 115 667
AIl stands 10,904 6L,098 -1-,284

Aspen
Sawtimber I,580 534 907 139
Poletimber 6,724 1,505 3,281 1,938
Saplingand seedling 4,619 1_368 1_663 1_588
All stands 12,923 3,4-07 5,851 3J,665

Paper birch
Sawtirober 197 35 142 20
Poletimber 1,393 270 758 365
Saplingand seedling 337 70 97 170
All stands 1,927 375 _ 555

All hardwoodtypes
Sawtimber 9,345 4,186 2,372 2,787
Poletimber 16,326 5,596 5,283 5,447

Sapling and seedling 8,637 1__ 2,110 3,329All stands 34,30_8 9,765 i-1,563
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Fifty-six percent of the area of hardwood forest types grows stands that
are aged 50 years or younger, and 70 percent of them grows stands 60 years of
age and younger (table 8). The longer-lived oak-hickory and maple-birch types
contain smaller proportions in the younger age classes--only 56 percent of
both types is in stands less than 60 years old. This compares with 90 percent
of the aspen type and 78 percent of the paper birch type, both composed of
shorter-lived species.

Table 8.--Area of commercial forest land by hardwood forest type and stand-age
class, Lake States, i197"7

(In thousand acres)

Stand-age
class Elm-ash- Maple- Paper

__ars ) All types Oak,hickory cottonwood birch Aspen birch

1-10 3,789 459 332 716 2,167 115
11-20 3,178 328 296 651 1,759 144
21-30 2,164 171 242 455 1,178 118
31-40 4,442 528 308 906 2,423 277
41-50 5,736 744 333 1,731 2,486 442
51-60 4,865 738 416 1,678 1,619 414
61-70 2,801 581 347 996 662 215
71-80 1,937 477 247 795 317 101
81-90 1,636 428 232 758 160 58
91-100 1,318 332 169 706 87 24
101-120 1,522 394 191 870 55 12
121+ 920 152 109 642 10 7

All ages 34,308 5,332 3,222 10,904 12,923 1,927

Site index indicates the quality of a site in terms of the height of a
free-growing tree at age 50 of a representative species of the forest type.
Among hardwood forest types in the Lake States the weighted average site index
is 62.4 feet. Michigan is highest with 65.2 feet. Wisconsin and Minnesota
follow with 60.8 and 60.4 feet, respectively.

Highest average site indices are in the aspen type (65.8 feet) and the
maple-birch type (63.1 feet), followed by the paper birch type (58.4), the
elm-ash-cottonwood type (57.4 feet), and the oak-hickory type (57.1 feet).
Considering all hardwood types together, 43 percent of the commercial forest
area grows stands whose site index is 60 feet and shorter, and 72 percent of
the area grows stands whose site index is 70 feet or less (table 9).
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Table 9.--Area of commercialforest land by hardwoodforesttype and site-
index class, Lake_States_il_9__

(In thousandacres)

Site-index

class Elm-ash- Maple- Paper
{feet) All types Oak-hickory cottonwood birch Aspen birch

11-20 1 ...... 1 --
21-30 92 16 31 22 17 6
31-40 1,332 425 378 236 206 87
41-50 4,427 1,260 672 1,194 1,024 277
51-60 8,870 1,570 887 2,932 2,780 701
61-70 10,145 1,191 630 3,575 4,121 628
71-80 6,436 603 326 2,062 3,255 190
81-90 2,410 211 168 698 1,296 37
91+ 595 56 130 185 223 1

All classes 34,308 5,332 3,222 10,904 12,923 1,927

The weightedaverage basal area of growing-stocktrees at least 5 inches
d.h.h, in hardwoodforest types in the Lake States is 79.8 square feet per
acre. Stands are somewhatmore dense in Michigan,averaging84.7 square feet,
followedby _innesota (79.0square feet) and Wisconsin (74.8square feet).
The maple-birchtype containsthe denseststands,averaging93.2 square feet
per acre (table10) -- 95.4 square feet is the averagein Michigan,90.7 in
Wisconsin, and 90.3 in Minnesota. The paper birch type is second in average
basal area of its stands with 81.7 squarefeet per acre, followedby the oak-
hickory type (77.9square feet), the elm-ash-cottonwoodtype (75.5square
feet), and the aspen type (69.9square feet).

Table lO.--Areaof commercialforest land by hardwoodforesttype and basal-

area class of 9rowing-stocktrees, Lake States,1977

(In thousandacres)

Basal-area
class

(sq.ftper Elm-ash- Maple- Paper
acrei All types Oak-hickory cottonwood birch Aspen birch

0-20 2,071 224 233 299 1,223 92
21-40 3,358 360 437 567 1,801 193
41-60 5,633 1,003 557 1,076 2,713 284
61-80 6,292 1,239 591 1,766 2,347 349
81-100 6,156 1,160 479 2,239 1,895 383
101-120 5,185 830 420 2,242 1,407 286
121-140 3,690 389 323 1,801 938 239
141+ 1,923 127 182 914 599 101

All classes 34,308 5,332 3,222 10,904 12,923 1,927
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VOLUME

Since 1952 the Nation's volume of growingstock has increased18 percent
during the same time the area of commercialforest land declinedby almost4
percent. The PacificCoast is the only Region where the growing-stockvolume
declinedduring the 25-year period. PacificCoast volumedropped11 percent
during the periodas old growthtimber continuedto be liquidated. Growing-
stock volume in the Lake States increased76 percentbetween1952 and 1977--
faster than any other region.Softwood volume rose from 6.7 to 12.3 billion
cubic feet duringthe period,a gain of 84 percent,while hardwoodvolume
increasedfrom 18.3 to 31.8 billion cubic feet, a gain of 74 percent (table
11).

Table ll.-aVolumeof growingstock on commercialforestland by region,year,
and softwoodsand hard'wo.ods, Un.it'edi'.St'a_es,.!952, 1962, !970,a_nd.__197_7.......r_

(In billioncubic feet)

Year and
species Pacific Rocky Lake
_roup Coast South Mtn. Northeast Central Prairie States
1952.......

Softwoods 251.6 58.2 87.5 20.0 0.9 -- 6.7
Hardwoods 12.6 78.2 4.0 43.2 21.1 1.1 18.3

All species .....264,2....136.4 J91.5 63.2 _2.0 1.1 25'.0"

1962

Softwoods 241.8 71.6 93.1 24.0 1.1 0.1 9.1
Hardwoods 14.9 84.5 4.5 52.8 24.6 1.1 24.5

All species- 256.7.....156.1 ....97.6........7'6.8 25.7 1.'2' 33.6'

1970
Softwoods 230.8 84.9 94.4 27.9 1.3 0.1 10.4
Hardwoods 17.6 91.9 4.9 60.3 26.3 1.2 28.5

All species-2-48,4................176.8 99".'3....8_.2 27.6 1.3 _38-._9--

1977
Softwoods 219.1 97.1 94.9 31.0 1.6 0.1 12.3
Hardwoods 16.9 104.9 4.9 67.3 27.7 1.3 31o8

All species-"23'6".0 202.0 99.8 98."3 29'.3 1.4 4'4".I....

Among the Lake States, growing-stockvolumeincreasedthe fastest in
Michiganwhere it gained 91 percent between1952 and 1977 (table12). Soft-
wood volume increasedsubstantiallyfasterthan hardwoodvolumein Michigan
and Wisconsin. In Minnesotathe reverseis true.
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Table 12.--Volume of growin9 stock on commercial forest land
_by softwoods and hardwoods_ ]_'aLkeStates_j952, i962, 197'0andS77

(In billion cubic feet)

Year and

species
group Total Michigan Minnesota Wisconsin

1952
Softwoods 6.7 2.4 2.7 1.6
Hardwoods 18.3 7.6 4.3 6.4

All species 25'.'0 10.0 7.'b_ 8.0

1962
Softwoods 9.1 3.6 3.4 2.1
Hardwoods 24.5 10.7 6.1 7.7

All species 33.6 14.3 9.5 9.8

1970

Softwoods 10.4 4.3 3.4 2.7
Hardwoods 28.5 12.2 7.2 9.1

All species 38.9 16.5 10.6 11.8

1977
Softwoods 12.3 5.4 3.5 3.4
Hardwoods 31.8 13.7 8.0 10.1

All species L 44.1 19.Y 11.5 13.5

Two-thirds of the Nation's softwood volume is found in the West (table
13). Another one-fifth is in the South. The Lake States Region contributes a
meager 3 percent of the softwood volume, but this proportion has grown from 2
percent in 1952. The bulk of hardwood volume in the U.S. is in the South (41
percent) and the Northeast (26 percent). The Lake States Region grows a
respectable 12 percent of the hardwood volume, up from 10 percent in 1952.

Table 13.--Volume of growing stock on commercial forest land

by region and softwoods and hardwoods_ United States, 1977L

(In billion cubic feet)

.Region TotaI Softwoods Hardwoods

Pacific Coast 236.0 219.1 16.9
South 202.0 97.1 104.9

Rocky Mountain 99.8 94.9 4.9
Northeast 98.3 31.0 67.3
Central 29.3 1.6 27.7
Prairie 1.4 0.1 1.3
Lake States 44.1 12.3 31.8

All Regions 710.9 456.1 254.8
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Michigan leads the Lake States in growing-stockvolumewith 43 percent of
the total (table14). Michigan'svolume increasedfaster between1952 and
1977 (91percent) than Wisconsin (69 percent)or Minnesota (64percent).

Table 14.--Volumeof growin.9 ,stockon commercialfgrest l,andt
by state and softwoodsand hardwoods,.!:BkeStates,_1977

(In billioncubic feet)

s'tate TotaI SoIFtwoods HardW_oods

Michigan 19.1 5.4 13.7
Wisconsin 13.5 3.4 10.1
Minnesota 11.5 3.5 8.0

Lake States 44.1 12.3 31.8

The aspens (Populus tremuloidesand P. grandidentata)are the dominant
species group in the Lake States in terms of growing-stockvolumewith 8.2
billion cubic feet, more than twice as much as the 3.8 billioncubic feet of
hard maple (Acer saccharumand A. nigrum), its closestcompetitor(table15).
Aspen was considereda weed spec-iesfor years after it becamewidely
establishedfollowingintensivecuttingof softwoodand subsequentslash
burning and wildfires. But now it is regardedas a highly valuableresource
by the paper and waferboardindustriesand as vital food and cover for ruffed
grouse,deer, and other wildlife species.

Table 15.--Volumeof growingstock on commercialforest land
by major speciesand state, Lake States,1977

(In billioncubic feet)

Species Total Michigan Minnesota Wisconsin

Aspen 8.2 2.6 3.4 2.2
Hard maple 3.8 2.7 0.2 0.9
Soft maple 3.0 2.3 0.1 0.6
Paper birch 2.8 0.8 1.3 0.7
Select red oak 2.8 1.2 0.6 1.0
Balsam fir 2.1 0.8 0.9 0.4
Northern white-cedar 2.0 1.3 0.4 0.3
Ash 1.7 0.7 0.5 0.5
Basswood 1.7 0.7 0.4 0.6
Jack pine 1.6 0.6 0.6 0.4

L - i ill i i J L I ii IL I i i I ii _ ill i I
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Increasingvolumesper acre nationallyexplainhow growing-stockvolumes
can climb at the same time commercialforestarea is declining. In 1952the
U.S. averagevolume per acrewas 1,208 cubic feet, but in 1977 it was 1,477,
a 22 percentjump.

The differencesin volumesper acre among regionsreflectdifferencesin
stand-sizeclass areas and averagetree size. Commercialforestsin the
PacificCoast Region,which are predominantlysawtimberstands,average3,346
cubic feet per acre, almosttwice as high as the next region. The Lake
States,where poletimberstandspredominate,average964 cubic feet per acre,
considerablylower than the nationalaverage:

Growing-stock
volume per acre

Region 1977

(Cubicfeet)

PacificCoast 3,346
Rocky Mountain 1,728
Northeast 1,270
South 1,074
Central 748
Prairie 544
Lake States 964

All Regions 1,477

Volumes per acre also vary widely by ownershipclass. Nationwide,the
National Forestshave the highestaveragegrowing-stockvolumeper acre,
reflectingconditionsin the West where most of the NationalForests are
found. In the Lake States,forest industry-ownedland boaststhe highest
average volumesper acre, suggestingthat these tractswere of higher than
average site qualitywhen they were acquiredand that they have receivedgood
management. Other public-ownedforestsin the Lake Stateshave the lowest
average volumeper acre, reflecting,among other things,the poor conditionof
much tax-forfeitedland that came into county,municipal,or state ownership
years ago:
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Growing-stock
volumeper acre

1977

OwnershipClass UnitedStates Lake States

(Cubicfeet)

NationalForest 2,575 1,116
Other public 1,606 851
Forest industry 1,545 1,186
Farmer and misc. private 1_082...... 954

AlI owners 1,477 964

Farmers and miscellaneousprivatepartiesown 51 percentof the growing-
stock volume in the Lake States (table16), just as they own 51 percent of the
commercialforestarea. Other public owners accountfor 25 percent, National
Forests for 14 percent, and forest industryfor 10 percent.

Table 16.--Volumeof growingstock on commericalforest land
bYlownershipclass_ Lake States, 1977

(In billioncubic feet)

(_ne'Fshi p
class Total Michigan Minnesota Wisconsin

NationalForest 6.1 2.8 1.9 1.4

Other public 11.0 3.8 4.5 2.7
Forest industry 4.6 2.4 0.6 1.6
Farmer and misc. private 22.4 10.1 4.5 7.8

All owners 44.1 19.1 11.5 13.5

GROWTH AND REMOVALS

Nationwide,the total volume of growthand removalshas increasedsince
1952. Net annual growth of growingstock in the U.S, gained56 percent during
the period,and timber removalsincreased20 percent. In 1976 the volumeof
removalswas 66 percent of the volume of growth. The ratio of removalsto
growth is much higher for softwoods(82 percent)than it is for hardwoods(45
percent).

In the Lake States, growthand removalsvolumeshave increasedsince 1952
also, Growth increased37 percent and removalsgained44 percentbetween1952
and 1976. The 1976 removalsvolumewas 46 percentof growth,comparedto 66
percentnationally. The softwoodratio of removalsto growth is only 36 per-
cent comparedto 82 percent nationally. The hardwoodratio is 51 percent corn=
pared to 45 percentnationally.
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The highest ratio of removals to growth in the Lake States is in Minnesota
with 55 percent (table 17).

Table 17,--Net annual growth and removals by softwoods and hardwoods__
' Lake_State_, !976

(In million cubic feet)

I All species I Softwoods Hardwoods

State I Growth Removals [ Growth Removals Growth Removals

Michigan 678 274 206 56 472 218
Wisconsin 556 268 146 44 410 224
Minnesota 349 194 120 69 229 125

Lake States 1,583 736 472 169 1,111 567

Comparisons of growth and removals can lead to erroneous conclusions in
areas such as the Lake States where stands are young and growth includes a
substantial volume in trees too small to be a significant part of the removals
volume. A more meaningful comparison is one between removals and the yields
from land managed under cutting prescriptions representing expected or average
future conditions. Such comparisons are not available for all the Lake States
yet, but the one for Minnesota suggests that removals could be substantially
higher.

Growth rates (growth as a percent of inventory) in the United States have
increased since 1952, especially for softwoods. In spite of rising volumes of
growth, growth rates in the Lake States have declined since 1952 as shown in
the following tabulation. This situation is not unusual in states with young
stands in which the inventory has been increasing rapidly. In such cases
growth volumes cannot keep pace with inventory volumes, and growth rates drop.

Region and Growth rate

species group 1952_ 1976

(Percent)

United States:
Softwoods 1.8 2.7
Hardwoods 3.5 3.7
Total 2.3 3.i....

Lake States:
Softwoods 4.6 3.8
Hardwoods 4.7 3.5
Total 4.7 3.6
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The largest share of timber removals from growing stock in the U.S. was
harvested as saw logs, and the next highest share was pulpwood. The propor-
tions of these two products are reversed in the Lake States, as shown in the
following tabulation:

Product United States Lake States
(Percent)

Saw logs 45 25
Pulpwood 24 43
Veneer logs and bolts 9 1
Fuelwood 2 3
Misc, indus, prod, 2 4

Logging residues 10 5
Other removals 8 19

Total I00 100

Seventy-seven percent of the 1976 Lake States' timber removals from
growing stock was composed of hardwood species (table 18). Hardwoods, pri-
marily aspen, accounted for 65 percent of the pulpwood harvested in the
region. Wisconsin produced the largest proportion of pulpwood of all species
(38 percent), as well as the largest share of hardwood pulpwood (42 percent),
Eighty-four percent of all saw logs harvested were hardwoods, much of it aspen
and hard maple, Half of all the saw logs harvested were from Michigan.

Table 18.--Timber removals from growing stock by item
and softwoods and hardwoods_ LakeStates, 1976

(In million cubic feet)

All

Item s_ ....... Softwoods Hardwoods

PuI pwood 313,9 108,4 205.5
Saw logs 183,4 28.9 154.5
Misc, indus, prod. 26,9 6.8 20.1

Fuelwood 24.8 0i6/ 24.2Veneer logs and bolts 9.9 _ 9,9

Logging residues 34,9 4.4 30.5
Other removal s 141.9 20.0 121.9

Total 735.7 169.1 566.6

_/Less than 50 thousand cubic feet,
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THINNINGAREA ESTIMATED

The North CentralStation recentlyestimatedthe area of commercialforest
that would benefitfrom variouskinds of treatmentfor each of the 11 states
in its region,as part of a nationaleffort. Criteriafor determining
treatment classwere based on Forest Inventoryand Analysisdata normally
collectedin the field. The criteriaused were patternedas closelyas
possible after those used in the Forest IndustriesCouncil'sForest
ProductivityProject (Minnesota,Wisconsinand MichiganForestProductivity
Reports 1979). Each of the 11 stateswas treatedthe sameway. Variables
used to determinewhether thinningwas an appropriatetreatmentincluded
forest type, site index, stand age and basal area. For example,standswere
targeted for thinning in the maple-birchtype whose site index was at least 55
feet, were 90 years or less in age, and whose basal areawas 110 to 140 square
feet per acre. A differentrange of these variableswas appliedfor each
forest type.

Other treatmentclassesincluded regenerationwithoutsite preparation,
regenerationwith site preparation,type conversion,intermediatecut,
shelterwoodcut, partialcut, salvagecut, cull tree removal,and no
treatment.

Our study showed that thinning is the appropriatetreatment,from a
silviculturalviewpoint,on 3.0 million acres of hardwoodtypes in the Lake
States (table19), 9 percentof the commercialarea of hardwoodtypes. The
maple-birchtype accountsfor the largestarea,49 percentof the thinning
total. Seventypercentof all sapling and seedlingstandstargetedfor
thinning are in the aspen type, and 60 percentof all poletimberstands for
which thinning is a potentialtreatmentis in the maple-birchtype.

22



Table 19.--Area of commercial forest land in thinning treatment

class b_,hardwood forest type , .a.ndstand,size class_ Lake States, 1977

(In thousand acres)

Forest type and
stand-size class Lake States Michigan Minnesota Wisconsin

0ak-hickory
Poletimher 658 231 93 334
Sapling and seedling 27 4 - 23
Total 685 235 93 357

EIm-ash-cottonwood
Poletimber 196 57 58 81

Sapling and seedling 55 32 5 18
Tot aI ----25i 8'9 '63 99 ..........

Maple-birch
Pol et imber I, 301 764 90 447
Sapling and seedling 140 91 I 48 .......
Total -'i_,441 855 91 495

Aspen
Poletimber 20 3 11 6

Sapling and seedling 550 223 87 240
Total --- 570 226 98 246 ........

Paper birch
Poletimber ....

Sapling and seedling 15 6 2 7
Total 15 6 2 7

All hardwood types
Poletimber 2,175 1,055 252 868

Sapling and seedling 787 356 95 336
Tota I --2_-2 i', 411 347 1,'2'04

Fifty-eight percent of the area of hardwood types targeted for thinning is
in stands whose site class, a measure of productivity based on the volume of
annual growth per acre produced by fully-stocked natural stands, is 50-85
cubic feet (table 20). Another 21 percent of it grows less than 50 cubic feet
per acre annually. If economic constraints were applied, many of these stands
would not be considered viable thinning opportunities.
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Table 20.--Areaof commercialforest land in thinningtreatmentclass
by hardwoodforesttype and site class_Lak.eSta.tes_ 1977

(In thousand acres)

Forest type and
site class (cubic
feet of growth Lake States Michigan Minnesota Wisconsin
per acre per year)

Oak-hickory
120-165 ....
85-120 113 58 10 45
50-85 443 175 77 191
Less than 50 129 2 6 121
All classes 685 235 93 357

EIm-ash-cottonwood
120-165 ....
85-120 11 4 1 6
50-85 34 17 5 12
Less than 50 206 68 57 81
All classes 251 89 63 99

Maple-hirch
120-165 24 22 - 2
85-120 251 141 14 96
50-85 902 543 41 318
Less than 50 264 149 36 79
All classes i','441 855' 91 495

Aspen
120-165 11 5 4 2
85-120 202 92 25 85
50-85 341 121 66 154
Less than 50 16 8 3 5
All classes _ 570 226 98 246

Paper birch
120-165 ....
85-120 ....
50-85 9 4 - 5
Less than 50 6 2 2 2
All classes 15 6 2 7 _

All hardwoodtypes
120-165 35 27 4 4
85-120 577 295 50 232
50-85 1,730 861 188 681
Less than 50 620 228 105 287
All classes ''2_,962_ 1.411' _ 347 _ 1,204
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SILVICULTURAL CONSIDERATIONSIN THINNING

Richard M. GodmanI

Abstract.--For producing sustained yields of high-value northern
hardwood veneer and sawlogs on medium and better sites in the Lake
States, the author recommends uneven-aged management for tolerant
sugar maple and even-aged management for less tolerant species such
as basswood, white ash, yellow birch, and northern red oak. Sugges-
tions for improving growth and quality development include: (i)
selecting the best uniformly spaced crop trees to leave and release
on the basis of crown size and stem form; (2) early thinning of
sprout clumps down to the single best stem; (3) maintaining proper
stand density by following recommended stocking level guides; (4)
taking stand variation into account when marking; (5) thinning at
regular lO-to 12-year intervals; and (6) using even-aged density
levels for the first two thinnings in second-growth stand even if
uneven-aged management is to be practiced later.

During this meeting we will review thinning in naturally established stands.
This thinning phase of stand treatment is only part of the application of a sil-
vicultural system. Over the last decade we have developed a better understanding
of management methods and of the silvicultural systems that can be used in our
northern hardwood stands. Treatments making up a silvicultural system include
reproduction cuttings to establish a stand of preferred species followed by a
series of intermediate cuttings to develop the stand for desired products and
then to reproduction cuttings again. It seems easier to understand the choice
and use of a silvicultural system if stand management is recognized as either
even-aged or uneven-aged management. The pros and cons of the system that can
be used for management methods are becoming clearer, and we know what can be
done and what can be expected from various combinations of stand treatments.

As a quick review of some of the more recent changes regarding northern
hardwood management, we recognize that simply applying a given silviculture sys-
tem will not automatically produce the results that we want. We have to tailor
stand treatments to the silvical characteristics of the species; one example is
knowing the frequency of seed crops for the various species. Another example is
providing seedbed conditions that give optimum germination temperatures. Opti-
mum germination temperatures are not known for all our species. Recently we
have found that northern red oak germinates at low temperatures just like sugar
maple--under the snow. In our shelterwoods we also try to correlate shade
levels that will hold back competition while stimulating seedling growth.

A number of factors that influence tree quality are: the role of forks
and fork correction; how merchantable log height can be increased; controlling

1Retired Principal Silviculturist, North Central Forest Experiment Station,
USDA Forest Service, Forestry Sciences Laboratory, Rhinelander, Wisconsin.
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epicormicbranching;crown closure;conditionsthat result in winter survival;
and others,just to name a few.

Some of the major pointswe have learnedabout stand managementthat will
assure us of having good qualitystands can be summarizedas follows:

1. Differentspecieshave differentregenerationrequirements.

2. The compositionof the stand determinesthe proper stand density.

3. The individualtree, as well as the surroundingcompetition,tends to
control its quality development.

4. Stand, as well as tree quality,must be developedthrough proper thin-
ning schedules.

5. Speciespreferenceor compositiondetermineswhethereven-agedor
uneven-agedmanagementis preferred. Either system can be used with
sugar maple, but less tolerant species are mostly even-agedspecies;
special shelterwoodoverstoryand understorytreatmentsare required
to establishthem.

6. Some successfulregenerationmethodsreportedfor the Northeastand
Canada do not work in the Lake States, and differencesalso exist
within the Lake States region itself. For example, strip thinning on
the Upper PeninsulaExperimentalForest in Upper Michiganworks well
for regeneratingyellow birch as long as there is a good birch seed
supply, and advancedregenerationhas been eliminated. Similar trials
on the ArgonneExperimentalForest failed miserablybecause of droughty
conditions in July and August. We had birch regeneration,but we lost
it to droughtand competitionwith grass and raspberryplants.

The silvicultureof establishedstands is simplerthan the silviculture
required to regeneratea new stand. Most of the young hardwood stands have
developedfollowingheavy cuttingabout 40 to 80 years ago. They tend to be
even-aged,even-sized,and predominantlysugar maple. Occasionallysome mix-
tures of white ash and basswoodalong with other speciesare present. The com-
position that we see today on the ground was establishedreproductionat the
time the mature overstorytrees were harvested,so what you see as advanced
regenerationin the understoryis normallywhat you get in the new stand, unless
something is done to change the situationat regenerationtime. We think that
the best silviculturefor these stands is to maintain proper thinning density.
Initialthinning in second-growthstandswill usuallydevelopbest under even-
aged stocking levels. This was a big change in our thinking. The past recom-
mendationwas to leave a residualstand containing85 square feet of basal area
(Arbogast1957). Currently,we recommendusing the minimum stockinglevelsfrom
figure 6 in the NorthernHardwoodsManager'sHandbook(Tubbs 1977) for the first
thinning in 5- to 9-inch dbh pole-sizestands to bring them under even- or
uneven-agedmanagement. These cuts are heavy enoughto get good responsesand
operable cuts. We have cut these pole-sizestands down to 60 square feet of
basal area by releasingcrop trees and removingover half of the original stand
basal area or cubic-footvolume,but the cut is primarilyfrom below and leaves
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a uniformstand of the best dominant and codominanttrees. The next operable
thinningwill be made after about 20 years and to the averagestockinglevel
shown in the NorthernHardwoodsManager'sHandbook(Tubbs 1977). Remember that
the properthinningdensitychanges with averagestand diameter. Therefore, in
theory,no two stands are really ever marked the same becauseno two standsever
have the same averagestand diameter.

If the stand has more basswood or hemlock,figures7 and 8 of the Manager's
Handbookrecommendleavinghigher residualbasal areas for a given stand diam-
eter. The reasoningfor this is that the crown sizes of basswoodand hemlock
are much smallerfor a given diameterthan they are for sugar maple, white ash,
and other wide-crownspecies. Thinning operationsin higher residual density
hemlockstands,overmaturehemlock-yellowbirch stands,and old-growthnorthern
hardwoodsstands should not remove more than 40 percentof the original stand
basal area (Jensen1943) or more than 40 percentof the gross volume (Gilbert
and Jensen 1958). The reasonsfor these recommendationsare that hemlockand
yellowbirch are very sensitiveto suddenexposurefollowingheavy cuttingand
that post-loggingdecadencein overmaturestands is reducedby lighterthinnings
in overmaturestands. In thrifty hemlock-hardwoodstands,light partial cuttings
that remove less than one-thirdof the stand have been suggestedfor maintaining
a productivestand (Eyre and Zillgitt 1953). Initialthinningtreatmentscan
often be heavier in smallerand younger stands than in larger and older stands,
but for yellow birch it has been suggestedthat no more than 40 percent of the
basal area be removed at one time (Godmanand Marquis1969).

One importantoverridingprinciplein thinningis the uniformityof stock-
ing left in the residualstand. Uniformityenhancesstem qualitydevelopmentas
well as growth rate. Differences in stem qualityare also relatedto site qual-
ity and speciescomposition. In the Lake States,site qualityfor sugar maple
ranges only from about site index 40 to 70 at age 50. On a given sugar maple
site, site index for faster growing basswoodand ash is usually10 to 15 feet
higher. The best stem qualityoccurs on site indicesgreaterthan 60. Stand
quality in northernhardwoodsis always enhancedwhen straight,long, clean-
boled basswoodand ash stems occur in mixtureswith sugar maple, red maple,
yellow birch, and other northernhardwoodspecies.

Tree quality has to be continuallydevelopeddue to forkingin most northern
hardwoodspecies. All sugar maple trees in the overstoryfork because of the
frequent loss of the terminal bud. Maintainingproper densityand crown closure
next to forks are the most importantin controllingforking. These factorscor-
rect the lower forks and result in greatermerchantablelog heights. Stem form
and naturalpruningare generallygood in basswoodand ash but relativelyslow
in developingin the maples and yellow birch. Propercrown size is the main
factor that controlsepicormic branchingfollowingthinning. In unthinnedstands
all crowns tend to be reduced, and their size must be graduallyincreasedto
inhibitepicormicsprouting. Crown releaseand shelterwoodstudieshave shown
that fully crowneddominant and codominanttrees can be fully releasedwithout
the risk of loweringbole quality.

When markingyoung stands,the best trees shouldbe selectedfollowing
crop tree guidelines. It is necessaryto follow this practice in successive
thinningsas qualitymust be constantlydeveloped. After four thinnings,most
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residualtrees have been developedinto good quality stems,but some poor quality
trees are still present.

In early thinnings,all undesirableor defectivetrees cannotbe removedin
a single cut--again,proper densityshould be maintainedeven if it means leaving
some of these poorertrees. One NEVER rule, especiallyin two-storiedstands,
is that residualbasal area per acre shouldnever be less than 50 square feet.
This rule prevents creationof large openingsthat usuallyresult in quality
loss on borderingtrees.

Thinning of sproutclumps should be done in the earliest cuts. Recent
findings indicatethat thinning to the single best low-unionstem is preferred.
This appliesto all the sproutingspecies. Another thing to remember is, if
stumps are cut low, only low sproutswill be produced.

Thinning frequencyis extremelyimportantin developingqualityas well as
maintaininggrowth and salvagingmortality. Our resultsshow that growth in
stands thinnedto prescribedlevels startsto drop betweenthe tenth and fif-
teenth year. In other studies, irregularthinning intervalsresulted in minimal
quality improvementas comparedto trees that were not selectedas potentialcrop
trees. In general, it appearsthat periodicthinningsgive the best resultswhen
they are done at regular10- to 12-year intervals.

It should be emphasizedthat by using even-agedguidelinesfor the initial
and secondthinnings,the growth and early qualitydevelopmentare improvedand
stand structurewill begin to emerge,even though the stand is to be managed
later as uneven-aged. The main reason is that proper densityduring the early
thinnings is lower than the 85 square feet that was previouslyrecommendedfor
uneven-agedmanagement(Arbogast1957).

In conclusion,the best silviculturein thinning is to:

1. Consistentlymaintain the proper stand density--whenin doubt, leave
stocking slightlyheavierthan the guides to maximizequality develop-
ment.

2. Select to leave individualtrees, within the stocking level guide, on
the basis of crown size and stem form.

3. NEVER cut below 50 square feet in stands 5 inches dbh and larger,even
if it means leaving an undesirabletree.

4. Recognizestand variationwhen marking.

5. Thin sproutclumps early and heavily.

6. Maintain periodicthinningsat regular10- to 12-yearintervals.

7. Use even-ageddensity levels for the first two thinningseven if the
stand will be manageduneven-agedlater.
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HARVESTINGHARDWOODTHINNINGS

John A. Sturos and MichaelA. ThompsonI

Abstract.--Fivecase studiesof thinninghardwoodswere done on
_nd difficultterrain(slopesup to 50 percent)using both
fully mechanized and semimechanizedsystems. Tracked and rubber-
tired feller/buncherswere evaluatedin conductingseveralthin-
ning patterns. Grapple skidders,forwarders,and a combination
of a radio-controlledwinch and forwarderwere used to transport
whole trees, tree-lengthlogs, or shortwoodto roadside. Slashers
processedthe tree-lengthmaterial into pulpwoodand fuelwood;
whole-treechippersproducedfiber and fuel chips. Information
is presentedon the harvestingoperations,equipmentcosts, and
productivity. Typical yields rangedfrom 50 to 75 tons/acreof
whole-tree chips.

