SILVICULTURAL AND ECONMIC ANALYSIS
OF
A WHOLE TREE HARVEST
IN CLAREMONT,NH

Project Overview

In 1999 I was requested to evaluate a whole tree harvest on family land by a concerned
family member. An inventory, management plan and forest type was prepared by New England
Forestry Consultants (NEFC) in 1993. The project involved reviewing the management plan and
forest type map, analyzing stand data, critiquing prescriptions and comparing these to actual
treatments. Field visits to the site were conducted to assess stand conditions, residual stand
harvesting damage and treatment results.

The subject area encompassed approximately 55 to 65 acres of the property. Specifically,
the subject area consisted of a 16-acre white pine stand and about 40 to 50 acres of what NEFC
typed as a mixed forest. Harvesting was considered completed in the white pine stand by the
NEFC forester. About 25 to 30 acres of the mixed type had been treated; the balance of 15 to 20
acres was marked and flagged for treatment but had not been cut.

The timber harvest was designed and marked in these stands by NEFC foresters. Portions
of this timber sale were marked in late 1996 or early 1997. Additional marking and layout was
performed in early 1998. The paint was readily visible. “Save” trees were marked in a small
section of the 16-acre white pine stand; the remaining harvest was marked to cut. The flagging,
that designated skid trails, was considerably deteriorated.

Data was collected in portions of the "mixed” stand that technically should have been
typed as white pine. Both the marked, but uncut portion of these white pine stands that are
imbedded in the “mixed” stand, and the section of the stand harvested in 1999 were sampled. A
20 basal area factor (BAF) prism was used in the untreated portion of the stand; a 10 BAF prism
was utilized in the harvested area. Data were collected on three random sample points in each
section. Trees were tallied by two inch even diameter classes. All trees in the four inch class and
greater were tallied by species, diameter class, crown class (dominant/co-dominant and
suppressed) and growing stock category (acceptable and unacceptable for timber), by marked or
unmarked status and in the harvest area by logging damage. When sampling in the harvest area
the windthrown sections were avoided. Merchantable heights were not obtained and volumes
were not calculated. Additional inventory data were not collected in the 16-acre white pine stand.



1993 Forest Management Plan Discussion

The management plan states that acceptable growing stock(AGS) was tallied in the
inventory process. The plan does not contain any data that quantifies acceptable and
unacceptable growing stock (UGS). The total basal area is only a part of the equation; the basal
area of acceptable and unacceptable growing stock is the critical and missing component for
determining management possibilities. These data are extremely useful and are linked to the
issues of sawlog to pulpwood ratios and phenomena of product movement.

The 1993 plan states that composition in the mixed forest type is variable. Not only does
species composition vary, but stocking levels, size classes and timber quality are also diverse
within the type depicted on the Forest Type Map. This variability provides the distinguishing
characteristics, which allow stand delineation on aerial photos and on the ground. Soil types
appear to be a primary factor affecting these stand attributes.

Additional aerial photo interpretation and field examination resulted in identifying eight
stands and two wetlands with their associated drainages within the “mixed” stand typed by NEFC
in the 1993 plan and map. Four stands appear similar to each other, while four are distinctly
different. The similar stands are not adjacent but are dispersed over the landscape and appear on
the photos as dark, uniformly textured polygons. This indicates dense, young stands dominated
by softwoods (white pine and/or hemlock) that field examination confirmed. These stands can
also be delineated on the 1981 and 1992 aerial photos (the latest photography available at the
time). The 1954 photos very clearly depict the differences necessary to delineate these stands.

The marked, but un-harvested portions of the “mixed” forest type that were examined,
consist of two forest types: overstocked white pine poles to small standards (4-14") and
overstocked hemlock (or hemlock/hardwood variant) poles to standards (4-14"). These two
stands may occur in such an intricate pattern on the landscape that they would then be typed as
white pine/hemlock with the size class and stocking level as above. It was assumed these two
stands could be separately delineated. Management strategies would necessarily be different on
the ground. Each forest type (white pine and hemlock) is analyzed and discussed separately. in
this report.

