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ABSTRACT

The Cloquet Forestry Center continuous forest inventory is one of
the most extensive data sets of its kind in the Lake States. Numerous
studies ranging from reproduction sampling analyses to the testing of
growth projection models have been based on this data. This Yeport
describes the sampling design, observed variables and past analyses of
the survey plus data management problems that affect its utility. Summary
statistics are also presented for various cover type aggregates for past
measurement dates. A discussion of forest development over time is

followed with plans for the 1982 remeasurement.



INTRODUCTION

The Cloquet Forestry Center serves as a field research and instruc-
tional station for the University of Minnesota College of Forestry. It
is located in Carlton County in northeastern Minnesota and consists of
approximately 3,753 acres in three distinct tracts. A continuocus forest
inventory (CFI) was established on the forest in the fall of 1959. The
inventory plots were subsequently remeasured in the summers of 1964,
1969, and 1976. This report is an update on the survey data file and the
current status of the forest. The sampling design of the survey is also
described in detail along with related data management problems and plans
for the next remeasurement. The intent of this effort is to confirm and
further the utility of this survey data for a variety of research and
management activities. Researchers are invited to access the survey data
as there is undoubtedly much that may be learned from it.

A description of the Cloquet Forestry Center property is given in
Table 1. A map of the area is shown in Figure 1. The property is broken
into 3 blocks; Cloquet Center (1), Sawyer (2), and Carlton (3). The 1959~
1976 CFI survey was located in block 1 excluding NWk NW% S28, T49N, R17W.
A more detailed description of the history and topography of the study

area was given by Moeur et al. (1980).



Table 1. Cloquet Forestry Center Property.
Date aApproxi%\age
Block Section Township Range Acquired” Acres™’
1 (Cloquet Center) 29 49N 1w 1909 640
30 49N imw 1909 653.2
31 49N 17w 1909 655.2
32 49N 17w 1909 640
36 49N 18w 1909 640
N4 of NE% 6 48N 1w 1938d 80.8
NW% of NWy 28 49N 1™ 1964 38.3
Subtotal: 3347.5
2 (Sawyer) NE% of NE% 18 48N 18w 1938 40
N;s of SE4 18 48N 18w 1938 80
SWy of NwW4 18 48N 18w 1938 40
S% of NWy 18 48N 18w 1938 80
NW4% of NWy 19 48N isw 1938 43.9
SE4% of NE% 20 48N 18w 1938 40
Subtotal: 323.9
3 (Carlton) Ws of SE% 1 48N 17w 1938 80
Subtotal: 80
Total: 3751.4

2 pinancial Report for the Year Ended June 30, 1954, University of

b

Minnesota, Minneapolis, MN.

1935 survey records.

€ Land Atlas and Plat Book for Carlton County, Mimnesota. 1978.

d

A 1.60 acre residence exclusion exists on the north side of the tract.
Also, the 0.72 acres on the northwest corner was acquired in 1978.
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Figure 1. Cloquet Forestry Center property map.



ORIGIN AND DESIGN OF THE CLOQUET FORESTRY CENTER CFI

Sampling Design
The Clogquet Forest CFI was established to:
a. demonstrate systematic sampling with multiple random starts
b. provide up-to-date inventory statistics for management purposes

c. examine techniques for surveying mortality and related forest
characteristics

d. compare the precision of estimates obtained from fixed and
variable radius plots (Swenson 1960).

The last concern was the primary motivation for the survey. Subse-
quently John (1964) used the CFI survey data to describe the precision of
the estimates of three forest parameters; volume, basal area, and number
of trees per acre in total and for estimates by size class, species and
cover type as obtained from fixed versus variable radius plots.

The design of the survey was based on systematic sampling with four
random starts. Systematic sampling is often used in continuous forest
inventories because of the ease of ﬁ)lot layout and reduced field travel
costs. Further, such designs can provide a more representative sample
because the sample plots are distributed over the entire population. The
estimates obtained fraom the sample are unbiased (their expected value is
the true population parameter), consistent (as the sample size increases,
the estimate tends to approach the true population parameter) and efficient
(the variance of the sample based estimates are frequentiy less than that

of simple random plot layout designs).



Although systematic sampling has many advantages, it also has some
limitations. The most important is the lack of enough information to
calculate the sampling error. Clutter (1959) stated, "General procedure
with systematic samples has been to campute sampling error as if the sys-
tematic sample had been drawn at random and to assume the real sampling
error to be smaller than that indicated by this procedure." A problem
can occur, however, when the plot interval of the sampling scheme coin-
cides with an unknown periodic variation in the population (referred to
as periodicity). If this occurs, systematic samples may be imprecise and
lead to further underestimates of the true sampling error.

To overcome these limitations, Shiue (1959), (see also John, 1964)
proposed systematic sampling with multiple random starts. This design
resembles cluster sampling in that each random start can be considered a
discontiquous cluster. The periodicity problem is reduced with random
starts for if one cluster coincides with the population's variation,
there are other randomly selected clusters that will not so coincide.

Increasing the number of randam starts causes the distribution of
the sample plots to approach that of a simple random sample, thus reduc—.
ing the efficiency of systematic sampling. Conversely, too few random
starts may inflate confidence intervals through necessary use of large
values for students "t". Also, when two random starts lie close to each
other, and their directional orientation is similar, the plots for those
two starts will be paired throughout the sample. The resulting high
correlation between starts diminishes the efficiency of the survey rela-

tive to a systematic sample with a single random start or even simple

- random sampling.



Plot Establishment and Data Collection

The permanent plot layout (location) was established by Swenson (1960).
Field work was conducted during September and October of 1959. Each of the-
four random starts consisted of approximately 100 plots. The random starts
were chosen and distributed according to a rhombus pattern or grid (see
Swenson, 1960). Thus the location of the random starts differed, however,
the orientation (azimuth) of the grid was constant over all starts, i.e.,
the same directg'.onal randomization was used for all starts. Each of the
random starts was initiated in the northeastern most forty of the study
area. The rhonbus located in that forty was divided into approximately
160 sections (i.e., 160 possible 1/5 acre plot locations). Within each

random start the plots were located approximately 18.8 chains apart. Plots

falling in nonproductive areas, marsh, reserve areas, experimental plantings,

and on the main highway were omitted from the sample. This reduced the
number of plots from 400 to 353 (90, 87, 87, and 89 plots for random starts
1, 2, 3 and 4, respectively)‘.2

Five types of plots were established at each location, four of which
were concentric. These included three fixed radius plots and two variable
radius plots (Bitterlich horizontal point sample plots). The fixed radius
plots were: 1/7 acre for all trees > 4.95 inches dbh, a combination of a
1/7 acre plot for all trees 4.95 inches < dbh < 8.95 inches and a 1/5 acre

plot for trees > 8.95 inches dbh (referenced as 1/5 acre plot), and a

Documentation may sametimes refer to random starts as 0, 1, 2, and 3.



1/1000 acre (milacre) reproduction plot. The variable radius plots were:
5 basal area factor (BAF) plot for trees > 4.95 inches dbh and a 2 BAF
plot for mortality estimation. The reproduction plot center was located
ten feet north of the primary plot center to avoid trampling damage.

The major variables observed on a plot were cover type (species group),
timber size class and stand density. Tree observations included species,
dbh, vigor, status and merchantabie height. The complete listing of vari-
ables observed and measurement instructions can be found in the field
instructions for each year of measurement (see APPENDIX 6; there was no
formal set of instructions for the 1976 remeasurement). The instructions
are also on file at the Cloquet Forestry Center with plot location infor-
mation.

