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SUMMARY

Thistechnical paper describes the analysesthat were performed to addressthe
guestion of the sustainability of various harvest levels over a50-year planning
horizon. Thefocusison forest productivity and the resource base with special
emphasisplaced ontimber supply. Environmental impactsof timber harvesting
and forest management on soils, water quality, wildlife, recreation, etc. are
addressed in other technical papers.

State-of-the-art planning models were used to develop schedules of forest
management activitiesincluding harvesting, regeneration, and thinning for three
different harvesting scenarios. The model scheduled these forest management
activities by individual Forest Inventory and Analysis (FIA) plots over time.
It wasthis schedul e that formed the basis for detailed impact analyses of forest
harvest activities on various timber and nontimber resources. To augment the
understanding of the sustainability analysis, the structure and extent of the
forest resource base was also examined. The results are presented here as a
preface to the modelling and analysis effort.

Many factors influence how much wood is actually harvested from the forests
of Minnesota at a certain point of time. The general level of harvesting is
dictated by long-term economic conditions, legal restrictions, and biological
and physical possibilities. Y early fluctuationsare moredependent on economic
factors like stumpage prices, taxation burdens/incentives, and economics of
other land uses.

Theeconomicfactorshaveaparticular influenceon nonindustrial privateforest
(NIPF) owners. In Minnesota, NIPF ownersareavery important factor, asthey
hold 41 percent of the commercial forests and contribute approximately 37
percent of the annual harvest.

For the medium- and long-term it is important that the harvest level does not
deviate too much from the allowable cut, this being the harvest level that the
forests will be able to sustain long-term without jeopardizing the forest
resource. The determination of the allowable cut is based on the size,
composition and growth of the forest resource, and the principles for its
management. Therefore, the allowable cut isadynamic concept which evolves
over time as the size, composition, growth, and management of the forest
resource changes.

The Final Scoping Decision (FSD) specified study of three harvesting
scenarios. The base scenario reflects current timber consumption levels by
Minnesota's forest industry (4 million cords annually). The medium scenario
reflects the demand of the forest industry after several of the plants now under
construction or in the design or concept stage go on line (4.9 million
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cords annually). The high scenario suggests an upper bound on biologically
sustainable yields (7 million cords annually).

When the harvest levels under the three scenarios were met, they had distinct
implications for the cost of producing timber, on the impacts associated with
theseharvest levels, and thefuture sustainability of these harvest level spast the
50-year planning horizon.

Harvesting at almost any level brings both human-induced and natural changes
that impact the characteristics and condition of the forest, often for decades.
The nature and severity of the impacts is documented here in terms of gross
physical characteristics such as forest stand age class and species structure,
spatial patterns and timber yields. Regarding specific impacts, two sets of
model runs were developed. The first was unconstrained in the sense that all
timberland in Minnesota (14,773,000 acres) was assumed availablefor harvest.
The remaining two classes of forest land that were not available for harvest
werereserved forest (1,113,100 acres) and unproductiveforest (828,300 acres).
This first set of runs illustrated the potential forest growth and yield under
existing levels of management. The second set of runs was constrained to
approximate actual timberland availability (for harvesting) by ownership,
anticipated changesinforest area, variousexisting and prospective policiesand
procedures of the major forest land managers and mitigation strategies
developed in the course of the study. As examples, existing and prospective
policies included alowance for old growth and implementation of best
management practices(BMPs). Mitigation strategiesincluded extended buffers
for wildlife that restricted clearcutting in certain riparian areas. The results of
the two sets of runs were then used to assess the severity of impacts and to
develop recommendations for preferred mitigation strategies.

First Model Runsand Analysis

Results for the first model runs indicated that the overall study approach was
feasible and produced realistic depictions of possible scenarios. The scenarios
were developed using the FIA data and a combination of modelling tools.
Specific results were:

1 Based on assumptions including minimal constraints on harvesting
practices, all three levels of harvesting are feasible over the planning
period and beyond. However, this conclusion does not incorporate all
of the biological/ecological concerns dealt with in the second runs, or
management intensification that could increase yields.

2. Achieving these harvest levels clearly impacts alarge number of acres
acrossall ecoregions. Theareaof timberland projected to be harvested
one or more times during the 50-year study period varies from
approximately 8.8 million acresin the base scenario, 10.2 million for
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the medium, and 12.9 million in the high scenario. Adding the
reserved and unproductive acreage to the timberland never cut also
suggests considerable acreage is not disturbed by harvesting over the
50-year study period, notably 7.9, 6.5 and 3.8 million acres for the
base, medium and high scenarios, respectively.

The greatest harvesting pressure will occur in the early part of the next
century. Thenumber of standsharvested will diminishtowardstheend
of the planning period, reflecting assumed current management and
harvesting of regenerated stands with improved stocking.

Stumpage prices for products are dependent on location and harvest
levels.

The aspen covertype will experience the heaviest level of cutting and
is projected to account for between 40 percent (high scenario) and 60
percent (base scenario) of the total area harvested.

The average age of aspen stands harvested in the northern region of the
state drops significantly during the study period for all three scenarios
as the minimum rotation age (40 years) is gradually implemented.

Harvesting modelled in the southern region of the state for the high
scenario would affect most (all but 11,000 acres) of the oak-hickory
stands on timberland in that region. The base scenario envisions
217,000 acres left uncut. The high demand scenario would likely not
be sustainable in these covertypesin thisregion in the long-term.

A high proportion of the modelled increases in demand are projected
to come from private property, particularly the medium and high
scenarios in the northern region of the state.

The spruce and balsam fir covertypes would be subjected to much
higher levels of harvesting under the high scenario compared to the
base scenario.

10. The high demand scenario harvest levels for some of the covertypes, e.g.,
black spruce, jack pine, balsam fir, tamarack, and the northern hardwoods,
led to age-class distributions indicating these high harvesting levels could
not be sustained in the long-term, based on current levels of management.

11. Analysis of harvest volumes by owner and period for the three scenarios
indicate that private ownerships will have to play an increasing role in
supplying timber for harvest. Therole of these ownershipswill increase as
the level of demand increases. These ownerships would aso have the
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12.

13.

14.

15.

16.

greatest opportunity to intensify management to mitigate timber supply
shortfalls el sawhere.