Based on the 1993 inventory method and the convention of most foresters, the basal area
stated in the plan for each forest type is assumed to be the total basal area of all trees tallied as
described under the Inventory of Timber section of the 1993 plan. I further assume that this total
basal area/acre and total trees per acre were used to determine stocking levels. This common
practice is problematic.

The stocking guidelines developed by the US Forest Service, which are the standard for
field foresters, utilize only the main crown canopy trees to designate stocking levels and establish
stocking guides for timber production. The guidelines do not consider the basal area of trees
below the main canopy. Therefore, the basal area/acre and trees/acre stated in most plans,
including the NEFC plan for the subject property, reflects inflated stocking levels.

A discussion of the 1993 management plan data, recommendations, current conditions
(1999), treatment evaluation and alternative suggestions for treatment are discussed below.



FOREST TYPE DESCRIPTIONS AND PRESCRIPTIONS
White Pine, 35 Acres (subject area: 16 acres)
1993 Management Plan Stand Data and Recommendations
Species composition: white pine 83%, hemlock 10%, sweet birch 3%, red oak 2% & red pine 2%.

Basal area/acre: 174 square feet Trees/acre: 215
Mean stand diameter (MSD): 12 inches Stocking level: adequate
Volume/acre: 12,000 BF softwood, 150 BF hardwood & 23 cords softwood, 1 cord hardwood

Note: sawlog volume and pulpwood volume each represent 50% of the total volume/acre.

The 1993 plan recommends a “regeneration/improvement harvest” which would remove
“rough, poor quality and diseased trees”. Areas of healthy, vigorous poles and saplings would be
lightly thinned or not treated. The plan recommended releasing apple trees and suggested
cutting in strips and patches followed by planting white or red pine that would then be followed by
a weeding 3-5 years after planting. Whole tree harvesting was recommended as a good option to
treat the stand.

Current Stand Conditions

The pre-harvest stand supported a fair volume of sawlogs ranging from poor to good quality.
This was, and remains, a two aged stand composed of larger, “rougher” white pine of old field
origin and a younger component (by about 20 to 30 years) of better formed white pine that was
developed under their partial shade. This stand structure is typical of old field pine succession.

A 16-acre portion of the white pine stand was treated via whole tree harvesting either during
the winter months of January, February, March 1999 or in May and/or June 1999. Operations
ceased when rainfall created soil conditions that were subject to rutting. Minor windthrow was
noted Northerly of the main road/skid trail, principally confined to the shallower soils, and, in
some cases, in the proximity of the larger openings created by cutting and removing rough,
dominant pines. Extensive windthrow was observed on the South side of the trail; approximately
10,000 to 20,000 board feet of white pine was uprooted or broken. The volume is a rough ocular
estimate and blue stain or pine bark beetle damage may negatively impact the affected volume.

Excellent natural white pine regeneration (only one to two years old) was observed South of
the trail. Regeneration was not noted North of the trail.

I do not believe this stand occupies any unique, threatened, endangered or otherwise special
landscape habitat or that it contains plants or animals in any of these classifications.

Treatment description and evaluation

The 1999 treatment generally consisted of cutting strips throughout the stand, with limited
cutting between these strips. The cut strips also acted as skid trails for the harvest. The existing
stand is characterized by these narrow (10-20 feet wide) cleared corridors which radiate from the
main trail, occasional openings 50 to 75 feet in diameter (.04 to.10 acres) where large individuals
or groups of trees were harvested, untreated white pine patches and strips of varying density



between the harvested areas. The harvested strips occur at irregular intervals; the uncut strips
are at least as wide, and up to twice as wide, as the cut strips.

The post harvest stand is typical of a conservative whole tree chipping harvest. Residual
stocking levels and stand damage were not measured. Stand damage is primarily confined along
the skid trails (cut strips) which is typical of any longwood harvesting operation. Stand damage of
this nature appears minor, but adds up quickly, especially when trails are numerous, as they are
in whole tree harvests. A systematic sampling is necessary to ascertain the percentage of residual
crop tree damage. Crop tree damage is estimated at 10 to 20% of the basal area/acre.