INTRODUCTION

The growth in populationand associatedeconomicand industrialactivity in
the United States has causedthe projecteddemand for hardwoodsto increasefrom
3.0 billioncubic feet in 1976 to 9.6 billioncubic feet in 2030 (Hair 1980).
Although the U.S. grows more hardwoodsthan ever before,use has been limited
becauseof timber quality and availabilityproblems. Most of our pole-size
northern hardwood forests are in deplorableconditionand in dire need of thin-
ning--standsare characterizedby far too many small and low-qualitytrees per
acre. The result is overutilizationof high-quality,preferredhardwoodsand
underutilizationof small and low-qualityhardwoods.

The magnitudeof the problemis realizedwhen one considersthat there are
an estimated32 million acres of northern hardwoodforests in the easternUnited

States, a large portionof which are occupiedby overstockedpoletimber stands.
To meet the projecteddemand for hardwoods,acceptablemethods of thinningmust
evolve to improvethe growth and qualityof the residualtrees. Only by remov-
ing the smaller, poorlyformed trees and undesirablespecieswill the growthof
higher quality, largertrees and preferredspecies be encouraged.

Little documentationis availablein the Lake States on the cost and pro-
ductivityof loggingequipmentto thin hardwoods. Loggerswell realizethat a
machine may work profitablyin one stand but not in another. Informationon
cost and productivityof loggingequipmentand systemsover a wide range of
conditions is essentialto developprofitableand silviculturallyattractive
solutionsto mechanicalthinning. Economicfactorssuch as high interestrates,
sharp increasesin fuel cost and other operatingcosts, along with the marketing

1principalMechanicalEngineerand GeneralResearchEngineer,North Central
Forest ExperimentStation,USDA Forest Service,Houghton,Michigan.
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problemfor small-sizeforest products,emphasizethe need to searchfor ways to
make loggingoperationsmore cost-effectiveand productive. Damage to the site
and residualstand must also be considered. We need to determinethe relative
numbers and kinds of wounds generatedby mechanizedthinningoperationsand the
circumstancesunder which they occur. From this information,guidelinescan be
developedfor timber sale planning and markingthat will minimizethe impactof
harvestingequipmenton residualstocking.

To advancethe state of the art of thinninghardwoods,we need to conduct a
number of case studiesunder a varietyof conditionsand approachesto thinning.
This paper summarizesfive case studies in northernMichiganand Wisconsinfrom
1974 to 1982.

CASE I - 1974 MECHANIZEDTHINNING

This study was initiatedto determinethe cost and productivityof a mecha-
nized system to thin pole-sizenorthernhardwoodsunder four harvestingstrate-
gies (Biltonenet al. 1976, Arola and Miyata 1981). The study area was a 50-acre
block divided in--t-6-l_-acrecompartments. The soil was sandy loam, and the topog-
raphy was essentiallyflat. The stand contained13 cords of hardwoodpulpwood
per acre and about 2,700 board feet of sawtimberper acre. The basal areawas
about 100 square feet per acre in trees 6 inchesdiameter at breastheight (dbh)
and larger. The stand contained350 trees per acre (all sizes) and had an
averagedbh of 6 inches with a dbh range of 2 to 28 inches. Red maple was the
dominant species(55 percent),followedby sugar maple (25 percent),and other
species (20 percent).

Equipment and Manpower

The mechanizedsystem used consistedof a John Deere2 544 loader fitted
with an accumulatingRome grappleshear, a Clark 667 grapple skidder,a Trelan
D-60 whole-treechipper, a loader to feed the chipper,a maintenancetruck, a
fuel truck, a chain saw, two truck/tractorunits,four chip vans, and a landing
tractor. Seven people--fourequipmentoperators,a supervisor,and two truck
drivers--wererequiredfor the operation.

Product_ivityand Cost

The total productionof the systemwas 1,829 tons over 106 scheduledhours
(SH) or an averageof 17 tons per SH. The averageproductivityand the average
cost of extractingthis material (excludingstumpage,road building,and miscel-
laneousoverheadcosts) are given by equipmenttype in table 1. The overall
averagefor all thinningtreatmentswas $11.34 per green ton. (All dollar
amounts in this paper are 1983 dollars.) Haulingwas the major componentof
this cost (37 percent).

2The use of trade, firm, or corporationnames is for the informationand conven-
ience of the reader. It does not constitutean officialendorsementor approval
of any productor serviceby the United States Departmentof Agricultureto the
exclusionof otherswhich may be suitable.
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Table 1.--Averageprod_ucti_ and cost pertona by___e._q.u._me_ntty]De- Case I.

Costc Percent
per ton of total

Equipmenttype Stems/PHb Stems/SHb Tons/PH Tons/SH (dollars) cost

John Deere 544
felIer/buncher 133.3 88.8 27.2 17.5 2.O0 18

Clark 667
grapple skidder 135.0 72.5 31.3 16.8 2.42 21

Trelan D-60 whole-
tree chipper 172.3 82.2 34.8 17.2 1.97 17

Two road tractors 3.05 27
Four chip vans O.38 3
Landingtractor 0.75 7
Maintenancetruck 0.70 6
Fuel truck 0.07 1

TOTAL 11.34 100

"_Average o'f--a-TT--t'hinning treatments.
bpH : productive hour; SH = scheduled hour.
CBased on a labor cost of $10/SH.

CASEII - 1978 STRIP-WITH-SELECTIONTHINNING

The objective of this study was to further evaluate the economic and silv_-
cultural benefits of using a mechanized harvesting system to thin northern hard-
wood pole-size stands under the strip-with-selection system (Johnson et al.
1979). This thinning system was concluded to be the most favorable in an earlier
study (Biltonen et al. 1976). The study area consisted primarily of sugar maple
(73 percent) and_ican elm (22 percent). The initial stocking was 254 trees
per acre, resulting in 116 square feet of basal area per acre.

Equipment and_M_Ma_n_npower

The harvesting system used in the operation consisted of a Drott 40LC feller/
buncher, a John Deere 740 grapple skidder, a Morbark 22-inch whole-tree chipper,
five truck/tractor units, five chip vans, a maintenance truck, and a fuel truck.
The crew consisted of three equipment operators and five truck drivers.

The Harvest

The scope of the study was limited to the production of 1,000 tons of green
chips from the thinned area for a contract with a local utility company for a
trial whole-tree chip burning experiment. This limited the total area thinned
to 13 acres that was harvested using the strip-selection thinning pattern. The
selectively thinned area between the strips was thinned to a basal area of about
68 square feet per acre. The average yield was 78.1 green tons per acre--much
higher than the 46.8 green tons per acre obtained in the 1974 thinning study
(Case I). The higher yield was due to the fact that the timber sale required
the removal of all elm trees due to Dutch elm disease.
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Productiv_ and Cost

The total productionof 1,000 green tons of whole-treechips by the mecha-
nized whole-treeharvestingsystemwas accomplishedin a periodof 33 SH. This
gave a productiverate of 30.3 tons per SH. The Drott 40LC feller/buncheraver-
aged 94.0 stems per productivehour (PH) or 71.7 stems per SH. The potential
felling and bunchingproductivitywas not met due to a malfunctioningaccumula-
tor arm on the feller/buncher;therefore,thefeller/buncheraveragedonly 1.3
stems per cycle.

Skiddingproductivitywas increasedby keepingskid distancesshort. The
averageskid distancewas 321 feet in the woods and 72 feet on the accessroad
that permittedone skidderto feed the chipper. The skidderaveraged11.4 stems
per cycle or 4.2 tons per cycle. With an averagecycle time of 5.1 minutes, the
productivityof the skidderwas 49.4 tons per PH.

The chippingrate was 41,5 green tons per PH. Each van load requiredan
averageof 6.0 skidder loads or 68.6 stems. Chipperproductivitywas hampered
by limitedchip van availability. Rain createdpoor road conditionswhich
interferedwith truckingefficiency.

The machinerates and estimatedcosts for harvestingthis material (exclud-
ing stumpage,road building,and miscellaneousoverheadcosts)are given by
machine in table 2. The total cost per green ton was $11.08of which hauling
represented40 percent.

Table 2.--Scheduledhours (SH), productivehours(PH), machinerates, and cost
_y_,.C_pm_nt-type - C-ase-I-I_...........

ObservedTime MachineRate
Costa Percent

Fixed Operating per ton of total

Equipmenttype SH PH ($/SH) ($/_PH) (dollars)_ cost

Drott 40-LC
feller/buncher 39 29.10 23.37 18.80 1.85 17

John Deere 740A
grapple skidder 33 20.20 25.71 27.50 1.73 16

Morbark 22-inch
Chiparvestor 33 24.10 32.19 39.20 2.34 21

Five road tractors 165 2 080 mib 8.56 0.49/mi 4.08 37
' O.05/mi 0.31 3

Five chip vans . 165 2,080 mib 1.25
Maintenancetruck 33 - 1.69 O.34/SH 0.40 3
Fuel truck 33 - 0.77 0.43/SH 0.37 3,J _ J

TOTAL 11.08 100

__ on a-total-_s-y_tempr0duct-ionof i.ddOtons=andlabor cost of $10/SH.
bTotal distancetraveledby trucks and vans was 2,080 miles (52 miles round trip,
25 tons/van).
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CASE Ill - 1981MECHANICALSELECTIVETHINNING

The objectiveof this study was to determinethe productivityand cost of
mechanical selectivethinning using three differentfeller/bunchersfollowedby
grapple skiddingand slashing. The study areawas 21 acres of pole-sizemixed
hardwoodson the WatersmeetRangerDistrict of the Ottawa NationalForest, Sec-
tion 35, T45N, R38W. The soil was a moderatelywell drainedsandy loam, and the
topographyranged from level to lO-percentslopes.

The area was dividedinto three blocks rangingfrom 6.5 to 7.8 acres. The
timber was mixed hardwoodswith trees up to 24-inch dbh. Point samplecruises
of each block resulted in the followingspeciescompositionsand basal areas
before thinning-

Block A Block B Block C
..... (percent)- --'__-Z'_

Sugar maple 67 62 81
Aspen 5 1 -
Elm 5 16 8
Red maple 13 2 1
Yellow birch 1 7 -
Basswood 2 6 6
Miscellaneous 7 6 4

- -

TOTAL 100 100 100

Basal area 124 139 148

(sq. ft./acre)

Operationsand E.cLuipment_

All hardwoods,except aspen,had been marked for a selectivethinningbefore
cutting. All aspen,balsam fir, spruce,hemlock,and cedar were to be removed
even though they were not marked. Before cutting,the stand was marked to yield
basal areas of "cut" and "leave"trees within each block accordingto the fol-
lowingtabulation.

Block A Block B Block C
(sq."f_.per acre)

"Cut" trees 37.5 43.5 35.4
"Leave"trees 86.6 95.6 113.1

Total Basal Area 124.1 139.1 148.5

Cut trees includedboth sawtimber(over 11 inches dbh) and pole-sizetrees
(5 to 11 inchesdbh). Pole-sizetrees were cut by the three feller/bunchers;
sawtimberwas cut by chain saw. In Block A, a Melroe BobcatModel 1075 feller/
buncherwith a 16-inchshear was used. In Block B, the poletimberwas felled
and bunchedwith a Timbco Hydro-BuncherModel 2518 with an 18-inchshear mounted
on a knuckleboom. In Block C, an Omark Hydro-AxModel 311 feller/buncherwith
a 16-inch shear was used.
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All pole trees were stackedon the ground in skidder-sizebunches. They
were then topped at a 5-inchdiameter,and the merchantableboles were limbed by
chain saw. The tree-lengthmaterialwas then skiddedby a Garret Tree Farmer
C5D grapple skidderto a landingfor slashinginto lO0-inchpulpwoodbolts by a
truck-mountedHood pulpwoodslasher.

Sawtimbertrees were felled and bucked into sawlogsand pulp bolts to a
minimum diameterof 5 inchesby a chain saw operatorat the stump. Following
bucking,the logs and bolts were either skiddedwith a John Deere 440 cable
skidderor the grapple skidderto a roadsidelanding. Based on the basal area
of only the cut trees in each block, the averagetree diametersat breast height
for blocks A, B, and C were 10.6, 10.4, and 9.3 inches,respectively.

The slasherwood from the small trees and the pulpwoodbolts from the tops
of the sawtimbertrees were hauled 12 miles to a pulpwoodyard where each load
was weighed and the net weight obtained. Each truck load had been measured for
averageheight and length and the number of stackedcords computed. Sawtimber
bolts (100 inches long) were loaded and trucked24 miles to a sawmill. For con-
venienceof reporting,we convertedsawlogboard foot valuesto cords at the
rate of 2 cords per 1,000 board feet, althoughthe standardunit of measurement
for sawlog bolts is board-footvolume. Time study and productivitydata were
taken on each phase of the harvest and transportoperation.

Results

Volumes removedfrom each block were summarizedinto three productcate-
gories: sawtimberbolts; pulpwood from the tops of sawtimbertrees; and pulp-
wood from poletimber(table 3).

Table 3.--Volumesremovedfrom the three harvestedblocks-Case III.

Block A Block B Block C Total

Sawtimber

(boardfeet) 4,410 7,900 9,540 21,850
Pulpwoodfrom
topwood (cords) 9.47 19.68 20.64 49.79

Pulpwoodfrom
poletimber (cords) 13.05 17.53 31.55 62.13

The amount of material harvestedin each block differedconsiderably. In
Block A, 4,410 board feet of sawtimberand 22 cords of pulpwoodwere harvested;
in Block C, 9,540 board feet of sawtimberand 52 cords of pulpwoodwere har-
vested. These differencesstem from the variationsin the blocks in stand com-
position,basal area, and other conditions. Block C obviouslycontaineda much
better stand of timber;therefore it is not appropriateto comparethe produc-
tivity and harvestingcosts of the three feller/bunchers.

Because the logger'scost data were not available,independentcost anal-
yses were made that requiredcertain assumptions. The economiclife assumedfor
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the variouspieces of equipmentranged from 1 year for the chain saws to 3 years
for the skiddersto 5 years for the feller/bunchers.We assumedall the equip-
ment were scheduledto work 2,000 hours per year. The percentutilization
assumedfor the equipmentranged from 50 percentfor the chain saws to 65 per-
cent for the feller/bunchersto 67 percentfor the skidders. The PH per year
were obtained by multiplyingthe SH (2,000)by the percentutilization(table4).
The fixed and operatingmachine rates are also listedin table 4.

Table 4.--Eq__uipmentho_urlymachine rates - Case III.

Machine rates

Fixed 0_.-F_atin_
Equip1_______nent PH__/ear _ .... ($/PH)" ....

Mel roe Bobcat 1,300 14.09 9.00
Timbco Hydro-Buncher 1,300 33.02 16.64
Hydro-Ax fel ler/buncher 1,300 16.87 10.40
Garret Tree Farmer

grapple skidder 1,340 21.69 14.29
John Deere cable skidder 1,340 14.22 9.73
Pioneer chain saw (Model 440C) 1,000 0.63 1.75
Sachs-Dolmar chain saw (Model 114) 1,000 0.43 1.59
Stihl chain saw (Model AV Super) 1,000 0.53 1.68
International truck 1,200 10.48 (.31/mi) 17.64 (.53/mi)
Prentice loader 1,200 4.78 9.84
Slasher and truck 1,300 11.16 8.32

The productivityand cost of producingpulpwoodfrom the poletimberin the
three blocks by the mechanizedthinning systemare of primaryinterest(tables5
and 6). The productivityof the three feller/bunchersranged frown3.4 to 4.7
cords per PH that resulted in a felling and bunchingcost range of $7.76 to
$15.52 per cord. This differenceis most likelydue to a differencein stand
conditionsbetweenthe three blocks. The skiddingproductivityand costs were
quite constantover the three cuttingblocks,rangingfrom 3.1 to 3.2 cords per
PH and $12.68 to $14.38 per cord. The slashingproductivityand costs ranged
from 7.7 to 9.1 cords per PH, giving a cost range of $4.61 to $5.61 per cord.
The overallcost to produceslashedwood deckedat roadside(excludingtrucking
costs) ranged from $27.18to $37.17per cord. By includingthe costs to haul
the slashedwood 12 miles to a pulpwoodyard, the total cost ranged from $31.47
to $41.52. Accordingto data in a recentTimber Mart-North,the averageprice
at the mill for hardwoodpulpwood is $41.0_"per _r-d_t-he stumpagefor mixed
hardwoodsis $4.00 per cord. This indicatesthat producingpulpwoodfrom hard-
wood poletimberthinningsis a marginal operation.

The existenceof sawtimber(trees largerthan 11 inchesdbh) in the stand
obviouslyimprovesthe economics. In this case study,the costs to harvestsaw-
logs and pulpwood from sawtimbertrees rangedfrom $16.30to $24.52per cord
(table 7). Assuming the same sellingand stumpagevalues(even thoughthe saw-
logs would average$10.00 to $20.00per cordmore), approximately$15.00to
$21.00 per cord were realized fromwhich overheadand other relatedcosts must
be deducted.
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Table 5.--Productivit_of each phase of the harvestin.9_Ol_.eration
on the t-h-r'e'eblo_cksbased c)nsch-edule'dand procTu-c_-_-_-
hours - Case IIi. ....

Machine Cords/SH Cords/PH

Block A

Slasher wood:

Melroe Bobcat 2.81 3.36
Chain saw top and limb 4.90 7.59
Grapple skidder 2.43 3.25
Slasher 3.25 9.06

Sawlo_s and topwood-

Chain saw fell and buck 2.04 3.40
Cable skidder 1.86 2.53

Block B

Slasher wood:

Timbco 3.28 3.79
Chain saw top and limb 3.88 8.59
Skidders 2.59 3.20
Slasher 2.57 7.83

Saw]ogs and topwood_:

Chain saw fell and buck 2.08 3.51
Skidders 2.08 2.65

Block C

Slasherwood:

Hydro-Ax 4.06 4.71
Chain saw top and limb 6.78 14.36
Skidders 2.42 3.14
SIasher 4.86 7.73

Sawlogs and topwood:

Chain saw fell and buck 3.34 5.56
Skidders 3.29 4.39

, "L_
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Table 6.--Cost analysesof prod.ucingpulpwoodfrom the poletimberfor the three
b-'Focks- Case III.

Total Cost/cord
cost (dollars/

Machine Operation SH PH (dollars_) cord)

Block A
(6.46 acres,-_.05 cords)

Melroe Bobcat Fel] and bunch 4.64 3.88 126.39 9.68
Chain saw Top and limb 2.66 1.72 24.91 1.91
Garret Tree Farmer
grapple skidder Skid 5.38 4.02 187.68 14.38

Slasher Slash 4.01 1.44 60.13 4.61
Truck Haul 57.26 4.39

TOTAL 34.97

.. _ .o w.,J

Block B
(6.84 acr__53 cords)

Timbco Fell and bunch 5.34 4.62 272.15 15.52
Chain saw Top and limb 4.52 2.04 40.57 2.31
Garret Tree Farmer
grapple skidder Skid 5.85 4.59 211.95 12.09

John Deere
cable skidder Skid 0.92 0.89 28.68 1.64

Slasher Slash 6.83 2.24 98.28 5.61
Truck Haul 76.32 4.35

TOTAL 41.52

Block C
(7.76 acre55 cords)

Hydro-Ax Fell and bunch 7.77 6.70 244.87 7.76
Chain saw Top and limb 4.65 2.20 41.85 1.33
Garret Tree Farmer
grappleskidder Skid 6.47 4.65 219.07 6.94

John Deere
cable skidder Skid 6.59 5.36 181.09 5.74

Slasher Slash 6.49 4.08 170.80 5.41
Truck Haul 135.46 4.29

TOTAL 31.47
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Table 7.--Cost anal__s_of producingsawlogsand pulpwoodfrom tops of sawtimber
tre_6s- Case III........................

Total Cost/cord
cost (dollars/

Machine Operation SH PH _(dolIars) cord)

Block A
(6.46 acr_s'_',q-_.29cords)

Chain saw Fell and buck 8.96 5.38 96.77 5.29
John Deere
cable skidder Skid 9.84 7.24 252.12 13.78

Truck Haul 99.76 5.45

TOTAL 24.52

Block B
(6.84 acres,35.48 cords)

Chain saw Fell and buck 17.07 10.11 160.62 4.53
John Deere
cable skidder Skid 9.80 8.09 272.16 7.67

Clark cable
skidder Skid 7.22 5.30 198.53 5.60

Truck Haul 179.46 5.06

TOTAL 22.86

Block C
(7.76 acre72 cords)

Chain saw Fell and buck 11.89 7.14 112.11 2.82
John Deere
cable skidder Skid 10.93 8.00 279.04 7.03

Clark cable
skidder Skid 1.14 1.05 37.01 0.93

Truck Haul 219.34 5.52

TOTAL 16.30
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CASE IV - 1982 RED OAK THINNING

The objective of this case study was to evaluate three levels of mechaniza-
tion for thinning red oak poletimber by the strip-selection method. The study
area was a portion of a lO0-acre red oak poletimber stand owned and administered
by Washburn County, Wisconsin, and managed by the Wisconsin Department of
Natural Resources. The gently rolling tract is located about 5 miles southeast
of Spooner, Wisconsin, in Sections II and 14 of T38N, RI2W. The stand consists
of a mixture of northern red oak pole and small sawtimber trees plus some aspen
pulpwood and sawlog trees with a merchantable basal area of 150 square feet per
acre. The lO0-acre tract was marked for a strip-with-selection thinning by
Wisconsin DNR personnel. The goal was to reduce the basal area of the residual
stand to about 80 square feet per acre while producing firewood and aspen pulp-
wood.

O__perations and Equipment

Three separate plots were designated within the stand to obtain data on the
cost and productivity of thinning hardwoods using three different harvesting
techniques ranging from a labor-intensive operation to a mechanized system. The
equipment and procedures used in each operation are as follows:

Mechani zed system:

- Timberjack Timbco Hydro-Buncher Model 2518 felled and bunched the trees
operating from marked strips (fig. i).

- Trees were manually topped and delimbed.

- Tree-length logs were skidded to the landing with a John Deere 640 grapple
skidder (fig. 2).

- Self-propelled Hood slasher produced firewood and aspen pulpwood (fig. 3).

Semimech ani zed_:

- Trees were manually felled, delimbed, and topped.

- Tree-length logs were winched to marked strips by the Radio Horse, a
radio-controlled winch, where the winch operator bucked them into short-
wood (fig. 4).

- Shortwood was forwarded to the landing with a Garner Iron Mule Model 4501F
(fig. 5).

Labor-intensive system:

- Trees were manually felled, delimbed, bucked, and piled at the stump with
a two-man team (sawyer and helper).

- Shortwood was forwarded to the landing with a Gafner Iron Mule Model 4501F.
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Results

General informationon the three portionsof the stand harvestedby the
three differentloggingoperationsis presentedin table 8. Although all three
thinningstook place on similarplots, there was some differencein the amount
of wood removed and the basal area remaining.

Table 8.--Generaldata on the three plots harvestedb_ the differentsystems-
Case IV.

Labor- Semi-
intensive mechanized Mechanized

Area (acres) 1.75 2.80 5.8
Plot length(feet) 380 700 1,000
Plot width (feet) 250 200 750
Basal area after thinning 65 78 68
(sq. ft./acre)(trees >5 inches)

Average diameter(inches)
Before thinning 6 6 6
Trees removed 6 8 7

Products removed (cords)
Hardwood 24.8 46.8 86.5
Aspen 12.0 4.3 21.2

Cords/acre 21.0 18.2 18.6

The mechanizedharvestingsystem consistedof four operations. The trees
were felled and bunchedwith a feller/buncher;they were then delimbed and
topped manuallywith a chain saw. The bunchesof tree-lengthstems were then
skidded to the landingby a grapple skidderon the stripsmade by the feller/
buncher, and finallythe tree-lengthlogs were mechanicallybuckedby a slasher
that sortedand decked the material into firewoodand aspen pulpwood.

Followinga strip-selectionfellingpattern,the Timbco feller/buncher
averaged130 trees per PH that resulted in 12.7 cords per PH. The full produc-
tivity of the feller/buncherwas not achievedbecausethe accumulatorwas not
operational. Based on a fixed machine cost of $23.30 per SH, an operating
machine cost of $19.81 per PH, a labor cost of $10 per SH, and a productionof
107.7 cords, the felling phase was estimatedto cost $4.30 per cord (table9).

The productivityof the chain saw operator,includinga helper,in delimb-
ing and toppingthe bunchedtrees was 118 trees per PH or 12.8 cords per PH.
The averagetime needed to top and delimbeach stem was 0.44 minutes. Some
stems were missed due to the bunched trees,but this did not seem to affectthe
subsequentskidding and slashingoperations. The estimatedcost of this phase
of the operationwas $1.98 per cord (table9).

Grapple skiddingwith the John Deere 640 averaged87 trees per PH or 8.7
cords per PH. The averageskid distancewas 980 feet, round trip. The skidder
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averaged8.4 trips per hour (a littleover 7 minutes per trip), haulinga payload
of about nine trees or 0.9 cords per load. He averageda travel speed of 340
feet per minute (4 mph). The fellerhad collectedan averageof 5.4 trees into
each bunch it made; the skiddercombinedthese bunchesinto payloadsof about
nine trees. The estimatedcost of skiddingwas $6.14 per cord (table9).

Table 9.--Machinerate and cost for each harvestingphase of the mechanized
system - CaseiV.

Observed Machine
time rate

Total Cost Percent
Oper- Iabor Total per of

Equipment (_>_I _i_) c_la c_ b (S/cord cost_pe SH PH ..... .cord c total

Timbco 2518
feller/
buncher 8.88 8.45 23.30 19.81 88.80 463.09 4.30 17

Chain saw for
del imbing
and topping 9.80 8.39 0.70 d 1.29d 196.00e 213.68 1.98 8

John Deere
640 grapple
skidder 14.22 12.19 18.74 20.74 142.20 661.50 6.14 25

Hood slasher 12.03 10.69 14.95 13.01 120.30 439.23 4.08 17

SUBTOTAL 547.30 1,777.50 16.50

Shortwood
truck 28.00 700 mi f 8.12 0.53/mi 280.00 878.36 8.16 33

TOTAL 827.30 2,655.86 24.66 I00

_Labor cost is $10/SH.
bTotal cost = labor cost + fixed cost + operatingcost.
Total cost = labor rate x SH + fixed machinerate x SH + operatingrate x PH =
$10/SH x 8.88 SH + $23.30/SHx 8.88 SH + $19.81/SHx 8.45 PH = $463.09.

CBased on total systemproductionof 107.7 cords from 5.8 acres.
dTwo chain saws incurredfixed costs, and one incurredoperatingcosts.
eThis was a two-manoperationwith one sawyerand one helperwho piled and
removed slash. Therefore,total labor cost is $196.00 ($10/SHx 9.80 SH x 2).
fTotal distancetraveledwas 700 miles (50-mileround trip with 8 cords per
truckload).

Slashingwas the final phase of the mechanizedsystemwith a productivity
of 88 trees per PH or 10.1 cords per hour. The slasherhad a self-loadinggrap-
ple that picked up 3.4 trees per grappleload. During each cycle (load, slash,
and unload),6.5 trees were processed,producing30.7 sticks. A total of 4,323
stickswas produced at 0.17 minutesper stick. This amountsto about 4.5 sticks
per tree and a processtime of 0.7 minutesper tree. The estimatedcost of
slashingwas $4.08 per cord.
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The truckingcost was estimatedto be $8.16 per cord (table9). It is
based on a 25-milehaul (50-mileround trip) to a local firewoodmarket. The
total cost excludingstumpageand overheadwas $24.66per cord, of which truck-
ing represented33 percent and skidding25 percent.

The_semimechanizedsystemwas a three-manoperation. One man did the fel-
ling, delimbing,and topping;the secondman set up the radio-controlledwinch,
winchedthe tree-lengthlogs to the marked strip road, bucked the logs into
lO0-inchsticks,and did a minor amountof piling;and the third man operated
the forwarder.

For the study,2.8 acres were thinnedusingthis loggingsystem. The area
was longand narrow,about 200 feet by 700 feet, with a skid road down the cen-
ter of the plot. Fellingand winchingwere conductedas a "hot" operationand
began on the outer edges and progressedtowardthe skid road. This procedure
minimizedwinchingthroughslash. The sawyerfelled,delimbed,and topped 16
trees per PH or 2.0 cords per PH. Based on a total productionof 51.1 cords and
a labor cost of $10.00 per SH, the estimatedcost of felling,delimbing,and
toppingwas $8.65 per cord (table 10).

Table lO.--Machinerate and cost for each harvestingphase of the semimechanized
system- Case IV.

Observed Machine
time rate

.........

Total Cost Percent
Oper- labor Total per of

Equipment Fixed ating costb cost cordC total
type SH PH ($/SH) ($/PH) ($) ($) (S/cord) cost

Chain saw 38.19 25.79 O.70a 1.29a 381.90 441.90 8.65 26
Radio Horse
winch 37.87 25.72 1.54 1.75 378.70 482.03 9.43 28

Gafner4501F
forwarder 13.83 13.06 7.82 8.19 138.30 353.41 6.92 21

SUBTOTAL 898.90 1,277.34 25.00

Shortwood
truckd 416.98 8.16 25

TOTAL 1,694.32 33.16 100

aTwo chain saws incurredfixed costs; one Incurredoperatingcosts.
bLabor cost is $10/SH.
CBased on total system productionof 51.1cords from 2.8 acres.
dThe same truckingcosts are assumed as in the mechanizedsystem - Table 9.

The winch operator also averaged2.0 cords per PH that includednot only
winching,but also buckingand a minor amountof piling. Seven winch locations
were used, and,on the average,the snatchblock was set up in three different
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arrangementsat each location. It took 19 minutes to relocatethe winch and
about 4 minutes to set up the snatchblock. Some trees were winched as far as
150 feet; the averagedistancewas about 60 feet. The averagewinch rate was
about 150 feet per minute, and the averagedistancebetweenpiles of winched
logs was 35 feet. Based on a fixedmachine cost of $1.54 per SH for the winch,
an operatingcost of $1.75 per PH, a labor cost of $10.00per SH, and a total
productionof 51.1 cords, the estimatedcost of this harvestingphase was $9.43
per cord.

The forwarderaveraged3.9 cords per PH that amountedto 143 sticks per PH.
It made 22 cycles,with an averagetrip distanceof about 1,400 feet. The aver-
age load consistedof 2.3 cords or 85 sticks. Based on a fixed machinecost of
$7.82 per SH, an operatingcost of $8.19 per PH, and a labor cost of $10.00 per
SH, the estimatedcost of forwardingwas $6.92 per cord that gives a combined
cost to roadside of $25.00. Assumingthe sametrucking costs as in the mecha-
nized system ($8.16/cord),the total cost was $33.16 per cord. The percentof
total cost ranged from 21 percentfor forwardingto 28 percentfor winching,
bucking, and piling.

In the labor-intensivesystem,the felling,delimbing,bucking,and piling
were done by a two-mancrew. The sawyer did the felling,delimbing,and bucking,
while the second person acted as a helper by measuringlO0-inchsticks,piling,
clearing slash, and other minor duties. They averaged13.5 trees per PH that
produced 51.1 sticks or 2.2 cords per PH. Based on a total productionof 36.8
cords and a labor cost of $10.00per SH, the estimatedcost of felling,delimb-
ing, bucking, and piling shortwoodat the stumpwas $11.84per cord (table11).

The Gafner 4501F forwarderaveraged4.3 cords per PH or 204 sticksper PH.
The averageround-tripdistancewas 720 feet for the 17 loads producedfrom 1.8
acres. The estimatedcost of forwardingwas $6.24 per cord that gives a combined
cost to roadsideof $18.08 per cord. Assumingthe same truckingcosts as in the
mechanized system,the total cost was $26.24 per cord of which felling,delimb-
ing, and buckingrepresented45 percent and trucking31 percent.