The aspen covertype plays an important role in all demand scenarios.
Other covertypes such asthe northern hardwoods and other softwoods also
play an increasing role in the medium and high scenarios. Proportionally
greater increases in the harvest from covertypes other than aspen will be
needed to meet the higher demand scenarios. Development of facilities
which can process speciesthat are currently unmerchantable will increase
the level of utilization in mixed species stands. This will aso augment
supplies of aspen and other species by making logging of mixed species
stands commercialy viable.

Overall, tree species composition on timberlandsis moderately affected by
these harvesting scenarios. This assumes most of the impact is due to
changing age class distributions and not a reduction or elimination of
covertypes. Individual covertypes can vary considerably in age related
species composition, but the overall impact isreduced because of the high
proportion of mixed species stands, i.e., most stands contain a number of
tree species.

Covertype change trends are still strongly affected by the species and age
class structure resulting from the logging and land clearing of the late
1800s and the early part of this century. In general, harvesting favors
retention of pioneer species while long rotations favor more tolerant
species. Thelong-term trends seem to show adeclinein aspen acreage and
an increase in maple-basswood. Lowland conifers in general appear to
maintain their acreage. Perhaps most significant is that management or
lack of it will largely determine future covertype acreage and age class
structure of theforest. Many other characteristicsor benefitsof forestswill
then follow from that.

Reserved and unproductive forest, though not subjected to harvesting, also
changed substantially through stand aging processes. In particular, these
areaswill be subject to successional processesthat will likely diminish the
extent of pine and other early successional stage covertypes.

External to theactual modelling process, areview of trendsled to estimates
that forest and timberland areawill likely shrink in the north and expandin
central and southern Minnesota over the period 1990-2040. However,
constraints on harvesting (described in the second runs) will likely further
reduce the avail ability of timberland in the north and reduce the impact of
any expanded forest area in the south.

Second Model Runsand Analysis
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Analysis of the results of the first runs led to modelling refinements and the
incorporation of ownership constraintsand possiblemitigations. Consequently,
the second runs represent a more detailed and realistic look at the specified
harvest levels and how they might be achieved, given various mitigations.

Among the existing and prospective agency policies and procedures and
mitigations, accepted and/or modified by the Advisory Committee, those that
were amenable to implementation in the second runs were:

* extended rotation forests (ERF), i.e., lengthened (usually by 50 percent)
minimum rotation ages for approximately 20 percent of the timberland on
state and USDA Forest Service ownerships;

* greater use of uneven-aged management (approximated by thinning
practices);

» designation and reservation of old growth and acreage that might replace
that;

*  BMPs, i.e, thinning or ERF within 100 feet of water; and

* wildlife buffers (thinning only within 200 feet of water) on the national
forests and in the southeastern part of the state.

In addition, estimates of the actual availability of timberlands for harvest or
management, developed separately by ownership, were used to set aside a
portion of thetimberland as not availablefor various economic, environmental
and social concerns. Table .1 summarizes this acreage.

Table 1.1. Approximate second run acreage availability by use and treatment category for
timberland, statewide, 1990.

Use and treatment category Acres Percent

1. Normal harvest 11,289,200 76.4
2. BMP and wildlife buffers 742,900 5.0
3. Extended rotation forest 899,400 6.1
4. Old growth and replacement 57,500 0.4
5. Not available 1,784,400 12.1
Total 1to 3 (available) 12,931,500 87.5
Total 4to 5 (not available) 1,841,900 12.5
Total 14,773,400 100
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Other model changes for the second runs included refinement of the
silvicultural decision trees used in the first runsto lengthen minimum rotation
ages from 40 to 50 or more years. The exceptions were for aspen and balsam
poplar, where minimum rotation ages were retained at 40 years. Thinning
optionswere also refined, notably to reflect desired practice within buffersand
for approximating and encouraging uneven-aged management.

Forest and timberland area change from 1990 to 2040 was also implemented
gradually throughout the 50-year period using estimates of annual changerates.
Changesin forest areawere assumed to occur on nonindustrial private landsin
the northern part of the state with equal percentage changes applied across all
forest types. For the southern part of the state, changes were assumed to occur
equally across al ownerships. The area change translated into a 873,125 acre
decrease in timberland in the two northern FIA units and a 979,174 acre
increase in the southern two FIA units by the year 2040. While the net change
is small, these changes clearly impact results by FIA unit and ecoregion and
need to be considered in the interpretion of harvest scenario results.

Covertype areas were further subjected to change occurring at the time of
harvest and | ater viastand dynamicsor succession. Changeoccurring at harvest
was developed from (1) decision trees for planting and (2) covertype change
determined from natural regeneration patterns. Subsequent to harvest, the
individual tree based growth model projections were evaluated by a covertype
determination algorithm at the end of each ten-year projection period. This
evaluation allowed for estimating covertype change dueto stand dynamicsand
successional processes. Thiswasamajor differencein procedurefromthefirst
model runs where essentially all cover types that were naturally regenerated
were assumed to remain in that covertype.

Sincethefirst runs, the USDA Forest Service FIA project hasdevel oped factors
to adjust thetree growth and mortality in the growth model used. Thesefactors
wereimplemented in the second runsto improve predictions. 1n most casesthe
adjustment factors served to reduce estimates of forest growth.

Harvests from national forests were also constrained to the allowable sale
guantities in their respective forest plans with the exception of the high
scenario.

Timber product values and consumption by various marketswere al so updated
as new information became available.

The various model changes do confound comparisons with the first runs as
differences are due both to the addition of mitigative constraints and model
changesin the revised runs.

Impacts of Constraints and Mitigations on Results

With al the ownership constraints, mitigative measures and model changes

Vi
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incorporated in the second runs, the base scenario was at first found to be
infeasible as the aspen consumption level could not be met when using even
unrealistically high aspen shadow prices. Shadow prices are equivalent to the
marginal costs of producing an addition unit of the associated product. Major
reasons for the infeasibility were (1) the substantial shift of acres into
categoriesconsidered unavailablefor harvest or requiringlong rotation lengths,
(2) reduced forest growth estimates, and (3) reductionsof timberland areainthe
north. Further review al so suggested that contributing factorswere (1) the short
planning period and (2) the existing age-class imbalance of the forest.

