2004 and 2006 ChEAS Forest Inventory Data Documentation
Contact Ryan Anderson (ande8047@umn.edu) or Paul Bolstad (pbolstad@umn.edu ) if you have questions about these data.
This dataset includes the following files and folders:

Description.doc – This document.
Methods.doc – A copy of the protocols given to the field crews.  Detailed explanation of methodology.  Some redundant information with this document, but a good place to start.

Biometry.xls – The main data file.  This is an MS Excel workbook that contains the majority of the data of interest.  The workbook contains 5 sheets, detailed below.

Plot Photos (folder) – A folder of on the ground photos taken at each of the 2006 plots when they were measured.  The naming convention is plot-subplot-direction.jpg For example, the file W90-S2-N.jpg is a photo taken from plot W90, subplot 2 looking north.

Scanned Cores(folder )— A folder containing TIFF format images of the scanned tree cores.  The filename indicates which plots are included in the file.  A given file may include more than one plot, and a plot can span multiple files.
Shapefile(folder)—An ESRI format shapefile containing plot locations and plot and subplot fields.  
Details of the biometry.xls file:

Five worksheets are included in this MS Excel workbook.  The format of each is given below:

Plot summary worksheet

Column 1: Plot P plots are the predominantly upland plots measured in 2004, while W plots are the predominantly wetland plots measured in 2006.  Plots were randomly located within these cover types according to WiscLand.
Column 2: Subplot Subplots are numbered 1 through 4.  Subplot 1 is the central subplot.  Plot 2 is located at 0 degrees azimuth, plot 3 at 120 degrees, and plot 4 at 240 degrees.  In the 2004 campaign ( P plots) all of the subplots were measured at every plot.  In the 2006 campaign (W plots), subplot 1 was always measured and 2 subplots out of the remaining three were chosen at random to be measured.

Column 3: Date Measured Month/Day/Year

Column 4: Easting

Column 5: Northing  GPS coordinates of the subplot centers in UTM15N, NAD83. In the 2004 campaign, GPS units with poor precision were used to locate the plots. The coordinates for all but the central subplot of the P plots should be considered approximate. New coordinates were taken for 2004 central subplots and all 2006 plots  during the 2006 campaign using Trimble Geo XH and Geo XT GPS receivers equipped with external antennas.    These coordinates have been differentially corrected using Trimble’s Pathfinder Office software using the nearest base station with available online data.  The software reports expected accuracies of approximately .5-1.5 meters.  

Column 6: Mean Densiometer At each subplot, a spherical densitometer was used to measure overstory density.  Eight densitometer readings were taken at each plot (every 45 degrees, beginning at north) and averaged.  The average count was multiplied by 1.04 and the result subtracted from 100 to give a measure of overstory density in percent (calculations based on instructions provided with the instrument).  100 percent indicates a completely closed canopy – that is no sufficiently large patches of sky were visible.
Column 7: Woody Debris  A measure of down woody debris in tons per hectare for the subplot.  Includes all measured woody debris (small and medium tallied and large measured pieces).  Measurement details are given in Methods.doc.  The calculations performed are as follows:

This is a line intercept (unequal probability) sample. In this case, the probability of a given piece of debris intersecting the sampling line(pi) is proportional to its length (perpendicular to the line):
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Where 
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 is the length of the transect, Nt is the number of transects per plot, l is the length of a given piece of debris, and A is the area of the plot. Simplifying the shape of a given piece of debris to a cylinder, we can estimate mass of a piece of CWD by :
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Where d is the mass per unit volume, D is the diameter of the piece of debris, and l is the length of the piece of debris.  The contribution of a measured piece of debris to the plot total CWD biomass is:
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  For a plot, then, we can estimate total CWD mass as:
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For the small and medium debris (those that were counted rather than measured) this simplifies to the following for each diameter class:
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Where n is a count of pieces of debris in the diameter class, D is the average diameter of that class, and c is the following constant:
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We used the following constants (from Brown, 1974) in performing these calculations:
	
	Specific Gravity
	Diameter

	Large Rotten
	.3
	Measured

	Large Intact
	.4
	Measured

	Medium (2.5-7.5cm)
	.48
	4.2164

	Small (0-2.5 cm)
	.4
	.3121205


Reference: Brown, James K. 1974. Handbook for inventorying downed woody material. USDA For. Serv. Gen. Tech. Rep. INT-16, 24 p. Intermt. For. and Range Exp. Stn., Ogden, Utah.

Column 8: Trees/ Hectare The total number of trees on the subplot divided by the plot area.  Includes only trees with DBH >12.5cm.
Column 9: Stems/Hectare The total number of stems measured on the microplot divided by the microplot area.  To be measured, stems had to be at least 1.5 m in height.  Includes shrubs.