For the years 1959, 1964, and 1969 measurements were taken by re-
searchers and graduate students from the College of Forestry. In 1976
U.S. Forest Service Forest Survey Project crews measured the plots. The
Forest Service's interest was in using the data to test the STEMS growth
projection model (USDA Forest Service, 1979). Until 1976, all the plots
except the reproduction plot were observed in each measurement year. The
reproduction plot was dropped after 1964. During a reproduction plot
analysis by Bare (1965b), it was discovered that the plot radius used was
2.7 feet rather than the desired 3.7 feet. In 1976 only the 1/7 acre plot
was remeasured. Reasons for dropping the variable radius, 1/5 acre and
milacre plot observations were not documented. Some of the observed vari-

ables were also redefined in 1976. Specifically, tree dbh was maintained,

A
v



but total height replaced merchantable height and crown class and crown
ratio were added. Also, the current status code has evolved over the

remeasurements as noted later.

Past Analysis

To insure that the 1959-1964 CFI measurement data was accurate, two
comprehensive error check computer programs were written by Bare (1965a).
These programs checked data file records on the 1/7 and 1/5 acre plots
for 1959 and 1964. The first program checked stand and tree measurements
for each year separately. The second checked the changes that occurred
between the two measurements. Errors found were subsequently corrected
thus enabling use of the 1959-1964 CFI data with substantial confidence
in its accuracy.

The study by John (1964) concluded that

a. The fixed and variable radius (point sample) plot based esti-
mates of forest-wide totals showed no significant difference.

b. Point sample plots resulted in higher precision than fixed
radius plots for estimates of volume, basal area, and number
of trees per acre by size class.

c. Fixed radius plots resulted in higher precision than point sam-
ple plots for estimates of number of trees per acre by species.

d. Point sampling resulted in higher precision than the 1/7 acre
plots for estimates of basal area per acre by cover type.
Another analysis by Bare (1965b) involved the CFI reproduction plot
data. This study examined whether the reproduction estimates met desired
levels of precision. Results indicated that desired precision was met

only for the entire forest. Conclusions were that the overstory-oriented



CFI survey does not provide adequate estimates of understory vegetation

for any area or cover type breakdown below the entire forest.

Data Management Problems

As with many long term studies and data sets, problems have arisen
in maintaining data organization and documentation. One difficulty is the
number of different people who have worked with and maintained the data
over the years. Further, users have had different objectives.

The CFI data compilation by Moeur et al. (1980) (file listing labeled
CIOQUET MASTER FILE, dated July 1979) was intended for developing forest
growth projections. This file was constructed by merging the U.S. Forest
1976 measurement file (MSTRiOO) with a file conﬁaining the 1959, 1964
and 1969 measurements (see Moeur et al. 1980, p. 5). One result of this
compilation was that records of the numbers painted on trees were omitted
and replaced by sequential tree numbering for each plot. Consequentiy,
the tree number in the current file (developed for this report from the
above July 1979 file) does not always correspond to the painted tree num-
ber. Such tree number records are available on older data file copies,
howéver , and a simple procedure planned to correct this omission will in-
volve entering the painted tree numbers by hand on the tally sheets for
the 1982 remeasurement. When data from the 1982 remeasurement is added
to the current file, the painted tree numbers will thus be included with

it.
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The current file, called CLOPIOT, is an edited version of the July
1979 CIOQUET MASTER FILE. The editing conducted is described below. The
revised file format is described in APPENDIX 8.

The current data file contains only those trees tallied on the 1/7
acre plot. When the plots were first established, trees were numbered
clockwise in order of occurrence starting from north, first with the 1/7
acre plot, then for the 1/5 acre plot, then for the 5 BAF plot. Also, for
some years ingrowth trees were added to the list, but given numbers often
starting at a magnitude of ten or more over the last tree number. Thus,
when the trees on jﬁst the 1/7 acre plot are listed the numbers may not
always be consecutive.

Cover type codes for plots and/or stands were missing occasionally
from the July 1979 and earlier files. There was also some confusion with
the cover type code for a recently cut area. In the 1964 remeasurement
instructions, the code of "0" (zero) was entered for a cut area. Where

no information was entered a "-0" (representing a blank) appeared on the
printout. It was thus assumed that plots for other measurement years
with a "O" cover type code also represented cut areas. To alleviate con-
fusion, a new code "44" was chosen to designate cut areas. The plot and
stand cover type codes of "0" were subsequently changed to the new code.
The missing cover type information was obtained by referencing aerial

photographs corresponding to the year of measurement followed by field

checking (conducted by C. A. Reber; see APPENDIX 7).
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Some 1976 remeasurement plot data were also omitted in the file up-
dated by the U.S. Forest Service North Central Forest Experiment Station
(NCFES) . This could have been due to a difference in objectives. The
NCFES staff intended to use the data for growth model testing mentioned
earlier and the omitted plots may have had incomplete records or described
stand types of lesser interest (see APPENDIX 7). The omitted plot tally
sheet data have since been restored to the data file by the authors.

Stand nunbers are a recent addition to the Cloquet Forest inventory
records. Moeur et al. (1980) made cover type maps for 1959, 1964, and
1970 referencing available aerial photography and a 1977 cover type map
produced by the University of Minnesota Remote Sensing Laboratory. Cover
type maps for 1970 and 1977 were assumed to represent forest conditions
for 1969 and 1976, respectively. Stand numbers were subsequently assigned
to each map. A total of 374 stands were delineated and numbered. Although
there were four measurements, there were at most two stand numbers in the
data file for each plot. The first stand number is apparently that in
which the plot fell for the majority of the remeasurement years. The second
or extra stand number is that for the less frequent designation. Plans
are to create a separate stand number for each measurement upon compilation
of the 1982 remeasurement data (see APPENDIX 5).

There are numerous computer listings of data and tables correspond-
ing to earlier measurements. Unfortunately, many of these have little
documentation. Available past field instructions also do not correspond

carpletely to variables listed on the printouts or the coding actually
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used. The most confusing data are those for the "tree classification,"
"measurement status" and "status" codes. Apparently, the classification
code was combined with the measurement status code in 1969 to form a new
code which was subsequently labeled "measurement status" in the 1969 field
instructions. In the Moeur et al. (1980) data file it is referenced as
"classification code." Comparing the data file with the instructions for
the 1964 remeasurement, it is apparent that although tree classification
and measurement status are described separately, their codes were cambined
and recorded as one item. At the time of the 1976 remeasurement, another
status code was given to the trees based on U.S. Forest Service NCFES
Forest Survey coding. This new code identified the trees as (1) live re-
measured, (2) cut, (3) dead, (4) new tree measured, or (5) could not locate
tree. At that time this status coding was also filled in for the 1959,
1964 and 1969 measurements using the 1976 scheme.

The initial survey of 353 plots was apparently not intended to repre-
sent the entire forest as it included only those plots that fell in pro—-
ductive forest areas (Swenson, 1960)7 However, three nonstocked plots
(no trees) in productive cover types were included among the productive
area plots and have been observed in that condition for all four measure-
ments.

Those plots initially omitted and other plots which were needed to
camplete the systematic pattern have now been added to the data file.

The plots needed to fill in the pattern were assigned numbers beginning

at 400 (see APPENDIX 1). The new plots match the locations of previously
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omitted unproductive area plots listed for each random start. The revised
nurber of plots is 402. The data entered for these new plots includes
the plot, compartment and stand numbers from the 1977 cover type map.
It is anticipated that the 1982 remeasurement will establish and measure
these plots on the ground.

Lastly it may help to note that when plot numbers were initially
assigned, that numbering did not consistently follow the pattern of the
rﬁombus design. This condition is noted in the patterns outlined in

APPENDIX 1.
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SUMMARY STATISTICS

Upon campletion of editing and updating, the current CFI data file
was used to produce product summary tables and statistics for the forest.
This analysis was accomplished with a modified version of the SUMARY pro-
gram of the MFPS package (Ek et al. 1980). (This version of SUMARY is
subsequently referred to as LSUMARY).