Of interest is a comparisonof grappleskiddingof tree-lengthlogs in the
mechanizedoperationwith forwardingof shortwoodin the semimechanizedand
labor-intensivesystems. Althoughthe grappleskidderhad less than half the
payload (about0.9 cords/load)of the forwarder(about2.3 cords/load),its
higher travel speed and faster loadingand unloadinggave it twice the overall
productivityof the forwarder. This higherproductivityof the skidderdid not
significantlylower the cost of gettingthe materialto the landing($6.14per
cord for the skidderversus $6.24 to $6.92 per cord for the forwarder). The
higher machine cost of the grappleskiddercomparedto the forwarderoffsetsthe
increasedproductivity,but this also suggeststhat a smallergrappleskidder
should have been used.

In comparingthe cost of producingroundwoodat roadsideand the delivered
cost from the three systems,the mechanizedoperationgave the lowestcost with
the labor-intensivesystembeing a close second. The potentialprofitfrom each
of these operationswas determinedby usingthe localfirewoodmarket. Stumpage
was assumedto be $3.00 per cord, and overheadcosts were assumedto be 15 per-
cent for the mechanizedoperationand 5 percentfor the other two systems. Using
$38.00 per cord as the local value of firewood,the potentialprofitbefore taxes
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was $6.64, $7.45, and $0.18 per cord for the mechanized, labor-intensive, and
semimechanized systems, respectively.

Table ll.--Machine rate and cost for each harvestingphase of the labor-intensive
_stem - _case_"I"__V.V.

_ _ _ ,,, ,,,

Observed Machine
time rate

Total Cost Percent
Oper- Iabor Tot al per. of

Equipment Fixed ati ng cost b cost cord d total
t y.p_e. SH PH ($/SH ) ( $/PH ) ($) ($) ( $_/_cor d ! co St_

Chain saw 19.98 17.11 0.70 a 1.29 a 399.60 c 435.66 11.84 45
Gafner 4501F

forwarder 8.94 8.57 7.82 8.19 89.40 229.50 6.24 24

SUBTOTAL 489. O0 665.16 18.08

Shortwood
truck e 300.29 8.16 31

TOTAL 965.45 26.24 100

_Tw6 _ch_a_insaws incur reel fixed costs; one incurred operating costs.
bLabor cost is $10/SH.
CThis was a two-man operation with one sawyer and one helper who piled short-

wood, removed slash, etc.
dBased on total system production of 36.8 cords from 1.8 acres.
eThe same trucking costs are assumed as in the mechanized system - Table 9.

The delivered cost per cord is the most important factor in any logging
operation--especially so in marginal hardwood thinning operations. But there
are other factors that should be considered, two of which are total capital
investment and logging damage to the site and residual stand.

In this case study, the total capital investment of the mechanized har-
vesting system excluding trucking was $342,200; the semimechanized and labor-
intensive systems required only $61,200 and $51,200 of investment, respectively.
Only a limited number of loggers in the Lake States are able or willing to invest
close to a half-million dollars in logging equipment. Therefore both mechanized
and more labor-intensive systems should be considered in planning future thin-
nings.

Of the three systems studied in this case study, the least amount of damage
to the residual stand was done by the semimechanized operation. By prebunching
with the winch, the travel of the forwarder was limited to the strip road in the
center of the plot.

It is interesting to note the difference in the productivity and cost of
the mechanized harvesting in Case III (table 6) and Case IV (table 9). Felling
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and bunching productivityin Case IV was about three to four times more than in
Case III; skidding productivityin Case IV was about two to three times greater
than in Case III. There are at least two reasonsfor this difference. One is
that Case Ill was a pure selectionthinningcomparedto the strip-selection
thinning in Case IV. The strip-selectionlayout is obviouslybetter suited to
a mechanizedoperationby providinga well-markedroute for the feller/buncher
and skidder to follow. The second reasonfor this variationis the substantial
differencein the amountof pulpwoodproducedper acre. In Case IV it amounted
to 18.6 cords per acre comparedto 2.0 to 4.1 cords per acre in Case Ill.

CASE V - 1982STEEP SLOPE THINNING

The objectiveof this case study was toevaluate a commerciallyavailable
feller/buncherin a strip-selectionthinningon steep slopes. The study site
consistedof 6.5 acres of northernhardwoodpoletimberlocatedon the Munising
Ranger Districtof the HiawathaNationalForest. The slope ranged from zero to
50 percent, and the averagetree was 8.2 inchesdbh. The stand consistedof 362
trees per acre (largerthan 1.5 inches dbh) having a basal area of 132 square
feet per acre, or 246 trees per acre (largerthan 5.5 inchesdbh) having a basal
area of 122 squarefeet per acre. The major specieswere 52 percentsugar maple,
28 percent beech, and 20 percentred maple, black cherry,and yellow birch com-
bined.

Strips were laid out every 45 feet up and down the slopes. A Timberjack
Timbco Hydro-Buncherwas selectedas the feller/bunchermost likelyto success-
fully traversethe steep slopes. The Timbco felled and bunchedthe trees in the
strips and selectivelyfelled the marked trees betweenthe strips,bunchingthem
in the strips.

The averagedbh of the 841 felled trees was 6.7 inches,the averagenumber
of trees per bunch was 5.6, and the Timbco productivitywas 91 trees per PH.
The cost of felling and bunchingwas estimatedat $3.00 per ton or $7.50 per
cord (assuming2.5 tons equals 1 cord). The breakdownof the feller/buncher
productivetime is as follows: 18 percentfor travel;38 percentfor shearing;
and 44 percentfor swingingand bunching.

SU'4MARY

Northern hardwoodsmust be thinnedto producehigh value veneer and saw-
timber in the long term. The major barriershave been the lack of markets for
low-gradehardwoodsand the low profitmargin realizedby the loggersin con-
ductingthe thinnings. New regionalpulpwoodand firewoodmarketshave opened
up for the Upper Peninsulaof Michiganand northernWisconsin. One of the most
significantis the new ChampionInternationalpulp mill at Quinnessec,Michigan,
which has increasedinterestin the equipment,methods,productivity,and cost
of thinning northernhardwoodpoletimber.

Productivityand costs of five hardwoodthinningcase studiesare presented
in this paper. They range from fully mechanizedwhole-treechipping operations
to labor-intensiveshortwoodsystems. Factorsthat affectproductivitywere not
constant from one loggingmethod or site to another. These factors include,but
are not limitedto, stand characteristics,plot size, skiddingor forwardingdis-
tances,operator ability,weather, and unavoidabledelays. Thereforethe results
presentedare for specificcase studies and do not imply long-termaverages.
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Figure l.--Timberjack Timbco Hydro-Buncher operating in a red oak poletimber stand.
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9-YEAR EVALUATION OF MECHANIZEDTHINNING
IN NORTHERNHARDWOODS

Gayne G. Erdmann 1, James A. Mattson 2, and Robert R. Oberg 3

Abstract.-- Nine-year results are reported for five
thinning treatments in a young even-aged stand of northern hard-
woods in Michigan's Upper Peninsula. Of the thinning treatments,
two left more potentially good quality crop trees with less damage
and better spacing: a selective treatment using chain saw felling
with no product recovery and a mechanized strip treatment with
selection between strips. Mechanized felling and skidding systems
generally appear promising for making the first cuts in selectively
thinned or even-aged stands and for making shelterwood regeneration
cuts in even-aged stands.

In 1974 a study was begun to determine the the feasibility of using mecha-
nized systems to thin dense pole-sized stands of northern hardwoods to provide
hardwood pulpwood and to improve growth and quality of the residual trees. The
cooperators in that effort were Michigan Department of Natural Resources; Ahonen
Lumber Company of Ironwood, Michigan; and the North Central Forest Experiment
Station's Laboratory in Houghton, Michigan.

In this paper we report preliminary 9-year results on how five different
thinning treatments affected d.b.h, growth, basal area growth, stand structure,
and quality development of potential crop trees. We also appraise damage to
potential crop trees by treatments, evaluate sapling development under the
shelterwood overstory, and attempt to determine the best thinning methods of
those tested.

PROCEDURES

Description of the study area

In the fall and early winter of 1974, five thinning treatments were
installed in a 50-acre stand of northern hardwoods on State forest land in
Section 36, T51N, R37W, Ontonagon County, in the Upper Peninsula of Michigan.
The 48-year-old stand was predominantly even aged and pole size, but it also
contained a good proportion of small saw lo'g size trees (i0 to 14 inches d.b.h.)
and some larger, older residual trees. Before thinning, the stand contained
about 13.5 cords of hardwood pulpwood and 2,700 board feet of sawtimber. The
stand averaged 217 trees per acre of which 55 percent were red maple and 25 per-
cent were sugar maple; and it averaged about 100 square feet of basal area per

1principal Silviculturist, North Central Forest Experiment Station, USDA
Forest Service, Forestry Sciences Laboratory, Rhinelander, WI.

2Research Mechan North Central Forest Experiment
Station, USDAForest ................................. , Houghton, MI.

3Forestry Technician, North Central Forest Experiment Station, USDA Forest
Service, Forestry Sciences Laboratory, Houghton, MI.
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acre (Biltonen et al. 1976). Smaller amounts of yellow birch, black cherry, red
oak, hemlock, Am-er-fEan elm, balsam fir, and black ash were also present. Site
index at 50 years averaged about 60 for sugar maple. The soil is a sandy loam.

Treatments

Two 25-acre blocks, each 1,650 feet long by 660 feet deep, were laid out
on each side of a logging road. Each block was divided into five 5-acre plots;
each plot was 330 feet wide and extended 660 feet deep into the stand from the
road (fig. I).

The five thinning treatments included:

(1) StriP thinn_in,.g only with mechanical felling and skidding.-- Plot A-1
was strip thinned with eleven 10-foot-wide Cl'earcut stri'ps. _Ten' _22-foot areas
were left uncut between the 10-foot strips. Basal area before strip clear-
cutting was 109 square feet per acre in trees 6 inches d.b.h, and larger; resi-
dual basal area after cutting was 73 square feet per acre. Plot A-2 was

strip thinned with nine 10-foot-wide clearcut strips; eight 30-foot areas were
left uncut between the strips. Basal area before cutting was 94 square feet per
acre; residual basal area was 68 square feet per acre.

(2) Strip thinning with selection between the strips and mechanical
felling an_-sl_i-_T!ng.-- Plot{ E-1 and E-2 were strip fhi-nned wit-h five lO-foot-
_ide clearcut strips. The four 70-foot-wide areas left between the strips were
selectively thinned. Basal area before strip clearcutting and selective
thinning on Plot E-I was about 102 square feet per acre; residual basal area
after thinning was 71 square feet per acre.

(3) Selection thinning with chain saw felling and no product recovery.--
Plots B-I and C-i Were selectively thinned with a chain saw to leave a residual
stand with 70 square feet of basal area per acre. Basal area before thinning on
Plot C-I was 126 square feet of basal area per acre; residual basal area after
thinning was 65 square feet.

(4) Selection thinning with mechanical felling and skidding.-- Plots D-1
and D-2 were selectively thinned to leave a residual stand containing 67 square
feet of basal area per acre. Basal area before thinning on Plot D-1 was 103
square feet of basal area per acre.

(5) Shelterwood thinning with mechanical felling and skidding.-- Plots B-2
and C-2 were marked to leave a residual shelterwood overstory stand with a high
crown cover of about 70 percent or approximately 31,000 square feet of canopy
cover per acre. Most thinning was done from below to develop the high crown
canopy in the shelterwood overstory trees. Basal area before the shelterwood
cut was 108 square feet per acre; residual basal area was about 60 square feet.
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Figure l,--Plot layout at the 1974 thinning study (Bi]tonen et al. 1976).
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METHODS

In the fall of 1983, we remeasured d.b.h, and the extent of logging damage
on trees that had been numbered and measured in 1974 on 6-foot-wide diagonals
across plots A-2, B-2, C-2, D-2, and E-2. On each tree damaged by logging, we
described the kind of injury and measured the location and the severity of each
injury. Early in April 1984, we measured all trees 5 inches d.b.h, and larger
on the center acre of one plot for each treatment in plots C-1, D-I, E-I, B-2,
and C-2. We took these measurements to obtain a better sample for stand basal
area growth and to get an idea of how the treatments affected potential crop
trees and stand structure. We also inventoried the sapling reproduction on four
randomly selected quarter-acre plots on shelterwood plot B-2 to determine how
the reproduction was developing under the shelterwood cut.

RESULTS

Basal area growth

The limited data taken for this preliminary evaluation indicate that net
basal area growth of all trees 4.6 inches d.b.h, or larger is quite variable.
Basal area growth ranged from a low of 1.3 square feet to a high of 3.93 square
feet per acre (table I). We do not expect that such large differences between
the treatments will remain once we have completely sampled the treatment areas
for our lO-year evaluation.

An existing model for periodic net basal area growth in relation to
beginning basal area for all trees 4.6 inches d.b.h, and larger indicates that
net basal area growth for all these treatments should only vary from about 3.0
to 3.3 square feet per acre per year (Erdmann and Oberg 1973). The summers of
1974 through 1976 were extremely droughty, however, and basal growth generally
averaged somewhat lower than we expected.

Diameter growth

Diameter growth at breast height varied more by species and original tree
size class than by specific thinning treatments or residual stocking levels.
Trees averaging 9.7 inches d.b.h, in the shelterwood treatment had a higher
average annual d.b.h, growth than did trees averaging 6.8 to 9.0 inches in
diameter in the other thinning treatments (table 2). In addition to having
larger diameter trees initially, the shelterwood treatment also had the lowest
residual basal area density following thinning. As a result of these two fac-
tors, the residual shelterwood overstory trees grew faster than trees left in
the other treatments.

Our growth model for mean annual d.b.h, growth in relation to beginning
basal area predicts about .23 inches of mean annual diameter growth for small
saw log-size trees when starting with 60 square feet of basal area per acre
(Erdmann and Oberg 1973). It also predicts .15 to .17 inches of mean annual
diameter growth for pole-size trees when starting with 64 to 73 square feet of
basal area per acre. Like basal areas, diameter increments were also lower than
expected.
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Table I.-- Beginning1and ending basal areas and avera_leannual basal area
growth by thinning treatments over a 9-year period followin_lthinning

Average annual

Thinning treatment Basal area basal area
Beginning Ending growth

-Sq.ft./A.- -Sq.ft./A.- -Sq.ft./A.-
Selection, chain saw felling
and no product recovery 63.9 81.2 1.92
(Plot C-1)

Selection, mechanical felling
and skidding (Plot D-I) 65.7 101.1 3.93

Strips-with-selection, mechanical
felling and skidding (Plot E-l) 70.6 82.3 1.30

Strip only, mechanical felling
and skidding (Plot A-2) 68._ / 91.6 2.56

Shelterwood, mechanical felling
and skidding (Plot B-2) 60.5 78.2 1.97

a_/ Based on 27.27 percent cut of the initial stand basal area in 1974.
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Table 2.a-Beginning and ending averag.ed.b.h, and average annual d.b.h, growth
b_zthinning treatments over a 9-year period following thinning

__ Avera_ged.b.h. Average annual
Thinning treatment Beginning Ending d.b.h, growth

-Inches- -InChes- -Inches-

Selection, chain saw felling
and no product recovery 8.50 9.74 O.14
(Plot C-1)

Selection, mechanical felling
and skidding (Plot D-l) 8.99 10.36 0.15

Strips-with-selection, mechanical
felling and skidding (Plot E-l) 8.71 9.93 0.14

Strip only, mechanical felling
and skidding (Plot A-2) 6.7B 8.04 0.14

Shelterwood, mechanical fe]ling
and skidding (P|ot B-2) 9.66 11.47 0.20
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Stand structure

Stand structure in the mechanical selection, strip-with-selection, and
chain saw selection plots (C-I, D-I, E-l) has changed considerably because of
ingrowth into the saw log d.b.h, classes during the 9-year period following
thinning (table 3). The number and basal area of stems has increased in the saw
log diameter classes, but has decreased in the pole-size class. After 9 years,
the only treatment that appears to be overstocked in both sawtimber and pole-
size classes is the selection thinning with mechanical felling and skidding
treatment.

Although none of the selection treatments will have an operable cut
within 10 years after the initial cut, the expected mean annual net basal area
growth of 2.5 to 2.8 square feet per acre for residual basal areas ranging from
82 to 100 square feet per acre (Erdmann and Oberg 1973) should produce operable
cuts of 20 to 30 square feet per acre after another lO-year growth period.

Sapling development under the shelterwood cut

Only two sapling-size (0.5 to 4.5 inches d.b.h.) stems were present per
acre immediately after the shelterwood cut was made in 1974 to leave a high
shelterwood canopy containing about 70-percent crown cover. Nine years later,
2,085 saplings over 6 feet tall were well distributed per acre (table 4). Sugar
maple accounted for more than 63 percent of these stems and more than 55 percent
of the sapling basal area; red maple accounted for more than 34 percent of the
stems and almost 42 percent of the basal area. Together these species made up
more than 97 percent of the sapling stems and basal area. Small amounts (i per-
cent each) of yellow birch and black cherry were also present.

Most sugar maple stems inventoried appeared to be of seedling or seedling
sprout origin, while most red maple stems were of sprout origin. Numbers of
companion red maple stump sprouts have already declined drastically because of
normal competitive mortality.

The new stand under the shelterwood overstory is well established and
ready for the final overstory removal cut. It contains 38 percent more sugar
maple stems and 23 percent fewer red maple stems than the original 1974 stand
before thinning. Successional trends on this upland site are normal; moderately
tolerant overstory red maples are gradually being replaced by more tolerant
understory sugar maple trees in the absence of fire. This is a desirable impro-
vement in species composition because red maple tends to be more defective than
sugar maple on this site.

Damage to crop trees

In the spring of 1984, we recorded three types of injuries; those to the
bole, root, and crown. Crown injuries, as reported previously, were again found
to be of minor importance (Biltonen et al. 1976). Fifty out of 53 injuries or
94 percent of the injuries found on _mTged crop trees were bole injuries, the
remaining three injuries were a combination of both bole and root injuries.

A crop tree was considered seriously damaged when it had an injury 50
square inches or larger (Hesterberg 1957). Wounds initially under 50 square
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Table 3.--Stand structure in the selection thinnin_..plots
__"CL-I,D-l, and E-l)

D.b.h. After cut in 1974 _ After 9 years ..Sel.ectiongoal
class Trees Basal area Trees Basal area Trees Basal area

-Inches- -No./A.- -Sq.ft/A.- -No./A.- -Sq. ft./A.- -No./A.- -Sq.ft./A.-

5-9 IU2 30 76 24 65 16

2ii 2:12 :i1
10-14 31

15-19 41 I 36 i 68 2 65 i 53 26 68

20+ 20

Total 143 67 144 89 118 84

61



Table 4.--Sapling development 9 _ears after the shelterwood cut (Plot B-2)a/

Species Saplings Basal area

-No./A.- -Sq.ft./A.

Sugar maple 1,324 7.5

Red maple 712 5.7

Yellow birch 23 0.2

Black cherry 23 0.2

Other hardwoods 1 _ b__/

Conifers i _ b__/

Total 2,085 13.6
!

a/ Trees i to 4.5 inches in d.b.h.

b__/Less than 0.1 square feet of basal area per acre.
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incheson crop trees in 1974 were usuallyhealed over or closed after 10 years
and were consideredto be of minor significance.

The strip thinning plot(A-2)with the smallestaveragebeginningstand
diameter(6.8 inches)and the closestaveragespacingof 11.2 feet betweentrees
had the highestnumber (12)of seriouslydamagedcrop trees per acre
(table5). While strip thinning,the operatorplaced all cut trees from the
clearcutstrip into the uncut stand. This requiredrepeatedplacementof small
bunchesand many back up movementsby the feller-buncherwith trees in the
acccumulatorhead, which resulted in increaseddamage.

Selectionthinningwith mechanicalfelling and skiddinghad the second
highestdamage rate with 10 seriouslydamagedcrop trees per acre (PlotD-I).

The shelterwoodthinningwith mechanicalfellingand skiddinghad the
third highest damage rate with seven seriouslydamagedcrop trees per acre (Plot
B-2).

Only two trees per acre were seriouslydamagedon the mechanicalstrip-
with-selectionplot (E-l).

No seriouslydamagedcrop trees were found on the selectionthinningwith
chain saw felling and no productrecoveryplot (C-I). Chain saw fellingcauses
some minor crown injuriesbut few bole and root injuries. Most of the bole
and root injuriesare causedby skidding;the rest are caused by the skidderor
fellerbuncher actuallybumpingtrees. Undoubtedly,some damagewould have
occurredto crop trees in the chain saw fellingplots if the felled trees would
have been skiddedto a landing.

MANAGEMENTIMPLICATIONS

Silviculturally,selectionthinningand strip thinningwith selectionbet-
ween strips are better than strip thinning-onlybecausethey offer greater
opportunitiesfor: (1) selectingand releasingmore high-qualitycrop trees, (2)
concentratinggrowth more uniformlyon those trees, and (3) limitingdamage to
crop trees during thinning.

For example,the strip thinning-onlyplot (A-2) had about 75 potential
crop trees before the nine lO-foot-wideby 660-foot-longstripswere clearcut
throughthe 5-acre plot. This strip treatmentremoved20 potentialcrop trees
per acre and left 55 (table6). If five lO-footwide clearcutstripswould have
been used insteadof the nine, only 11 potentialcrop trees would be cut and 64
would be left. If elevenlO-footwide clearcutstripswere used, 25 potential
crop trees would be cut and only 50 would he left.

Thirty-threeof 59 potentialcrop trees remainingafter strip clearcutting
with nine lO-foot-widestrips (PlotA-2) were saw log-sizetrees; the 26
remainingtrees were poles (table7). After we deduct potentialcrop trees
with seriousdamage (> 50 square inchwounds),only 24 saw log-sizeand 23 pole-
size potentialcrop t_'eesremain. This is not enough saw log-sizecrop trees
for even-agemanagement,but the stand still could be developedunder uneven-age
managementwith adequatenumbersof saw log-sizetrees (47 out of 53 trees)
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Table 5.--Effect of the five thinning treatments on potential crop trees after
9 years

Types of injuries Seriouslx/

Thinning treatment Injuries Skidding Machine Felling damaged-T-'

-No./A.- -Percent- -No./A.-

Selection, chain saw felling
and no product recovery 0 - - 0.0 0
(Plot C-1)

Strip-with-selection, mechanical 2 100.0 0.0 0.0 2
felling and skidding (Plot E-I)

Shelterwood, mechanical felIing 12 41.7 50.0 8.3 7
and skidding (Plot B-2)

Selection, mechanical felling 15 33.3 53.3 13.3 10
and skidding (Plot D-I)

Strip only, mechanical felIing 24 62.5 29.2 8.3 12
and skidding (Plot A-2)

Total mechanical felling 53 237.5 132.5 29.9 31
and skidding

Average 13.2 59.4 33.1 7.5 7.B

a_/ Trees lost as potential crop trees due to a wound or combination of nearby
wounds with more than 50 square inches of sapwood exposed.
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Table 6.--Effect of the number of lO-foot wide clearcut strips on the number of
potential crop trees cut and left after cuttin9 a 5-acre plot 330 feet wide b_

6"60feet Ion9

Ten-foot Percent

clearcut of area Potential crop trees
strips clearcut Before cut Cut After cut

-Number- -Percent- -Number per acre-

5 15.2 75 11 64

9 27.3 75 20 55

11 33.3 75 25 50
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Table 7.--Effect of thinnin9 treatments on the number of potential crop trees
in sawtimber- and pole-size classes 9 years after thinnin9

Thinning treatment After thinning,in 1974a/ .After9 yearsb/

saw.1o9 Pole Total Saw lo9 Pole Total

-Number per acre-

Selection, chain saw felling
and no product recovery 46 17 63 46 17 63
(Plot C-I)

Strip-with-selection, mechanical 42 15 57 41 14 55
felling and skidding (Plot E-l)

Selection, mechanical felling 48 21 69 41 18 59
and skidding (Plot D-l)

Shelterwood, mechanical felling 44 - 44 37 - 37
and skidding (Plot B-2)

Strip only, mechanical felling 33 26 59 24 23 47
and skidding (Plot A-2)

a/
b'-/Without deductions for seriously damaged trees.
-- With deductions for seriously damaged trees (with _re than 50 square inches
of sapwood exposed wounds in 1974).

66



appearing from ingrowth within the next 20 years. Management options for five
clearcut strips are better; for 11 clearcut strips they are worse.

Although the average d.b.h, of the residual overstory stand was too small
(11.5 inches) for making a shelterwood cut under normal even-age circumstances,
the shelterwood treatment demonstrates the economic feasibility of using mecha-
nized felling and skidding for making the initial shelterwood regeneration cut
in even-aqed stands. Shelterwood cuts are also desirable for replacing low-
quality northern hardwood stands of seed bearing age on good sites with adequate
regeneration of higher quality stems or more desirable species.

On the shelterwood treatment (Plot B-2), 16 percent of the 44 potential
saw fool-size crop trees per acre or seven trees were seriously damaged. For a
young stand, this level of damage is considered serious; but with mature resi-
dual trees in a shelterwood overstory left for only 5 to 8 years before the
final removal cut, almost no losses would occur because the damaged wood would
be slabbed off when sawn.

The selection thinning with chain saw felling and no product recovery
treatment (Plot C-1) lost no potential crop trees because of damage. This left
46 potential crop tree-size saw logs and 17 poles per acre (table 7). On the
strip-with-selection treatment (Plot E-I), only 4 percent of the potential crop
trees or two trees per acre were lost to damage; leaving 41 potential crop tree-
size saw logs and 14 poles per acre. On the selection thinning with mechanical
felling and skidding treatment (Plot D-l), 14 percent of the potential crop
trees or I0 trees per acre were lost to damage, leaving 41 potential crop tree-
size saw logs and 18 poles per acre. Each of these selection treatments will
have more than enough saw log-size crop trees for uneven-age management within
the next decade. During subsequent thinning operations, major emphasis must be
placed on protecting crop trees or little high-quality wood will be produced.
As a result, mechanized logging methods will have to be somewhat restricted to
eliminate any damage to the crop trees.

Skidding appears to be the major problem in damaging trees. Most of the
damage in future thinnings could be prevented by using short wood (lO0-inch)
skidding systems and by not harvesting during the spring bark slip season. Root
and stem injuries can be minimized by logging when the ground is frozen. Skidder
operators should be trained to stay on skid trails and to recognize and prevent
damage. And finally, leaving poor-quality barked-up pivot trees until the end
of the next thinning operation would prevent further damage.
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EVALUATION OF 1978 TH INNING SITE

James A. Johnson 1/

Abstract.--A strip selection thinning was conducted to de-
termine the economic and silvicultural Implications of a mechan-
ized harvesting system. The selectively cut strips were thinned
from an original basal area of 116 square feet per acre to a re-
sldual of 68 square feet. Individual tree diameter growth Increas-
ed from 0.11 inches per year on the control to 0.20 inches per
year on the thinned plots, an 82-percent increase. The Increased
length growth of trees on the thinned plots of 607-percent over
the control, plus the diameter increase, provided a 92-percent
cubic foot Increase on cordwood trees and 107-percent board foot
increase on sawlog trees.

The 1978 thinning study was located in Sections I and 2, T45N-R22W, In
Alger Countyp Michigan and co-sponsored by Michigan Technological Univer-
sity, North Central Forest Experiment Station of the U.S. Forest Service,
Michigan Department of Natural Resources, Marquette Board of Light and
Power, and the Michigan Department of Commerce--Energy Administration.

The specific objectives were: (l) to test strip-with-selection thinning
by means of a tracked, long-reach feller-buncher; (2) to determine produc-
tion rates and costs for harvesting and transporting; (3) to evaluate resid-
ual damage and effects of compaction caused by harvesting equipment; (4) to
measure tree response and reproduction established as a result of mechanized
thinning; and, (5) to determine logistics and economics of utilizing chips
as an alternate fuel for generating electricity in e conventional coal burn-
ing boiler.

The harvesting rates and costs, residual damage, and compaction were
reported by Johnson, et al (1979). Objective (4} growth response, Is
reported in this paper.

STUDY AREA AND METHODS

The predominately pole-sized stand of 13 acres was composed of 73-per-
cent sugar maple, 22-percent American elm and the remaining 5-percent was
basswood, quaking aspen and black cherry. The stocking level before cutting
was 254 trees per acre (average tree diameter 9 inch d.b.h.) and I16 square
feet per acre of basal area. Because of severe incidence of Dutch elm dis-
ease, it was necessary to harvest all of the elm. This precluded the possi-
bility of maintaining a desired uniform stocking of 70 square feet of basal
area in these areas where elm predominated.

I/Research/Scientist, Ford Forestry Center, Michigan Technological
University, Houghton, Michigan.
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The control area was sampled with three one-fifth acre study plots and
the thinned area with four one-fifth acre study plots. The plots were mea-
sured prior to harvesting in 1978 followed by a four year remeasurement. All
trees 5 inches d.b.h, to a fixed minimum top diameter of 4 inches inside
bark were measured. In addition sawlog size trees 11 inches d.b.h, and lar-
ger were measured to a variable top diameter with an 8 inch minimum inside
bark diameter.

RESULTS

One of the major objectives of the study was to measure growth response
and quality change following harvest. The following three tables summarize
the changes four years after harvest.

Indlviduai Tree Growth Comparisons

Table I summarizes the differences in growth response of individual
trees on the control plots with those on the thinned plots. Diameter growth
increased from .11 inches on the controls to 0.20 inches on the thinned

trees, an 82-percent increase. A tree growing at the slower rate would take
146 years to reach 16 inches d.b.h, while a tree growing at the faster rate
would only take 80 years, or 45-percent less time. Another example of the
benefits derived from thinning is to compare the differences in carrying
costs. At compound interest, the length of time the carrying charges (land
and timber ownership) must be carried to produce mature timber is signifi-
cant. For example, a one dollar carrying charge compounded at 7-percent for
40 years (time to grow an 8 inch tree to 16 inches at the faster rate)
equals $14.97; at 73 years (time to grow an 8 inch tree to 16 inches at the
slower rate) it would be $141.52. The carrying cost is 845-percent greater
for the slower growing tree. Reducing the length of time to harvest, there-
fore, will greatly reduce investment costs and thereby yield a greater net
return.

Table 1.--Individual tree growth comparisons of thinned and unthinned trees
over a four year period.

Average Growth Per Tree Per Year
Growth Control Thinned

Co__om_ponent Growth No. Trees Growth No. Trees % Chan_

Diameter (in.) 0.11 154 0.20 85 82

Usable Length (Ft.)(4'ITop) 0.14 157 0.99 85 607
(Cordwood Trees)

Cubic Feet 0.26 162 0.50 94 92
(Cordwood Trees)

Board Feet 2.70 25 5.60 18 107

(Sawlog Trees)
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An Increase In usable length growth from .14 feet per year on the con-
trol compared with .99 feet on the thinned plots is 607-percent greater, a
significant difference. This increased length and diameter growth translates
into a 92-percent increase in cubic foot volume growth of the thinned cord-
wood trees over the non-thinned trees and a 107-percent Increase in board
foot volume of the sawlog trees.

Tree Quality Comparisons

Table 2 summarizes the changes in tree quality. Each tree in the study
plots where graded by a tree gradlng system devised by Boyce and Carpenter
(1968). The grading system is correlated with the Forest Service grade spec-
ifications for hardwood sawlogs. The grades are assigned according to the
probability of a tree yielding a grade-l, grade-2, or grade-3 butt log when
It reaches 16 inches d.b.h.

Table 2.--Tree quallty changes following thinning.

Tree Trees/Acre %

Qual_I/ Control % Thinned % Change

0 36.7 14 8.8 8 -43

i 46.7 18 22.5 19 6

2 138.3 52 78.8 67 29

3 43.3 16 7.5 6 -62

TOTAL 265.0 100 117.6 100

I/ Boyce and Carpenter, 1968, USDA For. Serv. Res. Pap. NE-97.

The grades are defined as follows:

A grade-O growing-stock is a softwood or hardwood tree with no poten-
tial for developing into sawlogs.

A grade-1 growing stock tree has 80-percent probability of yielding a
grade-1 butt log.

A grade-2 growing stock tree has less than 80-percent probability of
yielding a grade-1 butt log, but a 50-percent chance or better of
yielding a grade-2 butt log.