Column 10: Live Aboveground Woody Biomass In dry metric tons per hectare. Biomass includes bole branches and bark, but excludes foliage. Calculated from the following allometric equations:
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Balsam Fir Abies balsamea Young et al.. 1980 A 0.005 2.4605 0.0679 2.4117

Tamarack Larix laricina Young et al.. 1980 A 0.0436 1.981 0.0762 2.3051

White Spruce Picea glauca Harding and Grigal 1985 A 0.0248 2.43 0.0397 2.536

Black Spruce Picea mariana Ker 1984 A 0.0287 2.2679 0.0849 2.313

Jack Pine Pinus Banksiana Ker 1984 A 0.0353 2.1113 0.147 2.1673

Red Pine Pinus resinosa Young et al. 1980, Perala and Alban 1994 B 0.0098 2.5011 0.0141 2.09 0.0649 2.3496

White Pine Pinus strobus Young et al. 1980 A 0.003 2.4858 0.0404 2.5459

Alder Alnus sp.(primarily alnus incana) Young et al. 1980 A 0.0617 1.5201 0.0463 2.5755

Northern White Cedar Thuja occidalis Young et al. 1980, Perala and Alban 1994 A 0.048 1.911 0.0832 2.13

Eastern Hemlock Tsuga canadensis Young et al. 1980 A 0.0062 2.7033 0.0649 2.3662

Red Maple Acer rubrum Young et al. 1980 A 0.0223 2.2055 0.0787 2.4898

Silver Maple Acer saccharinum Young et al. 1980 A 0.0223 2.2055 0.0787 2.4898

Sugar Maple Acer saccharum Young et al. 1980 A 0.0104 2.5515 0.1626 2.2894

Mountain Maple Acer spicatum Young et al. 1980 A 0.0223 2.2055 0.0787 2.4898

Serviceberry Amelanchier sp. Smith and Brand 1983 C 0.036855 2.887 0.005425 2.111

Yellow Birch Betula alleghaniensis Ter-Mikaelian and Korzkukhin 1997 A 0.0113 2.7995 0.1385 2.2683

River Birch Betula nigra Hocker and Earley 1983 A 0.0215 2.3 0.2044 2.17

Paper Birch Betula papyrifa Hocker and Earley 1983 A 0.0215 2.3 0.2044 2.17

Dogwood Cornus sp. Smith and Brand 1983 C 0.039646 2.575 0.00945 1.762

Hazelnut Corylus sp. Smith and Brand 1983 C 0.039646 2.575 0.00945 1.762

White Ash Fraxinus americana Ker 1980 A 0.0315 2.1935 0.1124 2.3649

Black Ash Fraxinus nigra Ter-Mikaelian and Korzkukhin 1997 B 0.0315 2.1935 0.0275 2.1002 0.0926 2.3879

Green Ash Fraxinus pennsylvanica Ker 1980 A 0.0315 2.1935 0.1124 2.3649

Winterberry Ilex sp. Smith and Brand 1983 C 0.053497 3.34 0.010747 2.851

Ironwood Ostrya virginiana Hocker and Earley1983 A 0.0215 2.3 0.2044 2.17

Bigtooth Aspen Populus grandidentata Perala and Alban 1994 B 0.1368 1.751 0.0333 2.2142 0.0426 2.5618

Quaking Aspen Populus tremuloides Ruark etal 1987 B 0.0065 2.695 0.0108 2.552 0.0407 2.606

Quaking Aspen Populus tremuloides Pastor and Brockheim 1981 B 0.0038 2.695 0.0437 2.146 0.1714 2.199

Pin Cherry Prunus pennsylvanica Young et al.. 1980 A 0.0406 1.9197 0.0951 2.2988

Black Cherry Prunus serotina Young et al..1980 A 0.0716 2.6174 -0.0203 2.038

Willow Salix sp. Smith and Brand 1983 C 0.027194 2.762 0.006411 2.066

Mountain Ash Sorbus sp. Smith and Brand 1983 C 0.02639 2.881 0.004468 2.581

Basswood Tilia americana Ter-Mikaelian and Korzkukhin 1997 A 0.0389 1.84 0.073 2.29

American Elm Ulmus americana Ter-Mikaelian and Korzkukhin 1997 C 0.0825 2.468 0.0062 1.935

Rock Elm Ulmus thomasii Ter-Mikaelian and Korzkukhin 1997 C 0.0825 2.468 0.0062 1.935


Model A:  AGB = Branches + Stem = a [DBH]b + c[DBH]d  Bark is included in equation.
Model B:  AGB = Branches + Bark + Wood = a[DBH]b + c[DBH]d + e[DBH]f
Model C:  AGB = Total aboveground biomass - Foliage = a[DBH]b - c[DBH]d
Column 11: Total Live Basal Area In m2/ha, including the microplot.  All species.  Basal Area by species for each subplot is given in another worksheet.  that worksheet also lists dead tree basal area.