Four data files were needed to run LSUMARY. The first contained the
current CFI data file of four measurements. It is maintained on two CDC
Cyber compatible magnetic tapes; CAREKCLOQUETO0l, VSN = SN8375 and
CAREKCLOQUET02, VSN = SN8376 stored in the University Computer Center
tape library. Each tape contains a coded version of the file, called
CLOPIOT, and a binary version called BICIOPL. ISUMARY can read the coded
or binary version of the file (with minor program changes). The binary
file is larger but less expensive to process than the coded file. ISUMARY
is also stored on these tapes.

The second data file, LESUMT4, includes species, species group and
cover type codes along with various sets of coefficients used in cal-
culating total tree heights, product volumes, site indices, etc. Many
species have two codes, a U.S. Forest Service Forest Survey code (designated
MSTR100 codes) and a Cloquet CFI survey code.

The third file contains acreage data. Moeur et al. (1980) determined
stand acreages for each of the four measurement years. Acreage files were
then developed by cover type for each of the four measurements (files

AC59, AC64, AC69, and AC76; see APPENDIX 2 tables). The files are organized
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so that each record (a line) represents a cover type species group. The
record is further broken into four size classes and three density classes.
The values along a line in these tables are also summed to represent the
total acreage for that cover type species group.

The last file, NTYPE, specifies the cover type for which product
summary tables are desired.

The summary tables provide estimates by plot cover type-size-density
classes for number of trees, basal area and biomass per acfe , plus net

pulpwood, boltwood and sawlog product volume.3

The tables also indicate
cover type acreage and list the plots considered. The statistics cal-

culated include per acre variance, standard deviation, mean and coefficient
of variation for each product and stand characteristic summarized. The

estimators assumed were those for simple random sampling, i.e., the 402

plot survey was assumed to represent a large simple random sample.

3 Products are defined by minimum top diameters inside bark: 3.0 inches
for pulpwood, 6.0 in. for boltwood and 8.0 in. for sawlogs with an 8.33 ft
minimum length for such product classification. The determination of
these top diameters was based on Lake States camposite taper relationships
by Gevorkiantz and Olson (1955, Table 8). Equations for this taper table
and related tables of percent of total stem volume by product (pulpwood,
boltwood, and sawlog) used here were developed by Alan R. Ek. A report
describing the development of these equations, tables and implementation
software is in preparation.

Tree heights in all these computations were those for total height
based on regional equations prepared by Ek et al. (1982). Volumes were
also reduced fram gross to net according to equations for defect percent
expressed as a function of tree diameter. Bicmass (dry weight, stem and
branch wood and bark above 0.5 ft. stump) was estimated as a function of
tree diameter and height. These equations for various species were
developed by Alan R. Ek and are described in file copies of LSUMARY and
in the MFPS users manual (Fk et al. 1980).



16

A conparative study (Reber and Ek, unpublished)3 compared variance and
sampling error estimates using cluster sampling versus simple random
sampling formula. Results showed little difference in population vari-
ances and sampling errors computed by the two approaches.

Twenty cover types (species groups) were delineated for the CFI
compilations.

ISUMARY (CFI Tally Code
Code  (APPENDIX 4, p. 2) Cover Type (Species Group)

1 1 White pine
2 2 Red pine
3 3 Jack pine
4 4 : Balsam fir
5 5 White spruce
6 6 Swanp conifer
7 7 Black spruce
8 8 Tamarack :
9 9 Northern white cedar
10 10 4 Scotch pine
11 11 Spruce~fir
12 55 Black ash
13 60 Aspen
14 61 Paper birch
15 70 Grass-brush
16 80 Unproductive (wet marsh)
17 - Softwoods
18 - Hardwoods
19 —_ All cover types (entire forest)
20 44 Cut

The stand size classes were:
1 seedling (0-1 inch)
2 sapling (1-5 inches)

3 pole (5~9 inches)

3 Reber, C. A. and A. R. Ek. Variance estimation fram systematic
samples in Minnesota timber stands. In preparation.

4 USDA Forest Service Forest Survey Code.
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4 sawtimber (9-14 inches)
5 all sizes
The stocking levels were:
1 poor (10-40% crown closure)
2 medium (40-70%)
3 well (> 70%)
4 all levels

5 combination of 2 levels (designated in LSUMARY compilations)

Compilations were made for plot cover types 17, 18, and 19 for all four
measurement years and for the most common commercial cover types: jack
pine, red pine and paper birch cambining all size and stocking classes
(APPENDIX 3).

Results show the forest acreage consists of approximately 67.4% soft-
wood and 24.7% hardwood cover types with the remaining 7.9% of the area
in brush, grass, wet or marsh areas.

The major commercial species (in order of decreasing volume) are jack
pine, red pine, paper birch and quaking aspen (see Figure 2). The trend
over the period 1959-76 shows jack pine's volume per acre (over the entire
forest) declining, and paper birch and red pine volume steadily increasing.
Red pine, in particular, has increased at a rate of 7.8 ft3 per acre per
year. Jack pine comprised the largest volume until 1973 when it was
equaled by red pine. Red pine has since increased to an amount more than

campensating for the decline in jack pine. Paper birch volume has been

consistently higher than the quaking aspen volume.
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- Examination of the summary tables (APPENDIX 3) and Figures 3-5 in-
dicated trends in per acre values and variability of the 1/7 acre plot
data. It is evident that the sawtinber portion of the inventory also
increased substantially in recent years.
Tables 2 and 3 show the total volume harvested for the entire forest
- and species respectively. Table 4 illustrates the growth of the forest.
Cover type area estimates from plot expansion factor and planimeter
readings were also compared. The results are shown in Table 5. The
expansion factor was merely the acreage represented by a plot. In this
study, for cbnsistency with Moeur et al. (1980), each of the 402 plots
- represented 8.23 acres (3308 : 402). As Table 9 indicates, some of the
estimates were close while others were different by as much as 46%. As
expected the larger cover types had rore similar e‘stimates than small

cover types, i.e., the former were estimated using a larger number of plots.
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Table 2. Approximate total volume and harvest (all species) over the
remeasurement periods for the Cloquet Forest CFI area.

Total volume cft3) Harvest
Period on forest* _harvested** = percent
1959-1964 3,107,568.30 577,168.55 18.57
1964-1969 3,283,653.10 183,539.43 5.59
1969-1976 3,639,130.80 253,279.53 6.96
1976-1981 ’ 3,922,758.70 175,327.88 4.47

* Volure estimate cbtained from product summary tables for initial year
of period.

** Harvested volume estimates obtained from Cloquet Forestry Research
Cent@r Cutting Reports. Conversion factor used for sawtimber was
1 ft” = 6.33 bd ft.

Percent of initial year of period volume.