A grade-3 growing stock tree has less than a 50-percent probability of
yielding a grade-2 butt log, but a 50-percent chance or better of
yielding a grade-3 butt log.
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The first priority In thinning is to remove as many of the O-grade
trees as possible. Grade-O trees were reduced from 14-percent to 8-percent a
43-percent reduction. The second priority removal was grade-3 treesp which
were reduced from 16-percent to 6-percent a 62-percent reduction.

Removal of these lower grade trees Increased percentage of grade-1
trees by 6-percent and grade-2 trees by 29-percent over the controls. One of
the major goals of thinning hardwoods Is to increase the growth on the high-
er quality trees and to reduce the time needed to bring them to maturity.

Net Annual Growth Per Acre

Table 3 summarizes the changes in net annual growth per acre. As a re-
sult of reduced stocking total cubic foot volume growth was reduced from
92.23 cubic feet per acre per year on the controls to 76.38 cubic feet on
the thinned plots, a 17-percent reduction. The thinned plots have 56-percent
less trees, but are growing 83-percent of the volume of the controls. As
full stocking Is attained annual growth will again equal or exceed the
controls.

Table 3.--Net annual cubic feet growth comparisons of thinned and unthinned
plots.

Growth Net Annual Growth/Acre (Cu. Ft.)

Components Control Thlnned % Change

Ingrowth 1.26 3.98 216

Cordwood Repeaters 54.34 41.83 -23

Cordwood to Sawlog 2.27 5.60 147

Sawlog Repeaters 33.71 24.97 -26

Cordwood Mortality -33.18 0 -100

Sawlog Mortality -13.43 0 -100

Sawlog to Cordwood 0.65 0 -100

TOTAL EXCLUDING MORTALITY 92.23 76.38 -17

TOTAL INCLUDING MORTALITY 45.62 76.38 67

CUT VOLUME 0 382.8 100

TOTAL NO. TREES 270 118 -56
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If mortality is considered, e major difference In production results.
The controls lost 45.62 cubic feet per acre per year to mortality resulting
in 40-percent less cubic feet net growth than the thinned plots. This mor-
tality was recovered in the thinnlngs, thus providing a greater total volume
yield per acre on the thinned plots.

When the cut volume of 95.7 cubic feet per acre per year is added to
the net growth of 76.38 cubic feet the yield of thinned over unthlnned Is
277-percent greater. Periodic thinnlngs has the potential of capturing much
of the volume that would otherwise succumb to mortality, thus providing

greater total volume recovery over the rotation.

CONCLUSIONS

Thinning over-stocked hardwood pole-sized stands can result in major
increases in diameter and volume growth over unthinned stands. Time required
to reach maturity can be 45-percent less on thinned trees than unthlnned
trees. Periodic thinnings provide opportunity to concentrate growth on

quality trees by removal of the low quality inferior growing stock. Thin-
nlngs also provide opportunity to utilize volumes that would otherwise be
lost to mortality, thus increasing total volume yields over the rotation.
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DAMAGE TO THE RESIDUAL STAND RESULTING

FROM MECHANIZED THINNING OF NORTHERN HARDWOODS

Johann N. Bruhn I/

Abstract.--There is a definite need to standard-

ize logging damage studies in order to facilitate mean-

ingful comparisons between alternative thinning systems.

Factors contributing to logging damage severity can be

evaluated only through integration of damage study into
harvest studies themselves.

Logging damage is most significant in stands man-

aged under the selection system £or sawtimber produc-

tion and appears to be related to residual basal area.

Damage may be minimized by reducing residual basal

area, by favoring smaller and more maneuverable equip-

ment, by avoiding spring and early summer thinning, by

leaving "bump" trees along paths of equipment travel,

by marking crop trees, by increasing the skills and

pride of equipment operators, and by marking stands to

be thinned with full knowledge of the equipment to be
used.

Logging damage is a concern of hardwood forest land owners

deciding how, if at all, to harvest their resource. Choice of

silvicultural system and harvesting equipment interact with oper-

ator skill and diligence to determine the extent of damage done
to the residual stand and the value loss associated with that

damage. Earlier studies have documented logging damage caused by

conventional chainsaw felling in combination with various types

of skidding equipment (Herrick and Deitschman 1956, Benzie 1959,

Meyer et al. 1966, Lamson et al. 1984). Generally, skidding

damage increases with equipment size and load size. It follows

that substitution of mechanized thinning equipment for the chain-

saw (Biltonen et al. 1976) can increase the expected frequency

and severity of logglng damage. For this reason, the extent of

logging damage to residual stems in a number of mechanically

thinned hardwood pole stands is being evaluated in con3unction

with the U.S. Forest Service, North Central Forest Experiment

Station, Houghton, Michigan. The objectives of these studies are

1) to conduct an immediate inventory of damage to the residual

stands, 2) to evaluate the long-term effects of logging damage on

residual stand quality, and 3) to identify means by which logging

damage may be reduced.

Slower healing and greater defect can be expected to result

from gouged wounds of similar size to wounds without wood pene-

tration. Wood penetration, or gouging, is a common feature of

feller/buncher wounds. Earlier reports do not mention wood pene-

_I/Rese_rch Scientist, School of Forestry and Wood Product6

Michigan Technological University, Houghton, Michigan 49931.
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tration or gougin 9, although some probably occurred. In contrast

to earlier studies, however, the thinning studies reported here

involve mechanized felling and bunching as well as mechanized

skidding.

Classic logging damage studies have frequently used wound

surface area as one criterion to separate smaller inconsequential

wounds from wounds sufficiently large to result in meaningful

defect. Ohman (1970) used an index of surface area derived by

multiplying maximum wound length by maximum wound width; he

considered 50 sq.in, to be a useful threshold for evaluating root

wounds on yellow birch and stem wounds on both yellow birch and

sugar maple. Uavallee and hortie (1968) also reported that mech-

anical in3uries greater than 50 sq.in, in surface area could be

considered important on yellow birch. Hesterberg (1957) found

that lO-year-old stem wounds on sugar maple which originally

exposed more than 150 sq.in, of surface area had a 50 percent

chance of being associated with decay. Twenty-year-old sugar

maple wounds greater than 60 sq.in, in area also had a 50 percent

chance of being associated with decay.

Hesterberg (1957) also determined that wound width was

related to the likelihood of defect development. After 10 years,

over 50 percent of all sugar maple stem scars origlnall7 greater

than 7 inches in width had given rise to decay. After 20 years,

over 50 percent of all sugar maple stem scars 4 inches or wider

had given rise to decay.

METHODS

Two thinning studies have been investigated to date. The

first study comprises a 1981 mechanized selection thinning in

pole-size northern hardwoods near Watersmeet, Michigan, on the

Ottawa National Forest, in Michigan's Upper Peninsula. Three

ad3acent blocks of timber totaling approximately 21 acres were

thinned with three different whole-tree feller/bunchersl_/. De-

tails of the thinning in each block are as follow.

Watersmeet A:

Date of Harvest - June, 1981

Area - 6.46 acres

Initial Basal Area - 124.1 sq. ft. per acre

Cut Basal Area - 37.5 sq. ft. per acre

Residual Basal Area - 86.6 sq. ft. per acre
Feller/Buncher - Melroe Bobcat Model 1075 with a 16 inch

capacity shear mounted on a wheel-type

undercarriage with tandem over-tire tracks

1/The use of trade farm or corporation names in this publication__ W

is for the information and convenience of the reader. It does

not constitute an official endorsement or approval of any product

or service by the United States Department of Agriculture or

Michigan Technological University to the exclusion of others

which may be suitable.
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Watersmeet B".

Date of Harvest - June, 1981
Area - 6.84 acres

Initial Basal Area - 139.1 sq. ft. per acre

Cut Basal Area - 43.5 sq. ft. per acre

Residual Basal Area - 95.6 sq. £t. per acre

Feller/Buncher - Timbco Hydro-Buncher Model 2518 with an 18
inch capacity shear mounted on a knuckle

boom and a track-type under-carrlage

Watersmeet C:

Date of Harvest - August, 1981
Area - 7.76 acres

Initial Basal Area - 148.5 sq. ft. per acre

Cut Basal Area - 35.4 sq. ft. per acre

Residual Basal Area - 113.1 sq. ft. per acre

Feller/Buncher - Omark Hydro-Ax Node1 311 with a 16 inch
capacity shear mounted on the front end of

a wheel-type undercarriage

Though one of the initial ob3ectives of the Watersmeet thinnin9

study was to compare the damage caused by the three feller/bunch-

ere employed, this ob3ective was dropped in light of the differ-
ences in stand structure between thinning blocks and the conse-

quent differences in marking strategy. Unfortunately, resources

permitted only feller/buncher wounds to be recorded for this

study.

The second study comprises a 1982 strip-thinning with selec-
tion between the strips, conducted on approximately four acres of

hardwoods dominated by red oak, managed by the Wisconsin Depart-

ment of Natural Resources, near Spooner, Wisconsin. Due to the

timing of this study, skidding wounds (along the cleared strip)
as well as feller/buncher wounds were recorded together. Details

of the thinning are as follow.

Spooner A:
Date of Harvest - June, 1982

Area - 4.1 acres, including strips.

- 2.8 acres, thinned area.
Initial Basal Area - undetermined.

Cut Basal Area - undetermined.

Residual Basal Area - 133.7 sq. ft. per acre, thinned area.

Feller/Buncher - Timco Hydro-Buncher Model 2518 with an 18

inch capacity shear mounted on a knuckle

boom and a track-type under-carriage

In both studies, a 100 per cent survey was conducted of all

injuries to stems over 1.0 inch d.b.h. The non-random spatial
distribution of injury in each stand, resulting from the concen-

tration of damage around paths of equipment passage, precluded

less intensive sampling. Each feller/buncher operator in the

Watersmeet study entered the stand wherever and as often as he
saw fit, while the operator at the Spooner site was restricted to
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reaching into the residual stand from the cleared strips.

All in3uries which penetrated sufficiently to expose live

inner bark were documented. The location of each in3ured tree

was recorded by its azimuth and distance from permanent reference

points in each stand. Wounded trees were characterized by spe-
cies, diameter (d.b.h.), and location in the stand. Wounds were

characterized by median height above ground, maximum vertical

length, maximum horizontal width, depth of wood penetration, a

descriptive code, and a color transparency of the in3ury.

RESULTS

At the Watersmeet thinning site, 989 wounds on 519 stems

have been characterized and their locations in the three thinning

blocks documented. At the Spooner thinning site, 635 wounds on

505 stems have been similarly documented.

Logging damage appears to be related to residual basal area

and stocking (Table 1). As residual basal area increases, the

percentage of residual basal area representing wounded stems
generally increases, given comparable diameter distributions. The

possibilit7 exists, nevertheless, that portions of the dif-
ferences in damage sustained by the four thinning blocks could be

due to 1) physical factors of the different feller/bunchers them-
selves and/or 2) differences in the amount of basal area marked

for removal in the different blocks. Interestingly, the Spooner

block had both the largest residual basal area and the largest

percentage of residual basal area wounded of all four thinning

blocks. In the Watersmeet study, the thinning block sustaining

the most damage (Block C) was also the block with the highest
initial and residual basal area values and the lowest cut basal

area. Unfortunately, skidding damage can not be separated from

feller/buncher damage in the Spooner study, though skidding dam-

age must have been concentrated along strip edges where bunches

Table 1.--Percentages of residual basal area and density

damaged in four mechanically thinned hardwood stands

Residual Stand

Stand Basal Area Density
Total x of Total Total _ of Total

(sq. ft. Wounded c (no. stems Wounded c

per acre) per acre)

Watersmeet A m 87 6 744 18

Watersmeet B a 96 5 626 14

Watersmeet C a 114 13 527 40

Spooner Ab 194 45 634 22

a_/ includes only feller/buncher wounds

b_/ includes skidding as well as feller/buncher wounds

c/ does not include destroyed stems
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were depoGited. Watersmeet data were collected prior to skid-

ding. A survey of feller/buncher versus skidding in3urie6 on two

one-fifth-acre plots in each Watersmeet block, conducted by

ranger district personnel, suggests that skidding damage was com-
parable in frequency to feller/buncher damage in each block.

At both study sites, stems were considered destroyed if
they were severely bent or pushed over. In this sense, less than

I per cent of the residual basal area or density on the Waters-

meet study site was destroyed. On the Spooner site, however, 4
per cent of the residual basal area (7 per cent of the residual

density) was destroyed. This included 12, 13, and 4 per cent of

the 2 inch, 4 inch, and 6 inch diameter classes, respectively.

The frequency with which wounds meeting certain criteria of

severity occurred on each of the four thinning blocks is present-
ed in Tables 2 through 5. The relatively greater number of

severely wounded trees on Watersmeet Block C than on Blocks A and

B is over-shadowed by the data from Spooner. While a portion of

the damage at 5pooner is certainly due to skidding, other factors

must have contributed to the greater severity of damage there

than at Watersmeet. Such factors may include greater residual

basal area, season of harvest, harvesting system design, and/or
differences between equipment operators.

Table 2,-- Number_of stems woundedor d_tPoy__by feller/buncher activity at Wat_t Block A__ja_
_eQuency,ithNhichselectedcriteriaof woundseverityweremet,expressedas per centof
residualst_kinQbydiameterclass

Stemcount(peracre)

_u_ Wound _und LxW Wood

_undedor at least at least at least penetrated

dbh destroyed 7 in.wide 4 in.,ideC 50 _. in.d or gouged
class Residual Broken

(inches)stockingRootsaStemsbRoots Stems RootsStems Roots SternsRoots Stems top Destroyed

2 382 0.3 1.9 ........... 0.2 --- 0.5 --- 0.8

4 143 0.8 5.6 --- 0.3 --- I.2 --- 1.9 0.3 2.3 0.3 1.5

6 132 0.6 5.7 --- 0.8 0.2 2.6 0.2 2.3 0.6 _..5 --- 0.3

8 60 0.9 3.6 0.3 0,6 0.3 1.5 0.3 1.5 0.8 2°0 ......

I0 20 0.9 1.7 --- 0.5 --- 0.8 0.3 0.9 0.6 0.9 ....

12 4 0.2 0.5 --- 0.3 --- 0.5 --- 0.5 --- 0.5 ......

14 2 0.2 0.8 --- 0.2 0.2 0.6 0.2 0.8 0.2 0.3 ......

IG I 0.2 0.2 ...... 0.2 0.2 0.2 0.2 --- 0.2 ......
18 ! .............................

Total 745 4.1 20,0 0,3 2.7 0.9 7.4 1.2 8.3 2.5 9.2 0.3 2.6

a_/_an height above-groundless than 2 in. ; doesnot include injuries below-ground.
b_/_anheight above-groundat least 2 in.
c_/Includes#ounds'atleast7 in.,ide'.

d_/EstimtedbymultiplyingmaximumverticalNoundlengthbymaximumhorizontalwound_idth.
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Table 3.-- Numbersof stemswoundedor destroyedby feller/buncher activity at _terswet BlockBl_a._
frequencywith Nhichselected criteria of woundseverity were met, expressedas _er cent of
residual stockin_ by dia_leterclass

Stem count (per acre)

_und Wound _und Lx_l _ood

_umJedor at least at least at least penetrated

dbh destroyed 7 in.Nide # in.wider 50 sq.in,d orgouged
class Residual l_oken

(inches) stocking Rootsa Stemsb Roots Stems Roots Stems Roots Stems Roots Stems top Destroyed

2 I% m 0.7 ................... 0.1 --- 0.4

4 L_5 0.3 3.1 --- 0.1 --- 0.6 --- 1.0 0.3 1.0 --- 0.3
6 128 0.9 5.1 -- 0.6 0.1 2.5 0.3 2.6 0.9 3.2 ......
8 63 1.0 1.9 0.1 0.1 0.1 0.6 0.1 0.4 0.6 0.7 ......

10 21 1.2 1.5 0.1 --- 0.6 0.3 0.9 0.4 0.9 0.6 .....
12 3 0.1 0.1 m 0.1 --- 0.1 -- 0.1 --- 0°1 ......
14 5 0.3 0.6 0.1 0.1 0.1 0.3 0.3 0.4 0.3 0.3 ......
16 3 0.1 0.3 m m 0.1 0.1 0.1 0.3 0.1 .........
18 2 .......................

Total 626 3.9 13.3 0.3 1.O 1.0 4.5 1.7 5.2 3.1 6.0 --- 0.7

a./Meanheightabove-groundlessthan2 in.;doesnot includeinjuriesbelow-§rourch

bJMeanheight above-groundat least 2 in.
cjlncludes Nounds'at least 7 in,wide'.
djEstimated by multiplying maximumvertical woundle_jth by emximumhorizontal woundwidth.

Table 4.-- Numbersof stemswoundedor destroyedby feller/buncher activity at _termeet BlockC, and

f_equencywith_ich selectedcriteriaof _oundseveritywenemet,exp_ssedaspercentof
residualstockinQbydiameterclass

Stemcount(per acre)

_und _und _und LxW _ood
_ou_ledor atleast at least at least penetrated

dbh destroyed 7 in,wide 4 in.wider 50 sq. in.d ow gouged
class Residual l_oken

(inches)stockingRootsaStemsbRoots Stems Roots Stems Roots Stems Roots Stems top Destroyed

2 70 --- 1.3 ............... 0.4 --- 0.8
4 194 0.9 9.8 -- --- 0.1 0.8 --- 1.2 0.1 2.8 0.I 2.3
6 11_ 1.9 8.0 --- 0.1 0.1 1.3 0.1 1.7 0.1 3.2 --- 0.1
8 _ 2.2 9.7 m 0.8 _ 3.0 0.1 3.2 0.1 4.6 --- 0.1

10 46 2.1 7.9 _ 0.5 0.1 1.8 0.3 1.9 0.1 3.0 ....
12 13 0.9 1.9 -- O.l 0.1 1.2 0.1 1.0 --- 0.9 ......
14 6 0.5 0.8 _ O.1 -- 0.5 --- 0.5 ........
16 _ 0.4 O.B -- 0.1 -- 0.5 0.1 0.4 --- 0.1 -- ---
18 0 0.3 0.3 ..... 0.1 --- 0.1 .......

Total 527 9.2 _0.5 -- 1.7 0.4 9._ 0.7 10.0 0.4 15.0 0.1 3.3

_a/Neanheight above-gr_l lessthan 2 in,;doesnotincludeinjuriesbelow-_lvou_l.

_b/_anheightabove-groundat least2 in.
cJIncludes _ounds'at least 7 in. _ide'.
dJEstimted by sultiplying eaximumverticalwoundlength bymaxisu_horizontal wound_idth.
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Table5.--Numbersofstemswoundedordestroyedbyfeller/buncheractivityat Snooner,andfrequencywith

_ich selectedcriteriaofwoundseverity,eremet,expressedasper centof residualstockinQby
diameterclass

Stemcount(_r acrel

Bound _und _und LxW Wood

_undedor at least atleast atleast penetrated

dbh destroyed 7 in.,ide 4 in.video 50 sq.in.d or gouged
class Residual Broken

(inches)stockingRootsa StemsbRootsStems RootsStems RootsStems Roots Stems top Destroyed

2 191 0.4 30.7 --- 1.1 --- 1.1 --- 2.9 --- 0.4 7.1 15.7

4 _'e9 0.7 47.1 -- 3.2 --- 11.4 --- 18.6 0.4 4.3 7.1 9.3
6 108 1.1 32.5 -- 6.B --- 20.0 0.4 18.6 0.4 6.4 3.2 1.4
8 116 2.5 32.5 1,1 1.4 1.1 24.3 1.8 24.3 0.4 10.7 0.7 ---

10 66 2.1 L_.7 0.4 1.2 1.1 21.8 0.4 21.8 --- 8.6 0.4 ---
12 19 2,5 11,1 0,4 7,5 0.7 10.7 1.1 10.4 0.7 4,3 ......
14 4 0,4 E1 0,4 1.8 0,4 1.8 0.4 1.8 --- 0,4 .....
16 1 --- 1.1 --- 0.7 -- 1,1 m 1.1 --- 0,4 .....
|8 .........................

.... 0.4 .... 0,4 .............
Total 734 9,7 183.2 2.3 45,7 3.3 92.6 4.1 99.5 1,9 35.5 18,5 L_,4

aJ_an hei0ht above-groundless than 2 in,; does not include injuries belo_-_irom_d.
bJMeanheight above-groundat least 2 in.
c/Includes wounds'at least 7 in. wide+.

dJEstimted by multiplying mmximemvertical woundlength by nximumhorizontal _oundwidth,

DISCUSSION

The _reater the residual b_sal area, given comparable dia-
meter distribution, the more difficult it will be for a feller/

buncher operator to remove marked stems without damaging the
residual stand. Likewise, the greater the distance the feller/

buncher must travel within the stand between established trails

the greater will be the potential for damage to the residual
stand. In order to minimize damage to the residual stand, har-

veating equipment ahould be selected to maximize maneuverability
and minimize machine size. Further, reduction of basal area to

the lowest residual figure consistent with sound milviculture

should al_o reduce damage by opening up the stand and allowing

the harvesting equipment to maneuver as efficiently as possible.

The marking guidelines adopted must take into consideration

the operating characteristic_ of the harvesting equipment to be
used. The Watersmeet study _ite was originally marked for con-

ventional chainsaw thinning, but was submequently thinned mechan-

ically without being re-marked, Feller/bunchers can not be ex-

pected to operate as deftly among the residual stems as a manual-

ly operated chainsaw. In particular, a feller/buncher can not be

expected to remove individual stems from sprout clumps without
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severely damaging residual sprout partners. Also, when deciding

on the width of residual blocks for a strip thinning with selec-

tion between strips, it is important to know what kind of feller/

buncher will be used. The residual blocks in the Spooner study

were too Wide for the Timco Hydro-Buncher to reach all marked

trees between ad3acent strips. As a result, either the center of

each residual block will remain un-thinned, or a second thinning

(causing additional damage) will be conducted to remove marked

stems from the interiors of the residual blocks.

Obher @uidelines for reducing damage include I) markin 9 crop

trees so that they will be easier to avoid, 2) restricting the

logging season, and 3) leaving "bump" trees as buffers along the

edges of skid trails (Aho et a l. 1983). Bark is looser during the

spring and early summer_ logging during this period results in

more and larger wounds. Damage might have been significantly

less severe on Watersmeet Blocks A and B and at Spooner if log-

ging had been conducted later in the season. Conversely, damage

to Watersmeet Block C might have been still more severe had that

block been logged earlier in the season, as were Blocks A and B.

"Bump" trees, left along the edges of skid trails, protect the
residual stems and should be removed last of all.

Wound dimensions probably should not be measured earlier

than the second growing season following in3ury , especially on

yellow birch. Yellow birch wounds have been shown to enlarge an

average of 3.7 in. vertically and 1.2 in. horizontally over the

20 months following in3ury (Benzie e__t a_. 1963). Sugar maple

wounds enlarged little. In addition, bruising of birch stems can

cause cambial death and eventual sloughing of the dead bark.

Injury enlargement has not yet been measured in either the

Watersmeet or the Spooner study.

Tree species also differ in the rate of defect development

in response to various kinds of wounds. In a study of skidding

wounds on yellow birch and sugar maple, root wounds did not cause

direct loss of sugar maple log or lumber value; however, root

wounds caused nine per cent of the yellow birch lumber value loss

(Ohman 1970). Yellow birch root wounds leading to lumber value

loss in 10 years i) had maximum wound length times width (LxW) of

50 sq. in. or greater, 2) reached within four feet of the bole,

and/or 3) were in contact with mineral soil. In both species,

about two-thirds of all stem wounds leading to lumber value loss

after i0 years had LxW of 50 sq. in. or greater.

No attempt is made to anticipate the significance of indivi-

dual logging wounds to future stem quality. Total numbers of in-

juries recorded certainly involve some trees which would not have

become sawtimber crop trees even had they not been injured, as

well as some wounds which will not result in sufficient decay/

discoloration to reduce log or lumber values. There is no way to

know whether a particular tree was injured I) solely because of

its position in the residual stand relative to marked stems and

feller/buncher operating characteristics, or 2) partially because
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the equipment operator m_de a conscious choice at the time and

decided that the stem to be in3ured had le6s potential to become

a sewtimber crop tree then a neighboring stem which was spared.
In moat cases, however, feller/buncher and skidder operators do

not have the time or the expertise to consider the implications

of damaging one stem rather than another. Furthermore, there is

often no motivation for operators to minimize logging damage; the

financial incentive is simply to complete the harvest as quickly

as possible. It would be a mistake to forget that operator pride

and skill are as important for minimizing logging damage as any
of the other technical considerations mentioned above.

Earlier studies of wound/decay relationships have used trees

of large pole or sawtimber size, which might soon be harvested.

The Spooner and Waterameet studies considered In3ury to smaller

size classes as well, which nevertheless will provide the saw-

timber crop trees of the future. Concern for smaller diameter

classes is 3ustified if foresters are to have the maximum freedom

to designate the sawtlmber crop trees o£ the future. Ohman

(1970) found that only 20 wounds (all less than one inch wide) of

the 239 wounds studied, healed in 10 years. Sapling and pole-

size stems may not reach sawtimber size for 20 years or more.

Relatively small wounds on young trees may result in considerable

defect by harvest age or in early removal. Lavallee and Lortie
(1968) found that infected yellow birch wounds 20 years of age or

older were severely decayed, with the associated decay columns

extending between 3 and 5 times the wound length. As damage to

residual stems increases, value of the average crop tree may de-

cline, and the professlonal forester may find it necessary to

disqualify potential crop trees due to logging in3ury.

Clearly, lower quality stems or stands will suffer leas

value loss due to a given level of damage than will similar high-

er quality stands. Likewise, stands to be harvested for fiber
will lose less value due to a given level of damage than will

similar stands to be harvested for sawtimber.

CONCLUSIONS AND RECOMMENDATIONS

A standardized approach to the study of logging damage is

needed in order to systematically evaluate the effects of alter-

native harvesting systems on residual stem quality. Planning for

the damage study should be aa thorough as planning for study of

the harvest itself; comparison of alternative harvesting systems

is possible only if it is planned for in the overall study

design.

Logging damage is apparently directly related to residual
basal area. As residual basal area increases, given similar dia-

meter diatrlbutlon, there are-more targets for Injury, and maneu-
verability between stems becomes increasingly difficult. Logging

damage can be reduced by leavlng the smallest acceptable resldual
basal area. It follows that smaller, more maneuverable equipment

should cause the least damage, other factors being equal. Damage
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can also be held to a minimum by avoiding mechanized thinning in

the spring and early summer, by marking stands with full know-

ledge of the equipment to be used, by increasing the skills and

pride of equipment operators, by using "bump" trees along paths

of equipment travel, and by marking crop trees so that they can
be consciously avoided.

More injuries are generally created than are noted. Smaller

injuries and injuries to smaller stems are often ignored. Under
the selection system of managing northern hardwoods, however,

injuries to smaller stems may result in early harvest or in de-

velopment of significant defect by harvest age. In either case,
the forester will have fewer high quality stems from which to se-

lect crop trees. Destruction of smaller stems during thinning
also reduce8 the forester's choice of crop trees. Of course,

logging damage is much less important if the stand is ultimately
harvested solely for fiber. The importance of logging damage

also depend8 on the potential quality of the residual stand

before logging damage. The poorer the original stem quality in
the residual stand, the less impact a given level of damage will
have on stand value.

LITERATURE CITED

Aho, P. E.; Fiddler, G.; Srago, M. Logging damage in thinned,

young-growth true fir stands in California and recommendations

for prevention. Res. Pap. PNW-304. Corvallis, OR: U.S.

Department of Agriculture, Forest Service, Pacific Northwest
Forest and Range Experiment Station: 1983. 8 p.

Benzie, J. W. Small tractors, ground skidding reduce tree damage
in selection harvest. Timberman 60: 42-43, 54; 1959.

Benzie, J. W.: Hesterberg, G. A.: Ohman, J. H. Pathological
effects of logging damage four years after selective cutting in

old-growth northern hardwoods. Journal of Forestry 61: 791-792:
1963.

Biltonen, F. E._ Hillstrom, W. A._ Steinhilb, H. M.: Godman, R.

M. Mechanized thinning of northern hardwood pole stands. Res.

Pap. NC-137. St. Paul, MN: U.S. Department of Agriculture,
Forest Service, North Central Forest Experiment Station; 1976.

17 p.

Herrick, D. E.: Deitschman, G. H. Effect of tractor logging upon
hardwood stands. Forest Products Journal 9: 403-408: 1956.

Hesterberg, G. A. Deterioration of sugar maple following logging

damage. Sta. Pap. 51. St. Paul, MN: U.S. Department of

Agriculture, Forest Service, Lake States Forest Experiment
Station: 1957. 58 p.

83



Lamson, N. I.= Smith, H. C.; Miller, G. W. Residual stocking not
seriously reduced by logging damage from thinning of West

Virginia cherry-maple stands. Reg. Pap. NE-541. Broomall, PA:
U.S. Department of Agriculture, Forest Service, Northeastern

Forest Experiment Station: 1984. 7 p.

Lavallee, A.: Lortie, M. Relationships between external features

and trunk rot in living yellow birch. The Forestry Cronicle 44:
5-10; 1968.

Meyer, G.: Ohman, J. H.: Oettel, R. Skidding hardwoods - articu-
lated rubber-tired skidders versus crawler tractors. Journal of

Forestry 64: 191-196: 1966.

Ohman, J. H. Value lose from skidding wounds in sugar maple and

yellow birch. Journal of Forestry 68: 226-230: 1970.

84



IMPACT OF HARVESTING TO THE SOIL

C.C. Trettin and E.A. Padleyl/

Abstract.--Disturbances of the soil often result in

compaction and erosion. Studies have shown that compaction
may persist for many years following disturbance, resulting in
altered soil moisture, soil aeration and soil strength regimes.
These effects have been demonstrated to reduce forest growth.
A study in northern Wisconsin found a 200 percent increase in
bulk density of the surface soil following mechanized thinning
operations. A controlled loading test with a forwarder also
demonstrated a significant increase in bulk density which was
not related to loading weights. These studies conclude that
compaction results with the first few passes of a vehicle.

Mechanical disturbances of the soil often affect its condition by al-
tering its structure as a result of compaction, puddling or erosion.
Mechanical soil disturbances in a typical northern hardwood thinning system
are most typically caused by felling, skidding, forwarding and decking oper-
ations. Often soil disturbances are not regarded as having any detrimental
effect on the site. However, recent research has demonstrated that soil
disturbance can have significant long term impacts on the site. Potential
impacts of soil disturbance include: reduced productivity, poor seedling
survival, nutrient loss, increased erodability, impaired trafflcability and
alterations in species composition.

It is the objective of this paper to present an overview of the poten-
tial effects of soil disturbance resulting from harvesting, and especially
those effects associated with northern hardwood thinning systems. Factors
affecting soil disturbance, conditions resulting from soil disturbance and
effects of disturbance will be reviewed. A regionally important study on
soil compaction resulting from mechanized thinning systems2/ will also be
discussed.

I/Research Scientist and Assistant Research Scientist, Ford Forestry Center,
- School of Forestry and Wood Products, Michigan Technological University,

L'Anse, Michigan.

2/Padley, E.A., S.G. Shetron, C.C. Trettln. Soil Compaction Produced by
Thinning Pole Sized Northern Red Oak Stand. Final Project Report -
U.S.F.S. - 23-81-50. Michigan Technological University.
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DISCUSSION

Soil Compaction

Compaction is the most significant effect resulting from mechanical
disturbance of the soil. The direct effects of soil compaction are on the
soil moisture regime, soil aeration and soil strength. Alterations of these
properties can have significant effects on the residual stand as well as
subsequent regeneration.

Compaction is affected by inherent soil and site factors, and by
harvesting factors. The soil and site factors which have the most
significant influence on compaction are a) texture, b) organic matter
content, c) moisture content, d) litter thickness, e) soil structure
(Alexander, 1980; Howard, 1981; De Kimpe et al., 1982). The degree of soil
compaction has been shown to correspond with the field moisture state
(Moehring et al., 1970, Sidle and Drlica, 1981, DeKlmpe et al., 1982).
Generally, susceptibility to compaction is highest at a moisture content of
60-100 percent of the water holding capacity of the soil. Therefore, it
follows that wet, fine textured soils are more susceptible to compaction
than dry, coarse textured soils.