In theory, strips were placed through the poorest quality material. In practice, sawlogs must
be harvested to “sweeten the pot” because the economics of chipping are marginal for the logger,
landowner and forester. (The trucker who transports the chips and the plants that generate
electricity are the major economic beneficiaries of this harvesting method.) The typical reality is a
harvest that is distributed over a cross section of the stand resulting in minimal, if any overall
stand improvement. (See figure 1 on the following page that contrasts the proportion of
acceptable and unacceptable growing stock in the untreated portion and the harvested portion of
the mixed forest type.)

A systematic inventory of the post harvest stand and access to either raw inventory data or
the INVENT printout is necessary to determine any change in stand quality that may have resulted
from this harvest. It appears that overall stand quality is unchanged and any stand improvement
is questionable.

The area South of the trail, which experienced the most severe windthrow, probably contains
a lower proportion of sawlogs than existed there prior to the harvest due to the combined removal
of the harvest and the wind damage. This portion of the stand appears to have been composed
of somewhat larger and higher quality trees that contained greater volumes than those found
uphill and North of the trail.

The 1999 treatment will result in some release of residual trees on both sides of the cut strips
and along the edge of the openings. Both acceptable growing stock (crop trees) and
unacceptable growing stock (those trees that are not now and will never become logs) were
released and will grow at increased growth rates. The large openings may regenerate to
hardwoods or a mix of white pine and hardwood. If hardwoods become established they will
overtop and out-grow the pine unless treated. These openings will provide some wildlife benefit,
immediate horizontal diversity and, in time, greater vertical stand diversity. A third age class will
develop in the larger openings, and to a lesser degree in the strip cuts.

Alternative Recommendation for Prior Treatment

The 1993 inventory data and field observations indicate that this stand could have easily
supported a conventional roundwood harvest instead of a whole tree harvest. I believe that the
sawlog volume harvested in this stand was the “carrot” used to entice the loggers to treat the
commercially marginal adjacent forest type.

A light sawlog harvest followed by post harvest TSI is the best alternative prescription. This
combination of commercial and pre-commercial practices offers the best of both: appropriate
silvicultural treatment and revenue production where economically feasible and cost-effective



stand improvement in areas which do not support sufficient volume or value, funded by a portion
of the timber income. Both immediate and delayed release, resulting in increased growth while
maintaining stand stability, structure and function are significant benefits obtained by combining a
commercial harvest and several TSI techniques. Pruning would increases the value of selected
crop trees.

The TSI would have girdled a portion of the large, rough white pine, thinned from below
portions of the stand which could not support a commercial treatment or which were not
adequately released and finally, pruned the best 75 to 125 trees per acre in the 6 to 12 inch
diameter class. Dropping and lopping would be applied along recreation trails and severing or
dropping without lopping throughout the remaining stand.

Far fewer of the older, larger, rougher white pine component would have been harvested; a
portion of these trees would have been retained for vertical diversity, for structural integrity
(windfirmness), for Legacy Trees, to provide future standing dead stems and to provide large,
woody material on the forest floor. These are all essential elements of a functioning forest
ecosystem. The later is a vital ingredient of the long and complex soil building process.

Sawlog stumpage would have been 10% to 25% higher than the stumpage received for logs
on the recently conducted chip job. The expected stand damage would have been less than 2%
of crop trees for a forwarder operation and less than 10% for skidding.

Timber production can be achieved while maintaining and enhancing forest vitality.
Translating goals and objectives to an actual on-the-ground treatment requires acknowledging all
components of the forest: all of the plants, not just the trees; the animals both great and small;
water, soil and geology as well as cultural resources. The minor financial sacrifices which may
result from this management approach are insignificant compared to the negative environmental
and economic impact of inappropriate harvesting activity.

Recommendations for Future Treatment

I suggest and support the salvage of sawlogs from the windthrown trees. I do not
recommend utilizing pulp or chipwood. The loggers must exercise care when extracting this
timber to avoid additional stand damage; trees are not oriented to facilitate optimal removal by
skidders. Again, the potential of blue stain may be a factor in salvage economics. I do not
advocate driving around the stand picking up every tree or log. Concentrate on the significant
damage South of the trail and clearing the main trail for recreational use. Crown cover will still
be at desirable levels throughout most of the affected area; some sections will be somewhat
open. The white pine regeneration, which existed befare the harvest, will benefit from additional
light.