Adjustments to achieve feasibility involved lengthening the planning horizon
to sixty years, but that in itself did not overcomethe infeasibility problems. In
order to finally overcome this problem it was necessary to lower the aspen
harvest target levels. This meant that some of the aspen demand would need
to shift to other species in future periods of the planning horizon. It islikely
that decreasing aspen suppliesalong with associated increasesin pricesrelative
to other species will stimulate a substantial shift in demand to those other
species. Predicting the extent of the shift, however, isfraught with uncertainty.
To move forward, it was assumed that the shift in the projected aspen
consumptionwould beto hardwoods, asthelatter exhibited thelowest marginal
costs of production for the first model runs. For the medium scenario, it was
found that harvest levels could be achieved if 10 percent of the aspen harvest
level was shifted to northern hardwoods by the year 2000 with an additional
shiftinyear 2010 for atotal shift of 25 percent. For the base scenario, the same
25 percent shift was assumed even though it was clear that feasible schedules
could be developed with somewhat smaller shifts. Final marginal cost
estimates for the base and medium scenarios served to guide the development
of targetsfor the high scenario. Given these assumptions, specific second run
findings were:

1 Under the base scenario therising and higher marginal costsfor aspen
confirm concernsfor thefuture supply of aspen. Marginal costsfor the
pine group under the base scenario actually drop substantially over the
planning horizon. Thisdropislikely dueto past red pine reforestation
efforts, asmany plantationswill reach harvestable agein later periods
of the planning horizon. However, the short planning horizon as
compared to typical rotation lengths for red and white pine does not
fully address pine reforestation needs to meet potential harvest level
targets for periods beyond 2040. Margina costs for northern
hardwoods remain low over time, as compared to all other species
groups.

Vii
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Under the medium scenario, marginal cost estimates again suggest that
aspen isthe speciesin shortest relative supply. Marginal costsriseto
over $80 per cord delivered for aspen while those for northern
hardwoods remain relatively low. Marginal costsfor spruce-fir under
themedium scenario rise steadily and approach $80 per cord by theend
of the planning horizon. Aswith the base scenario, marginal costsfor
pine decline.

For thehigh scenario, marginal cost estimatesincreasesubstantially for
al species. The marginal cost of producing hardwoods also rises
substantially above the marginal cost of other species by the end of the
planning horizon. Thissuggeststhat in achieving aseven million cord
harvest level, the harvest for northern hardwoodswas set too high. The
high marginal costsfor all species by the end of the planning horizon
also suggests that these harvest levels could not be maintained over a
longer time horizon. Maintaining them would require either reducing
the constraints and mitigations imposed or implementing intensive
forest management options not considered in these runs on a large-
scale.

Marginal cost estimates for pine changed relatively little between the
base and medium scenario. Substantially higher costs for the highest
scenario reflected the much higher harvest targets for pine under that
scenario. Marginal costsfor spruce-fir changed substantially between
the base and medium scenario, suggesting that a large spruce-fir
harvest level increase would have a large impact on the future
production cost and price for spruce-fir.

Constraintstoimplement theall owabl e sal equantitiesfor each national
forest carried amarginal cost estimate that measures the cost savings
that could be achieved if an additional cord could be harvested from
national forest timberland. Marginal cost estimateswerenot devel oped
for the high scenario, as constraints defining allowabl e sale quantities
were not imposed with that scenario. Considering the potential of
national forest timberlands, it is apparent that both national forests
could produce substantially more timber than is reflected in their
allowable sale quantities. Model runs for the high scenario suggested
that harvest level targetscould not be met without additional harvesting
on the national forests.

The southern region of the state showed marginal costsfor red oak are
higher and tend to rise fast over time for scenarioswith higher red oak
harvest levels. A relatively constant and low marginal cost for the
"other wood" group for al three scenarios suggests that the harvest
level targets for this group could have been raised more for the high

viii
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scenario. However, thisregion contains arelatively small component
of the statewide timber supply and could not support alarge increase.

7. The breakdown of harvest volumes by product category showed some
changes in utilization. Under the base scenario, only aspen shows a
largereductioninthe quantity of sawlogsproduced over time, dropping
from over 1 million cords per year in period 1 to approximately
475,000 cords in period 4. This reduction is due to a change in age
classand associated size of avail abletimber asthe scenario progresses.
Similar drops occurred for the medium and high scenarios. However,
even with the drop, production of aspen sawlog size material is still
substantially above the estimate of 210,000 cords for current annual
consumption of aspen sawlogs by sawmills. Under all three scenarios,
pine sawlog production is above current pine sawlog consumption by
sawmills. The highest scenario assumed more than a doubling of the
pine sawlog consumption level over the medium scenario, as this
product group appeared to have the potential for alarge increase.

8. Results for the southern region of the state suggest a broad mix of
specieswill continueto be harvested with anincreasein the production
of aspen and maple-basswood over time.

9. Changes in results for the second runs are not surprising. The forest
area in the southern part of the state expanded and that in the north
declined. Both of these changeswere substantial. Additionally, several
constraints reduced the proportion of forest area available for harvest
overall, especially on public lands. The growth model adjustment
further reduced estimated yields and the ERF options slowed
realization of some of those yields. Prices thus rose, making
management investments more attractive and probably increasing the
harvest on private lands. Likewise, areas with harvesting constraints
tend to reduce the long-term sustained yield. I1nterms of the resource,
there is a dlight buildup in the acreage of older age classes and
associated values. Intotal, these changeswill likely reduce the timber
yield unless counteracted by investments in management that do not
conflict with mitigations for other purposes. In reviewing the results,
it is important to remember that these results are not a plan, but a
refinement of the first run assessments.

10. Harvest acreagesfor the second runsaresummarizedintablel.2. Theacres
cut category includes those acres clearcut once, acres clearcut twice, acres
thinned but never clearcut, and acres thinned and clearcut. Compared to
thefirst model runs, the second runs reduced the overall acreage subject to
harvesting over the 50-year planning horizon by harvesting some acres



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical

Paper

more frequently. This reduction in acreage subject to harvesting uses a
result of increased management constraints.

Tablel.2. Origina acres cut one or more times and never cut in the second runs, 1990-2040.