24

Table 3. Approximate total and per acre volume of timber harvested by

Volume Harvested

1976-1981

Species 1959-1964 1964-1969 '1969-1976

a) total volume (£t°)

Aspen 189,859.91 30,629.72 9,630.89 36,860.61
Birch 6,004.00 1,525.17 34,863.49 3,641.90
Red pine 29,549.16 13,339.94 6,552.26 1,262.42
Jack pine 318,655.98 126,508.23 175,799.49 51,632.84
White pine 2,184.35 1,292.44 1,045.96 -
Scotch pine 76.63 - 112.97 — :
Spruce 11,351.51 2,474.28 382.36 7,923.70
Black spruce 1,532.60 1,935.50 - -
White spruce 90.06 - - -
Balsam fir 7,031.08 4,242.30 14,337.71 932.20
Tamarack 284.40 185.65 - —
Pine 10,548.87 1,406.20 10,554.4 24,908.70
Hardwood - — e 7,663.00
b) Per Acre (ft3/ac)

Aspen 57.39 9.26 2.91 11.14
Birch 1.81 .46 10.54 1.10
Red pine 8.93 4.03 1.98 . .38
Jack pine 96.33 38.24 53.14 15.61
White pine .66 .39 .32 —_
Scotch pine 76.63 - .03 -
Spruce 3.43 .75 .12 2.4
Black spruce .46 .59 - _—
White spruce .03 - - -
Balsam fir 2.13 1.28 4,33 .28
Tamarack .09 .06 —— -
Pine 3.19 .43 3.19 7.53
Hardwood - -— - 2.32

* Harvested volume estimates obtained from Cloquet Forestry Research
Centgr Cutting Reports. Conversion factor used for sawtimber was
1 ft” = 6.33 bd ft.
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Table 4. Growth of the Cloquet Forest(derived from Table 2).

Volume (,ft3/ acre/year)

Period Entire Forest*® Productive Area**
1959-1964 45.5 54.0
1964-1969 32.6 38.6
1969-1976 : - 23.2 27.5

* For entire forest area of 3308 acres, 402 plots.

** For productive forested area of 2789.4 acres, 353 plots.
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Table 5. Areas of cover types as estimated by planimeter readings and
plot expansion factor (8.23 acres per plot).*

Number Area by Area by Area

Year Cover Type of Plots Planimeter Plot Expansion Difference
- - Acres - -
1959 Jack pine 93 577.7 765.39 187.69
1964 Jack pine 81 512.4 666.63 154.23
1969 Jack pine 65 411.5 534.95 123.45
1976 Jack pine 79 446.0 650.17 204.17
1959 Red pine 47 564.9 386.81 -178.09
1964 Red pine 56 587.7 460.88 -126.82
1969 Red pine 64 621.8 526.72 - 95.08
1976 Red pine 50 617.0 411.50 -205.50
1959 Paper birch 18 289.9 148.14 -141.76
1964 Paper birch 26 286.6 213.98 - 72.62
1969 Paper birch 25 295.4 205.75 - 89.65
1976 Paper birch 21 198.2 172.83 - 25.37
1959 Softwoods 242 1951.7 1991.66 39.96
1964 Softwoods 238 1941.1 1958.74 17.64
1969 Softwoods 236 1859.6 1942.28 82.68
1976 Softwoods 235 1894.3 1934.05 39.75
1959 Hardwoods 85 856.6 699.55 -157.05
1964 Hardwoods 88 879.2 724,24 ~-154.96
1969 Hardwoods 88 919.5 724.24 -195.26
1976 Hardwoods - 88 855.6 724.24 -131.36
1959 Other** 75 499.7 617.25 117.55
1964 Other 76 487.7 625.48 137.78
1969 Other 78 528.9 641.94 113.04
1976 Other 79 558.1 650.17 92.07
Entire Tract: 402 3308.0 3308.46

* Percentage of. area by broad cover types for 1976: Hardwoods 24.71
Softwoods 67.35
Other 7.94

g0 o0 o

** Other includes complete plot layout patternwith plots previously
omitted (to be established in 1982).
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REMEASUREMENT PLANS

The 1982 remeasurement will involve two two~person field crews fram
mid-June to mid-September. They will locate and remeasure the existing
1/7 acre plots, re-establishing and ie—marking them if need be and estab-
lishing new concentric 1/100 acre plots for live stems fram .95 to 5 inches
in size. Detailed field instructions for the 1982 remeasurement are given
in APPENDIX 4. The survey design will also be extended to Blocks 2 and 3
and the NWj of the NW4 of Section 28, T49N, R17W and plots in "unproductive
areas" omitted in 1959-1976 (see APPENDIX 1 for these plot locations).

All plot center stakes (treated 2" x 2“ x 30" wood stakes) and their
metal tags will be replaced. The field tally sheets to be used will be
generated from a small FORTRAN program designated TALLY2, which was written
to read the current CFI data file. The tally sheets contain most of the
information from previous measurements (see APPENDIX 4 for example). The
information from past measurements is intended as an aid to questions that
may arise in the field.

Variables to be observed are plot and stand cover type species group,
size and density classes, stand age, site index and site index species,
and on a plot basis the tree species, dbh, total height, crown class,
crown ratio, tree classification and identification of the tree's plot
type (1/7 or 1/100 acre). The crown class and crown ratio determination
Will follow procedure and coding used by the U.S. Forest Service Forest
Survey. The location of data entries on the tally sheets is indicated by

pairs of parentheses.
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One section of the tally sheet is intended for recording height and
age data for stand site index. At present, only limited data concerning
stand ages and site indices is available. While only stand age and site
index will be entered on the revised Clogquet CFI data file, the actual
tree height and age data will be available from the tally sheets for
possible future reference.

Completion of the remeasurement and development of a revised data
file will be followed by the construction of geographic plot and stand
data base for the Center. As part of that effort, plot location data

(UM coordinates) will be added to the file.
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APPENDIX 1

Plots Omitted from Original Survey to be

Established in 1982 Remeasurement

Figure

1-la Randam start 1l: Plot layout for complete systematic pattern.
1-1b Random start 2: Plot layout for complete systematic pattern.
1-1c Random start 3: Plot layout for complete systematic pattern.
1-1d Random start 4: Plot layout for complete systematic pattern.

2 Original plot layout map from Swenson 1960 with all 402 plot
locations.

3 Plot layout for plots established in new areas in 1982.

* Plots omitted from past data files (nonproductive areas).

** Plots omitted from past data files for unknown reasons.



. *el~T oanbT,

hH

L 00h

sie ot " . ww

e LTI 1

ne uo—- " ** ’w
xx 03
»x BL
xx %9
£* b
xx b

**ml

Y=PP 0 S¥\d
| POAG  \WOPWU W N




. *qr-T 2anbTJ
] L 1Y

ath
M Gk
x Pth
»&h

hh
Tk
5 0th
» boh
+ 30b
x LOh
x 90h
4 Goh
x 1oh
* €0
£ UOh
« \On

PoYP0 Syo\d
C Y0NS Wepuoy




*OT-T oanbTg

»3€Hh
MERA
% ATH
$GTH
*1Th
L £th
£ Ceh
» V&N
xOCh
¥ bih
x 3th
x L\n

TIP0 S\
S YOS wepwoy




“pI-T mbTg

% O%h
x bth
xx LbE
¥ €bE
2% €3C
x¥ LLE
4 0G€
o DEE
T oxk P%m
x3 LOE
o LOE
x4 tog

ToPv0 S\
o ATRS WPy




SURFAGED HIGHWAY

LOGGING ROADS
- — DITCH

Y

'UNIVERSITY OF MINNESOTA
SCHOOL™ OF FORESTRY [~

CLOQUET [EXPERIMENTAL FOREST
CLOQUET MINN.

SCALE 4“- IMILE
LEGENb? o

—— UNSURFAGED ALL-WEATHER ROADS

—

AN
S ONN

<78 ‘ | £4

106
b 71 -

Figure 2.

Permanently Non-productive
IYIa-rSh e e s e e e e e o My
Reserve areas » « « « « R
Experimental planting . Px
Highway ROW

e PIPELINE

Non-productive &€ :
Lowland brush « « « « « Is
Non-productive spruce . SX

CFI P1OES + o o o o o o o o7




oo ‘ 1-7 .
- " CREEK - To
S v L CLOQUET

?