Tree planting is not needed and constitutes an unnecessary expense. Desirable natural
regeneration is already established, at no cost, South of the trail. Silvicutural manipulation can
obtain desirable regeneration in other areas.

Forest Stand Improvement (FSI) is suggested in the un-thinned portion of this forest type,
which contains red pine.



Erosion control measures are essential on the steep slopes and exposed soils of main skid
trails. The logger is responsible for smoothing, waterbarring and ditching the trails and the
landing as necessary to prevent erosion; the NEFC Forester is responsible for seeding and
mulching exposed soils on the trails and landing. These measures, when implemented, will
adequately protect the soil from any additional erosion or loss (movement).

Evaluate the stand in two or three years. FSI (dropping and girdling) may be needed in
portions of the stand which were not adequately released during the 1999 harvest. Pruning 75 to
125 white pine crop trees is also recommended. The timing of any pre-commercial treatments is
contingent upon the stand response to the 1999 harvest and wind damage. Do not create any
additional openings or undertake any treatments until the stand has recovered from both of these
events. The area that would benefit from this silvicuitural operation encompasses perhaps five to
eight acres of the sixteen-acre stand.

Avoid harvesting on fragile sites such as wetlands, stream corridors and shallow soils. Retain
“No Harvest” buffers around wetlands, streams, vernal pools and other water bodies.

MIXED, 73 ACRES (subject area: 40-50 acres)
1993 Management Plan Stand Data and Recommendations

Species Composition: white pine 56%, hemlock 28%, paper birch 6%, aspen (spp.) 5%, bitternut
hickory 3%, white ash 1% & black cherry 1%.

Basal area/acre: 132 square feet Trees/acre: 280
Mean stand diameter (MSD): 9.3 inches Stocking level: adequate
Volume/acre: 5,500 BF softwood, 300 BF hardwood & 17 cords softwood, 4 cords hardwood

Note: The sawlog volume represents 36% of the total volume per acre with pulpwood
comprising the other 64%.

The 1993 plan prescribes a thinning and improvement cut which would remove “low quality
hardwood and hemlock”. “Healthy, straight white pine” would be left to grow. The plan also
suggested leaving “patches of thick hemlock for wildlife cover”.

The recommended treatment estimates a yield of 1,500 BF/acre and 7 cords/acre,
representing 26% and 33% of the respective volumes. Based on this estimate, the post harvest
volume per acre would be comprised of 38% sawlogs and 62% pulpwood. The proposed
treatment results in a two-percentage point increase in sawlog volume and a two-percentage
point decrease in pulpwood volume, a 5.5% increase and a 3.1% decrease respectively. This
minor improvement was not accomplished in portions of the stand that were recently whole tree
harvested.



General Current Stand Condition

This is an extensive forest type occupying 72-acres of various soils, slopes and aspects. The
stand extends about half a mile East-West at its widest point and not quite half a mile (35 chains)
North-South. Only the Southern portions of the forest type, 40 to 50 acres, were examined. The
1993 inventory gathered data from this extensive area. Therefore the 1993 stand data may or
may not be representative of the actual stand conditions within the subject area.

A portion of the subject area was treated via whole tree harvesting methods 1999. A portion
of the area is marked for harvest but has not been cut. Both the harvest area and the marked
area occur in what are actually two distinct forest types: white pine and hemlock.

The subject area of the type that I examined is generally evenaged. Ring counts of cut
stumps indicate that the trees are 50 to 60 years old. An aspen with an 18" stump diameter was
about 55 years old. The 10” stump of a hemlock was 50 years old. A white pine with a 17”
stump was about 52 years old. Occasional larger diameter, and older, individuals are found along
the stone wall at the Western limits of the subject area and adjacent to the wetland which is
found along the Northern boundary in the Northwest portion of the subject area.