Second model runs

Forest land use and harvest status Total (acres)
Total forest land acres 16,714,800
Reserved/unproductive 1,941,400
Timberland 14,773,400
Base Scenario
Acres never cut 7,600,000
Acres cut 7,173,400
Medium Scenario
Acres never cut 6,156,400
Acres cut 8,617,000
High Scenario
Acres never cut 4,308,200
Acres cut 10,465,200

11.

12.

13.

Revised long-term sustained yield analyses were performed in much the
same manner as the earlier long-term sustained yield analyses. However,
the revised analyses are based on the updated growth model and take into
account ownership constraints, mitigative strategies and the results of the
revised timber harvest scheduling runs. The ending inventory from the
scheduling model was also analyzed. Marginal costs were used as timber
pricesto determinethe management alternativefor each FIA inventory plot
that maximizes the soil expectation value of the plot. Using that
aternative, average annual yields were determined for each plot and then
summed over al plots representing timberland potentially available for
harvest. Results varied substantially depending on whether the marginal
costs of the base, medium or highest harvest level scenario were used in
selecting the optimal management alternative. The biggest difference
between scenarioswastheareaconsidered profitablefor timber production.
Theresulting profitable acreagewas 7.4, 9.7 and 12.5 million acresfor the
base, medium, and high scenarios, respectively.

With the above approach to analyze long-term sustainable yield, the acres
harvested within the aspen forest type changed relatively little between
scenarios, but the optimal rotation age for most aspen acresis sensitive to
the prices assumed.

Thelack of acreage in the red pine plantation category isaconcern. Even

under the highest scenario, shadow priceswere not high enough to suggest
shifting acres into this forest type. However, results would have been

X
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15.

16.

17.

18.

different if a longer planning horizon had been used, giving more
consideration to longer-term harvest level objectives. In terms of a
sustained yield, shifting acres into the red pine plantation category would
increase the sustainable yield as average annual growth rates for red pine
are very high compared to most other species.

The base scenario analysis led to an estimate that a timberland area of
approximately 7.4 million acres could sustain close to a 4 million cord
annual harvest level. This would leave over 7 million potentially
harvestable acres unharvested over the long-term. This explains why the
forest industry sees devel opment opportunitiesin Minnesota. Theanalysis
further suggeststhat annual harvest levelshigher than 4 million cordscould
be sustained in thelong-term oncetheforest isregulated, i.e., when the age
class structure is balanced. This aso suggests that large areas of
timberland could potentially be shifted towards other management
objectives without severely impacting timber production at the 4 million
cord level in the long-term.

The medium scenario analysis indicates that long-term sustained yield
levels could be maintained at the 4.9 million cord annual harvest level by
utilizing lessthat 10 million acres of timberland. With the potential to shift
additional acreage to plantations or more intensive management options,
results strongly suggest that afive million cord level could be maintained
in the long-term once a regulated condition is achieved.

Thehigh scenarioanalysisutilized most of thetimberland acreage assumed
to be available and yet fell over 1.5 million cords short of the assumed 7
million cord annual harvest level. This suggests that the high level could
not be maintained in the long-term without a substantial increase in
management intensification and/or reducing theloss of timberland acreage
to other land uses. Asonemovesfrom the medium to the high scenario, the
sustainable harvest level increases 680,000 cords but requires adding 2.7
million acresto the harvested land base. Thisisan averageincreaseof only
0.25 cords per acre compared to an average annual harvest level of 0.53
cords per acre, based on the land base assumed for the base scenario.
Clearly those additional acresarelessproductivesites. Thishighlightsthe
need to recognize differencesin site quality in decisions affecting timber
production.

Overal, asin the first runs, tree species composition on timberlands was
only moderately affected by these harvesting scenarios. Ownership
constraintsand mitigations al so served to reduce the number of speciesthat
showed large declinesin tree numbers.

Covertype change trends remain strongly affected by the species and age

Xi
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19.

20.

class structure resulting from the logging and land clearing of the past. In
general, the higher harvesting scenarios favored an increase in aspen, but
that covertype acreage on timberland still increased only dlightly (14, 18
and 22 percent under the base, medium and high scenarios, respectively,
over the 50-year planning horizon). Long-term trends also seem to show
a significant decline in jack pine and black spruce covertype acreage.
However, those changes are suspected to be due partly to stand dynamics,
natural succession and the imprecision of covertype determination. For
such mixed species stands, even small changes canlead to anew covertype
designation— yet overall species composition is affected very little.
Conversely, red and white pine covertype acreage increased. However,
those changes are suspected to be due mostly to succession and/or
covertype determination procedures as opposed to harvesting and
management.

Reserved forest, though not subjected to harvesting, also changed through
stand aging processes and successional processes.

Preferred mitigations to maintain the forest resource base include
incentivesfor afforestation, reforestation and policy instrumentsthat would
reduce the loss of forest land, notably timberland, to other land uses.
Preferred mitigations to improve the productivity of forest lands are
management investments, including but not limited to species-site
matching; regeneration to full stocking levels, and capturing mortality
through shorter rotations and thinnings. Such investments can enhance
timber supply and reduce conflict with other forest uses by improving per
acre productivity, thereby reducing the acreage that might need to be
harvested to meet any particular level of demand.

Xii



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

Xiii

TABLE OF CONTENTS

Page
LISTOFFIGURES . ... . Xviii
LISTOFTABLES ... XXi
LIST OF PREPARERS . ... ... XXIX
LINTRODUCTION ..o e 1
L11ODECtiVES . . oo 1
1.21ssUeDesCription ... ..ot e 2
2 DESCRIPTION OF MINNESOTA'SFOREST RESOURCES .. ... 3
2.1 Historic Overview of MinnesotasForests . ................... 3
2.2 Definition of ForestinMinnesota . ..., 6
221 LandUse. ... . 7
222 FOrest TYPES . .ot e 9
2.3 Characterization of ExistingForest ........................ 10
231 Didtributionand Patterns . ............ ... ... 10
232 OWNership . ... 14
233 StandSizeClassandAgeClass .................... 17
234 StandSize ... 24
235 SOCKING ..o 25
236 Volumesand Production.......................... 26
2.3.7 Growing Stock VolumeDynamics . ................. 28
2.3.8 Changes Since the 1977 Inventory and Trends ........ 33
3ALLOWABLE CUT AND SUSTAINED YIELD CONCEPTS .... 36