The slope and relief of the site also have an influence on the degree
of soil disturbance. Generally, as the slope and micro-relief increase the
extent of disturbance will increase. Logging methods and types of logging
vehicles will also have a bearing on the extent of soil damage. The volume
of timber removed will also have an influence; the greater the cut volume
the increased number of vehicle pasess required to remove the timber.
Correspondingly, Hatchell et al. (1970) found that bulk densities were 52%
greater on the log deck, 40% greater on primary skid trails and 23% greater
on secondary skid trails, when compared to control plots. Similar increases
in soil strength were also demonstrated, while infiltration rates were
reduced 89% on log decks, 87% on primary skid trails and 78% on secondary
skid trails over the control plots.

The effects of soil compaction on tree growth have been documented.
Youngberg (1959) found a 78% increase in bulk density on skid trails versus
undisturbed soil and a correspondingly significant difference in height
growth rates of planted Douglas-fir (Pseudotsuga menziesli) on trails and
undisturbed areas. Sixteen years after logging, Froehlich (1979)
demonstrated a 12% reduction In incremental growth rates of ponderosa pine
(Pinus ponderosa Laws.) growing In areas which had an 18% increase in bulk
density, when compared to undisturbed areas. Went and Thomas (1981)
evaluated the growth response of douglas fir to soil compaction, 32 years
after logging. They found significant differences in bulk density when
comparing skid trails to undisturbed areas. Growth measurements indicated a
reduction in volume and density on skid trails when compared to undisturbed
areas.

Although no growth studies exist which pertain to the lake states
region, it may be inferred from other studies that there is justifiable
concern for potential growth reductions associated with soil compaction.
Russell (1973) reports that roots will rarely penetrate light-textured soil
If its bulk density exceeds 1.7 gm/cc or a heavy textured soil if it exceeds
1.5 gm/cc. The factors associated with increased bulk densities which may
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limit plant growth are reductions in moisture holding capacity and aeration,
and Increased resistance to root penetration.

Compaction of soils has been shown to persist for more than 15 years
following logging (Froelich, 1979; Went and Thomas, 1981). Additionally,
Hatchell (1970) demonstrated that one vehicle pass can cause as much damage

as several passes on moist, medium textured soils. He also suggested that
effects associated with compaction may be ameliorated through loosening and
revegetation or mulching the disturbed area.

Soil Erosion

Soil erosion in forests is typically associated with logging operations
and road construction. The erosion is caused by exposure of the mineral
soil surface, disturbance of the subsoil and soil compaction (Pritchett,
1978). The extent of the erosion hazard is dependent on the degree of
disturbance, but is typically most severe on skid trails and log decks and
in other areas which have had the subsoil disturbed. Rice et al. (1972)

reported that 16% of the harvested area had bare soil after selection
logging with a tractor. Areas which have been severely disturbed should be
remedied to minimize the erosion hazard. Other areas will typically

revegetate naturally following the disturbance, controlling the erosion
hazard.

Soil Compaction in the Lake States

A study was conducted in northern Wisconsin to assess soil compaction
resulting from mechanized thinning of a northern red oak (Quercus rubra L.)
stand. The thinning system was the strip selection method (Biltonen et al.
1976), which consisted of felling with a Tlmbco Hydro-Buncher and skidding
wlth a John Deere 640 grapple skidder. The study area was characterized by
a pole sized red oak stand occurring on a loamy glacial till soil (Typic
Eutroboralf, coarse-loamy, mixed).

Three skidding strips were randomly selected. The strips were then
divided at a point midway between the first and last cycle made by the
grapple skidder, thereby identifying high use versus low use areas on the
strips. The high use area had a mean of 12 vehicle passes compared to 6 for
the low use area. The high and low use areas were subdivided into
compartments for sampling. Bulk density was determined for the 0-5 cm soil
layer using the modified excavation method (Bradford and Grossman, 1982).
Three sampling periods were utilized; immediately following harvest, 3
months and 12 months after harvest. A control area was located adjacent to
the harvested stand.

Results of this study indicate that there Is a significant increase In
bulk density of both the low use and high use areas when compared to the
control, during each of the sampling periods, Table I. There was no
significant difference in bulk density between the high use and low use
areas. Analysis of bulk densities between sampling periods demonstrated no
significant changes in the treatment or control areas over the 12 month
sampling period.
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Table 1.--Mean air dry bulk densities by treatment area and samplingperiod

Samplin_ Period
Treatment June, 1982 Sept., 1982 July, 1983

Bulk Density.!g/cc)....

High Use 0.80a3/ 0.78a 0.75a
Low Use 0.77a 0.79a 0.79a
Control 0.42b 0.45b 0.44b

3/Where 'at is significantly different from 'b' at the 95% confidence
interval and no difference between Wa' or 'b'.

The results of the bulk density analysis indicte that increases in soil
strength occur with the first few passes of logging equipment and that the
compaction is not mitigated within twelve months of the disturbance. The
moisture content of the soil was near field capacity during the time of
logging. Howard et al. (1981) found that the maximum compactability of
soils occurs at moisture levels near field capacity. This indicates that
logging was conducted at the soil moisture content which most affected soil
strength.

A comparison study was conducted at the same time to assess the effects
on compaction by a forwarder (Gafner Iron Mule) under controlled loading
conditions. The forwarder had three loading conditions: empty, half load
and full load. Under each loading range, 4 and 12 passes were made over an
undisturbed soil area. Bulk densities were determined for the 0-5 cm soil

layer within sampling compartments.

Results of this study indicate that each of the treatments
significantly increased bulk density when compared to the control area,
Table 2. There were no significant differences between treatments. These
data indicate that soil strength is affected by the first few passes of the
vehicle and that the loading rate does not significantly contribute to the
degree of compaction caused by this vehicle. This trial was also conducted
at a soil moisture content near field capacity, which results in the
greatest increases in soil bulk density (Howard et al., 1981).
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Table 2.--Mean bulk densities by treatment for the controlled loading trail,
followin_ treatment.

Treatment Bulk Density
....g/cc.....

Empty, 4 passes 0.91a4/
Empty, 12 passes 0.85a
Half load, 4 passes 0.84a
Half load, 12 passes 1.00a
Full load, 4 passes 0.85a
Full load, 12 passes 0.80a
Control 0.47b

4/Where YaW is significantly different from 'b' at the 95% confidencew

interval.

CONCLUSION

Soil compaction has a direct effect on soil moisture regimes, soil
aeration and soil strength. Changes in these properties may have a
significant effect on the residual stand as well as on regeneration. Recent
research conducted in the Lake States supports studies conducted in other
regions which indicate that: a) soil compaction occurs with the first few
passes of a vehicle and that compaction readily occurs at moisture contents
near field capacity, and b) compaction is not mitigated over short time
periods.

Management operations on unevenaged stands should be designed to
concentrate disturbances on the smallest practical area in order to minimize
the extent of soil damage. Harvesting operations should be scheduled during
periods of low soil moisture and curtailed, if possible, during saturated
soil conditions. Soil interpretation guides for harvest scheduling have
been prepared by the Soil Conservation Service for northern Michigan and may
be utilized to plan harvesting operations to minimize disturbance on soils
of different types.
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HARDWOODOPPORTUNITIES UTILIZING THE PACK-A-BACK SYSTEM

Richard F. Bierlich I

Abstract.--Presents Owens-lllinois, Inc. philosophy of timber
harve_ng _n Northern Wisconsin and the Upper Peninsula of
Michigan. With emphasis on the evironment, economics and utiliza-
tion, tree length logging using pole skidders is compared with
shortwood pack-a-back systems. The paper concludes the pack-a-
back system is superior to all the criteria examined when compared
with tree length pole skidding.

Owens-lllinois owns 264,000 acres of fee lands in Northern Wisconsin and
the Upper Peninsula of Michigan, of which 112,000 acres are intensely managed
northern hardwoods. As stewards of these lands, our professional foresters
manage all of our lands to insure that we have a continuing forest crop
available for harvest that insures the corporation of it greatest return on
investment. With that in mind, we have adopted a logging system that meets
these criteria for all of our forest lands.

In contrast to our competition in the Lake States, with the over
constructed, over engineered, oversized and over financed harvesting systems,
we at the Tomahawk operation prefer to merchandise at the stump by using
training, recognition, and incentive programs for our professional timber
workers. Through many trials and efforts, we have found the most efficient
and productive system to be the pack-a-back system. We use the term
"merchandising at the stump" in which our professional timber workers fell and
buck the highest grade sawlogs, bolts, and pulpwood. Our utilization stan-
dards are second to none. We encourage our timber workers to buck up all pro-
ducts down to a one-inch top. In our present company operation, we have 50+
different sorts and products and deliver forest products to 21 different mills
in the Upper Peninsula and Wisconsin.

In our selective harvesting in northern hardwoods, by using the pack-a-
back system we find little or no damage to the residual stand, less compaction
to the soil, minimal damage to the root system, reduction in road construc-
tion, and much smaller landings.

One real advantage we find in products forwarded roadside by the pack-a-
back system, is a cleaner product for both sawmills and the paper mills. Pole
skidded wood, cut especially in certain sandy sites, is heavily embedded with
sand which is abrasive to debarking and pulpmill systems and adds to the con-
tamination of our waste water system. Pole skidding systems are very sen-
sitive to trucking and significant time is spent in building landings which
also reduces our land base for growing forest products. Production with the
pole skidding is very sensitive to trucking and has a very limited efficiency
for sorting high-value products.

1Operations Manager, Owens-lllinois, Tomahawk Wisconsin.

91



Fuel savings are very obvious. A 4500 Series Iron Mule will consume
about 5 gallons of fuel a day to skid 30 cords roadside. With the pole
skidding system, one gallon per cord is consumed. This is based on the
average 300-foot skid. It has been our experience that during the summer
months, a timber worker using a pole skidder uses up a power saw chain about
every 8 days and a new bar every 4 chains. The expected life of a chain saw
is six months or less vs. the system we are presently using wherein a chain
saw lasts up to three years. Our best timber worker under this system uses
one bar and four chains each year.

Those of you that insist on using mechanized systems in harvesting
northern hardwoods because of high compensation rates or because labor is not
available, I say to you, this is a cop-out. With record unemployment rates in
northern Wisconsin and the Upper Peninsula, with training, recognition, and
incentives, I am sure we can obtain the labor necessary to harvest our
forests.

For those of you that maintain that under this system you will incur high
workers' compensation rates because of accidents, I might point out to you
that as of March 15, 1984, our Northern Woodlands harvesting crew recorded 349
working days without a lost time accident. Our professional timber workers
are required to wear hard hats, eye protection, hearing protection, leg pro-
tection, and safety toe foot apparel. All power saws are equipped with safety
chains and chain brakes, and every timber worker is involved in a safety
discussion with his immediate supervisor every two weeks.

In summary, the advantages of this system are:

A. Improved sorting of high-value products.

B. Less damage to residual stands.

C. Less soil compaction.

D. Longer skidding distances.

E. Cleaner forest products.

F. Less fuel consumed.

G. Less landing room.

H. Truckers preferance to pack-a-back piles wood vs. pole
skidded which often includes many doubles.

I. Overall, leaving the stand aesthetically pleasing to the
general public.

92



LOGGER'S PERSPECTIVE OF THINNING HARDWOODS

Marvin Roberts I

Abstract.--A practical, common sense approach to commercially
thin hardwood stands is presented. The proper equipment, the
right people, a good job of marking trees, correct job layout and
planning enables the logger to reduce logging costs.

Thinning--selective logging-oand uneven-aged management, three ways to
say the same thing, and the only way to profitably manage northern hardwoods.

The fastest way to get many of our present hardwood stands to the point
where it is profitable for the land holder to grow trees is through a series
of thinnings. The logger that performs these thinnings, successfully, is a
specialist and therefore many of his problems are unique. Before I get into
these problems and some possible solutions, I would like to make a statement
of fact which I believe to be absolutely necessary for any thinning operation.

All of the people involved--land holders, foresters, cutters, skidder
operators, and managers--must know and understand the immediate and the long
term goals of uneven-aged forest management. These goals must remain
constant.

The methods of attaining these goals will vary with loggers, terrain,
weather, markets and time, but the goals should not change. They are the sta-
bilizing point in a very unstable business. It is like trying to run a race
in which the position of the finish line keeps changing. You have to
establish goals and then stay with them. It is very easy to lose sight of the
long term goals when dealing with the everyday problems. There is a strong
tendency to "go with the flow." This might be easy for awhile but the "flow"
usually ends up in a waste treatment plant and our hardwood stands deserve
better. Thinning means "planning for the future."

Recreational use of the forest is an actuality and must be recognized as
such. When these forest visitors come around to see what you are doing,
thinning is much easier to defend than any other type of logging. In most
cases you won't have to defend thinning. The aesthetics of thinning make it
the most attractive way to log. It might even prevent a burned skidder or
other acts of vandalism.

Since uneven-aged management is a series of thinnings, it means that the
re-entry periods are relatively short, usually in the 5 to I0 year time frame.

IDistrict Land Manager, Champion International, Wakefield, Michigan.
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This may allow the same logger to re-log or re-thin the same area several
times in his life time. This will enable him to get familiar with all of the
pecularities of the area. For example, where the timber is at, where to log
in wet weather, skid trail and road locations, availability of gravel and
whatever. All of these things should increase the efficiency of the logging
operation.

After the initial thinning, the following loggers should be able to uti-
lize the roads and landings used by the first logger. This has to be a large
saving for them. Also, by reusing the same road every 5 to 10 years, the
roads should remain in a useable condition. Each successive use of the road
will tend to up-grade it and at minimal cost.

Each successive thinning should produce higher valued products. So the
biggest problem is to make that initial thinning of a stand that yields only
pulpwood or firewood. One of the more practical ways to accomplish this is to
include a previously thinned or good patch of timber with each un-thinned
tract. This will effectively spread the total logging costs over a larger
volume and reduce the per unit logging cost. It will also result in a higher
realiziation per average unit.

Another way to enable a logger to operate these initial cuts is to put
up large timber sales with a lot of small blocks. Then don't require a lot of
up-front money. Money is very expensive. A lot of blocks will enable the
logger to better plan his work. This will give him the ability to cope with
the changing markets and weather. This type of logger is generally very
mobile and versatile and will log every day that the weather permits. With
the marginal profits on these initial cuts he has to.

It takes special equipment to economically thin hardwoods. This is most
evident in the early thinnings. The logger must be properly equipped for the
job. You don't thin carrots with a D-8 Cat if the long term goal is to raise
and harvest carrots. The proper equipment will vary with the logger and with
the job to be done. Without going into the pros and cons of the various types
of equipment, in thinning, the space to operate equipment is always limited.
So, the general rule is--stay light, stay small, and stay mobile.

Also, I wish that foresters and managers would expect and demand the same
end result from all loggers. Don't let logging equipment become an excuse for
poor logging practices. This is not fair to the concientious logger. Good
loggers just want to be treated fairly. They are not looking for a subsidy
nor can they afford for their competition to be subsidized.

Some people enjoy doing quality work. They are quality rather than
quantity oriented. They like to see the good results of their efforts. Stand
improvement by thinning provides that opportunity. In most cases, results are
apparent in relatively short periods of time. This can be very rewarding to
quality type people. People do the thinning.

It is highly unlikely that you will be able to erasSe years of poorlogging and mismanagement practices with one thinning cut. when you mark a
hardwood stand, please keep these two thoughts in mind. One--this is the
first of a series of cuts. Second--marking will always be a compromise
between economics and silviculture.
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The first time a stand is marked can and should set the patternfor skid
trails. The way the stand is marked dictatesto a large degree what kind of
equipment can be used to cut and skid. For example, if you are marking for a
feller-buncher,you have to leave sufficient room to operate the machines.
Once these skid trails are established,and if they are in the correct place,
they will probablybe used again and again in the successivethinnings.

In marking, don't be tight with the paint on each tree. Looking for
paint wastes time. The ideal way to mark is with a paint "ring" around each
tree. I personally believe that the "ring" is worth the extra paint and
effort. The "ring" marking also enables the marker to better control his
spacingetc.

The marker shouldbe knowledgeableand practical. If trees are marked in
a soft area, expect the skidderto leave ruts. If a large tree surroundedby
saplings is marked, expect a lot of saplings to be damaged. If scattered
trees are marked in thin areas, expect some trees to be left. It is not what
is left that hurts, it is what is cut that does. Don't expect the impossible,
but insiston the possible.

Don't get hung up on minimum volumes per acre. There are too many
variables in the efficiencyof loggers and in the thinning job. Ground con-
ditions, haul distances and the season of operability,just to name a few.
Recently, I saw an 80-acre hardwood tract that yielded two cords and 450 Bft
per acre. The loggerdid a very good job of thinningwith a minimal amount of
loggingdamage and made money logging.

The bottom line for marking is--it takes a good job of markingto enable
the loggerto do a good job of thinning.

IN SUMMATION

Marking will always be a compromise between economics and silviculture.
Operating space for cutting and skidding will always be limited. Quality
people will do a quality job of thinning. Don't get hung up on minimum vol-
umes per acre. Uneven-agedmanagement means a series of thinnings,so some
times it might be more practicalto wait until the next cut to do or not do a
certain thing. Don't keep changing the goals. Uneven-agedmanagement is
real. It is attainable! It does require a commitmentto the future.
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SESSION II - DISCUSSION

QI. In managing hardwoodstands,preparingtimber sales and contracts,and
workingwith the logger to help meet our silviculturalgoals, some large
culls or poorly developedtrees are always left that no one would considew
cutting. We then go back and deaden those trees with an ax, a chain saw,
or whatever. My question is that if this is labor intensiveand expen-
sive, is there any researchor developmentin progresson a better way to
do it?

(ModeratorAbramson)Dick, would you addressthat from Owens-Illinois'
point of view?

AI. (Bierlich)I suggestthat the operationspeople in the woodlandsdepart-
ment insistthat the mill use the fiber that is available. Pulp is resi-
due, and I totally believethat. The paper mill superintendentcannot
tell if chips come from veneer logs or twigs. Often when I walk into the
woodsroom, I find the woodroomoperator sittingthere with nothingto do.
They are worried about doubles,forks, and everythingelse. We should
put them to work! We have the technologyto use the fiber. This is the
answer as far as I am concernedor our corporationis concerned. I have
total backingfrom top managementon it. Some days when our wood supply
is low,we do not even bother to delimb becausewe have to move some
fiber, and it all makes fiber.

(ModeratorAbramson)John, would you comment on that from the engineering
research point of view?

(Sturos)As far as I know, no one has researchedremovingcull trees as
such. This has been identifiedas a problem in the South also. One
thing we have looked at is trying to recoverfiber from largehardwood
sawlog tops--lookingat variousresiduerecoverymethods. We designed,
fabricated,and tested a "topwoodharvester"to snip the large limbs of
the topwood and bunch them in the bunk of the harvesterwith the major
stem of the top and forward them to roadside. We have collectedproduc-
tivity and cost data on this type of residuerecoveryoperation. We have
not studiedrecoveringstandingcull trees which should be researched.
It would depend on its prioritycomparedto other land managementprob-
lems.

(Johnson)Initiallyin our stands we had a sizablenumber of culls. The
ones you are referringto fall apart--theyare not even usablefor fire-
wood in most cases. We requiredthat they be marked with an "X," cut,
and be a part of the sale agreement. Some companieshave allowedsome
adjustmenton a per tree basis for fellingthose trees, and I believe
that is the bestway to handlethe situation. When the contractoris
logging,we shouldgive him some incentive--reductionin stumpage,etc.--
to removethose trees becausesome cost is borne in the process.

(ModeratorAbramson)One thing we have to keep in mind is the regionality
of some of the markets. There may be cases where it is reasonableto
requirethat the trees be cut, removed, and marketed,and there may be
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other areas where the hardwood market is so poor and so distant that no
matter what requirements you put on the logger, you are going to have
trouble getting them to fell or do anything but deaden the trees. There
is a certain amount of reasonability that has to be kept in mind.

Q2. In places where there are good saplings and poles underneath the large
cull trees, is it better to leave these trees standing rather than cut
them down and possibly do extensive damage?

A2. (Erdmann) I think that at some point in time we have to address the ques-
tion of removing culls. I am in favor of that, except for those that
should be left for wildlife habitat. We should decide that first. Leav-

ing a dead tree standing is not going to hurt anything, when it comes
down piecemeal. But if you have too many culls in the stand, I would
surely drop them and treat those areas so they can produce quality trees.
Under uneven-aged management, the cull will take as much space as one of
the 53 sawlog trees. It is important to address that situation initially
when you enter those stands--drop them now, accept the damage, and mark
any poor quality tree that is in that "hole." What we want to develop is
the seedling regeneration. There often is a poor quality sugar maple,
and at that time, it should be taken out. That is the only thing that we
really differ from what Eyre and Zillgit (1953) and Tubbs (1973) have
reported; when we make a hole in the stand by removing a large, sawlog-
size tree or cull tree, we will do a little TSI job on it at that point.
It amounts to only four or five spots like that per acre. On the Argonne
Experimental Forest, we mark those trees, and they take them out with the
cut at no actual cost to us. Even dead trees, such as dead elm from Dutch
elm disease, we mark as dead, and they harvest them for pulpwood if they
can use them.

Q3. Damage keeps coming up over and over again. Has any work been done look-
ing particularly at limiting skidding during the slippery bark season?

A3. (Erdmann) I think that is very important. What we would like to do is do
all our logging on frozen ground. It limits stem and root damage. In
some areas of the U.Po, you cannot do that because you really do not get
frozen ground, so some of it has to be done. I would say that we would
like to do most of our logging in frozen ground conditions. We want no
damage on the Argonne Experimental Forest. We have had the third and
fourth cuts in our NH-25 cutting method study. We have had almost no
damage in the third cut; in the fourth cut, we used Iron Mules and had no
root or bole damage. We do hold them to working in frozen ground condi-
tions. We get a little rutting on a few days, but usually they will shut
themselves down. A lot of our good work done on the Forest is due to our
Forestry Superintendent; he does a very good job of logging supervision.
The foresters have to go out and talk to the loggers when unacceptable
damage occurs. It is important to have logging supervision and train
your operators not to damage trees.

Q4. I have a question that deals with the Spooner case study site. The
Spooner site was cut in two different time periods--in the fall and then
also with the Timbco in early summer or spring. In the fall cut there
was very little visual damage. However, in the spring cut, we had a
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significantproblem. When you examined damage on that site, did you
identifywhich areawas cut in the fall and which was cut in the spring?

(ModeratorAbramson)On the Spooner study, is there a differencein damage
noted in the areas that were cut in the fall versusthe spring?

A4. (Bruhn)I would not say that my study was an afterthought,but I came in
after the loggingwas actuallydone. John Sturos tells me that I inven-
toried only on the spring cut.

(Sturos)No comparisonwas done on that. However, I am sure we could
glean somethingfrom that comparisonand will make every effortto do it.

(Erdmann)For a first thinningin a stand, strip thinningwith selection
betweenthe lO-foot-widestrips looks like a good treatmentfrom what I
have seen. Enough of the initialstand basal area should be removed.
You have to get down to about 65 squarefeet, so you will not damage the
good quality,residual trees. In that way you can use mechanizedthinning
for uneven-agedmanagement. Preparatoryto settingup a shelterwood,you
can use mechanizedthinning and then also take off the shelterwoodover-
storywith biggerequipment,except for what I heard earlier about com-
paction. It looks like anothergood option to use big equipmentin these
stands. There are several good opportunitiesto use some mechanization
in these thinnings.

(ModeratorAbramson)Thanks, Gus. Dick, would you commenton restricting
loggingfrom an industrialpoint of view? We seem to be sayingthat in
many higher qualitystands,we want to restrict loggingto, in one
instance,the winter season only.

(Bierlich) We run our crews year round. We are especiallycautious dur-
ing the May and June period. I would not go into a first thinning stand,
but we go where we have log diametertrees, etc. and watch our skidder
operators. You cannot expect him to pay $50-to $60,000for equipmentand
operateit for only 6 months of the year. You must watch his training
programs,your stands,and your markings. As Mr. Robertsstated earlier,
you must mark your timber to fell it and skid it. You cannot totally
restrictthe man; he has to operateunless you go back to horses. And
they cause damage as Allan Fray's study indicates. We operateyear round,
and it requiressupervisionand trainingin the stand. You must watch
the stand you are working in.

(Roberts)I would like to add one thing. One of the main reasons the
forest industryis so attractivein Michigan'sUpper Peninsulais because
we have such a high unemploymentrate. Equipmentdealers have to make a
living,but let us put the people to work, too. People do not tear up
the trees; it is the equipmentthat tears up the trees. One of the pan-
elists just mentionedthat 80 percent of all damagewas from backing
equipmentinto the trees. If this is_so, damage could be reducedif
operatorswere better trainedin extensioncourses.

(ModeratorAbramson)Carl Trettin,would you commenton seasonof logging
versus damage in some of these stands?
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(Trettin)The criticalthing illustratedin a table that we showed--and
most of it is common sense--isthe seasonalwetnessproblemsthat occur
on the soils. Naturally,springtimeis the worst, during springbreakup
and immediatelyafter. If a soil has a tendency for a perchedwater
table or has an inherentlyhigh water table, conditionscan also be bad
during other times of the year.

(Bruhn)There is one other componentof damage that I will not even talk
about except to mention thatwe do not know much about it. When you log
in the spring,there is no way to evaluatewhat damage, if any, is done
to the submergedroot system. There has been no good method devisedto
study that; any effectson tree growth are hidden.

(Johnson)We have a study in progress;this year we remeasuredroot damage
due to ruttingthat occurs during the wet season. We will evaluatethat
during this growingseason.

(Erdmann)Some older researchshows that as long as damage occursmore
than 4 feet away from the bole, it is not likely transmittedto the main
stem. I do not know what bearingthat has on it, but that is the way we
have looked at it. We have told our operatorsto stay away from the boles
of the crop trees. We do not want them damaged at all. Thus far, we
have done well with that on sugar maple in particular. That is the main
species in most of our stands.

(Bierlich)Quite often when we get very wet periods,our crews will cut
out roads. We cut all our roads out first;you can do a lot during
extremelywet periodsby doing that. The real goal is to make sure our
people are employedyear round and that we have a continuoussupply of
wood to the mills. We certainlyhave to use good judgmentfrom our for-
est managementpeople--emphasizetrainingand lay the law down. We are
not going to damagethe boles. There is always a danger in root compac-
tion. I thoroughlyunderstandthat. Skiddingtrails must be dispersed;
allow them to make one trip over a trail and move around. That is why
you have an IronMule going from stump to stump to stump. It offers a
lot of versatility. It can be done; we have to do it. It is something
we have to work with economically,but we can do it.

Q5. We have a questionon the impactof bulk densityon tree growth and also
how significantthis is at varyingdepths;was this looked at in some of
the studies?

A5. (Trettin)Most of the questionsraisedhave not been addressedin the
Lake States which points to a gap in our knowledge. The bulk of the
rootingmass for the tree speciesare in the upper portionsof the soils.
This phenomenacan be seen to depths sometimesas much as 6 inches. In
very sandy soils,we have seen, in essence,hardpansdevelopeddown 9 or
10 inchesbelow the soil surfacein areas where large machineryoperated
on them. In essence,what you have is a sievingaction--bigmachinery
sittingthere vibrating,sievingout the fines. An artificialpan is
created. The valuesthat are criticalto root developmentdependon the
size of the roots and the speciesthat you are dealingwith. Generally,
a bulk densityof 1.3 to 1.7 grams per cubic centimetercan limit root
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penetration. There is anotherphenomenaassociatedwith the bulk density
and that is the root shearing,especially in the surfacesoils. In the
Great Lakes regionwe have primarilyvery acid and infertilesoil mate-
rials. All the nutrientsare in the upper surfacelayer. By drastically
disturbingit, you disturbthe primaryfeedingarea for the roots. In
regardto your questionon durationof bulk density,or how long it takes
it to get back to a normal or steady state,work has been done. Probably
the longestterm studieshave been conductedin the PacificNorthwest.
There have been significantincreasesin bulk density as a result of
machinery,persistingfor up to 20 years. It is a very slow process. In
the Lake States region where we have the freeze/thawcycles,this may be
amelioratedmuch more rapidly. Where we do not have soil freezing,it
probablywill persist longer.

Q6. Has anyone determinedwhat percent of the area is impactedby the equip-
ment in a normal skidding or loggingoperation?

A6. (Trettin)It depends on the methodsof harvestingthat are used on the
sites. For the selectionsystemsthat we are speakingof around here,
generally30 to 35 percent of the area can be impacted. More intensive
systemscan go anywherefrom 60 percentup to 90 percent in some of the
real gross sites on clearcuttingoperations. It is a fairly large area.

What you are saying is that there is a 20 to 50 percent growth loss on
30 percentof the area.

(Trettin)That is correct.

Q7. In our part of the country the majorityof the skiddersare cable-type
skidders,as much as 90 to 95 percent. Has there been any work done
using that type of mechanizedsystem--manuallyfelling and skiddingwith
a cable skidderusing the strip cut/markselectionmethod?

A7. (Sturos)As far as I know, there has not been any. As I mentioned in my
presentation,we evaluatedthe radio-controlledwinch as a possibility.
On the site where it was used, we had almostno damage with this particu-
lar semimechanizedoperation. We are now implementinga study on evalu-
ating low-investmentbunchingsystemsto use in hardwoodthinning. This
certainlyhas the possibilityof limitingthe impactof the vehicleon
the site. It has some possibilitiesin improvingthe overallpicture,
both economicsand damage. Anotherpoint could be made. If we are talk-
ing of millions of acres that need to be thinnedin this area at this
time accordingto the figuresJack Spencergave us in his presentation,
anothermajor concern is how we will get these 3 million acres thinned
with the lower productivesystemsin time to take maximum advantageof
what we have. Dr. Websteralludedto the fact that we now have the
opportunity. Let us not let the statusquo prevail. What can be done
to take advantageof the opportunitythe Lake States has at this point?

Q8. On ordinarymarked sales on public land, the marker does not know what
type of equipmentwill be used. Would you advocatepreselectingthe cut-
ters for the first thinningor restrictingthe sale to specificequipment?
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(ModeratorAbramson)In the case of marking where you do not know the
type of equipmentthat might be used,would you advocatetayloringthe
marking to the sale or preselectingoperatorsdependingon how you have
marked a sale?

A8. (Erdmann)With the Forest Service,we have to take the low bidder. We
restrictthe size of the equipment. We had a restrictionon our last cut
that the equipmentthat would be used to do the skiddingcould be only
8 feet wide. That gives the size of the equipmentthat you want in the
area to do the job and eliminatesa lot of the damage.

(Sturos)This actuallywas the case in one of our case studieson the
1981 Watersmeet,Michiganthinning. That site was actuallymarked "sel-
ective"without any idea that it was going to be mechanicallythinned.
We had some difficultiesthere in runningthe operation. We experienced
some inefficiencybecausethe feller/buncheroperatorshad difficulty
determiningwhat pattern to follow in this selective-typethinning. It
also occurred in the skiddingphase of the operation. We followed this
study by implementingthe 1982 red oak strip selectionthinningnear
Spooner,Wisconsinwhere the feller/buncherpath was predeterminedby
followingthe marked strips. This improvedthe operationconsiderably.

(ModeratorAbramson)Taking into considerationwho you are working for is
part of the answerto that question. If you are in a situationsuch as
most agenciesor small privatelandownersthat are puttingtheir timber
up for sale, they have to be concernedabout who is going to log it and
how the sale will be handled. Preselectingmay be one of the answers,or
as John said, put qualificationson the kind of equipmentthat can be
used. In many industrycases, we alreadyknow who is going to log it
before the stand is marked. We have a certainamountof control over who
is going to be there, what type of operationhe will run, and take that
into accountin doing the marking ahead of time.

(Bierlich)Too often we hear figureson mechanizationthat include10,
11, or 12 cords per man-hourper machineand so forth. When you analyze
the equipment,make sure you analyzeand includeall the mechanics,the
foreman,the night mechanics,and the operatorsand equate them against
the power saw man. Too often I have seen that when you go back to the
Koehring-Waterousand Arbomatic systemsand analyzethe system,you find
that the power saw man outperformsthe mechanizedsystemsin man-day pro-
duction and man-yearproduction. Everythingmust be taken into consider-
ation. Accordingto Waterous,it takes about three mechanicsto back up
their system per shift and about $150,000worth of parts on hand at all
times.
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ECONOMICSOF THINNING
FROM THE FORESTMANAGEMENTSTANDPOINT

Dr. Gerald J. Thiedel/

Abstract --Hardwoodmanagementcan and does pay.
Precommercialthinning in hardwoodsgenerallyresults in
low rates of return. Carefulselectionof opportunities
will improvethe rates. Commercialthinningalmost always
improvesreturns,but at higherdiscountrates the quantity-
quality relationshipsmust be carefullyanalyzed.