Flgure 2. Continued | ' ' :




B

( Ex xperimient Stauon “f

NS¢

_5773

Cloquet-Carl
_Airp

i
!
1
I
1
1
l
FO"

2

ort

-1
1
-
1
i
I
I
1
t
P
i
l

42'30”
i RS HAX
§ A ¢
N 2 100191
§ 3 -2
L3 y 300-3%9
Newos flﬂf‘i 'év
New. aveas
so00+
ie. |
RS
] 500 —
1 oo~
3 200 -~
4 ®%oo-—-

(cLbaueT)
7577 HINW

&2
<
=]

Figure

3.




NP
o
Jgh

BM 1330,
e rSawye'r

EN

T e TN !
:BURUMGTONw/

tod - 12903

FOREST

e Hrra

o “/5 -

! 2 i ey = Mt T %269 1T aeg

T 2 e !525 ® INTERIOR-GEGLOGICAL SURVEY. WASHINGTON D. C.-19 1

$28000m.g.

Figure 3. Continued



1-10

Pits, «

. g [
5. M Hillside Cem

.o

e VR

Figure 3. Continued




1-11

Table 1-1. Plots located on original map (Swenson 1960) but not included
in the Moeur et al. (1980) data file.

Plot Compartment Stand
Number Number Number
3 1 27
7 3 91
9 4A 91
66 51 191
78 62 367
80 64 355
81 64 345
88 68A 261
302 1A 45
307 4 92
309 4A 101
327 17 122
338 27 75
350 35 295
377 58 309
382 63 363
393 71 191
397 74 262
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Table 1-2. Plots to be established to complete pattern of the original
systematic sample.

Plot Compartment Stand
Number Number = ‘Number
400 7 53
401 1B 1
402 1A 12
403 1 24
404 4 91
405 9A 16
406 30 218
407 35 289
408 53 241
409 56 237
410 57 258
411 58 310
412 65 309
413 66 270
414 68 262
415 70 209
416 71 191
417 1B 5
418 1A 16
419 5A 91
420 9 48
421 11 16
422 17 91
423 38 324
424 41 310
425 54 185
426 56 237
427 58 258
428 58 309
429 9 48
430 68A 259
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APPENDIX 2

Cover Type Acreage Files
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'APPENDIX 4

Field Instructions for Remeasurement



Field Instructions for Remeasurement
of
Cloquet Forestry Center CFI Plots - 1982

I. Materials required by each 2-person crew

A. Equipment

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

100" tape

Diameter tape

Clinometer (Sunnto)
Caliper for small diameters (v guage)
Height pole -~ 16'

Clip board

Hand campass (Silva)
Stereoscope

Flagging

Axe for setting plot stakes
Increment borer

B. Supplies

Map of area with plot locations plus individual plot
location instructions

Stereo coverage aerial photos with photo scale ruler
Field instructions

Computer print out sheets for plots with space to record
new data

Pencils, etc. '

Metal tags and/or marking crayons for small trees on 1/100
acre plot

Plot stakes (2" x 2" x 3' treated wooden stakes with
aluninum tags for all plots ; 60" stakes for wetlands)
Tree marking paint (white) tubes and quart cans

II. Ilocation of sample plots

l.

Using the plot location information in conjunction with
aerial photos relocate plot center in field. If plot
center cannot be found, a new center stake should be
re-established.

Verify plot location and plot number.

Note any change in plot cover type, size class, density
class or average dominant height since the 1976 measure-
ment and record change on computer tally sheet (attached).
For new plots, establish centers corresponding to map
locations found by extension of multiple randam start grid
used for Block 1 (Cloquet Center).



1982

IIT. Measurement and recording of plot information

1. Plot number

2. Compartment number
3. Stand number

4. Cover type of plot

The codings for the various cover types are given below.
In classifying cover type, the 1/7 acre plot will be the

basis and classification will be based upon the crown
density of the dominant species. When this is not
clearcut, volume will be the basis for the decision.

5. Cover type of stand.

This classification will be based on a 2% acre minimum

area standard.

COVER TYPES

Productive forest land

01 White pine

02 Red pine

03 Jack pine

04 Balsam fir

05 White spruce

06 Swamp conifers

07 Black spruce

08 Tamarack

09 Cedar

10 Scotch pine

44 Cut (new classification
not yet evident)

52 Upland mixed hardwoods

55 Black ash

60 Aspen

61 Paper birch

70 Grass

71 Upland brush

72 Iowland brush (Willow, alder)

Unproductive forest land

80 Unproductive lowland
81 Christmas tree bog

83 Unproductive upland
88 Reserved from cutting

Nonforest land

90 Nonforest

91 Farm land

93 Urban and industrial

94 Water

96 Marsh

97 Muskeg

98 Right-of-way

99 Other nonforest (sand dunes,
rock outcrops, etc.)



3 | 1982

- 6. Size class
' 'Code Class
h 0 Nonstocked
1 Seedlings — under 1" dbh
2 Saplings - 1" to 4.95" dbh
o .3 Poles - 4.95" - 8.95" for conifers, aspen
- 4.95" - 10.95" for hardwoods
4 Sawtimber - 9"+ for conifers and aspen
— - 11"+ for hardwoods
5 All sizes
_ 7. Density Class
Code Density
- 0 Nonstocked (0-9%)
1 Poorly stocked (10-39%)
2 Medium stocked (40-69%)
— 3 Well-stocked (70%+)
Density will be based upon the volumes (5 sqg. ft. B.A. =
1 cord) or number of trees of all species present on the
— plot. Use the following table as a guide:
STAND SIZE AND DENSITY CIASSIFICATION
- " Unit o Density
Size Class Per Acre Good Medium Poor
B Seedlings Trees 1,400+2 800-1,400% 200-800
Saplings® Trees 700+ 400~700 100-400
Pole-Tinber Cords® 13+ 7-13 37
Small Saw-Timber M Board Ft.© 6.0+ 3.0-6.0 1.0-3.0
Large Saw-Timber M Board Ft.€  10.0+ 5.0-10.0 1.0-5.0

a Primarily for natural stands. With uniform spacing approximately 1000
trees per acre qualified as good density of stockings.

b

Size class 0-5.

— € Volumes are net, board feet , “Int. %-inch Rule.



IV. Tree (live stems) data (to be entered on attached tally sheet)

Two concentric plots will be measured at each sampling point.

A 1/100 acre plot will be established (radius 11.78 feet)
for all trees .95 inches dbh and larger.
1/7 acre plot (radius 44.5 feet) for all live stems 4.95

a.

b.

inches dbh and larger.

The sequence of measurement will be:

1.

2.

All trees in 1/7 acre plot beginning clockwise from north

or lowest existing tree number.

All trees in 1/100 acre plot (same clockwise pattern as

above) .

1/7 and 1/100 acre plot measurement

Ttem

1)

Plot number (if new plot)

2) Tree number (new trees in 1/100 acre plot should be marked
with a new tree number with paint or a metal tag above dbh.
To avoid confusion with old numbers, new tree markers must
begin higher than any old number).
3) Tree Species
Code Species Code Species
01 White pine 50 Basswood
02 Red pine 51 American elm
03 Jack pine 52 Slippery elm
04 Balsam fir 60 Quaking aspen
05 White spruce 61 Bigtooth aspen
07 Black spruce 62 Balsam poplar
08 Tamarack 64 Paper birch
09 Northern white cedar 65 Red maple
10 Scotch pine 66 Sugar maple
21 Yellow birch 67 Black ash
68 Red oak
69 Other (specify on tally

Codes Species

73 Willow

80 Mountain maple
82 Choke cherry
83 Pin cherry

84 Service berry
85 Mountain ash
20 Alder

sheet, these will be
given codes later)

1982



4)

5)

6)

5 1982

Dbh

Measure and record to nearest 0.1". Measure with tape
for trees > 2.95" dbh; use caliper for smaller stems,
measure at right angle to plot center.