3.1 Concepts in Planning Allowable Cuts and in Estimating
Sustained Yield .......... 36
3.1.1 Definition of Allowable Cut and Sustained Yield ... ... 36
3.1.2 Magjor Forest Regulation Techniques ................ 37

3.1.3 What's Behind an Allowable Cut Estimate -

Applicability to StatewidePlanning . ................ 40
3.1.4 FactorsInfluencing AllowableCuts ... .............. 42
3.2 Forest Resources Planning Technologies. . .................. 48
3.21 Characteristics of Forest ResourcesPlanning ......... 48
3.2.2 Important Aspects of Forestry Problems ............. 49
3.2.3 Magjor Modelling Difficulties ...................... 50
3.24 Strategiesfor SimplifyingProblems ... .............. 51
3.25 Desrable Characteristics of Planning Models ......... 52
3.2.6 Linear Programming (LP) Models .................. 53
3.27 Mgjor Limitationsof LPModels ................... 54
3.28 Heuristic SimulationModels ...................... 55



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical
Paper

Xiv



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

TABLE OF CONTENTS (continued)

Page
4METHODOLOGY ANDDATAUSED ...t 57
4 1WOrK SCOPE . oot 57
4.2 InformationandData . ...........c. i 59
421 Descriptionof FIAData ..., 60
4.2.2 Model and Data Shortcomings ..................... 65
4.3 Organizationof Work by Task ........... .. ... ... 66
44 Harvesting SCeNarios .. .......viiii e 69
441 SubdivisonoftheState .......................... 70
442 BassforDemand ............ ... ... i, 70
4.5 Modelling the Harvesting Scenarios . ...................... 72
451 RXWRITE Prescription Writer for Harvesting and Forest
Management Activities .. ......... ... ... .. ... 76
45.2 DTRAN Forest Management Scheduling Model ... . ... 81
453 GISTRAN Transport Information .................. 85
454 GrowthandChangeModel ........................ 85
4.6 Assumptions Used to Preparethe Scenarios ................ 104
461 DemandLevels ........... ...t 104
4.6.2 Transport . ... 109
463 StandSorting ... 110
464 Stand-level Inventory ............ ... ., 110
465 Management Alternatives . ....................... 112
46.6 ThePlanningHorizon........................... 112
4.6.7 Avallabilityof Timber .......................... 113
4.6.8 Balancing Presentand FutureCosts .. .............. 114
4.7 Refinement of the ModellingProcess ..................... 114
4.8 Forest and Covertype AreaChange ....................... 115
4.9 Spatial Pattern Analysis .. ....... ... i 115
4.10 Changes in Methodology and Assumptions for
SeCONd RUNS . ... 117
4.10.1 Formulation of Second Run Scenarios . ............. 118
4.10.2 Changesfor Revised Forest Management
SchedulingRuns . ............ .. ... i 129

5 CURRENT AND PROJECTED IMPACTSOF FIRST RUNS ... 134

5.1 Harvesting Scenario InterimResults ...................... 134
5.2 Marginal Costs and a Comparison of Volumes Against
Target Levels .. ... 134
5.3 Sourcesof Timber by Ownership . ............... ... ... 140
531 Modelled Sourcesof Timber ..................... 140

5.3.2 Comparison With Existing Levels of Harvest,

XV



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical

Paper

byOwnership.............. .. ... .. ...
TABLE OF CONTENTS (continued)

5.4 Spatial and Temporal Patterns of Harvesting by Scenario . . . ..
5.5 Acres Harvested and Unharvested by Covertype ............
5.6 Changes in Age Class Harvested in the Aspen Covertype . .. ..
5.7 Size and Composition of the Forest LandBase .............
5.8 Species Composition and Age Class Structure .. ............
5.9 Patternsof Forest Cover ...t
5.10 Summary of Key Results and Impacts of First Run Analyses .
5.11 Sustained Yield Considerations ........................

172
174

6 CURRENT AND PROJECTED IMPACTSOF SECOND RUNS 188

6.1 Harvesting ScenarioResults ............ ... ... .. ... ....
6.2 Feasibilityof Runs ....... ... .. ... .. .. ... .. ...
6.3 Marginal Cost Estimates for Harvest Level Targets . .........
6.4 Breakdown of Harvest Volumes by Product Group ..........
6.5 Sources of Timber by Ownership ........................
6.6 Acres Harvested and Not Harvested by Covertype . ..........
6.7 Spatial and Temporal Patternsin Harvesting by Scenario . . . ..
6.8 Changesin AgeClassStructure .........................
6.9 Size and Composition of the Forest LandBase .............
6.10 Species Composition and Age Class Structure .. ...........
6.11 Patternsof Forest Cover ...,
6.12 Summary of Key Resultsand Impacts . ..................
6.13 Sustained Yield Considerations ........................

7SIGNIFICANT IMPACTS ..o
7.1 Significant Impacts Criteria. . ...,
7.2 Changes to Minnesota Forests—Size and Composition of
Forest Land Base (publicand private) ....................
721 ResultsandDiscussion ................c.cooen..n.
7.3 Changes to Minnesota Forests—Patterns of Forest Cover
inAreasof MixedLandUse .. ............ ...t
731 ResultsandDiscussion ................c..cou..n.
7.4 Changes to Minnesota Forests—Tree SpeciesMix ..........
741 ResultsandDiscussion ................c.oooenn.n.
7.5 Changes to Minnesota Forests—Age Class Structure . . . ... ...
751 ResultsandDiscussion ................c..ooen..n.

8 POTENTIAL MITIGATION MEASURESTO ADDRESS

SIGNIFICANT IMPACTS ...
8.1 Mitigation AlternativesCriteria .. .......................