HISTORYOF TSI ON STATE LANDS

To set the stage for the economicdiscussionto follow, I would like to
list brieflythe recent historyof timber stand improvement(TSI)for northern
hardwoodson state forest lands.

In fiscal 1974, the forest cultivationproject,which funded a varietyof
intensiveforest managementpractices,was initiated. In that first year,
about 6800 acres were thinnedeitherthroughreducedstumpageprices on
merchantabletrees, by direct paymentto contractorsor by using hired crews.
The thinningscost about $30.00per acre. In fiscal 1975, 1976,and 1977,
approximatelylO,O00acres were thinnedeach year at a cost rangingfrom $34
to $39 per acre. In 1977 an interestingsituationbegan to develop:costs
began to decline. This was the year firewoodmarketsbegan to expand and
hardwood thinningswere becomingcommerciallyvaluable. This is well
illustratedby the average cost per acre at Baraga versus those in the
Cadillac area. At Baraga, thinningcosts averaged$37 per acre comparedto $16
per acre at Cadillacwhere a numberof thinningswere accomplishedat zero
cost due to the firewoodmarket. In the period from 1978 to 1984,thinning
in northernhardwoodscontinued,with an increasingportiondone commercially
each year until nearlyall suchwork was accomplishedthroughtimber sales.

As of today, nearly all the acreageof northernhardwoodsconsidered
suitablefor precommercialthinninghas been treated. The originalobjective
of the programwas to thin approximatelylO0,O00acres of the nearly 600,000
acres of northernhardwoodson state lands. The majorityof the acreage
thinnedhas a site index equal to or greaterthan 60. It was estimatedthat
throughcareful selectionof standsreceivingtreatment,an 8 to 12% rate of
return could be achieved.

HARDWOODMANAGEMENT-- CAN IT PAY?

Now I would like to take you throughsome case examples of hardwood
managementand explorethe economicreturnspossiblewith precommercialand
commercialthinnings. But firstwe need to considerall the assumptionsthat
are used in this analysis. Most of the data used are based on DNR
statistics. Others are reasonableestimatesprovidedby knowledgeable
people. Finally,some data are simplyfor illustrativepurposes intendedto
help evaluatethe impactof certainfactors.

I/PlanningLeader,Forest ManagementDivision,
MichiganDepartmentof NaturalResources
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The assumptionsare as follows:

Forest land is purchasedfor $250 per acre, containsa pole timber stand
of northernhardwoodswhich can be thinned,and is sold for $250 at the end of
50 years. A 50 year period is used for all the analyses. This allows enough
time to reach similartimber harvestson a selectionsystem regardlessof the
initialtreatments. In the secondtable, no land purchasecosts are included
in the analysis. In certaincases land purchase costs are not appropriate.
More will be said about this later.

Propertytaxes are $I.50 per acre per year. This is roughlycorrectfor
state landsand forest land enteredunder the CommercialForest Act.

Administrativecosts are $I.00 per acre per year, slightlyhigher than
what is presentlyexpendedby the Departmentof NaturalResources.

Timbersale administrationcosts are computedat $I.35 per cord and
$22.50 per thousandboard foot for sawtimber. Precommercialthinningcosts
$53 per acre.

Commercialand precommercialthinningsdo not result in increasedtimber
volume harvests,ratheran improvementin timber qualitywhich is reflectedin
higher prices.

All costs and prices are in today'sdollars and the analysisuses these
values throughoutexcept for the simulationof real price increasesfor
stumpage. This means that the rates of return that are reportedare real
rates of return, i.e., rates of returnabove the inflationrate. To make
them comparableto inflatedrates of returnsor the interestrate which one
can presentlyget from the bank, credit union, etc.,you must add the
inflationrate to these rates. If the inflationrate is 6% and the real rate
of return is 2%, then the inflatedrate is approximately8% (6+2)and that is
what shouldbe comparedto bank interestrates. You will have to add the
appropriateinflationrate to the internalrates of return (IRR)and to the
discount rate for present net worth (PNW) listed in the tables in order to
make comparisonsto bank, creditunion, or interestrates quotedwhen
borrowingfunds.

These are beforetax IRR's.

Cutting is done on a lO year cycle for a 50 year period. Stumpageprices
for hardwoodpulpwoodare $4.50 per cord. Sawtimberstumpagestarts at $45.00
per thousandboard feet for the lower qualitytrees and increasedto $I00.00per
M. bd. ft. as thinningsare accomplishedand quality improves.

Quite obviouslyas one changesthe assumptions,rates of returnwill be
affected. Althoughthe values utilizedin this analysisare fairly
conservative,they should providea fair approximationof what would actually
be encounteredin NorthernMichigan.
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ANALYSI S RESULTS

The results of the analysis under various assumptions are displayed in
Tables 1 and 2. Before discussing those results, several additional points
need elaboration. The question of whether timber can support a land purchase
investment is of concern. There are situations where land purchase
costs are appropriate to the analysis; others where it is not. If one goes
out specifically to buy land or has bought land with the idea that the timber
will support the investment, then the land purchase price is a legitimate
cost. This is fairly straightforward. If a company buys the land and timber
as insurance for mill supply, then the situation becomes more difficult.
There are reasons other than an acceptable return on land and timber for the
purchase. If the land is purchased for speculative reasons, i.e., for
appreciation, then timber production returns should not bear the cost of land
purchase. An individual buying land for recreational purposes should not
measure all costs against timber returns. Public lands are owned for a number
of reasons and provide a variety of outputs. Thus timber alone should not
bear the costs of purchase. Because the inclusion of land purchase cost
varies by situation and because it is a major expense, two analyses were done;
one including land purchase and sale; the other assumes the land is already
owned and retained.

The other major concern relates to real price increases for stumpage.
The State of Michigan has experienced real price increases in softwood
stumpage (this has leveled off recently with the increased supply due to
budworm induced salvage offerings) and more recently for aspen stumpage. Hardwoods
have not shown the same trend, but there has been little active competition
for the overall hardwood resource relative to the large supplies available.
As markets improve and competition increases, it is likely we will see some
real price increases for hardwoods particularly considering the present low
stumpage prices. Therefore, each table contains an analysis which includes a
1.5% real price increase for hardwood stumpage. This provides a reasonable
basis for evaluating the impact of a real price increase on hardwood
management returns.

As for economic criteria, both present net worth (PNW)and internal rate
of return are utilized. In general PNW,which is discounted revenues minus
discounted costs, maximizes returns to the land and assumes capital is
available at the rates listed. The IRR, which is the rate at which discounted
revenues equal discounted costs, maximizes returns to capital and assumes
additional lands or investments are available. Both have their place in
economic evaluation.

There are four management options listed in the tables. Under the "no
thinning" option, no activity occurs in the first I0 years. The first
harvests occur in year I0 and then every I0 years thereafter until the land is
sold in 50 years. Because no volume is removed immediately, there is
additional volume, although of lower average quality, harvested in years I0 and 20.
At years 30 and 40,the harvests tend to become similar under all options and
they are exactly equal in year 50. At that point, a stable selection system
is achieved which provides 2,000 board foot and 5 cords of pulpwood per acre
every I0 years or roughly .9 cords per acre per year.
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Under the "precommercialthinning"option,volumeis harvestedat year
zero and has no viablemarket. This is seldom the case now, but is included
for illustrativepurposes. The harvestingdone at year zero reducesthe
volumes harvestedat years lO, 20, and 30, but resultsin higherprices for
the volumesharvesteddue to improvedquality. The cost of the precommercial
thinning is $53.00per acre.

In the "commercialthinning"option,the cost of the thinningat year
zero is equal to the value receivedfor the material. The "commercial
thinning at profit"option resultsin a payment at year zero which is twice
the cost of the thinning. This progressionof optionsis intendedto simulate
the importanceof the developmentof marketsfor hardwoodthinnings.

Table l.-- Land Purchased

No Price Increase Real Price Increase (I.5%)

PNW PNW
DiscountRate DiscountRate

(2_) (4%) (2%) (4_)

No Thinning
PNW $ 7 $- 132 $228 $-25

IRR 2. I% 3.7%

PrecommerciaI Thinning
PNW $ 25 $-151 $301 $-16

IRR 2.2% 3.9%

CommercialThinning
PNW $ 78 $- 98 $354 $ 37

IRR 2.7% 4.4%

CommercialThinning
at Profit

PNW $131 $- 45 $407 $ 90

IRR 3.3% 5. I%
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Table 2.-- Land Owned

No Price Increase Real Price Increase (1.5%)

PNW PNW
DiscountRate DiscountRate

(2%) (4%) (2%) (4%)

No Thinning
PNW $165 $ 83 $386 $190

IRR 18.4% 23.8%

PrecommerciaI Thinning
PNW $182 $ 64 $458 $199

IRR 6.4% 9.0%

CommercialThinning
PNW $235 $I17 $511 $252

IRR 15.6% 20.0%

CommercialThinning
at Profit

PNW $288 $170 $564 $305

IRR 25.0% 25.0%

TABULARRESULTS

Table l liststhe IRR and PNW achievedwith landpurchaseand sale
included;Table 2 with no landtransactionsincluded. Discountrates used for
PNW are 2% and 4%. Althoughthis may seem low, recallthat these are real
rates and if a 6% inflationrate is used, compareto 8 and I0% returnsfrom a
bank. Also this is the range where PNW moves from positiveto negativevalues
and is thus of greater interest.

It is noteworthythat in Table l all IRR's are positive,although
somewhat low. The rates of return improveconsistentlyfrom top to bottom
reflectingopportunitiesthrough intensifiedmanagement. When real price
increasesof 1.5%per year (doublesreal prices in slightly less than 50
years) are considered,the real rates of return increaseby about 2%. PNW's
are now positiveabove 4% (I0% inflatedrates)when thinningsare accomplished
commercially. However, it is also noteworthythat these IRR's are relatively
low. Large upfrontcosts, in this case land purchase,make it difficultto
achievehigh rates of return from hardwood land managementbased solely on
timber revenues.
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In Table 2, where land purchase is not considered part of the investment
process, the rates of return and present net worths are much higher. With
these higher rates, precommercial thinning now reduces the overall rate of
return because it has a fairly low, although positive, rate. If 2 to 4% real
rates (8 to 10% inflated rates) are acceptable, then the investment would
still be justified. This is reflected in the increased PNWattained for all
except the 4% discount rate with no real price increase.

An interesting result occurs in Table 2 in comparing the commercial
thinning to the no thinning option. It would seem that a thinning that covers
cost should be attractive. However, recall that the early thinning results in
lower volume harvests in years I0, 20, and 30, but increased prices due to
quality improvement. At these high rates of return (15 to 20%), the improved
quality is not enough to offset the decreased volumes which occur early in the
management regime. This is not the case at lower interest rates as reflected in
the higher PNWwhich occur at the 2 and 4%discount rate. As would be
expected, the commercial thinning at a profit gives high returns and stresses
the importance of strong commercial markets for such timber.

CONCLUSIONS

In general, hardwood managementdoes pay. Returns from timber are quite
high if the timber alone is not required to cover land purchase costs. If
the timber must cover such costs, then the rates of return are equivalent to
those paid by banking institutions. Real price increases for timber improve
the rates of returns, although not dramatically. As previously stated, some
real price increases appear reasonable for this previously surplus resource
which is now and should continue to attract new markets.

Precommercial thinning can give returns equal to those available from
banking institutions. Careful selection of opportunities can improve the
rates somewhat, but even then they are likely to remain in the lower ranges
unless quality differences are substantial. This has made the development of
commercial markets for hardwood thinnings quite important to the increased
production of high quality sawlogs.

Finally, although extremely important to the improved profitability of
hardwood management, commercial thinning is not always automatically
desirable. It depends on the quality-quantity relationships and the rates of
return acceptable to the decision-maker.

This last caveat reminds me of the story about Harry Truman who was
always looking for an one-armed economist for his staff. He decided that that
was the only way he could get one who wouldn't be able to say "On the other
hand." Unfortunately, you have a two-armed economist who says hardwood
management pays, but . . .
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EXISTING AND FUTURE PRODUCTSFROMHARDWOODTHINNINGS

Edwin Kallio_11/

Abstract.--Changes in technology will continue to encourage the
use of hardwoods for pulp and paper, waferboard, medium density
fiberboard, lumber, and energy fuels in the Lake States during the
next 10 years. Incentives for export trade will encourage shipments
of more hardwood products from the Lake States through the St.
Lawrence Seaway.

A recent study by the Office of Technology Assessment (OTA) indicates that
the forest products industry is the world's most productive and among the most
efficient. The OTA believes that changing technology will continue to make
greater and more efficient use of the forest resource than past assessments have
assumed (OTA 1983).

Technology has made possible a greater use of timber through utilization of cull
trees, limbs, tops, and slash. Technology has made it possible to use species
once considered noncommercial. Technology has permitted more efficient end use
of many wood products. Presently, more than 95 percent of the wood entering
primary processing mills is converted to products, including energy. All this
has had a dramatic impact on the use of our hardwood resources. Let's examine

some hardwood use trends, product by product, with emphasis on the future poten-
tial for hardwood thinnings in the Lake States area.

PULPWOOD

About 51/2mi] lion cords of pulpwood were produced for the Lake State's 38
pulpmills and for the region's 10 waferboard and particleboard mills in 1982;
about half a million cord equivalents were in the form of whole-tree chips
(Blyth and Smith 1984). Use of all hardwoods for pulpwood has increased by
about 90 percent during the past 20 years, from 2 million cords in 1962 to 3.8
million cords in 1982.

The use of hardwood pulp has probably increased because of both tech-
nological and economic reasons. Technology has permitted increased use of hard-
wood fiber in bleached pulps for printing and writing grades of paper and in
semi-chemical pulp used for corrugating medium. Economically, there may also
have been an increase in relative demand for those grades of paper that make use
of lower cost hardwood-based pulps (Ince 1984).

The big news today is the construction of a new pulp and paper mill at
Quinnesec, Michigan, by Champion International Corporation. The mill will be
designed to use hardwood volume in the furnish to utilize the region's abundant

_1/Principal Market Analyst, North Central Forest Experiment Station, USDA
Forest Service, Duluth, Minnesota.
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hardwood timber resource. It is estimated that about 450 thousand cords of

dense hardwoods will be used each year. Champion International plans to have
the mill in operation by 1986. Other existing pulp mills are also investing in
some expanded pulping capacity throughout the Lake States. For instance, the
Mead Corporation in Escanaba increased its annual pulpwood requirements by I00
thousand cords in 1982; Consolidated Papers, Inc. will expand pulping capacity
at t_le company's Kraft Division in Wisconsin Rapids in 1984; and Owens-lllinois
in Tomahawk, Wisconsin, is studying the feasibility of expanding capacity in the
future.

However, the lack of suitable technology has limited the use of dense hard-
wood fiber in some pulp grades such as unbleached sulphate and in paper grades
such as kraft linerboard. One new and exciting development that may solve this
problem is called press drying (Setterholm 1979). Press drying, developed by
the Forest Products Laboratory in Madison, is a method of drying stiff pulp
fibers under a compressive force. It offers a means of getting the highest spe-
cific strength and stiffness possible from any pulp furnish and can reduce the
energy requirements of paper making. It eliminates the need for excessive pulp
refining and results in paper products with superior dimensional stability. It
allows for use of hardwood pulp to make paper that has higher compression
strength than now attainable, thus giving the hardwood resource a new com-
petitive economic advantage.

A pulpmill equipment firm is now experimenting with a commercial press dry
unit and private companies are also doing their own research. Some forest pro-
duct researchers predict that the first commercial application(s) to produce
linerboard and corrugating medium may take place as early as 1986. When fully
accepted by the industry, the rate of conversion to hardwoods should be drama-
tic. If hardwoods such as birch, oak, and maple could be used to supplement by
one-third the softwood and aspen currently used in the Lake States, the forest
resources could accommodate an enormous expansion in pulping capacity - about a
million cords - and provide an industrial base for many more jobs and investment
dol I a rs.

WAFERBOARDAND ORIENTED STRANDBOARD

Waferboard and orierted strand board (OSB) are rigid, flat, and dimen-
sionally stable boards produced by compressing particles of wood while simulta-
neously bonding them with an adhesive. They are usually available in sheets
from 4 by 8 to 8 by 28 feet. They are commonly used for sheathing, roofing, and
subflooring in houses as a substitute for CDX plywood. A basic difference be-
tween waferboard and OSB is that OSB is manufactured with alternate layers of
particles oriented at 90 degrees to each other, similar to plywood. It is
stronger and stiffer in the oriented direction of the face layers than in the 90
degree or cross direction to the face layers. Waferboard and OSB are manufac-
tured with a waterproof and durable adhesive, generally phenol formaldehyde
resin (Borchgrevink 1980).

There are about 18 waferboard plants and 50SB plants in the United States,
most built since 1980. Six of these plants are located in the Lake States; one
additional plant is being built. Other firms are considering the construction
of additional waferboard or OSB plants in the United States; one firm intends to
erect i0 more before 1987. Undoubtedly, some of these plants will be built in
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the Lake States. About 1,250,000 cords of round wood were used in 1983 for OSB,
waferboard, and particleboard. Although aspen is the principal species used,
waferboard and OSB producers expect to be using more birch and other hardwoods
in the future. A new OSB plant in Louisiana will be using medium and high den-
sity hardwoods, and this approach is being watched with interest by the rest of
the industry.

MEDIUM DENSITY FIBERBOARD (MDF)

Medium density fiberboard (MDF) is one of tilemost exciting products to
come into the market in a long time. It is rapidly being utilized in furniture
and woodworking, as well as in applications ranging from interior paneling to
doors, jambs, shelves, cabinets, mouldings, and interior stair treads.

MDF is made in much the same manner as particleboard, with a few important
exceptions. Before refining, the wood furnish is heated or "cooked"; the
semi-plastic wood is rubbed apart into fiber bundles, a resin binder is added,
the treated fiber is formed into a mat, and the mat is hot pressed. Further
mill treatments include sanding and sawing before shipment. Systems are
available to orient fibers as well.

MDF has a combination of qualities that give the user a flat, smooth sur-
face combined with a tight edge that can be painted or finished easily without
filling. MDF has excellent impact strength, is free from knots and voids, and
has exceptional screw holding capability. It saws cleanly, drills easily,
and does not splinter or chip out. Although a relatively new product, its sales
have soared as users have found it ideal for their needs.

MDF has grown rapidly in the United States since 1975. In that year, the
MDF industry shipped a scant 177 million square feet(3/4-in, basis); by 1983,
shipments were up almost 31f2times to 605 mil|ion square feet, and the number of
customers for MDF had risen dramatically.

Most users agree that the future is bright for MDF and that it will con-
tinue its recent growth pattern. The Stanford Research Institute's
International Forest Products Planning Service projects consumption of an addi-
tional 480 million square feet of MDF nationally by 1990. One MDF plant uti-
lizing 80 thousand cords of paper birch and dense hardwoods will be completed at
Newberry, Michigan in 1985. We expect other MDF plants to be built in the Lake
States because of the readily available hardwood supplies and closeness to fur-
niture and other MDF markets in the upper Midwest.

FUELWOOU

Currently, between 5 and 6 million cords of fuelwood are being produced for
residential use in the Lake States each year. Fuelwood production has been
increasing at the rate of about 10 percent each year. Most of the fuelwood is
still obtained from nonforest and noncommercial forest land; from nongrowing
stock on commercial forest land such as dead trees, cull trees, and sections;
from tops and limbs of growing-stock trees; and from saplings. One study by the
North Central Forest Experiment Station showed that in 1981, only 15 percent of
the fuelwood came from growing stock on commercial forest land (Blyth and others
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1984). This proportion is expected to increase in the future. Hardwoods are
the preferred species for residential fuels. Thinning of hardwood stands offers
an outstanding opportunity to supply this growing demand.

In addition to residential fuels, an increasing volume of wood is being
utilized by the pulp and paper industry for energy. Electrical power plants in
the Lake States are also interested in converting a part of their boiler capa-
city to use wood.

Two recent innovations for using wood for fuel are wood pellets and chunk-
wood. Pellets are made by grinding or hogging wood to small particle size,
drying, and extruding the pellets under heat and pressure. Wood pellets are a
feasible replacement for fossil fuels normally used in heating homes, small
businesses, schools, and other institutions. Many gas- and oil-fired package
boilers can be modified for pellet use fairly easily, and several new burning
devices on the market are well suited for pellets. Pellet use is well
established in domestic, commercial, and institutional northern Minnesota--and
these markets are growing.

The NCFES Engineering Research Unit at Houghton, Michigan, designed,
constructed, and tested a wood "chunker" that reduces roundwood bolts up to
about 9 inches in diameter into chunks. Chunkwood makes better fuelwood than

chips for industrial use because it dries faster, burns cleaner, and requires
much less energy to produce. Chunks can also be used as raw material for struc-
tural flakeboard and composite wood products (Arola and others 1983). The
chunker is ideal for processing thinnings and small trees removed in timber
stand improvement operations. We can expect to hear more about this new deve-
lopment for a number of different uses in the near future.

SAW LOGS

About 1 billion board feet of lumber are produced by about a 1,000
sawmills each year in the Lake States. About 600 thousand board feet of this
volume is sawed from hardwoods other than aspen.

Most of the saw logs produced from hardwood thinnings are relatively low in
overall quality. The objective of thinning is, of course, to produce stands
with high-quality saw logs and veneer logs. Many of the lower quality saw logs
are sawn into lumber for the pallet and container industry. That industry in
the United States consumes a volume of sawn wood equivalent to nearly 60 percent
of total hardwood lumber production. The pallet and container industry is pro-
jected to grow normally at a 4-percent rate from 1985 to 2000 (Anderson and
others 1984).

Some of the hardwood lumber is also used for dimension parts for furniture

and cabinets. There is much interest in applying a process for cutting, drying,
edging, and gluing lumber from low-quality hardwood bolts into high-quality
hardwood panels for furniture and cabinets. This "System 6" process, developed
by the Northeast Forest Experiment Station's Forestry Sciences Laboratory in
Princeton, West Virginia, will be covered in the next session.
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INTERNATIONAL TRADE

Hardwood exports from the U.S. now average about half a billion dollars
annually. The period of most rapid growth during the last 20 years was from
1973 to 1980, when the value of exports increased by 400 percent. However,
exports declined rapidly in 1982. Lumber accounts for more than half of the total
value of hardwood exports, followed by logs (22 percent), veneer (19 percent),
and plywood (2 percent). About one-fourth of all hardwood exports are shipped
out of southern ports. Most of the remainder is shipped out of the North
(Wisdom 1984).

The U.S. Department of Commerce, the Seaway ports, the State Departments of
Business and Industry, and other agencies are busily promoting exports of both
raw materials and manufactured products. The International Trade Administration
(ITA) provides assistance to potential exporters in regard to trade promotion,
finance, insurance, negotiations, and trade analysis. One impetus for
increasing export trade is the recent Export Trading Company (ETC) Act of 1982.
This act allows a group of competing firms to combine in export ventures if
their conduct does not have substantial anti-competitive effects inside the
United States. An ETC can enjoy economies of scale not usually available to
small and medium-sized companies operating individually because it exports large
volumes of products from many sources at lower per-unit costs.

Very few timber products are currently shipped through the Seaway from the
Lake States area. However, there is much interest in developing the export
markets for Lake States hardwoods. One example is a continuing study of the
possibility of shipping wood fuel pellets from the Port of Duluth, Minnesota, to
African nations that suffer from a serious shortage of wood fuel for homes and
factories.

CONCLUSION

Based on the best available information on changing technology and
increasing demands (and assuming a relatively stable economy), the following is
an estimate of the increasing consumption of hardwoods (not including aspen)
that will be cut from growing stock on commercial forest land in the Lake States.

1982 1987 1992

pulpwood (million cords) 1.0 2.1 3.0

fuelwood (million cords) 1.0 1.7 3.5

particleboard/MDF (million cords) - .3 .7

saw logs (million board feet) 600 750 900

These are truly exciting times for forestry in the Lake States. Waferboard
and OSB have tremendously expanded the aspen market. New technology will allow
the use of material from hardwood thinnings and help foresters manage this
valuable resource to restore the forest products industry as a major contributor
to the economic well being of the Lake States.
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At the same time, never in the history of the Lake States have there been
more dedicated, enthusiastic, and knowledgeable people working on wood pro-
duct industrial development than there are today. Research and promotion by the
State Departments of Natural Resources, various governor's councils and task
forces, regional development groups, the State Departments of Business and
Commerce, and the wood-using industries will certainly have a positive impact on
the future use of our hardwood resource.
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APPLICATION OF THE SYSTEM 6 PROCESS TO HARDWOOD THINNINGS

Hugh W. Reynolds1-/and Edwin Kalli_2/

Abstract.--Additional revenues to support the best silvicultural
practices can be gained by selling logs and bolts from commercial cuts
to producers of high-valued products. System 6 is a new technology to
convert small-diameter, low-grade timber from hardwood thinnings to a
new, high-valued product called blanks. This new technology can pro-
vide jobs at low investment levels per job while improving the hardwood
forest.

Thinning cuts, timber stand improvement (TSI) cuts, precommercial cuts; call
them what you will, one fact is common to all: Costs to make the cuts are more
than the revenues from the timber removed. These cuts are investments to be

realized from the increased stumpage values in future commercial cuts.

Investments in thinning cuts, etc., are difficult to justify when inflation
rates exceed the rates of return on such investments. The value of the timber
products from these cuts must be increased and the costs incurred in making
these cuts must be decreased. In this paper we describe ways that the value of
the timber produced can be increased.

There is no way that the timber manager can convert the small-diameter, low-
grade timber to produce Factory Grades 1 and 2 sawlogs. The Grades 1 and 2
sawlogs are valuable because a sawmiller can make No. 1 Common and Better hard-
wood lumber from these sawlogs. In turn, the No. 1 Common and Better lumber is
valuable because furniture, dimension, or kitchen cabinet companies can make
rough-dimension parts from this lumber.

But, if the rough-dimension parts can be produced from the small-diameter,
low-grade timber, then this timber will become more valuable. And if the No. 2

Common and poorer lumber produced when sawing Factory Grades 1, 2, and 3 logs
can be used to make rough-dimension parts, then these logs will become n_re
valuable. Using conventional cut-up technology to make rough-dimension parts
from low-grade logs and lumber is too costly. Too much waste is produced. Not
enough long rough-dimension parts are produced.

What we need is a new solid hardwood product that can be substituted for
high-quality hardwood lumber. This new product should be made from (1) small-
diameter, low-grade timber; or (2) No. 2 Common and poorer lumber made during
the sawing of high-quality logs; or (3) all the lumber, No. 2 Common and Better,
called log-run lumber, made from medium-quality sawlogs.

1_/ Forest Products Technologist, Northeastern Forest Experiment Station, USDA
Forest Service, Princeton, West Virginia.

2_/ Principal Market Analyst, North Central Forest Experiment Station, USDA
Forest Service, Duluth, Minnesota.
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Research by the USDA Forest Service, together with university cooperation,
has solved these needs. The new solid hardwood product is called blanks, which

can be made by gang ripping No. 2 Common lumber or log-run lumber. Blanks can
also be made from small-diameter, log-grade sawbolts.

Blanks

Furniture and kitchen cabinet parts are made in thousands of sizes. We at
the Forest Sciences Laboratory, USDA Forest Service, Princeton, West Virginia,
have completed a parts study of 20 furniture and 12 kitchen cabinet companies
(Araman 1982). We found that all the required parts could be made from edge-
glued panels made in four quality classes, six thickness classes, and in no more
than 13 lengths per class (Araman 1983; Araman and others 1982). We call these
edge-glued panels "blanks." Recommended standard sizes for furniture and cabi-
nets were established (Araman 1983). A furniture or cabinet company will buy
blanks, rip and crosscut the parts from these blanks, and have no more than ten
percent end-trim loss (Araman 1983). Making parts from blanks will cost no
more, sometimes less, than making parts from high-quality hardwood lumber.

System 6

Blanks can be made from small-diameter, low-grade hardwood timber using
System 6 (Reynolds and Gatchel] 1979, 1982, 1983). The tree stem is bucked into
6- or 8-foot bolt lengths. The bolts are sawed into two cants. The cants are
resawed into boards, and the boards are kiln dried. The boards are then cut up
into defect-free pieces in the standard-size blank lengths. The pieces are then
edge-glued into standard-size blank widths. Final planing completes the pro-
cess.

A System 6 research pilot plant has been built at the Forestry Sciences
Laboratory in Princeton. We also designed a hypothetical but typical System 6
mill. This $2 million mill has a 21 percent rate of return, after taxes, over a
ten year investment period (Hansen and Reynolds 1983). Studies on such a mill
using oak bolts from West Virginia and Virginia to make frame blanks for a
Tennessee upholstery furniture company and clear blanks for a Kentucky kitchen
cabinet company were successful (Reynolds and Araman 1983; Reynolds and others
1983).

We have made System 6 studies using white oak, red oak, cherry, white birch,
and yellow-poplar. The low-grade, small-diameter timber came from West
Virginia, Virginia, Maryland, Pennsylvania, Massachusetts, and Minnesota. The
blanks have been put to commercial test use in furniture and kitchen cabinet
companies in North Carolina, Virginia, Pennsylvania, Massachusetts, New York,
Minnesota, Wisconsin, and Iowa. System 6 commercial mills are being designed or
are under consideration in Minnesota, Wisconsin, New York, West Virginia, and
South Carolina.

Gang-Rip Rough MiIIs

Blanks can be made from the No. 2 Common and No. 3A Common hardwood lumber.
This lumber accumulates as No. 1 Common and Better lumber is sawed from high-

quality logs. The No. 2 Common and No. 3A Common boards are air dried, kiln
dried, hit-and-miss planed, gang ripped into strips, and the strips are crosscut
to blank length pieces while removing defects. Pieces with edge defects are
edged. Pieces are edge-glued to make blanks.
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Gang-rip rough mills are operating presently. The only new requirement for
making blanks is that the gang ripsaw must produce glue-joint quality cuts.
Both American and foreign machines are available. The gang-rip rough mill
lends itself to automation.

Research at the Princeton Lab has shown that a gang-rip rough mill will pro-
vide the long pieces necessary for blanks production (Gatchell 1982; Gatchell
and others 1983).

Conventional Rough Mills

Crosscut-first rough mills can be used to produce blanks profitably. No. 2
Common and Better hardwood lumber is air dried, kiln dried, crosscut to blank
lengths, hit-and-miss planed, and selectively ripped to random-width pieces to
remove defects. Pieces with end defects are trimmed to shorter blank lengths.
Pieces are edge-glued to make blanks.

Research at the Princeton Lab has shown that conventional rough mills can be
practical blanks producers (Araman and Hansen 1983). A completely new conven-
tional rough mill, a $3 million investment, would return 26 percent after taxes
on a one-shift basis or 40 percent after taxes on a two-shift basis (Araman and
Hansen 1983).

Marketing Blanks

Blanks sell well when the cost of blanks to the furniture and kitchen cabi-

net maker results in parts that cost as much as or less than parts they produce
themselves (Araman 1982). In our research studies, tile blanks that we have made
have been used by furniture and cabinet makers. Our economic analyses have been
made with blanks priced at the low point of the hardwood lumber market
(Reynolds 1983). When business is good, high-quality hardwood lumber prices
rise sharply. But blanks can be made from low-quality lumber and logs, so blank
prices will not rise sharply giving blanks a competitive edge.

A marketing survey in the spring of 1983 was made at eight furniture plants
in the New England area. Seven of the eight plants would have bought red oak
blanks if they had been available. The eighth and smallest company had its own
lumber supply.

The University of Minnesota in cooperation with the North Central Forest
Experiment Station, USDA Forest Service, determined markets for white birch
blanks. Based on contacts with company executives, the furniture industry in
the Upper Midwest is receptive to the concept of wood blanks and to birch blanks
in particular (Monson and Bowyer 1982).