Field evidence suggests that the subject area is historically prone to periodic wind damage.
Evidence of at least three such events was noted: 1938 (probable), mid to late 1980’s (estimated)
and 1999. The most recent windthrow occurred in both the cut and uncut subject areas. Wind
damage in the untreated portions of the stand consists of small pockets of blowdown while the
harvested section experienced damage that is more extensive. The percentage of basal area and
trees/acre damaged is much higher in the treated portion of the stand due to lower post harvest
stocking levels.

Hemlock Portion of the Forest Type

Description

Hemlock dominates on the wetter sites and is found in and around drainages and depressions
and adjacent to the wetlands. Red maple, white ash and yellow birch associate with the hemlock
in untreated areas. Timber quality is poor to fair in both treated and untreated areas. The basal
area/acre of acceptable growing stock appears to be below or at adequate stocking levels in the
untreated portions of the stand. White ash is the most promising timber species; some yellow
birch and hemlock stems are also suitable for timber production. The occasional black cherry
holds promise due to the current high demand and value; this species also provides an important
source of soft mast.

Not only are an adequate number of suitable stems for timber production lacking within the
hemlock stands, but timber harvesting in these areas is also problematic due to the underlying
soils. In theory, these soils are operable in a dry summer. In reality, whenever it rains, water is
trapped by the hardpan layer or suspended between the silt particles and the upper soil layers
become saturated. Severe rutting, excessive root damage and erosion on sloping soils results
from logging in these situations. To avoid soil damage harvesting must be limited to winter
months on frozen and/or snow-covered ground due to soil limitations.



Prescription
Commercial treatment in the hemlock stands is not justified at the time the subject area was

examined. Timber management yields marginal returns in all but the best hemlock stands due
this species historical and current low value. Stand quality and soils limitations are further
deterrents to timber management.

Wildlife habitat management is very fruitful in these stands. Several non-commercial
practices can be implemented to improve winter feed for white-tailed deer and other wildlife
within the hemlock stands. These can be addressed when and if there is sufficient interest in
wildlife habitat improvement.

White Pine Portion of the Forest Type

Description

White pine is the predominate species on the better-drained soils. Hemlock (usually below
the main crown canopy) paper birch, aspen (quaking and bigtooth), black cherry and the ever-
present red maple are scattered among the white pine. Sweet birch, bitternut hickory and
butternut occur occasionally within both the white pine and hemlock stands; the later two
indicating some enrichment.

In the untreated area, the quality of the pine was very good to excellent; the stand was
overstocked (full or nearly full crown closure); the size class was poles and small standards
(logs), commercial thinning was not practical. The data found below, though based on a limited
and possibly biased sample, reinforces this impression.

The following 1999 stand data, which are derived from my samples in the untreated portion of
the subject area, are crucial to understanding stand conditions and determining prescriptions.
Refer to Figure 2., “Comparison of per Acre Basal Area Stocking Levels by Growing Stock Category
and Crown Class” for a visual representation of the data presented below.

Data from those portions of the stand that were not treated are presented first. The data
pertaining to the marked trees is presented next followed by the theoretical residual stand that
would result from cutting the marked trees. (This is obtained by subtracting the data
representing the marked trees from the data representing the entire stand). Again, Figure 2. is
useful for comparing basal area data.
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Data for Untreated Portion of the Stand

Total Stocking (main crown canopy and suppressed):
BA/acre: 233 sq. ft. Trees/acre: 645 MSD: 8.1 inches

Stocking level: overstocked (above the “A" line)

Main Crown Canopy Stocking:
BA/acre: 187 sq. ft. Trees/acre: 410 MSD: 9.1 inches
Stocking level: adequately stocked to overstocked (between the "B” and A" lines)

Timber Quality Stocking:

AGS BA/acre: 160 sq. ft. Trees/acre: 318 MSD: 9.7 inches

Stocking level: adequately stocked to slightly overstocked (1/2 way between “B” and “A” line)
UGS BA/acre: 73 square feet

Data for Marked Trees

BA/acre: 87 sq. ft. Trees/acre: 308 MSD: 7.2 inches
AGS BA/acre: 40 sq. ft.
UGS BA/acre: 47 sq. ft.