XVi

188



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

XVii



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical
Paper

TABLE OF CONTENTS (continued)

Page
8.2 Size and Composition of Forest LandBase ................ 261
8.2.1 Measuresto Reducethe Areaof Forest Converted
toOtherLandUses ............. ...t 262
8.2.2 Increasethe Rate of Forest Establishment ........... 263
8.2.3 Improving Productivity ......................... 265
8.3 Patterns of Forest Cover in Areasof Mixed LandUse ... .. ... 267
8.3.1 Measuresto Reduce the Site Specific Impacts of
Harvesting .......... ... i 267
8.3.2 Public Acquisition of Key Patches of Forest Land . ... 268
8.4 Changing Tree SpeciesMiX ............coiiiiiiinon .. 268
84.1 Alter AgeClassStructure .................c.... 268
8.4.2 Alter SpeciesComposition ...................... 269
8.4.3 Enrichment Plantings on Public and Private Lands . . .. 269
8.5AgeClass Structureof theForest ........................ 270
8.5.1 Baancethe Forest AgeClass Structure. . ........... 270
9 PREFERRED MITIGATION STRATEGIES . ................ 270
9.1 Mitigation AlternativesCriteria .. ....................... 270
9.2 Mitigation Strategies . . ... ..ot 272
9.2.1 Evaluation of Specific Strategies—L 0ss of Forest
Statewide and by Ecoregion ..................... 272
9.2.2 Evaluation of Specific Strategies—L 0ss of
Timberland Statewide and by Ecoregion . ........... 274
9.2.3 Evaluation of Specific Strategies—Patterns of Forest
CoverinAreasof MixedLandUse . ............... 275

9.2.4 Evaluation of Specific Strategies—Tree SpeciesMix . 276
9.25 Evaluation of Specific Strategies—Age Class
SHUCTUrE . . oo 278

I0REFERENCES . ... ... e 280

APPENDIXES

Devel oping Management Options

Regeneration Model Procedures

Volume Calculations

Species Product Classifications

Harvesting Cost Model

Assumed Demand Levels by Product Category and Location
Description of FIA Data

Summary Tables for 1977, 1990 and 2040 Inventory Data
Outputs from Sustained Yield Analysis

O©CoO~NOUIAWNPE

XViii



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

XiX



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical

Paper

10

11
12
13
14
15

TABLE OF CONTENTS (continued)

Outputs from Sustained Yield Analysis

(graphs by covertype)

Maps of FIA Plot Locations by Land Use

Forest Land Acreage by County and FIA Unit 1936-90

Tree Species Composition for 1990 and Projected 2040 Inventory
Revised Wood Consumption Estimates for Second Runs

Major Results for Runs by Covertype, FIA Unit, Ownership, Period
and Ecoregion for Second Runs

XX



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

LIST OF FIGURES

Page
Figure2.1. Locationof FIAsurvey units. . ........................ 11
Figure 2.2. Location of ecoregionsused inGEIS ................... 14
Figure 2.3. Age class distribution of jack pine and white pine

forest typesfor FIA timberland and reserved forest, 1990 ......... 19
Figure 2.4. Age classdistribution for FIA maple-basswood and

aspen forest covertypes for timberland and reserved forest,

1900 . 21
Figure 3.1. Factorsinfluencing allowable cut of timber .............. 43
Figure 4.1. Overview of the Minnesotasampledesign ............... 61
Figure 4.2. Northern and southern regionsand FIA survey units. ... ... 71
Figure 4.3. Overview of informationflow ......................... 75
Figure 4.4. FIA plot locationstobeusedinGEIS . .................. 77
Figure 4.5. Example of adecisiontree ........................... 79
Figure 4.6. Aggregated market locations assumed for the analysis. . . . .. 84
Figure 4.7. Predicted versus actual basal areafor selected forest

types for GROW model in test 2, undisturbed, no cut trees,

1977101990 . . oo 103
Figure 4.8. Site specific and statistical characterization of forest

PaEINS . . 116
Figure5.1. Marginal cost estimates for aspen for the six market

locations by periodand scenario ........... ... ... 135
Figure5.2. Marginal cost estimates for spruce-fir for the six

market [oCations . . ... ...t 136
Figure 5.3. High scenario: Marginal cost estimates for the

Bemidji market for main product categories ................... 137

XXi



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical
Paper

L1ST OF FIGURES (continued)

Pege

Figure5.4. Marginal costsfor red oak and other timber in the

SOUtNEINTegiON . .. . i 139
Figure5.5. Initial projections of annual timber harvest per

decade from national forest lands in Minnesota, from 1989

(Period 0) through five decades, for base, medium, and high

levels of timber harvest scenarios ............... ... ... ... ... 142
Figure 5.6. Comparison of northern region stands harvested under

the high and basedemand scenarios ......................... 144
Figure 5.7. Comparison of northern region stands harvested in the

third period under high and base demand scenarios ............. 145
Figure 5.8. Comparison of southern region stands harvested under

the high and basedemand scenarios ......................... 146
Figure 5.9. Comparison of southern region stands harvested in the

third period under high and base demand scenarios ............. 147
Figure 5.10. Volumes of aspen harvested by stand age class by

periodand scenario ............ .o 151
Figure5.11. Changesin total forest land acreage by county and

ecoregion, 1977-90 . . ... ... 152
Figure 5.12. Vegetation of Minnesota at the time of the public

land survey: 18471907 . ... ..o e 166
Figure 5.13. Example landscape patterns from mapped sample of

FIA plotlocations, 1991 ........ ... .. .. i, 170
Figure 5.14. Tabular check allowable cuts by covertype based on

a 200-year smulation starting with 1990 FIA inventory ......... 181
Figure 6.1. Harvest levelsfor each of the three scenarios for the

SECONA TUNS . . et ettt et e e et et 198
Figure 6.2. Comparison of marginal cost estimates for the six

markets in the northern region for selected product groups

for the medium scenariointhesecondruns ................... 201

XXii



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

L1ST OF FIGURES (continued)

Figure 6.3. Comparison of marginal costs for the different product
groups for the Duluth market inthesecondruns . ...............

Figure 6.4. A comparison of marginal estimates for the three
scenarios for the Duluth market inthesecondruns . .............

Figure 6.5. Marginal cost estimates for the southern region in
thesecondruns . . ... o

Figure 7.1. Processfor criteriaand mitigation strategy development . . .