The market for blanks to home craftsmen is large. These blanks can carry a
much higher price than blanks sold wholesale to furniture and cabinet makers.
(Aralnan and Reynolds 1983). Results of a study in the Upper Midwest and test
marketing by distributors in the Minneapolis - St. Paul area indicated a
widespread interest in standard size hardwood panels for retail consumption
(Michaels and Bowyer 1983).

Blanks have also been shown at the International Woodworking and Furniture
Supply Fair-USA (IWF) in 1978, 1980, and 1982. Blanks will be shown again at
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the IWF-84, in Atlanta, Georgia, August 25-28, by both research and industry
representatives. Prospective blank purchasers and suppliers will be contacted.

SUMMARY

The small-diameter, low-grade hardwood timber removed during thinning cuts
does not cover the costs incurred. This timber can be increased in value when
it is converted to a high-valued product such as rough-dimension furniture
parts. This increase in timber value will not cover all the thinning costs but
will reduce the investment necessary to do tile work.

Rough-dimension parts can be made from standard-size furniture blanks.
Blanks can be made from the small-diameter low-grade timber, using System 6,
removed during thinning cuts. When better logs are removed during thinning
operations, blanks can be made by gang ripping the lower grades of lumber.
Blanks can also be made from mill-run lumber using conventional-type rough
mills.

White birch from Minnesota has been made to blanks successfully using
System 6. Commercial System 6 mills are being designed for use with white
birch. Other species of Lake States' hardwoods can also be used to make blanks
using System 6.
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SESSION III - DISCUSSION

QI. Gerry, do economists ever agree on one particulardiscountrate for the
forest industry as a whole?

AI. (Thiede) No, in fact, the industriesthemselvesdo not agree on one dis-
count rate, so it obviouslyis going to vary considerably. Some can get
money cheaper than others;there is no agreementon that. There is always
a discussion about what discountrate will be used. Normallywhat you
would do is say. "At what rate can I borrow money?" That may be a key
for a number of the industriesto determinewhat their discountrate
might be.

Q2. So when you are using 2 percent,you are sayingthat they can borrow
money at 8 percent, and you subtract6 percentfor inflation?

A2. (Thiede)That is correct. In that particularinstance,you are saying,
"I can borrow money at 8 percent. Or if I have some money, that is my
alternative--Ican invest it in the bank at 8 percent." That is what you
are really comparing. If I am using a 4 percentdiscountrate for present
net worth and inflationis 6, I would make 10 percent. If I can get only
8 percent from the bank, it would be worthwhilefor me to invest it in
hardwood management in that particularcase.

Q3. What were the volume tables used for the hardwoods?

A3. (Thiede)The volume tables are those that I obtainedfrom our silvicul-
turist. They are his best estimatesof what we have been able to attain
in our 10 years of history. So there are historicalrecordsthat we have
used in our own situation in the State ForestSystem. They are his best
estimates, so they were not any specificvolume tables. He agreed that
they are fairly conservative. If we erred, I think we probablyerred on
the low end as to what you can get.

Q4. What is the historical real rate of returnfor northernhardwoodsabove
and beyond inflation?

A4. (Thiede) I do not know that there is a historicalrate; I have not seen
one developed anywhere. Our people were sayingthat they could get 8 to
12 percent in certain instances,but it dependson all the assumptions
made. These could include,among other things,whetheror not land is
purchased, what kind of activitytakes place, and what is done in those
particular instanceson those lands.

Q5. That is not the rate of return I was lookingfor, but what was the real
rate of increasefor stumpage?

A5. (Thiede) I do not have a figure on that; he did not give it to me. The
real rate of increasethat I used--l.5percent--seemsto be very conser-
vative given that you are increasingyour market opportunitiesin these
three Lake States, and that we now have a decidedlyexcess or surplus
resource. As markets improveand competitionincreases,one would exl)ect
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that it would be in excess of 1.5 percent--thereal rate of increase. I
think that is a quite conservativeassumption.

(Kallio) I might add a little to that question. In our study of hardwood
stumpage rates from 1950 to 1980, we found that it was a flat and some-
times a littledownwardslopingcurve after correctingit for inflation.
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PANEL ON FOREST MANAGEMENTPROSPECTIVES"
HARDWOODTHINNING(JPPORTUNITIESON

NATIONALFORE'STLANDs IN THE LAKE STATES

Myron L. Smith1

Abstract.--Fiveof the National Forests in the Lake States
have great opportunities for producing quality hardwoods by
thinning pole timber stands now. There are some controls needed
on equipmentsize, skid road layoutand time of year for entry.

There are great opportunitiesfor forest management on the Lake States
National Forests and hardwoods will play an importantrole in the overall
management program. The States of Michigan,Minnesotaand Wisconsin all have
recognizedthe importanceof this renewableresourcewe call timber. My com-
ments apply specificallyto the dense hardwoodsgenerallyreferred to as the
northern hardwoodtimber type as well as oak, paper birch, lowlandhardwoods.

In general,the Lake States NationalForestswill be managingfor quality
hardwoods on sites capable of growingthem. I say generallybecause as you
well know, we manage under the multiple use concept and sometimesover-riding
needs from anotherresourcewill prevail. Diversityfor wildlifehabitat is a
prime example.

I feel that despite the technical ability to chip, grind, flake and
otherwisebreak wood down and reconstituteit into boards,panels and dimen-
sion material,the demand for qualityhardwoodswill remain. To reach quality
product size, there will be a sizable volume of low quality and small size
productsfrom thinnings.

There are some concerns and/or limiting factors which need to be
addressedif we are to reach full managementof all the availableacres.

1. Markets for low quality .material.--MostNational Forests in the
Lake States are marketingonly half of what could be sold and in many
cases, less than half in dense hardwoods.

2. While markets are pickingup, the NationalForests in the Lake States
must compete nationwidefor dollars and people to prepare and offer
for sale additional timber. Thinning hardwoods is more costly per
unit to prepare and administer than many other types which can be
clearcut or row thinned such as plantations. This more costly work
is coming at a time when the money to prepare and offer sales are
shrinking.

1Timber,Wildlifeand FisheriesStaff Officer,NicoletNationalForest,USDA,
ForestService, Rhinelander,Wisconsin.
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3. Control of harvest operations in hardwood thinnings needs close
attentionto insure a qualityjob.

a. Time of year which operations take place is importantas damage
potential to residual trees is much greater during the growing
season. Also, the soils on which we can expect to grow qualityhard-
woods are heavier and more susceptible to rutting which can cause
root damage and erosion. It is unlikelythat all harvestingcan take
place under frozen conditionsso-o

b. Equipment size and type may need to be carefullyselected for
thinningcuts. Operator skill may have to be demonstratedbefore one
is allowedto operatemachinery in the stands.

c. Skid roads will need to be laid out prior to when the sale is
sold. Equipmentwill be required to stay on them to reduce soil com-
paction. Some studies indicate that as much as 80 percent of the
soil compactionis done in two passes, so by stayingon the same skid
road will not cause much additionalcompaction.

d. Proper residual stand density is necessary to ensure we move
toward quality. Too dense a stand reduces growth while over cutting
will provideopportunitiesfor loss in qualityby sunscald,epicormic
branching,forkingcaused by the maple bud minor and wind firmness.

Thus, while we have a tremendous opportunityto grow quality hardwoods
throughthinningstands,we must rememberthat qualitycontrolof intermediate
cuts is necessaryto have quality sawtimber in the future. Without quality
controlof operationsin intermediatecuts, the future never arrives.

Thank you.
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LARGE INDUSTRIAL FOREST MANAGEMENTPERSPECTIVEOF HARDWOODTHINNING

Ermine J. Venuto I

Abstract.--Land ownership size, long-term objectives, and
income alternatives all play a role in how northern hardwood
stands should be managed. Foresters have the responsibility to
make stand prescriptions that combine silviculture and cash gener-
ation for the landowner.

In attempting to present part of the industrial side of forestry, we have
earlier heard a number of industrial foresters. As much as we believe in the
continued multiple use on our properties throughout the whole forestry center
of the Great Lakes, we operate forests as a business. We grow trees to make
money; corporate timberland ownership is predicated on this. The Mead Corpo-
ration, Owen-lllinois, Champion--none of them would own timberlands if there
wasn't a payoff. Sometimes the payoff is in a combination with a facility--a
pulp mill, a liner-board mill, whatever alternate uses they might have for it;
but obviously, as foresters, we have to show that there is a payoff in terms
of our growing trees on these acres.

Mead owns approximately 677,000 acres in the Upper Peninsula. Almost
half of it, 380,000 acres, is in the northern hardwood types. We are quite
concerned with hardwood management, and we practice a number of different
types of forestry in the hardwood types. In Escanaba, Mead anually buys a
little over 700,000 cords of pulpwood every year. Some of it is hardwood,
some softwood, and some aspen which we use in a specialty process for making
pulp. In addition to pulpwood, we purchase and/or harvest from our own tim-
berlands about 20 million board feet of sawlogs a year, primarily dense hard-
woods. This gives you some idea of the variety of products that we produce.

Each year we harvest about 6,000 acres on Mead land through clearcutting.
Depending on the year and the markets, we also thin anywhere from 12 to 18,000
acres per year on a selective basis. Presently, we plant about 3,000 acres a
year to conifers on the 6,000 acres that we clearcut. We let the remaining
acreaqe reqenerate back primarily to aspen, spruce-fir, or white birch types.
The ongoing selective systems that we use for harvesting are quite conven-
tional. Typically, we thin down to a basal area of 75 to 90 square feet and
then revisit the stand, depending on the site index of that particular area
and the components of the stand, somewhere in the neighborhood of 8 to 12 years.
This is very normal for northern hardwoods, especially with a large component
of hard maple type. The reason we return to these stands in the range of 8 to
12 years versus other options is that the trees are growing into new size cat-
egories, and the variable sometimes overlooked is that we can afford to return
and log these areas because the volume that we can remove after an 8- to 12-year
growing period is sufficient to be able to justify a logging operation.

In the beginning, I said the key to the whole thing is being able to econo-
mically and cost effectively manage the forest and the timber harvest process,

1Woodlands Manager, Mead Corporation, Escanaba, Michigan.
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which is what we sometimescall "silviculture.''_;We need to make that an inte-

gral part of the way we put the stand back tO_ether and design the long-term
needs for it.

However, I don't want to emphasizeonly company lands becausethe major-
ity of our purchasedmaterial comes throughstate,federal, and private lands.
On those operations,the nice feature about being in the pulpwood business is
that we can help in the managementof northernhardwoodstands. We can manage
a small landowner'sacreage and remove not only the grade sawlogsthat need to
be thinned during that particular harvest, but we also can harvest the cull
poletimberthat would effectivelynot make anythingmore valuable in 8, 10, or
40 years from that time. Thus, the complete thinning of a stand is a very
importantingredientof it. Only thinning a stand by what has been histori-
cally known as hygradingobviouslydoes not help in the long-termdevelopment
of the stand.

The key in thinning depends on three or four conditions. The first is
the ownership objective of the individual. The Mead Corporation,Champion
International,large industrial users, ClevelandCliffs Forest Products, and
others all have perhaps a little differenttype of ownershipobjective than
the small private landowner. Their objectives,their time horizon, which is
another factor, are almost infinite. A corporation is formed to go on in
perpetuity,so when we manage our lands we manage 677,000acres;we don't nec-
essarily manage just 1 acre at a time. Therefore it is done on a little dif-
ferent basis compared to a private, small landownerwho may have a 40-acre
parcel, 10 acres of which are northern hardwoods. He has to put his objec-
tives into a much more localizedsense in being able to pinpointhow he would
like to take care of the stand.

One of the critical variables is the income source. We can regulate
.standsof timber on a fairly continuousbasis becausewe have large land hold-
Ings. The private landowner,who may have 40 or 80 acres or even a section,
won't necessarilyhave the alternativeof regularlybeing in that stand on a
continuing basis. In other words, his income flows are the reason that he
frequently harvests that stand. Most private landownersdon't like to prac-
tice good forestry at all times. Their sons or daughtersneed to go to col-
lege or there is a weddingor someother alternativewhich has pressedhim into
cutting the timber. Wheneverwe or anyoneelse manage those types of stands,
those are the types of situationsyou are either fightingor you have to agree
upon with the landowner--hisobjectivesfor incomemay be the way you have to
direct the harvestof that stand. It doesn'tmean you have to do a bad job of
management,but you certainlyhave to listento ownershipobjectives.

Another critical variable which I continue to emphasize is the size of
the ownership. It is difficultfor Mead sometimesto leave a 5-acre parcel of
northen hardwoodsin the middle of a clearcutthat we are ultimatelygoing to
site convert. The private landownermight take the same 80 acres and manage
it on a 5-acre basis rather than manage it on an 80-acrebasis.

I want to include a quotationfrom a publicationby Jim Johnson of the
Ford Forestry Centerwhich says, "The managementgoal of the selectiveharvest
system is to maximize volume and value growth while perpetuatinga sustained
yield forest." One can say the same thing of a clearcut (and I'm not saying
it to be facetious),but sustainedyield hardwoodforestsin perpetuityis the
underlying theme of this symposium. There are a numberof differentways to
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evaluate this which is important. Silviculture, including thinning, indivi-
dual selection, etc., is a tool that the practicing forester has to use and
use judiciously. It is just like any other timber harvesting practice° As
well as making a decision to thin, there are times when thinning might be an
inappropriate practice. You _st look at the stands. Some stands may have a
negative payback if you begin to thin. I am sure you have all come upon
stands of what I would call "clump red maple" with some hard maple in them;
you look at the stand and try to decide what to do with these areas. In some
cases, it might not be silviculturally appropriate to recommend thinning on
those particular areas. It doesn't matter whether it is a private large
ownership or the small woodlot, but the initial appraisal the forester makes
when he evaluates that stand sets the consequence and the payback for that
stand over the future of it. It is important when guidance is given or the
timber harvesting process is put into effect that you look at that stand and
say not only, "What can we do to it today?" but "What is the potential in
40 years, and what are the options and the pathways that we could use on man-
aging the st and?"

There are a number of other tools that we have, but ultimately everyone
in this room realizes that the idea of practicing forestry is somehow pro-
foundly tied to economics--keep the two together, Whenever the prescriptions
are made on a stand, you do it in a format that allows that to occur,
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HARDWOODOPPORTUNITIESON WISCONSIN'S STATE ANDCOUNTYFOREST

By

James E. Halvorson l/

Abstract. --Over the next ten years, 3.5 million cord equivalent
of hardwoods will be ready for cutting on Wisconsin's public forest.
Presently, the majority of available hardwoods fall within the 5-10
inch, pole size class. The marking technique chosen will have an
impact on how well the land manager addresses:

- Silvicultural Needs

- Damage Potential
- Logging Chance, and
- Forester Productivity

The goal is to arrive at an adaptable system. One that optimizes the
needs of the stand, but allows flexibility in the types of equipment used.

RESOURCE AVAILABILITY

The public Ownership in Wisconsin is broken into three catagories: two national
forests, six state forests, and twenty-eight county forests which total approximately
3.8 million acres (Fig. 1). The majority of these public forest lands lie in the
northern one-half of the state. The hardwood surplus on the state and county forests

alone is projected at 230,000 cord equivalent annually. Expanded over the next ten-
year period this will be 2.3 million cord equivalent. This is above and beyond the
harvest that we have today, and does not include private and federal lands (Table I).

Table 1. -- County and State Hardwood Surplus.

*Forcast *Harvest *Surplus

County 309,000 cd. equiv. 105,000 cd. equiv. 204,000 cd. equiv.
State 401000 cd. equiv. 14_000 cd. equiv. 26_000 cd. equiv.
* Annual average (cord equivalent)

Current availability of Wisconsin wood can be found in a recent publication entitled
(Timber Forecast: Wisconsin Public Forest 1984/1983) which was published by the North-

west Regional Planning Commission and the Wisconsin Department of Natural Resources.
The publication describes in detail each of the individual county forests, national
forests, and state forests. Each property has three tables associated with it. An
example using Washburn County Forest will be used to show the forecasting information.

Table la, describes timber availability. Specifically estimated volumes of
timber available for harvest by year and species group over the next ten years
are as follows:

l/ Assistant Area Forester, Wisconsin Department of Natural Resources, Spooner, Wl.
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Figure 1. -- PUBLIC FOREST LANDS
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Table la. --Estimated Volume of Timber Available For Harvest by Year and Species

Groups (i984-1993), (Cord Equivalents).

Other White Yearly

Pine Fir-Spruce Conifer Hardwoods Birch _ Total

1984 6,650 6,260 2,680 33,440 4,240 18,120 71,390

1985 6,050 2,280 850 15,790 2,830 13,280 41,080

1986 6,640 1,910 700 14,560 2,870 13,230 39,910

1987 6,020 2,000 610 13,830 2,830 13,230 38,520

1988 6,290 1,690 440 14,010 2,740 13,170 38,340

1989 6,280 1,500 500 12,940 2,670 13,020 36,910

1990 6,170 1,440 440 12,810 2',690 13,030 36,580

1991 6,820 1,360 380 12,640 2,660 13,030 36,890

1992 7,360 1,340 330 12,700 2,670 13,060 37,460

1993 8,080 1,690 480 12,200 2,770 13,240 38,460

TEN 66,360 21,470 7,410 154,920 28,970 136,410 415,540
YEAR

TOTAL

Table 2a, gives you a timber sale summary over the past i0 years. This is useful

in that it gives you the level of activity for each individual species group. It also

can be compared to Table la to determine surplus above the historical harvest.

Table 2a. -- Timber Sales Summary (1973-1982).

Pine Balsam- Aspen Other Total

Fiscal Sawlogs Tamarack Hemlock Spruce Birch Species All Products
Year (M Bd Ft) (Cords) (Cords) (Cords) (Cords) (Cords) _Cord Eqv.)

1973 316.9 7,510 92 - 8,071 481 16,788

1974 155.3 5,288 - 8 10,913 448 16,968

1975 32.9 5,309 209 - 2,537 - 8,121

1976 62.0 4,126 1,050 - 22,815 2,141 30,256

1977 267.7 5,428 - 155 22,218 2,147 30,483

1978 127.7 6,165 42 - 15,373 i01 21,936

1979 165.0 8,680 43 - 10,244 1,050 20,347

1980 736.0 7,056 705 214 8,834 2,662 20,943

1981 298.6 6,265 141 75 8,444 3,422 19,036

1982 560.5 3,956 276 90 25,792 5,993 37,398

TEN YEAR TOTALo.222,276
Source: WDNRBureau of Forestry Madison, WI

Northwest Regional Planning, Spooner, WI
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Table 3a, shows the commerciai_:_fbrestcomposition and scheduled harvest by

timber type. i_%

Table 3a. --Commercial Forest Compbsition by Type. 1984-1993 Scheduled Harvest
by Timber Type (Acres).

Rotation Thinning
(Acres) (,%) Harvest Saw Pole

White Pine 444 .3 14 - 197

Red Pine 6,148 4.5 12 - 3,058
Jack Pine *** 13,984 10.3 2,330 - -
Fir-Spruce 1,821 1.3 721 - -
SwampConifer 1,876 1.4 693 - -
Black Spruce 2,732 2.0 * * *
Cedar 501 .4 * * *

Tamarack 1,550 1.1 * * *
Hemlock-Hardwoods 37 . ** ** **

Northern Hdwds 20,510 15.2 - - 9,906
Oak ll,510 8.4 - 1,900 5,694
Scrub Oak 1,185 .9 688 - -
Swamp Hardwood 6,983 5.2 2,917 - -
White Birch 817 .6 175 - -
Aspen 53,832 39.8 12,300 - -
Grass, brush,

shrubs, etc. 11_464 8.5

TOTAL
COMMERCIAL

FOREST ........... 135,278 100.0%

TOTAL
COUNTY FOREST

LAND ENTRY ....... 148,216

• SC, SB, C, T combined in this schedule under SC.
•* HH and NH combined in this schedule under NH.

•** Pj regeneration questionable on 5000 acres due to Oak Lake Fire (1980).

THINNING TECHNIQUESFOR POLE SIZE HARDWOODS

Management of pole size hardwood stands have taken a back seat in most areas.
Poor markets, high logging costs, and being labor intensive are a few of the reasons
loggers and foresters alike have used to avoid these stands. Markets are changing,
however, along with the development of new machinery and logging systems. I will
be discussing three of these systems: mark selection, strip selection and the strip
mark selection. The following are my views on marking and silvicultural considerations,
anddamage potential from past experience with specialized equipment and labor
intensive operations.
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First, what kinds of stand are we talking about? The size class is predomi-
nately 5-10 inches averaging 9 inches. These are predominately second growth
stands, commonly even aged. The basal area is anywhere from 90-200 square ft/acre.
The number of stems per acre is running anywhere >f_om 500-700 trees per acre.
This would be in the diameter class of 3" and above, The age of the stands run

from 45 to 60 years. Most of them originating back in the early 1900's, dating
back to the fire and logging era.

Marked Selection.

The first system we will discuss is the marked selection method. We all are
familiar with how a marked selection works within a saw timber stand. Let us see

how it works when it is applied to a pole size situation. The marking considerations
are the same. The selection is based on risk, cull, form, species, crown position
and size class. A forester in a pole size stand can normally mark one to one and
a half acres per hour. This is marking out approximately 6-7 cords per acre.

When you look at the silvicultural aspects of a marked selection in a pole
stand, it is one of the best. It is the most adopted or widely used practice
when we discuss hardwood marking. However, when one looks at damage, this is
where the system has a high potential of failing, particularly when there is poor
supervision. It becomes very difficult for a logger to go into a pole size stand
with 600-700 stems to the acre without doing damage to the residual crop trees.
Damage can be minimized, however, by considering a few contract restrictions.
These being: l) Put a seasonal skidding restriction on the sales. Do not allow
skidding operations during the slippery bark period. Particularly during May
and June and possibly July. 2) Limiting stringer lengths. A commonly used
stringer length for saw timber stands is 16 feet. Practicality of this restriction
on pole size stands is doubtful. Many of the trees here being harvested are only
2-3 sticks. 3) Limit skidder size particularly width. A specific width should be
determined by the local land manager by reviewing the available machinery in the
area. 4) The fourth restriction and probably the most important, is close sales
administration followed by penalities. The operator must have a clear understanding
of what is expected of him before he begins a sale. I guarantee if you put all
four of these restrictions on a sale, you won't have any damage, but you may not
have any loggers cutting your sales, either!

Strip Cut.

The next system, the strip selection or strip cut is also a method that
can be used in pole sized hardwoods. The design we have used is similar to a
wish bone pattern. (Fig. 2).

Figure 2.-- Strip Cut. J j
._

Spur Stri ,_

72' m

Diagonal Design Angle Design
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It was felt this system wou'Id best facilitate our loggers present degree

of mechanization. This is madu_ily felling followed by a cable skidding.
Harking considerations are based on the main strips being cut to a lO-foot

width and spaced approximately 72 feet apart. Spur strips are then marked

and set at a diagonal or angle to the main strip. The spur strips are 44

feet apart and are 30 feet long. Cutting width of the spur strip is approx-

imately 2-3 feet wide. This type of marking requires minimal skills as

trees are being marked strickly by a compass line. Spacing and width of
strips are dependant on final stocking levels desired and vary with indi-
vidual stands marked.

Silvicultural aspects on this type of cutting scheme are the poorest.

Trees marked are based strictly on your compass heading. There is no consid-
eration to any of the other factors I mentioned earlier in the marked selec-

tion to improve quality. However, this type of cut may have possibilities

if you are working within a low-site hardwood stand where quality is not

important, but are more concerned with fiber production. Damage potential

was the least in this design. It was limited mainly to the pivot trees

associated with the spur and main strips. Foresters marking productivity

in this type of marking system is approximately 2½ acres per hour.

Strip_ Harked Selection

The final cutting scheme is a strip, marked selection. (Fig. 3).

Figure 3.-- Strip, Marked Selection.

Q- X X X
-,--I X X X

X X
X X X

I
_ .... X X

72' x x x

Main Haul Roac

It is similar to the strip selection with the operation of the machinery being

limited to your main strip. Strips are put in 72 feet apart, but may vary with

the type of equipment used. A distance of 72 feet apart was chosen in our cuts

anticipating manual felling followed by cable skidding from the main strips.
After your main strips are layed out the forester selectively marks between

these strips. The foresters marking productivity in this type of marking scheme

is the fastest averaging 3.7 acres per hour. This is a good scheme to use in

conjunction with the private land owner. The owner can mark out the strips

with a compass while the forester selectively marks the stand within the interior.

Silviculturally this system is a good compromise. Access is provided into

the stand, and you also selectively mark and improve thequality within the strips.
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Damage associated with this system was variable, dependent on the type of
equipment used and the season it was logged. Here I would like to stress again

season. Even a good operatorwzth a small tracto_and jammer can do considerable
damage during your loose bark period.

I had the opportunity to see the Timco Feller Buncher followed with the
grapple skidder working in this particular cutting scheme. Identical stands
were cut but during different seasons, spring versus fail. The spring cut site
had moderate to heavy logging damage while the fail cut showed very little damage
and was confined mainly to your major pivoE trees. Because of this and other
spring cuts we have seen, we normally put on as a minimum a no skidding restric-
tion during May, June and July.

One additional point associated with both strip methods of cutting is the
road cost. It has not yet been discussed, but is a substantial cost when con-
sidering a highly mechanized logging system. When laying out the main haul road
systems for your strip method cuts we attempt to stay within a i/8 to i/3 mile
maximum skid.

CONCLUSIONS

There are three points I want to stress with you before leaving, l) Be
adaptable. Listen to the logger and the researchers. Take the best of both
and fuse their ideas together. 2) Minimize damage. Stem damage to our pole
stands today will be with us for the next 50 to lO0 years. 3) Develop a cut-
ting system on your forest that can be used with a variety of different pieces
of equipment. Very seldom does the forester knowbefore hand the exact piece
of machinery or operation that will be used in a particular stand.

The strip cut with the mark selection between has the potential of address-
ing these points. One can go in with a fully mechanized system (Feller Buncher
with Grapple Skidding) or with a small ma and pa operation. Both operations
will come out fairly good.
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SAWMILL INDUSTRY VIEWPOINT
.......v ___::

;_iR!ichard Connor, Jr. I

Abstract.--A number of concerns are listed in regard to hard-
wood i_hinning. They include a concern for the public agencies to
emphasize hardwood thinnings in their timber sales at the expense
of sawtimber stands, lack of markets for basswood, the abandonment
of railroad transportation, over-thinning, conventional skidding
versus the strip method, and the need to acquaint our elected
officials with the fact that the hardwood forest can support
increased harvests.

Since 1969, Pine River Lumber Company has purchased approximately 10,000
acres of northern hardwood timberland. These lands are basically pole stands.
Being close enouqh to the Wisconsin pulpwood market, we have been able to
operate them usinq the conventional small forwarder and pole skidder opera-
tions. We believe these lands are in qood shape, and we have marketed most
all the products that we would want to develop from them.

Goodman Forest Industries, which we took over from Louisiana-Pacific on
October i, 1983, is a veneer mill and a sawmill which operates a cutting
license on 70,000 acres of lands owned by Universal Oil Products, Inc. in
Florence and Marinette Counties. In the past, these lands have been logged
basically for the 6.2 million feet of sustained yield sawlog and veneer log
production that is available off that acreage.

Little attention has been qiwn to the tremendous pulpwood production.
We are starting this year to operate the pulpwood acreage, and with continued
improvement in pulpwood consumption, we will be able to develop this resource
and properly manage this heretofore idle pulpwood resource. At present, on
these lands, we are using conventional forwarder-type skidding equipment.
Universal Oil Products has allowed us to use John Deere and Gafner Iron Mule
forwarders in place of the old D-2 Caterpillars, which they favored for years.

I personally own approximately 3,000 acres of hardwood timber that are
being selectively cut using forwarder and pole skidder-type operations, so you
can see that I do have a commitment to the management of northern hardwood
forests.

I have some concerns in the thinning of our hardwood forests. My first
concern is the anxiety of our public agencies to thin hardwood pole stands now
that hardwood markets seem to be coming available. I caution them not to for-
get the sawmills that are dependent on log production off our Federal, State,

1president, Pine River Lumber Company, Long Lake, Wisconsin.
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and County forest lands. These mills need lO-_nch and larger sawtimber and
cannot operate on box bolt-type thinnings. Many of these mills do not have
timberlands of their own to fall back on. Mills like this include Steiger
Lumber Company at Bessemer, Michigan; Wenos Lumber Company at Iron River,
Michigan; and my own company, Pine River Lumber Company at Long Lake,
Wisconsin.

Point number two--we need new markets for basswood. Many of the pole
stands in my area contain as much as 50 percent of their volume in basswood.
The debarkinq problem prevents it from being used for waferboard production
where it would make an ideal raw material. It seems to me that we can fix the
satellite in space, but we cannot debark basswood. There is room for research
in that area.

Point three--transportation. We cannot continue to let our railroads
abandon right-of-way at will and place more burden on truck transport and our
already neqlected state highway systems in Wisconsin and in the Northern Pen-
insula of Michiqan. It is my belief that Michigan will be forced to adopt the
Federal standard of 80,000 pounds. Just think for a minute, if you will, the
added traffic that will put on our highway system.

Point four--I do not know how many of you are privileged to know Bob
Colby. Bob was a forester with Connor Forest Industries, and I think he
worked for the company about 35 or 40 years. Bob often mentioned that some of
the best pole stands he had ever seen had never seen a power saw. They have
been thinned by Mother Nature and have achieved the necessary height by reach-
ing for sunlight. We, in the sa_ill business, know that height is important
to the production of quality sawtimber, and I caution that thinning too early
can qive us diameter growth at the expense of height and epicormic branching.

Point five--I tend to favor conventional skidding in hardwood timber over
the strip method. Especially in my area, the high percentage of basswood cre-
ates a high volume of unsalable product.

Point six--I understand the Forest Service, in fiscal 1985, proposed fund-
inq that will support a cut of 11.2 billion feet. In talking with Jim Berlin,
the supervisor of the Nicolet National Forst, he felt it is time to acquaint
our elected officials with the fact that the hardwood forest in the Lake States
has the potential to support increased harvest opportunities.

Point seven--I believe in the intensive multiple use management of our
hardwood forests. I do not think we should thin these forests to the point of
conversion. I have seen too many good hardwood forests slashed and converted
to aspen and red pine, and I am certainly not in favor of that on our public
forests nor on our forest croplands in Wisconsin and Michigan.
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RESEARCH NEEDS FOR HARDWOODS IN THE LAKE STATES

D_vid F. Karnosky 1

Abstract.-- Significant progress has been made in the manag-
ement and utilization of hardwoods in the Lake States over the

past thirty years. However, there is much room to improve on

the current growth and use of hardwoods in the Great Lakes

Region. For example, the substantial hardwood resource in the

Upper Penninsula of Michigan is greatly underutilized. Add-

itional research accompanied by transfer of information to the

forest products industry is needed in order to more effectively
use our hardwood resource. Seven research priorities are pre-

sented in this paper.

I am a forest geneticist -- not a hardwood manager. However, in exa-

mining research prlortles at Michigan Technological University, I have had
the opportunity to discuss research needs for both conifers and hardwoods

with representatives from industry, university, and government in the Lake

States. Thus, it seems appropriate that I summarize some of what I perceive
as the most important research needs for hardwoods in the Lake States. To

put this paper in perspective, let me first say that this is an extremely

complex topic, because research needs vary from agency to agency and from
company to company within a given industry. It is a good one for a gene-

ticist to discuss as we are accustomed to dealing with variation. I will

present seven research areas, and I will outline some open questions for
each area.

First, there is much we still need to know about site evaluation. What

species and what stocking levels are optimum for a given site? Often times

in the Lake States, we are faced with mixed hardwood sites or hardwood/con-

ifer combinations which have been cut over once or twice. Thus, it is gen-

erally difficult to determine what are the best uses for those sites by

looking only at the existing trees. Coffman et al. (1983) have developed a
site evaluation system that is proving very useful in determining the best

uses of a given site but this system needs additional testing, especially

outside of the Upper Peninsula of Michigan.