Theoretical Residual Stand Data (Untreated data less marked data)

Total Stocking (main crown canopy and suppressed):
BA/acre: 146 sq. ft. Trees/acre: 337 MSD: 8.9 inches
Stocking level: adequately stocked (less than 2 way between “B” and “A" line)

Main Crown Canopy Stocking:
BA/acre: 132 sq. ft. Trees/acre: 284 MSD: 9.2 inches
Stocking level: adequately stocked (slightly above the “B" line)

Timber Quality Stocking:

AGS BA/acre: 120 sq. ft. Trees/acre: 239 MSD: 9.7 inches
Stocking level: adequately stocked (at the “B" line)

UGS BA/acre: 26 square feet

Actual Treated Portion Stand Data (residual)

Total Stocking (main crown canopy and suppressed):
BA/acre: 113 sq. ft. Trees/acre: 308 MSD: 8.2 inches
Stocking level: adequate (slightly above the “B: line)

Main Crown Canopy Stocking:
BA/acre: 80 sq. ft. Trees/acre: 160 MSD: 9.6 inches
Stocking level: understocked (below the “C” line)

Timber Quality Stocking:

AGS BA/acre: 73 sq. ft. Trees/acre: 141 MSD: 9.7 inches
Stocking level: understocked (substantially below the “C” line)

UGS BA/acre: 40 sq. ft.
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a greater increase than achieved by any other proposed or implemented treatment. The
maximum current and potential sawlog volume would have been retained by this treatment.
Additionally, a portion of those trees composing the minority of the stand would have been
retained for diversity, wildlife habitat and structural integrity.

A portion of the aspen component would have been retained and a portion would have been
girdled. The aspen is nearing the end of its natural life and exhibits signs of deterioration. Ttis
likely that 90% of this component will die within ten to twenty years. The above strategy
provides a staged release while preserving trees that buffer the white pine crop from wind and ice
damage. The potential of slightly slower growth of the pine is compensated for by the increased
number of stems per acre available for growth, by having eliminated logging damage to the
residual stand and to the soil, by reducing the stands vulnerability to stress from over cutting and
by reducing the potential of wind and ice damage. Ideally, at least 80 to 120 trees per acre
would have been pruned following weeding and thinning to optimize value growth.

The cost of pre-commercial weeding and thinning this type of stand would range from $ 180 to
$220/acre. Pruning would cost $100 to $150/acre. This may sound expense, but pales compared
to the real cost of whole tree chipping.

WHOLE TREE HARVESTING COST ANALYSIS

The NEFC forester provided the following stumpage prices for the whole tree chipping
operation in the subject stands. The combined treated area of both stands was estimated at 45
acres. The total harvest to date is 111,160 BF, or 2,470 BF/acre and 1328.72 tons or 29.5 tons
per acre. Landing and road construction cost were $13.49/MBF based only on the board foot
volume removed. For analysis purposes the harvest volumes are rounded to 2,500 BF/acre and
30-tons/ acre and the landing cost is rounded to $13.50/MBF.

The gross stumpage for pulpwood and chip stumpage was $0.50/ton. The net stumpage is
calculated by deducting marking fees of $0.40/ton and commission of 12% of the gross ($0.50),
or $0.06/ton, leaving $0.04/ton net stumpage. (Note: The NEFC forester stated that the marking
fee/ton is a below cost fee. Therefore, this deficit is either compensated for by increases in other
fees or absorbed by the consultant.) The timber tax is the landowners’ responsibility and ranges
between $0.05 and $0.10/ton. Assuming the lowest possible rate (despite favorable operating
conditions on at least 50% of the area) this results in a net stumpage of negative $.01/ton, or
$0.30/acre.

Despite the fact that the pulp and chips represents about 71% of the volume and that a
chipping operations requires a larger landing than a sawlog harvest, it is obviously difficult to
distribute this cost on a volume basis to all products. However, the principal of full cost
accounting demands that costs are fairly allocated, in this case based on volume produced,
instead of hidden or absorbed. Landing and road costs can also be considered capital investments
in infrastructure. Typically, on small non-industrial private lands, these costs are paid for from
stumpage proceeds.
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