Height

Observe total height to nearest foot using hypsometer and
16' pole as a guide on first two trees from north on 1/7
and 1/100 acre plots (4 trees total). If 1976 total height
present, remeasure total height of at least two such trees.

Crown Class

Crown classification primarily reflects the amount of sun-
light received rather than the conventional "crown position”
classification found in forestry textbooks. Record a one-
digit code to show crown class of all live trees 1.0" dbh
and larger, as follows:

Code Crown Class

1 Open grown. Trees with crowns which have received full
light from above and fram all sides throughout all or
most of the life of the tree, particularly during its
early developmental period.

2 Dominant. Trees with crowns extending above the general
level of the crown cover and receiving full light from
above and partly from the sides; larger than the average
trees in the stand, and with crowns well developed,
but possibly somewhat crowded on the sides.

3 Codominant. Trees with crowns forming part of the
general level of the crown cover and receiving full
light from above, but camparatively little from the
sides--usually with medium-sized crowns more or less
crowded on the sides. (In stagnated stands, includes
trees with small-size crowns crowded on the sides).

4 Intermediate. Trees shorter than those in the two
preceding classes, but with crowns either below or
extending into the crown cover formed by codominant
and dominant trees, receiving little direct light
from above, and none from the sides; usually with
small crowns considerably crowded on the sides.

5 Overtopped. Trees with crowns entirely below the
general level of the crown cover, receiving no direct
light either from above or from the sides.




7)

6 1982

In multiple-age stands with understory trees of younger
age classes, crown classification is often difficult.

As a general rule, the crown class for each tree should
be judged in the context of its immediate environment;
that is, those trees affecting it or being affected by it
in terms of crown competition. For example, the inter-
mediate and overtopped crown classes are intended to in-
clude only trees seriously affected by direct competition
from adjacent trees.

Crown Ratio

Crown ratio is the percentage of total tree height that
supports a full, live, green healthy, foliage that is
effectively contributing to tree growth. Crown ratio is
expressed as a percent of total tree height and recorded
as a l-digit code for all live trees 1 inch dbh or larger.
For trees that have uneven length crowns, ocularly transfer
branches to fill holes in the upper portion of the crown,
until an even crown is visualized. For example, a tree
might have scattered green branches extending over 60
percent of its total height, but by ocularly transfering
branches to produce a full crown, the crown ratio might
be 40 percent.

Record crown ratio using the following one-digit codes:
Code Crown Ratio '

1 through 10 percent
11 through 20 percent
21 through 30 percent
31 through 40 percent
41 through 50 percent
51 through 60 percent
61 through 70 percent
71 through 80 percent
81 through 90 percent
91 through 100 percent

oOwoo~JoONUTd WNH
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Tree Classification (CL)

Code Status
0 0ld tree-measured in 1976
1 Ingrowth on 1/7 acre plot, dbh less than 4.95"
in 1976

Codes 2 and 3 used for past inventories.
Tree obviously missed in 1976
Harvested

Dead

Missing

New tree in 1/100 acre plot

OO U >

If there is an apparently large discrepancy between the
first and second measurement for a particular item make
a note of this on the plot sheet of the plot concerned.

Identification of tree's plot
Code Explanation

1 1/7 acre plot measurement

(codes 2 and 3 used with earlier multiplot design for 1/5
acre and point sample plot, respectively)

4 1/100 acre plot measurement

41 Code 1 tree within 1/100 acre plot



V.

8 1982

Stand age and site index
For plots in stands that do not have an age and site index:

1. Determine year of stand origin from plantation records
(years since planting) or from increment borings of 3
dominant crown class trees in the stand (not necessarily
on the plot) for major species.

Use the following table for determining total age for
trees bored at dbh (from p. 10, 1964, Field Instructions)

Species Years to dbh*

Aspen (moist site)
Aspen (dry site
Birch

Jack pine

Red pine

Scotch pine

White pine

Ash

White spruce 10
Black spruce 12
Balsam fir 10
Cedar 15
Tamarack 10

* The years to dbh should be added to the ring count
obtained from the increment core.

2. Determine tree heights for above trees.

3. Record these heights and ages on tally sheet for each plot
in stand.

4, This same stand data may be assigned to several plots,
i.e., each plot does not require separate height and age
data. '

OWoooowoNdNM
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Field Tally Sheet
A, Coding

A FORTRAN computer program was written to read the existing
Cloquet Forestry Center CFI plot data and produce a tally form for
the next remeasurement. The tally sheets (sample attached) consist
of plot information as well as stand information.

An explanation of codes used on the tally sheet is:

PN -~ plot number
PIN - painted tree number
TN - tree number
SP - tree species
DBH - diameter breast height (inches and tenths)
ST - status (U.S. Forest Service coding)*
V - vigor class
MHT - merchantable height
CL - tree classification (Note that 1969 CL is not identical to
that for the remeasurement)
THT - total height (nearest foot)
CC - crown class
CR - crown ratio
ID - plot identification

To indicate which values are to be recorded and where, pairs
of parentheses, i.e., "( )", are printed. In most cases, the space
provided is equal to the nurber of digits which should be recorded.
The exceptions to this are the values for CL, CC, CR and ID, each of
which were given two spaces but only one number need be recorded.
Also, the compartment nmumber is a left justified character value.

- The acreage, age of the stand, and its site index are to be
recorded either fram previous records prior to field work or from
measurenents taken while in the field. Crew names, the date and the
heights and ages of three dominant trees used in determining site
index will not be added to the camputer data file. Space is provided
on the tally sheet only so these items may be referenced later.

live tree reameasured
cut tree

dead tree

new tree measured

1
2
3
4
5 = could not locate tree
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In the past when the Cloquet Forest CFI plot data was organized
on magnetic tape, a major item was overlooked. The tree numbers in
the present data file do not always correspond to the tree number
painted on the tree. This came about by consecutive numbering of
the trees on the 1/7 acre plot (the only trees accounted for in this
data file). Initially, the trees were numbered clockwise in order
of occurrence starting from north. There were three different plots
measured: 1/7 acre, 1/5 acre and 5 BAF plots. As a result it was
possible for a tree to be in the 1/5 acre plot and not in the 1/7
acre plot. The same is true for the 5 BAF plot. Also if ingrowth
trees were added to the list at the next remeasurement, the painted
tree number often started at a magnitude of ten or more over the
last recorded tree number. Consequently when trees in the 1/7 acre
plot were listed, they were not all in consecutive order. The tally
sheet provides space for the painted tree number (PTN) to again be
-added to the data file. The painted tree numbers will be filled in
before field work by reference to the CLOQUET CFI tabular listing
compiled by Melinda Moeur in June 1980.

The program prints a stand number for previous measurement years
if, in the present data file, only one stand number is associated
with the plot. If the plot has two stand numbers associated with it,
no stand numbers are printed. In the latter case, the stand numbers
have been determined from each respective cover type map and will be
prerecorded by hand on the tally sheets.

B. New Data

The 1982 remeasurement will include a new 1/100 acre plot for
trees .95 inches dbh and larger. The plot identification code (ID)
should be recorded as (4) for all trees in that plot. If such trees
have already been recorded in previous measurements as being in the
1/7 acre plot, they should now be noted as in the l/lOO acre plot.