In contrast to the opinions of some of the other speakers at this meet-

ing, I think we still do not know all we need to about all-age hardwood

management. For example, what are the best ways to move a stand to an all-
age system? What are the most cost effective ways of doing this, and what

are the best ways to maximize returns? How fast should we bring existing

unmanaged stands into the all-age management system? In my opinion, these

are still open questions. We have certainly gained a lot of experience over

theiast 30 to 40 years through the extensive efforts by Arbogast (1957),

Crow et ai.(1981), Erdmann (1983), Tubbs, (1977) and others, but there is

1 Professor, School of Forestry and Wood Products, Michigan Techno-

logical University, Houghton, Michigan, 49931.
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still considerable refining to be done.

The area of growth and yield modeling stillj_s an exciting area for

research, especially to include in-growth, mortality, and changes in log
quality in these models (Buchman and Shifley, 1983, Reed et al. 1985).
Growth models are also needed for mixed species forest stands so that

interspecific as well as Intraspeclfic competition is accounted for (Lynch
and Moses, 1983).

Michael Thompson of the Forestry Sciences Laboratory, North Central

Forest Experiment Station at Houghton, Michigan gave a very intriguing talk

on harvesting equipment and techniques at a recent Xi Sigma Pi Forestry

Symposium at Michigan Technological University. It was exciting to see some

of the new machines that are being developed used to harvest, delimb, and
process trees. It was pointed out, however, that we still do not have a

machine to delimb hardwoods. Such a machine could greatly improve logging

efficiency with small hardwood trees and so engineering research is warr-
anted here. Additional research and demonstration of the chunkwood produc-

tion system described by Arola et al. (1983) is neccesary to document the

great potential of this system for processing fuel wood from low quality

hardwoods or from hardwood thinnlngs or for producing materials for compo-
site wood products.

As Johann Bruhn, Carl Trettin, and others at this symposium have pointed

out, there is a need for additional study of ways to minimize damage to the

residual stand and also to the site with harvesting, skidding, bunching, and

loading equipment. Few thorough studies have been done to detail logging-

related damage to either the remaining trees or to the site. And even less

information is available on colonization of selectively-logged stands by

pathogenic fungi.

Perhaps the most important research area is in developing ways to in-

crease utilization of low-quallty hardwoods and hardwood residues. Develop-

ment of new composite wood products, finding ways to combine wood with

plastics, and exploring ways to decrease the weights of composite wood pro-

ducts are important research areas. One of the areas that is currently

being studied at Michigan Technological University's Institute of Wood Re-
search is a way to decrease needs for synthetic glues in composite wood pro-

ducts. Researchers are examining various microorganisms that can break down
bonds in wood and open up natural bonding sites. Methods for marketing our

Lake States hardwood products in and beyond our region are also needed.

Hardwood management has been shown to yield some favorable rates of

return on investment as has been shown by Jim Johnson at this meeting.

However, additional economic studies of this type must be done on more sites

in the Great Lakes region. McLintock (1979) also pointed out the need for

economic studies for hardwood management by small private land owners.
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_Y AND CONCLUSIONS

I have described seven research priorities for harwoods in the Lake

States. Five of the seven (site evaluation, growth and yield information,
economics, equipment for converting and preparing woods residue for use as

fuel, and increasing utilization of low quality hardwoods) were listed among
the highest research priorities for eastern hardwoods by the Hardwood

Research Council (McLintock, 1979).
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CONVERTINGTIMBER STAND IMPROVEMENTAREAS

TO COMMERCIALTHINNING IN THE NQ_HEASTERN AREA

Lloyd R. Casey1

Abstract.--Since 1979, fewer acres of timber stand improve-
ment have been completed. Better markets for fuelwood and chips
have enabled the thinning to be completed commercially. Problems
associated with completing the needed thinning include: local
restrictive cutting ordinances; limited markets in localized
areas; small size tract per average woodland owner; and lack of
available professional forestry advice. Solutions to these prob-
lems come from all foresters, both public and private, working
together as a team.

The 20 Northeastern States contain approximately 157 million acres of
commercial timberland. Of this figure, 35 percent or 55 million acres are in
the pole-size class. Although some of these stands have been thinned and
there are older stands that could be thinned, these 55 million acres provide a
good representation of the potential acres needing thinning (table 1) U.S.
Department of Agriculture, Forest Service 1978).

Table l.--Pole-size stands in the eastern U.S.

Mil I ion
Thousand cubi c Cubic

State acres feet feet/acre

Connect icut 600.1 1131.8 1,886.019
Del aware 83.3 214.4 2,573.830
II linois 944.7 1,700.5 1,800.042
I nd i ana 818.1 1,472.6 1,800.024
Iowa 356.6 641.9 I, 800.056
Massach uset t s 947.2 1729.2 1,825.591
Maryl and 665.5 1,171. I 1,759.730
Maine 5,339.6 12,193.8 2,283.654
Mi ch i gan 8,271.5 14,888.7 1,800.000
Mi nnesot a 8,032.6 14,458.7 1,800.002
Missouri 4,927.5 8,869.5 1,800.000
New Hampshire 1,555.6 3,338.3 2,145.989
New Jersey 388.1 687.7 1,771. 966
New York 4,375.3 6,531.9 1,492.903
Ohio 1,537.9 2,267.7 1,474.543
Pennsyl vani a 5,008. i 9,865.2 1,969.849
Rhode Island 133.0 199.2 1,497.744
Vermont 954.5 744.7 780. 199
West Virginia 3,959.6 5,466.3 1,380.518
Wisconsin 6,584.2 11,851.6 1__800.Q06

55,483.0 99,424.8 35,442.670

1Rural Forestry Assistance Specialist, Northeastern Area, State and Private
Forestry, USDA Forest Service, Broomall, Pennsylvania.
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Conservativelyspeaking,lahoutone-thirdof the stockingshouldbe removed
in order to bring these optimum growing conditions. This means
that there are presently33,] illion cubic feet or 414 million cords avail-
able for harvesting. This does not count those stands that shouldbe clearcut
for variousmanagementpurposes.

OPPORTUNITIES

Until recently, all markets for roundwood required clearcutting if the
timber was purchased. However, several changes have occurred in the market-
place.

New equipment has been developed that has made thinning existing stands
more profitable. Increasedmarkets for soft hardwood for the manufactureof
formulated board products have made thinning of hardwood stands more profit-
able. The increasesin the cost of fuel oil have broughton an unprecedented
demand for fuelwood.

Only six states in the area do not have sufficientdemand for fuelwood to
have a ready market for stumpage; i.e., Illinois, Indiana, Iowa, Missouri,
Ohio, and West Virginia. We have witnessedthe rise in the value of fuelwood
stumpage from nothing to $20.00 per cord in a matter of a few years. In 1979,
while employed with the Navy Department, I offered a fuelwood sale of over
100 cords of red maple. The offers varied from, "How much will you pay me to
clear the area?" to, "I'll take it off your hands at no charge." Today this
area in Massachusettsis buying fuelwood stumpage at $10.00 per cord. New
Jersey has seen stumpage prices rise to $30.00 per cord in some areas. The
States of New Jersey and Connecticuthave had to institutea lotterysystem in
order to allow residentsto purchasefuelwoodfrom the States'forest land.

In the last five years, timber stand improvement (T.S.I.) operations
supervised by State Forestry organizationson private land in the 20 North-
eastern States have dropped from 100,000 acres in 1979 to 67,000 acres in 1983
as shown in the followingtabulation.

Percent
Year Acres of 1979

1979 99,854
1980 101,225 102
1981 90,410 91
1982 78,507 79
1983 67,290 68

Most of this has come about becauseof the increaseduse of fuelwood.

As I see it, all this demand has been generatedbecause of the high cost
of energy. People have turned to wood as the main source of heat. Some areas
in New Englandreport that over 40 percentof the residentsuse wood as a pri-
mary source of heat.
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Even though the trucking industry has been de-regulated, transporting
lumber and other forest products from the West Coast has become a very expen _
sive business. Corporations are seeking manufacturing locations close to the
resource and near the market. Over 58 percent of the population of the United
States lives within the Northeastern Area.

All this activity has concerned many conservation organizations. One New
York government official has warned that the State of New York could be
stripped of its wood resource, while others are concerned that high quality
timber will be burned for fuel rather than being made into high quality fur-
niture and other products.

During a recent public hearing, a Sierra Club official requested an
expansion of the State's service forestry programs because so many people were
being persuaded to harvest their timber at low stumpage prices and then clear-
cutting these young stands.

The demand for forest products has been high enough to keep stumpage
prices stabilized throughout the recent recession, although over the 20-state
area they did not keep up with inflation.

PROBLEMS

With all these good markets, high prices, and adequate supply, why isn't
all the thinning being done? Loggers now have to contend with many new regu-
lations. Local cutting ordinances have effectively stopped many logging oper-
ations. The State Forestry organizations of Massachusetts, Connecticut, and
New Jersey have written model ordinances in order to be sure that owners can
manage their forests for timber products.

Localized market areas and small acreages are also problems in certain
localities. The average size ownership in the Northeastern Area varies from
10 acres in Connecticut to over 90 acres in Maine. Seventy-two percent of the
owners own less than 10 acres (Birch et al. 1982). Many owners have acreages
too small to manage economically, unless they join with neighbors in order to
have holdings of sufficient size. Some of these lands are managed only for
the owner's fuelwood.

Another problem that prevents the proper thinning of forest stands is the
lack of professional assistance. Of all the timber that is harvested within
the Northeastern Area, less than 11 percent of the owners have the assistance
of a forester of any kind. The State Forestry organizations service about
3 percent of these harvesters.

At the present time, there are approximately 300 State Service Foresters
(down from 495 in 1980) available for assistance to landowners, and there are
over 600 private consultant foresters assisting in this effort. This means
that there are less than 1,000 foresters for 157 million acres of forest or
one forester for every 157,000 acres. This does not take into consideration
the number of industrial foresters that are available because the figure is
not available. If we guessed that there were 500 industry foresters, the
forester to forestland ratio would be 1:112,142, which is unacceptable for

proper forest management.
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The last major reason that landowners do not thin their forests is that
they have a bias against cutting. Landowners' studies conducted by the North-
eastern Forest Experiment Station show that less than 50 percent of the owners
surveyed would be harvesting in the next I0 years. When queried as to the
main reason for owning timberland, aesthetics and wildlife were stated far
more often than timber production.

CONCLUSIONS

In summary, the markets for hardwood thinnings are available in many
areas. There are sufficient acreages of pole-size stands in need of thinning,
and prices have risen for fuelwood in many areas to encourage landowner par-
ticipation in more intensive forest management. Logging equipment has become
more sophisticated, and they can operate in the woods more efficiently and
economically than in the past. However, there is a need to determine the
proper mix of equipment for an efficient thinning operation.

However, there are many stumbling blocks in the way of getting the job
done. Local cutting ordinances are in need of monitoring and changing in
order to meet the needs of the landowners, loggers, and the township tax-
payers.

There are still areas that need markets. These states are also the same
states that have been blamed for acid rain production. If the coal burning
utilities would burn a coal-wood mixture, one benefit is a major reduction in
the sulfide emissions, and in turn, a market for the thinning material would
be available to the landowners.

The formation of forest management districts or landowner cooperatives
for the management of small parcels would bring more timberland under proper
forest management in economical units.

The last two problems may be the most difficult to overcome. But I
believe that the cooperation of all foresters, including industrial, govern-
ment, and private consultants, can solve the problems. More foresters are
needed in the field. I propose that the Federal government provide assistance
to new consultants coming into practice. State foresters provide those ser-
vices that cannot be financed from the proceeds, such as the development of
management plans and education of landowners and the general public as well.
The consultants in turn would follow the management plan as a referral. In
other words, there would be teams of foresters--the public foresters providing
umbrella services with specific on-the-ground work being done by the consul-
tant. With the increased activity within a community, I am sure that more

timber management will take place. I predict that, within a few years, corn-
mercial thinning will increase to the point of possibly eliminating TSI opera°-
tions as a major forest management practice. Thinning will no longer cost; it
will pay and, hopefully, be done on a large scale.
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TIMBER SUPPLY AND HARDWOODTHINNING OPPORTUNITIES ON MICHIGAN'S NONINDUSTRIAL
PRIVATE FORESTS

Eugene M. Carpenter_ 1/

Abstract.--Nonindustrial private forest landowners control 58
percent of the hardwood forest resource in Michigan and provide
70 percent of the annual removals of hardwood growing stock.
Though timber production is not an important objective for
NIPFL's, most of their timber will be available in the long run.
Whole-tree thinning may encourage these owners to harvest.
Thirty-one percent of the owners who said they never planned to
harvest indicated they would consider a whole-tree thinning.
Owners' attitudes towards timber harvest often change over time.

In the brief time I have, I'd like to talk about nonindustrial private
forest landowners (NIPFL) as timber suppliers; their control of the hardwood
forest resource in Michigan; how timber harvesting intentions and actions change;
and how this is influenced by tenure, size class of ownership, and residency.

First, I'd like to tell you where I think NIPFLs stand as timber suppliers,
and how thinning--especially a whole-tree improvement cut--could increase short
run timber supplies from these ownerships.

In a recent statewide study of nonindustrial private forest landowners in

Michigan, we asked owners if they intended to harvest timber in the next 5
years, 5 to lO years, sometime in the future, or never (table 1).

Table 1.--Estimated number of private owners and acres of commercial forest land
owned, according to time of future harvest, Michigan, 198_/

Private Owners Acres Owned

Time of Future
Harvest Number Percent Number Percent

In next 10 years 84,350 22 3,092,350 35

Sometime in future 101,550 26 3,224,550 37

Never 153,200 40 1,832,950 21

No answer 44,600 12 648,550 7

Tot al 384,700 100 8,798,400 i00

_a/ Includes all private owners of 1 to 9,999 acres of commercial forest land.
Excludes forest industry owners.

1_/Market Analyst, North Central Forest Experiment Station, USDA Forest Service,
Duluth, MN.
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Statewide, we estimated 48 percent of the owners plan to harvest sometime,
40 percent never intend to harvest, and 12 percent did not answer the question.
Forest land owned by these groups were 72 percent, 21 percent, and 7 percent,
respectively, of the commercial forest acreage owned by small nonindustrial pri-
vate forest landowners in Michigan.

Later, we asked owners if they would consider a whole tree thinning to
improve the growth and quality of the residual stand and possibly improve
wildlife habitat and woodlot appearance. We indicated this might be possible if
markets were available for small and low quality material such as fuelwood.
Thirty-nine percent of the owners holding 63 percent of the forest land said
they would be interested. Not quite as many were interested in thinning as in
harvesting.

But, let's look at the 21 percent of the owners who said they never intend
to harvest to find out how they felt about an improvement cut. They own over
1.8 million acres of commercial forest land. To begin with, 47 percent of these
owners (holding 42 percent of the 1.8 million acres) said they would not con-
sider an improvement cut (table 2). These owners represent 19 percent of all
owners and hold 9 percent of all forest land in Michigan.

Table 2.--Estimated number of private owners who never intend to harvest timber
and the acres of commercial forest lancithey own by their interest in
a Whole-tree thinning , Michigan, 1982/ .....

Private Owners Acres Owned

Interest in Whole

Tree Thinning Number Percent Number Percent

No 71,950 47 782,850 42

Yes 47,150 31 817,500 45

No answer 34,100 22 232,550 13

Total 153,200 100 1,832,900 100

a/ Includes all private owners of 1 to 9,999 acres of commercial forest land.
Excludes forest industry owners.

However, 31 percent of these owners holding over 817,500 acres--these are
owners who said they have no intention to harvest timber--said they would con-
sider a whole tree improvement thinning. I maintain that this indicates slash
or clearcutting are deterrents to harvest in the minds of some NIPF owners.

And, that, if needed, more fiber can be available from the NIPF source by using
whole-tree thinning.
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Tying this to the theme of the symposium--hardwood thinning--we find that
NIPFL's in Michigan:

Own 53 percent of the commercial forest acreage
Own 58 percent of the hardwood forest type
Own 55 percent of the hardwood poletimber acreage

Own 58 percent of the hardwood growing stock volume
Own 60 percent of the hardwood sawtimber volume

Generate 60 percent of the hardwood growing stock growth
Generate 60 percent of the hardwood sawtimber growth

Provide 70 percent of the removals of hardwood growing stock
Provide 76 percent of the removals of hardwood sawtimber

Cut only 54 percent of tiletotal growth of hardwood growing stock on their lands
annually

Cut 55 percent of total growth of hardwood sawtimber on NIPF lands annually

Thus, NIPFL's control a major share of the hardwood forest resource in
Michigan. And these statistics reinforce the position of NIPFL's as impor-
tant timber suppliers. Relative to their share of owning the hardwood resource
they are providing their share or more of the timber cut. Yet, they are
removing only slightly over half of their annual growth.

Bob Stone, in 1967, first realized the seeming inconsistency between case
studies showing that a significant proportion of nonindustrial forest landowners
would reserve their timber fr_n harvest and forest survey statistics showing
that NIPFL's provide a proportion of timber harvest consistent with their share
of timber volume and growth--and equal in proportion to other owner classes
(Stone 1970).

Now, for those who are concerned about nonresident owners as timber
suppliers, our study showed that 53 percent of these absentee owners holding 28
percent of the nonresident held forest land (or about 8 percent of all forest
land) said they had no intention to harvest timber (table 3). This compares to
38 percent of resident owners holding 18 percent of the resident held land
(about 11 percent of all forest land). Fifty-two percent of these nonresidents
witll no intention to harvest (holding 58 percent of the land) said tIleywould
think about an improvement cut. Nonresidents appeared to be somewhat more
receptive to whole tree thinning than residents.

Similarly, owners of half the land in the 1- to 49-acre size class, that
have no harvest plans, showed an interest, especially those who own larger
tracts in the class. Webster and Stoltenberg (1959) were among the first to
report that size class of ownership had a direct influence in predicting
response to forestry programs. We demonstrate somewhat the same thing here.
The average size of ownership is 36 acres for those with positive harvest plans,
32 acres for those with indefinite harvest plans and 12 acres for those who
never plan to harvest. The average ownership expressing an interest in an
improvement cut is 37 acres. The average size holding for owners who never plan
to harvest but would consider a whole-tree thinning is 18 acres and only 11
acres for those who would not.
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Table 3.--Estimated acres of commercial forest land owned by residents and non-
residents who never plan to harvest timber, by their interest in a
whole-tree thinning, Michigan, 19819_/

Acres Owned by Acres Owned by
Residents Non-residents

Harvest
Decision Number Percent Number Percent

Never plan to
harvest 947,100 18 693,650 28

Interest in whole

tree thinning

No 468,100 49 234,900 34

Yes 370,700 39 401,300 58

No answer 108,300 12 57,450 8

Total 947,100 100 693,650 100

a/ "Residents" live within 25 miles and "non-residents" live 50 miles or more
from their nearest forest tract. Owners with nearest tracts from 25 to 49
miles own 69,250 acres and are omitted here.

Consequently, if one feels more fiber may be needed, whole-tree improvement
thinning may be the key that unlocks the door to nonresident and smaller sized
ownerships. Because immediate returns to the landowner may not cover costs of
thinning, consideration should be given to promoting improved wildlife habitat,
improved appearance of the woodlot, improved quality, value, and growth of the
residual stand.

Now, we've been talking about the short run. And there are those who are
fed up to here with statistics relating intentions, attitudes, and charac-
teristics of NIPF owners. We characterize these owners as being completely
disinterested in timber production as an objective for owning forest land. And
that's what they tell us for the most part. But, we should recognize that they
have been holding their own as timber suppliers.

And one possible reason is highlighted in a recent study of N!PF landowners
in the Upper Peninsula that included an analysis of change during three time
periods (Quinney 1960, Stone 1970, Carpenter, in preparation). We found that
the proportion of owners holding a particular intention does not change much.
But for a particular ownership (piece of forest land) intentions held by the
current owner often have changed--mostly because different owners have different
intentions and partly because the same owners change their minds.
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In comparing ownership information beginning with a base forest acreage of
about 20,300 acres in 1960, we found that 46 percent of the owners of forest
land from the original 1960 base were different in 1967. Fifty-five percent of
the owners of the 1967 base were different in 1979. And 72 percent of the
owners in 1979 were different than those in 1960o (To be an "owner" in 1967 and
1979 each had to own at least a piece of the original 1969 forest acreage).

However, some stability is apparent. From 1960 to 1979, 28 percent of the
original ownerships were still held by one original owner, though the forest
acreage reported may have changed. About half the owners had within a few acres
of the same amount as in 1960, one-quarter had more, and one-quarter had less.
(These original ownerships amount to 21 percent of all 1979 ownerships).

Furthermore, from 1960 to 1979, an additional 38 percent of the original
owners stil] own at least a part of the original 1960 forest land. (These ori-
ginal owners amount to 28 percent of all the 1979 owners).

What we have seen, however, is a tremendous change in owners and it is not

surprising that this impacts on attitudes, intentions, and actions.

In documenting changing attitudes toward timber harvest we found that
thirty-five percent of the responding resident owners had a change in attitude
from 1967 to 1979.

--43 percent changed to positive and half of these were different resident
owners of property formerly held by a resident

--57 percent of the residents changed to a negative attitude and 63 percent were
different resident owners.

Forty-five percent of the responding nonresident owners had a change in
attitude from 1967 to 1979.

--60 percent of the shift was to a positive intent to harvest. This was
evenly divided between different nonresident owners of property formerly
held by a nonresident and different nonresident owners of property
formerly owned by a resident. This is an indication that when resident-
held property shifts to a nonresident status, the timber may still be
availab]e for harvest.

Attitudes and intentions are one thing, positive actions are something
else. We found that eleven ownerships whose owners said harvesting was
definitely incompatible with other objectives in 1967 had harvested timber by
1979. Two were the same owners, the rest were different, Five said they cut
because they needed the money. In addition, three inactive ownerships
(unsettled estates), whose owners indicated their timber was unavailable in
1967, had different owners in 1979 who had harvested. Quite obviously from this
sample different owners are important as timber harveting prospects and perhaps
in making timber available for harvest.

In analyzing the period between 1960 and 1967, Stone also reported that a
significant proportion of owners who had no commercial timber objectives in 1960
subsequently had timber sales by 1967. The proportion increased as size of
ownership increased.
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Turner, Finley, and Kingsley (1977) found a similar situation in Delaware--
that there was considerable change in attitude or action after only four years.
They concluded that owners of small tracts--often too small for practical
harvesting--are tile ones who consistently oppose harvesting and they control a
relatively small proportion of the State's timber.

We conclude, as did Stone in 1970, that most timber on NIPF owernships will
likely be available in the long run. Certainly all indications are that whole
tree thinning could assure this availability and provide increased growth,
quality, and value of the hardwood forest resource as well.

We feel that the results of these studies have important implications for
timber supply in the Lake States if not for the Nation. Certainly, when an
assessment for industrial development projects include an estimate of timber
available from NIPF ownerships, the amount available may be much larger,
especially in the long run, than previously thought.

REFERENCES

Carpenter, Eugene M. The dynamics of forest ownership change and the consequences
for timber supply on nonindustrial private lands. Res. Pap. St. Paul,
MN: U.S. Department of Agriculture, Forest Service, North Central Forest
Experiment Station; (In preparation).

Carpenter, Eugene M. The private forest land owners of Michigan. Res. Pap. St.
Paul, MN: U.S. Department of Agriculture, Forest Service, North Central Forest
Experiment Station; (In preparation).

Quinney, Dean N. Small private landowners in Michigan's Upper Peninsula. Sta.
Pap. St. Paul, MN: U.S. Department of Agriculture, Forest Service, North
Central Forest Experiment Station; 1962. 20 p.

Stone, Robert N. A comparison of woodland owner intent with woodland practice
in Michigan's Upper Peninsula. St. Paul, MN: University of Minnesota; 1970.
115 p. PhD thesis.

Turner, Brian J.; Finley, James C.; Kingsley, Neal P. How reliable are
woodland owners intentions? Journal of Forestry. 75(8): 498-499; 1977.

Webster, H.H., Stoltenberg, C.H. What ownership characteristics are useful in
predicting response to forestry programs? Land Economics. 35(3): 292-295;
1959.

148



SUMMARY OF HARDWOOD THINNING SYMPOSIUM

Craig Locey I/

We have seen examples of what Hank Webster discussed in terms of in-

creased attention on hardwoods in the Lake States, so it is more than fantasiz-

ing. We are beginning to see some of these things take place.

The overview we had on some of the pros and cons of silviculture and the

comparison of even-age and all-age management, the importance of residual

stand density in maintaining quality, and some of the thinning systems a_reall
viable options. We can all relate to our own individual experiences and see

where they are beginning to pay off. The fascinating part is that we now are

beginning to see economic opportunities to accomplish cultural activities that
we all knew should be done, but were economically very difficult to accomplish

in the past. To me, it is seeing the light at the end of the tunnel; I be-

lieve we are on the threshold of some dramatic changes.

In relation to the discussions we had on damage to residual stands, I

have concerns. When we are trying to assess the damage from mechanized pro-

cesses, I would like to put more emphasis on Alex Shigo's work and see if it

is feasible or practical to be able to tolerate a slightly higher percentage

of damage of small-diameter stems. Shigo, through his work on compartmental-

ization of decay and damage to larger diameter stems, really focused on the

high economic impact this potential damage may have on the stand. This may be

a subject area that needs much more attention.

Relating to Carl Trettin's presentation on soil compaction, it made me

question somewhat some of the recommendations we have talked about. One was

to encourage skidding operations to spread out over the entire sale area and
not concentrate in skid trails. The reason for that was to increase scarifi-

cation, but with the dramatic impact on soil compaction and its slow recovery

rate, I question if that is a wise decision. It is something we must think
about.

I appreciate Dick Bierlich's industrial perspective. I work for a public

agency, and I am envious of a person who can follow the entire process through

from beginning to end and have "total control." That is a real opportunity!

Regarding the economics of early thinning, I will have to admit that I am
somewhat skeptical. We have heard profitable statements come from many dif-

ferent directions, so I am inclined to think that Gerald Thiede's opinion is

right regarding early thinning as a good investment.

I have a low budget woodworking hobby at home. I didn't realize it, but
after listening to Ed Kallio, I found that I have been using the "System 6

process" for quite a few years!

1/Timber Management Specialist, Wisconsin Department of Natural Resources,
Tomahawk, Wisconsin.
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I appreciate all of the viewpoints of the members of the panel on forest

management perspectives. It is interesting to compare these and the problems

that are unique to each viewpoint. We are involved in managing public land in

terms of multiple use and integrated resource management, and we share Myron
Smith's concern. In reality, we should apply the same logic to private owner-

ship. We have just heard about the high percentage of our hardwoods that are

in small private ownership and as professional foresters, I believe we can

increase management on these lands through intelligent integrated resource

management. Many small landowners place more value on wildlife habitat, re-

creation, etc., than timber production. It is our responsibility to show how

silvicultural practices can be the tool to accomplish their goal. Plant suc-
cession continues in these stands, and if they aren't managed, they may suc-

cession into a habitat stage that may not provide the landowner's management

objective. It is a sales program on our part.

Jim Halvorson mentioned some things on contract specifications. That is

another basic criteria to accomplish desired objectives.

To get back to Dick Bierlich, you could see there is very tight sales
administration on their company lands.

With reference to Lloyd Casey and the fuelwood situation alone, that was

the beginning of quite a dramatic change in making TSI operations economical.

It will allow us to accomplish activities that were economically impractical

in the past. We have a State Forest just a few miles west of Milwaukee. In-

tense competition for fuelwood in such areas has generated unusually high

fuelwood prices.

From the size of the turnout for this program and the fact that attend-

ance and attention has remained high right through the last session, I think

we can conclude that it has been a timely and well presented agenda.

CTL :nll
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SESSION IV o DISCUSSION

QI_ I believe Jim Halvorson brought up a question for Jerry Thiede when he
talked about the very labor intensive nature of TSI marking. Jim indi-
cated that a forester can mark an acre to an acre-and-a-half per hour or
10 acres per day. If manpower is all benefits and transportation is
worth $200 a day, you are looking at a cost of $20 an acre. Thinking
back to what Jerry said about the State being a no-cost effort now on
TSI, I wonder if that included roughly $20 an acre just to mark the stand,
much less to have it cut? Would someone on the panel wish to comment on
this--Jim Halvorson or anybody that might speak for the State of Michigan?

(Moderator Gaffney) The question refers to an earlier speaker who indi-
cated that the cost of marking is approximately $20 an acre, and he is
asking the panel for comments on it. Jim, would you have any idea of
what your cost per acre is on marking?

AI_ (Halvorso_) The cost is actually paid by the taxpayers; it is not passed
on to the private landowner or to the County forests, per se. I really
do not know. Twenty dollars per acre, that's what you're saying, right?

(Locke) You followed my example, didn't you? If you can mark only 10
acres in a TSl-type marking in a day, then personnel time, whether it is
$150 or $200, will amount to $15 to $20 per acre for marking. I am assum-
ing it costs about $20 an acre to do the cutting. I do not think it is
exactly a no-cost deal. I do not know if Jerry Thiede is still here to
defend himself on that subject. But to me it is not a no-cost deal.
There are tremendous costs just in marking.

Q2. Jim, you had some forester productivity data, didn't you, in your earlier
trials of marking hardwood thinning sales?

A2. (Halvorson) Those are the figures I quoted. For marked selection, it
came out to about an acre or an acre-and-a-half per hour that could be
marked. For the strip selection or the strip cut, that came to about
2-1/2 acres per hour--again, based on six to seven cords to the acre.
The marked selection between the strips was the most productive from a
forestry standpoint; one forester could mark about 3-1/2 to 4 acres per
hour. There is a cost there, but I do not really know how to answer your
question. We do not figure it in.

(Moderator Gaffney) Jerry Thiede _s not here to defend the statistics, so
we cannot sufficiently answer that question.

Q3. Most of us are familiar with the work that Dr. Shigo did, which indicated
that a good share of our defect, degrade, and discoloration in hardwoods
comes from an injury to the tree. A good share of the injury on these
trees is from logging. We have been talking in terms of anywhere from 7,
10, or 12 years as a cutting cycle. Why don't we lengthen the cutting
cycle? We know how far down in basal area we can go and still maintain
quality in the stems. If we can lengthen our cutting cycle to 15 years
and assume 90 years as the rotation age of the tree, we would decrease
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the number of times we enter that stand by about 33 percent. In addition
to saving time for marking and preparing the sales, we could cut out a
little more basal area and give more room for skidding and therefore
cause less damage.

(Moderator Gaffney) Would anyone care to comment on the feasibility of
reducing defects by lengthening the cutting cycle?

A3. (Halvorson) That is a very good point. I agree with you 100 percent.
Normally, foresters mark too light rather than too heavy. It is some-
thing to consider.

(Moderator Gaffney) Any other comments? I believe marking is most often
governed by the growth rate, and much of the work that I have done in the
past has shown that 15 to 20 years will give sufficient growth to be able
to continue the cutting cycle. It varies by area, the stocking there is
to work with, and the economics of the time.

Q4. Mr. Carpenter, has any research been done to determine how much of the
wood coming from these private lands is from lands that are being mined
rather than managed?

A4. (Carpenter) No, I am sorry, we do not. The study that we did, which is
tied in with the statewide forest survey on a plot basis, does not give
us those answers. One would guess, though, that if they are cutting--if
their tendency is to maintain a low volume of material or a low timber
capital because of their high time preference for money®-that some of
this could occur, but I do not know how much.

Q5. A question to Mr. Connor. I do not know how much basswood you have in
that part of the State, but you indicate a considerable amount. I do not
know if anybody has ever tried this before, but it is a thought. Bass-
wood holds its taper very wel] and dries out probably light. If treated,
could it possibly be used for cabin logs?

A5. (Connor) I cannot answer that question. I do not think that it would
make a good cabin log, although I think we have to try to find some way
to get the bark off in the woods. What you are suggesting is that we
take it off in the woods in some way. We do not seem to be able to get
it off at the plant. Either it comes off in one big piece which plugs
all our conveyors, or if it does come off in small pieces, it threads up
in the conveyor or the debarking heads. We recently had a situation at
Goodman where we finally had to discontinue debarking the basswood saw-
logs. It just throttled the debarker head down to the point where it
could not operate. So what you suggest may be feasible--some method to
get the bark off in the woods.

(Halvorson) In answering that qu_estion, it is not rumor that there is a
very good possibility that basswood can be cut into cants and used as
landscape timber. I believe there is a fellow who has done research on
this. I cannot remember where he is located. In fact, he has approached
our County and questioned what our supply could possibly be.
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