XXiii



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical
Paper

LIST OF TABLES

Pege

Table2.1. Forest land areain Minnesota by major land class

fOr1953-90 ... ..t 7
Table2.2. Summary of 1990 FIA test data plots by ground land

USE ittt e e 8
Table 2.3. Forest type acreage for FIA timberland, reserved and

unproductive plots, statewide ........... ... .. L 9
Table2.4. Forest areaand percent of gross area by FIA survey

unitandland classfor1936-90 .. ............ . i 12
Table2.5. Forest land areain Minnesota by major land class and

ecoregion, 1990 . .. ... 15
Table2.6. Timberland by ownership class and ecoregion 1990. . ... ... 15
Table2.7. Timberland areain Minnesota by ownership class

1953-90 .o 15
Table2.8. Areaof timberland by ownership class and forest

survey Unit 1990 . ... 16
Table2.9. Timberland areain Minnesota by stand-size class,

1953-80 .o 17
Table2.10. FIA average stand size in acres by covertype and

ecoregionfortimberland . ...... ... .. .. .. . ... 24
Table2.11. Areaof timberland by FIA unit and stocking class of

growing stock treesin1990 . ........ .. .. .. i 25
Table2.12. Average stand basal area by covertype and stand age

classfortimberland, 1990 . . ...t 26
Table 2.13. Growing stock volume and sawtimber volume on

timberlands in Minnesota by softwoods and hardwoods .......... 27
Table 2.14. Pulpwood production from roundwood and net

imports/exports in Minnesota by speciesgroup . ................ 27

XXV



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

LI1ST OF TABLES (continued)

Pege

Table 2.15. Sawlog production and net imports/exportsin

Minnesota by SPeCieSgroup . . .. ..o oot 28
Table2.16. Net volume of growing stock trees on timberlands

by speciesgroupand FIA unit, 1990 ............. ... ... ...... 29
Table2.17. Average net annual volume growth of growing stock

trees on timberland by species group and FIA unit, 1977-90 ....... 30
Table 2.18. Average annual mortality of growing stock trees on

timberland by species group and FIA unit, 1977-90 .............. 31
Table2.19. Average removals of growing stock trees on

timberland by species group and FIA unit, 1977-90 .............. 31
Table 2.20. Net volume of live and growing stock trees on

timberland by ownership classand FIA unit, 1990 ............... 32
Table2.21. Average net annual growth and removals on timberland

by ownership classand FIA unit, 1977-90 .. .................... 32
Table 2.22. Comparison of average net annual volume growth,

mortality and removals from 1936, 1953, 1962, 1977 and

1990 from original survey reports ..., 34
Table 2.23. Timber classes by FIA unit in percent of volume.......... 35
Table 2.24. Stand history code summary by land use as estimated

from ground visits and aeria photo interpretation of FIA

PlOtS .. 35
Table 3.1. Comparison of actual versus estimated potential

average net annual volume growth per acre by ownership ......... 43
Table4.1. Type change matrix for harvested plots, 1977-90, for

al FIA covertypes—no differentiation made for significance

of aspen component . ............ . 90
Table4.2. Type change matrix for harvested plots, 1977-90, for

al FIA covertypes—ten percent or more aspen by basal area . . . . . . . 92

XXV



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical
Paper

LI1ST OF TABLES (continued)

Pege

Table 4.3. STEMS model projections: summary of the relative

difference (%) from control for number of trees, basal area,

pulpwood volume, and sawtimber volume per acre when trees

less than 5 inches dbh are omitted from projections for red

pine, maple-basswood, and aspen covertypes at projection

years0,20and 50 . ... ... 95
Table 4.4. Mean number of trees errors (trees/acre) by Lake

States speciesin 10 yearsusing the STEMS85 model ............ 97
Table 4.5. Mean basal area errors (sq.ft./acre) by Lake States

speciesin 10 yearsusing the STEMS85 model ................. 98
Table 4.6. Comparison of empirical yield GIP model and GROW

in predicting basal areafrom 1977 to 1990 for selected

FIA plotsinthe Aspen-birchUnit ............................ 99
Table4.7. Ratio of predicted to actual basal area and number

of trees by disturbance category for FIA plots .................. 99
Table 4.8a. GROW model test: Ratio of predicted/actual basal

area by covertype for undisturbed FIA plots, 1977101990 ....... 100
Table 4.8b. GROW model test: Ratio of predicted to actual

number of trees by covertype for undisturbed FIA plots,

1977101990 ..ot 101
Table 4.9. GROW model test: Sample size by covertype for

undisturbed FIA plots, 1977101990 . .. .. ... ... . il 102
Table 4.10. Minnesota GEIS—estimated current wood

consumption, 1991 .. ... ... 106
Table4.11. Annual forest products demand: Basescenario ......... 107
Table4.12. Annual forest products demand: Medium scenario .. .... 108
Table4.13. Annual forest products demand: High scenario ......... 109
Table 4.14. Comparison of FIA and GEI'S covertype agorithm

classification on timberland for the 1990 FIA testdata .......... 121

XXVI



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

LI1ST OF TABLES (continued)

Pege

Table 4.15. Availability of timberland by ownership assumed for

SECONA TUNS . . o et ettt e et et e 123
Table4.16. Adjusted GROW model: ratio of predicted to actual

basal area and number of trees by covertype for undisturbed

FIAplots, 1977101990 ... ...t 124
Table4.17. Approximate second run acreage by treatment class

and covertype for timberland, statewide, 1990 ................. 127
Table 4.18. Approximate second run acreage by treatment class

and ownership for timberland, statewide, 1990 ................. 128
Table 4.19. Summary of base scenario roundwood consumption

estimatesby marketarea ............. . ... ... 131
Table 4.20. Assumed roundwood consumption increases for

defining the medium harvest level scenario .................... 132
Table 4.21. Summary of medium scenario roundwood consumption

estimatesby marketarea ............. ... ... ... 133
Table5.1. Total volume harvested by ownership by study region

by scenariointhousandsof cords ................. ... ... .... 140
Table5.2. Projected acres cut by study region, scenario and

OV P ettt e 148
Table5.3. Projected acres left unharvested by region, scenario

aNd COVEITYPR . ..ottt 149
Table 5.4. Simple linear projections of total forest land area

change by survey unit, 19902040 . . . ......... .. .. .. ... 152
Table5.5. Summary of projected tree species composition for

1990 and 2040 for base, medium and high harvest scenarios

ontimberlands ............. . 155
Table5.6. Summary of 1990 and projected 2040 tree species

composition for base, medium and high scenarios on

timberlands . . ... . 157



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical
Paper

LI1ST OF TABLES (continued)