See Sectlon IV 9) on page 7 for codlncr ~

The tally form has been designed with previous data to help
answer questions that may arise in the field. The newly recorded
data will subsequently be keypunched and added to the present data
file to create an updated Cloquet CFI plot data file. The tally
sheet was formatted to aid data entry. _ ‘

If data fram previous remeasurements is missing, a "-0" will be
printed on the tally sheet. Blank space for new tree entries is
offered by the parentheses extending below the current data.
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APPENDIX 5

Stand Number Clarification
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Table 5-1. Stand number clarification:

noted by M. Moeur.

Stand numbers assigned for all
measurement years for plots with more than one stand number

Stand No. Extra No. Stand No. from Cover Type Map

Plot No. on File on File 1959 1964 1970 1977
1 2 1 2 2 2 1

15 88 52 88 88 88 52

17 52 51 52 52 52 51

20 41 40 40 41 41 41
-2 A _ 10 15 115 _ 115 _ _ 115
28 130 150 130 130 150 150

31 143 142 142 143 146 143

44 230 218 218 230 230 230

47 224 223 223 224 227 224
-8 __28_____288 __ __28 _ _ 28 _ _28 _ _ 284
57 309 258 258 258 258 309

58 373 236 373 373 373 236

59 233 237 233 233 233 237

72 257 236 257 257 257 236
- 380 352 _ 352 _ _ _340_ _ _ 340 _ _ _340_
79 352 362 352 352 362 362

82 346 347 347 346 346 347

102 27 28 27 27 28 28
117 56 37 37 56 56 56
JJl2n W5 130 ___13%0_ _ 115 _ _ 115 _ _ 115
122 115 112 112 115 115 113
127 130 133 130 130 133 133
129 142 146 142 142 146 142
151 303 319 303 303 303 319
_A57_ _ _ _ _ 185 _ _ __ _248 _ _ _ _ 185 _ _ 185 _ _185 _ _ _248_
16l 192 177 192 192 192 177
166 250 251 250 250 251 251
168 374 236 374 374 374 236
172 352 337 352 352 352 337
JJ181 259 _ _ _ _ 260 _ _ _ _259 _ _ _259_ _ _ 260 _ _ _260_
182 213 214 213 213 214 214
183 198 210 198 198 198 210

212 55 38 38 55 55 5
213 59 37 59 59 59 37
LA oMo s %2 52 109
232 160 158 160 160 160 158
234 75 68 68 68 75 75
241 224 223 223 224 224 224
242 285 284 285 285 285 284
245 318 317 318 317 317 318

— e o M e Em mm G e o e e B e e e e GA e e M e s e e me e mar e s e e eme e e



Table 5~1. Continued.

Stand No. Extra No. Stand No. from Cover Type Map
Plot No. on File onFile - 1959 1964 1970 1977
248 239 240 239 239 240 240
249 373 236 373 373 373 236
250 236 307 236 236 236 307
251 235 237 237 235 235 237
283 ___ 184183 __ 184 184 184 _ _ 184
271 372 363 372 372 372 363
278 243 253 253 243 243 243
304 27 26 27 27 27 26
305 81 29 81 81 8l 29
2 88 __ .12 _ ___ 88 _ __8s___ 8 __ 109
319 34 38 38 34 34 34
321 60 37 60 60 60 37
323 46 62 46 46 46 64
325 125 126 125 125 126 126
SoBo o4 M2 142 144144 144
349 284 285 284 285 285 284
351 292 297 292 292 292 297
369 171 371 371 171 171 171
373 244 245 244 244 244 245
375 257 276 257 257 257 256
376 258 309 258 258 258 309
383 331 350 331 331 331 350
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APPENDIX 6

Field Instructions for Previous Measurements



FIELD THSTRICTIONS
for :
FOREST IKVENTORY STUDY AT CLOQUET -1959

Froject No. 145-921%-2}31

ey

I, Incation and esteblishment of sarpling point

A, TIocaztion : : '

(1) Iocate photo starting point on the ground, :
2) Select base line, cbizin szimubth, mark on photo, ,
1y . 2 -
(3) Heasure base line=plot lins angle, and calculate course to
plot,

Bo Establishment

(1) Record time of arriwel n% rlot center,
(2) Set stake temporarily.
(3) Select two trees noar plot center, a line between which
. crosses stake location as nearly as possible,
(L) ¥ark measuring points at base of trees with arrows and
mark line of crossing nzar stake, _ ;
(5) Repeat process for two other trees as nearly at right
angles as possible, : :
(6) Permanently establish 27x2"x3? treated orange at point of
intersection of two lines. Neil an aluminum tag giving
the plot number on the north=facing side of stake,

II. Plot description

Record this information on a plot mester card:

(1.) Plot No.(Col, 1.3)
“0 Tandom stars 001079
1 random start 100-199 -  plots falling in the marshy loye
2 random start = 200299 =  land brush and non-productive
3 random start 300~399 . aress were dropped from these
two sharts

(2.) Compsriment No.(Col. L,5)

The x and y punches of Col. 5 will be used to represent A and
B rzspsctively; for example Comp. 4B will be recorded as ¢ in
Col, L 2nd 5 with a y punch in Col, 5e

(3¢) Cover typz (Col. 6,7)

The codings for the various cover types are given on the next

page (adzpted from the Leke States For. Exp. Stetion cods),

In classifying cover type, a2 2% acre minimum will be observed,



1959

Productive forest land Unproductive forest land
_ 01 ‘hite pirs 80 Unproductive lowland
02 Red pine 81 Christmas tree bog
- - 03 Jack pine ' 83 Unproductive upland
| 0y Balsem-fir 88 Reserved from cutting

05 White spruce

- 06 Swamp conifers | Nonforest land
07 Black spruce 90 lonforest
- 08 Tamarack 91 Farmland
0 Cedar | 93 Urban and industrial
B 55 Black ash 94 Vater |
B 60 'Asp.en 96 Yarsh
61 Pazper birch 97 Muskeg
- 70 Crass _ 98 Right-ofwnay
71 Upland brush 9% Other nonforest (sand

dunzss; rock outcrops ete, )
72 Lowlzand brush '

(ko) Size elass (Col. 0)

Non=stocled

Seedlings = under 1MIBH

Saplings = 1" to L.,95" IBH :

Poles = L.95% = B.957 for conifers, aspen
- L.55" « 10.95" for harduwoods

Sawtinber = 99+ for conifers and aspen

= 11"+ for hardwocds

NI ND

i
S weoeo

5 A1l sizes

(5.) Density elass {Col, 9)

0 Nonestocked (0<9%)

o : 1 Poorly stoclzd (10-39%)
2 Medium stocked (L0-69%)
3 Well stocked (70%+)

Density will be based upon the volumes or number of trees of

&1l species present on the plot. Also see attached sheet.



(6.) Yesar of stend origin

3= 1959

(Col, 10,11,12)

-3

his is to be filled in from ths records,; if possible before

establishing the plot, othsriise obitained by boring dominant

Lrees.

811-1811
201-1901
0012001
005-2005

gtc,

(7.) iversge dominant tree height (Col. 13,1h)

8]

Eypasonater re

sirements will be taken to the nearest foot on

2 dominant tress nearest the center of the plot.

(8,) Recommended time of cutting inm years (Col. 165)

VEW N

0=5
5=10
10-20
20-30
30+

(9.) Silviculturzl recommendstions (Col. 16)

-1 OMNEW NV O

(10.) Operzbility (Col.

TR R

No treztment needed
Planting (ordinary)
Planting (brush problem)
Clearcut

Szlvage cut

Release cut

Cormmercial thinning
Hon=-conmercial thinning
Wildlife control

17)

good

nedium

poor
inopsrable
non=-productive

Other things such 28 soil, ownership, etc, may be added for other

SWIrveys.

(11.) 7Time consumsd for 1/7 acre measurement (Col. 18,19)

This will be recorded directly in minutes,
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(12.) Slope in percent (Col. 20,21)

(13.) Site index (Col. 22,23)
This will be based on the age and height charts for the index
curves of the différent species as furnished.

TII, Tree HMessuremsnts:

There are three sampling Systems to be ,use:i at each of the sampling points.
. {a) 1/7 acre plot (razdius cﬁ%4:$_for all tress 5" and larger
(b) 1/7 acre ﬁlotbfor all péle gize trees and 1/5 acre plot
{radins of 52.7') for szwlog size trees,
(¢) Bitterlich plot with a factor of 10 using a 1" terget on a
7 33" arm. (Note: ' A 5 rather than 10 factor was used, A.R. EK, 1982)

Vhen msssuring these plots, messurement of trees in the 1/7 acre plot firat
is recommsnded, then msasurement of those trees of sawlog size falling in
the ring beitween the boundsry of the 1/7 and the boundary of the 1/5 acre
plot. The Bitterlich plot should be reasursd lasbe

A. TInformation to be recorded on 1/7 and 1/5 acre plots will be taken:

(1) Plot No. (Col. 1,2,3)

(2) Tree No. (Col. k,5)
211 sawlog trees falling in the ring bstwsen the boundary of
1/5 acre plot and boundary of the 1/7 ascre plot shall have
an "X" punch on Col. 5.

(3) Tree spzcies (Col. 6,7)

Sees code sheet on next page
(4) DBH (Col. 8,9,10)
example: 7.3" 073
(5) Kerchantable height (Col. 11,12)

This will be ip 2-foot units and will be talken up to ths
merchantable top; a coding of 00 will indicate that the

tree is below merchantable size or is a cull tree,



(6) Limiting foctor for merchanteble heizht

-5-

0 top diameter = for pulpwood it will be a LY DTOB

1959

(Col, 13)

= for sawlogs it will be &% DIB

for conifers and aspan and 87

DIB for hardwoods

first strong limb
second strong limb

1
2
3 rotten defect

form defeet (fork, crook, etc.)

(7) Top diamster inches (%o nearest whole inch) (Col. 1,15)

If 1imiting factors of merchantable helght, classification is

0 rscord top diamster as the limits sei above.

(8) Defect classes soundnsss {Col. 16,17)

The pereent of defect for the entire merchantable stem and for

the sawlog portion will be determined fbr each tree and coded

in ¢lasses,

These will be estimated for all growing sbock and

cull irees over 5" IBH, Sez table ztiached,
98 Any tree with 0=5% defect
92 Any tree with 6«10% defect
gg n n ¥ 11-20% "
7% n n n 21-30%
6y = n " 31-40%
5 w n " Lhl-50%
hl " ft n '51-69% n
SFECIES SPEGIES
Softywoods Soft Hardwocds
(1) VWhite Pine (50} Basswood
(2) Red Pins (51) fimerican elm
éB) Jack Pine (52) Slippsry elnm
L) Balsam fir (60) Quzking aspen
(5) White spruce (61) Bigtooth aspen
(7) Black spruce (62) Balsam poplar
(8) Tamarack (6h) Paper birch
(9) Northern white cedar (€5) Red maple
(10) Scotch Pine (67) Black ash
Noncommercial spacles (73) Willow

00} Hountain mapis
82) Choke cherry
83) Pin cherry

(8L)

Service berry
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(9) Vigor clesses, for growth rate only (Col. 18) ¥
1 good growth
2 wedium growth
3 poor growth
In judging the growth rate, the following factors should

be considsred:

5. tree position, such zs dominant etce
L3

bo . trze crovn and folisge

c. site

d. age

e,  inszct and disease risk

)

~scommended to be cut (f;éhl”b'/? 7
‘4'/; %,,;A’WA/L/ “ 4%
sbund culi

LVS)
““3

B. Information to b2 recorded on Bitterlich plot

11) Plot Wo., (Col. 1-3}

P o Ve AL

12) Trze Wo. {¥in" treez ~hich are nurbersd) (Col. L=b)

PRSP

ot )

(13) Trse No. (”in" trees which sre not numbered) (Col. L=f)

ﬁ R

(-r S,

¥ Q= R PR I oy T ~s ) R
V. Reprodusticn and Zeelogicsl Studies

ommas . v R St

Reproduction plot (mil=acre) uill be faksn at & point 10! norih from

L3 o 3 i =% P t o LU 2 R P
the somps oint, Plecs & 1.5 o Xo3Y = 3% wooden siglke et ihe
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1, Piet Noo (Col. 1,2,3)

2. No. of Saplings and Seedlings

White pine Red pine

COlo h,s 6,7 8,9
: Tamzrack A4spen Others
Col. 16,17 18,19 20,21 22 23
: , SPQCQ No. No,

Code Sap. Sdlg.

Jack pine DBalsam fir

1959
White sp. Black sp.
10,11 12,13 4,15
Dominant Reproduction
24,25 26
Sperne Ht. —
(2tc1.)

Codes

Under each Species, in gven column give Number of Saplings and in

dd colunn give Furber of Scedlinss «<- excanh in case of sthers
o) g 25 « b

as showne

3. rush Cover

Hzzel brush Alder Sweet fern Ieb.Tea group Others
Col, 27 28 29 30 31 32 : 33 3
Hte % of Hte Zof g of fof BEt. Zof
(2') Cov. (2') Cov. Cov, Cov. (2') Cove : -
(10%C1.) (10701,) ( 10%C1, ) (1041.) (10%1,)

k. Herbacesous Vegetation

Other

Bra. fern . Grass
Col, : 35 36 37 :
% Cove % Cav, % Cgvo
(r0%c1.) (10521.) (10%cl.)

S, Area without living vegetation in 10% classes {Col, 38)

STAND SIZFE AND DENSITY CLASSIFICATION -

Unit Density
Siza Class Per Ecrs L/ CGood Tedium Poor
(Seadlinzs Trees 1,400 + 3/ 800-1,400 3/ 200-300
2/ (Saplings Trees 700 + L,CO-700 100-4;00
Pole-Tirber Cords 13 + 7=13 3=7 _
Int. %=Inch
Rule
Small Say~Timber M Board Fi. 6.0 + 3.0=6,0 1.0-3.0
Large Saw-Timber M Board Ft. 10 + 5.0«10.0 1.0-5,0 —

2/ Sizs class 0=5
3/ Primarily for natural stands.

With uniform spacing espproximately 1000

irecs psr acre qualified as good density of stocking.

L/ Volunzs are nst.
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Distribution of Volume in Lake States Trees

1959

For estimating cull and for othsr purposes, foresters often need to know
the proportion of total volume in various sections of a trees,
lowing figures, made for use on the Forest Survey, apply to the average
run of cormarcial trees of a8ll species in the Take States.

FOIE-TIFEFR TRE

(Showing percentage of cubic-

foot volums in various 8-foot 6]
bolis, ) P—
8 8
(12! 11 11
T7t 16 15 1
128 22 20 18 17
fﬁl 533 I 28 24 22 20
eI ;33 ! 28 26 ! o
2-bolt 3=bolt Li=bolt S<bolt 6~bolt 7=bolt
tree tree tree tree tree tree
SEW-TTIBER TREES VIES
(Showing percentage of sawetimber 5
volume Internstional 1/li=inch in
various 8-foot bolts.) [ 6
8 8
16 {9 9
. i
fal; 13 i 12 11
[®] E 17 5] |13 12
— - —
27y 1l G 8] {16 13
- - o] —— :
Ty fsel fa)  ies 20 117 15
i ¢ g §
desl hal issl by 2{ .20] 18
1l-log 1i-log 2-log 23<log 3-~log L=log S=log
tree tree tree tree tree tree tree

Tha fol-

Bolt
No.
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