Page
Table5.7. Type change matrix for undisturbed plots, 197790, for
all FIA covertypes and stand age greater than 30 years—no
differentiation made for significance of aspen component . ....... 161
Table5.8. Type change matrix for undisturbed plots, 1877—90, for
al FIA covertypes and all stand ages—no differentiation made
for significance of aspencomponent . . ....................... 163

Table5.9. Forest type acreage in Minnesota, presettlement t0 1990 ... 165

Table5.10. Land use and forest conditions for maps of 30 FIA
sampleplotlocations, 1990 . .. ........ ... i 169

Table5.11. Comparison of landscape features for areas with and
without recent (<10 years old) clearcuts and forest versus
agricultural land use from areas around 30 sample FIA plot
[OCAIONS ... 171

Table5.12. Annual allowable cuts after full regulation determined

from 200-year ACES model simulations based on 1990 and

2040 initial conditionS . . ... ... 180
Table5.13. Steady state allowable cut in cords by major covertypes .. 186

Table 6.1. Scheduled harvest of roundwood over time for various
constant timber pricelevels .. ........ ... L 191

Table 6.2. Scheduled harvest of roundwood from national forest
timberland over time for various constant timber pricelevels . .. .. 192

Table 6.3. Scheduled harvest of roundwood over time assuming
rising timber pricesfor fiftyyears .. ............ ... ... .. ... 194

Table 6.4. Scheduled harvest on national forest timberland over
time assuming rising timber pricesfor fiftyyears............... 195

Table 6.5. Comparison of assumed roundwood consumption levels
by species group and market for the three harvest scenarios
forthesecondruns . ............ . 197

Table6.6. Marginal cost estimates for the harvest level targets

XXVili



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

assumed for the scheduling model secondruns ................. 199
LIST OF TABLES (continued)

Pege

Table 6.7. Scheduling model harvest summary for the northern

region under the base scenariosecondruns . ................... 209
Table 6.8. Scheduling model harvest summary for the northern

region under the medium scenariosecondruns . ................ 210
Table 6.9. Scheduling model harvest summary for the northern

region under the high scenariosecondruns . ................... 211
Table 6.10. Harvest volume levels from national forest

timberland for thesecondruns . .............. .. ... . L 212
Table6.11. Harvest summary for the southern region under the

basescenariosecondruns .......... .. 213
Table6.12. Volume harvest summary for the southern region

under the medium scenariosecondruns ...................... 214
Table 6.13. Volume harvest summary for the southern region

under the high scenariosecondruns . ........................ 215
Table 6.14. Original acres harvested by ownership by scenario,

<00 1o I U] 216
Table 6.15. Summary of original timberland acres clearcut and/or

thinned for three timber harvesting scenarios of second runs . .. ... 218
Table 6.16. Projected acres harvested and not harvested by

scenario and initial covertype for thesecondruns................ 219
Table6.17. Original acres cut and never cut by ecoregion and

SCENANO, SECONATUNS . . o vt e et e e e e e e e e 223
Table 6.18. Average stand age by covertype and harvest scenario

1977-2040 . . .o 224
Table 6.19. Projections of total forest land area change by survey

unit for thesecond runs, 19902040 ............ouiunnnnn. 225

Table 6.20. Forest type acreage for FIA timberland, reserved and

XXIX



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical
Paper

unproductive plots, 1990 and projected for the second run to
2040, statewide . .. ... 226
LIST OF TABLES (continued)

Table6.21. Summary of projected tree species composition for
1990 and 2040 for base, medium and high harvest scenarios
ontimberlandsforthesecondruns .......................... 230

Table 6.22. Original acres cut one or more times and never cut
infirstand second runs, 1990-2040 . ............ . 236

Table 6.23. Summary of areathat is economically available for
harvesting . ........ . . 240

Table 6.24. Forest type area by rotation age for the revised
long-term sustained yield analyses for thesecond runs .......... 242

Table 6.25. Volumeyield by forest type and product group for
the revised long-term sustained yield analyses of the
SECONA TUNS . . ettt ettt e e e e et e i 243

Table7.1. Estimated direction of changesin total forest areaand
timberland by ecoregion, 19902040 ........................ 250

Table7.2. Projected changesin timberland tree species
composition by harvesting scenario, statewide, from 1990
t02040 . .. 255

Table7.3. Tree species projected to be significantly impacted by
the changing age class structure and associated species
composition implied by the harvest scenarios . . ................ 256

Table9.1. Evaluation of mitigation strategies for minimizing
negative impacts of loss of forest land on forest productivity
and theforestresourcebase ........... ... ... 273

Table9.2. Evaluation of mitigation strategies for minimizing
negative impacts of loss of timberland on forest productivity
and theforestresourcebase ........... ... ... i, 274

Table 9.3. Evaluation of mitigation strategies for minimizing

negative impacts of patterns of timberland on forest productivity
and theforestresourcebase .............. ... 276

XXX



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

XXXI



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical
Paper

LI1ST OF TABLES (continued)

Pege
Table9.4. Evaluation of mitigation strategies for minimizing
negative impacts of tree species mix on forest productivity
andtheresourcebase. .. ... 277
Table9.5. Evaluation of mitigation strategies for minimizing
negative impacts of forest age class structure on forest
productivity and the forest resourcebase .................. ... 278

XXXIi



Jaakko Poyry Consulting, Inc., Minnesota GEIS, Maintaining Productivity and Forest Resource Base Technical Paper

LIST OF PREPARERS

Thomas E. Burk

AlanR. EK

Howard M. Hoganson

Marc E. McDill

Dietmar W. Rose, Study Group L eader
Dave K. Walters

ACKNOWLEDGEMENTS

The authors acknowledge considerable input from personnel in all types of
forestry organi zationsin Minnesotawho have provided thedocumentation, data
and background for this paper. Special thanks go to the USDA Forest Service
North Central Forest Experiment Station's Forest Inventory and Analysis(FIA)
Unit for allowing the study group to utilize FIA test data from the recent
statewide forest inventory, and for providing generous technical assistance in
working with that data. Also, personnel of the Minnesota Department of
Natural Resources Division of Forestry havebeen extremely helpful inlocating
and providing awide range of data important to the conduct of the study.

XXXiii