Column 12: Five Year Mean Annual Woody Biomass Increment

Column 13: Ten Year Mean Annual Woody Biomass Increment  In metric tons/ha*yr.  Calculated by inferring past DBH from tree cores taken at breast height, calculating previous biomass and current biomass, taking the difference and dividing by the number of years passed.  Not all trees on a plot had reliable core measurements (some trees were too small to core, some cores fell apart upon extraction, some cores were not readable).  To account for this, we scaled the ANPP measurement as follows:
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Where B is the biomass of an individual tree and ANPPW is the inferred productivity of an individual tree.  That is, we sum the productivity of trees with reliable growth measurements within the plot and scale it by the reciprocal of the ratio of the biomass of the reliably measured trees to the biomass of all trees in the subplot.  If more than 40% of the measured biomass on a subplot lacked reliable core measurements, that subplot was excluded from productivity analysis (blank in this column).
Basal Area By Species Worksheet – Basal area by species, including microplots.  Units are m2/ha.  Rows indicate plot and subplot.  Columns give species(by common name and FIA code). The second to last column gives total live basal area for each plot.  Dead Basal area is listed in the last column. Averages for each species are listed in the last row.

Condition Worksheet All aspects of condition are as assessed at the plot by the field crew.

Column 1: Plot


Column 2: Subplot

Column 3: Condition number Note that in 2004 (P plots) the condition number began at 1 on each plot, while in 2006 (W plots) the condition number began again at 1 for each subplot.  That is, in 2006, the condition was recorded again after moving from subplot 1 to subplot 2, even if it had not changed.  The percentage of the subplot occupied by a condition number is given in the plot condition percentages worksheet.
Column 4: Vegetation Code Subplots are given a condition type based on the dominant species, age, and stocking. The dominant species is that species with more than 50% of the dominant basal area. If no one species is more than 50%, then the type is the mix of the two most dominant species, provided both are over 25 percent stocking. If it takes three species to reach 50% of the stocking, then record a three-species mix. There may be a few plots with mixes not shown below. In this case, add them with the initials for the components, separated by a slash, e.g., SM/WO for a sugar maple/white oak condition type.

The 2006 field crew tended to list 2 species types much more frequently than the 2004 field crew.  I suspect that they were not very strict about applying the 50% and 25% rules above, and mostly relied on a visual estimation of the dominant and sub-dominant species. 

The following species groups were used:

JP =Jack Pine



NO=Northern Red Oak



RP=Red Pine



WO=White Oak

WP=White Pine


PO=Northern Pin Oak

MP = mixed upland conifer

GA=Ash, Green or Black

HE=Hemlock



AE=Ash/Elm

WS=White Spruce


SM=Sugar Maple

BF=Balsam Fir


MB=Maple/Basswood

S/F=Spruce/Fir


QA=Quaking Aspen

TA=Tamrack



BA=Bigtooth Aspen

HH=Hemlock/hardwood

AF=Aspen/Fir and Aspen/Spruce/Fir

BS=Black Spruce


WB=White Birch

WC=White Cedar


MH=Mixed Upland Hardwoods

MS=mixed swamp conifer

ML=mixed lowland hardwoods

NW=non-forest wetland

AL=Alder

RD = road


Column 5: Stocking Code Based on a visual estimate.  Stocking is

1 if canopy trees cover 0-20% of the ground area

2 if canopy trees cover 20-40% of the ground area

3 if canopy trees cover 40-60% of the ground area

4 if canopy trees cover 60-80% of the ground area

5 if canopy trees cover 80-100% of the ground area

Column 6: Size class Based on a visual estimate.  Classes are 

· r, for regenerating (66% or more of the dominant trees less than breast height)

· y, for young ( 66% of the dominant trees less than 12.5 cm (5 inches) in diameter, but taller than breast height)

· p, for poles (66% or more of the trees greater than 12.5 cm (5 inches) but less than 25 cm (10 inches) in diameter

· m, for mature (66% or more of the dominant trees greater than 25 cm (10 inches) DBH

Column 7: Physographic Class Code 
Xeric sites:

13 Deep Sands – sites with deep, sandy surface subject to rapid loss of moisture following rains. Generally sparse understory and/or sparse canopy, xeric species present.

Mesic sites:

21
Flatwoods – flat or fairly level sites outside of floodplain, with adequate but not excessive moisture for most of the year. Do not include swamps or wet sites in this class.

22
Rolling upland – hills and gently rolling, with adequate moisture (finer texture soils)

24
Floodplains and bottomlands – areas on margins of streams or in low areas that are associated with streams and rivers. These may flood for short periods in spring or after heavy storms, but are generally not saturated for long periods of time

25
Other mesic

Hydric sites:

31
Swamps/bogs – low, wet, flat forested areas that are quite extensive and flooded for long periods of time.

32 Small drains – narrow, wet, drainage areas that are flooded to saturated at the surface, even days to weeks after rain. 

39  Other hydric

Human-altered landform

51 – paved road

52 – gravel or other improved, double lane, unpaved road

53 – dirt or logging road, active (e.g, active secondary forest service road, often grassed, or active driveway)

54 – dirt or logging road or skid trail, abandoned

55 – other, e.g., landing, gravel or borrow pit, turnaround, etc.


Column 8: Origin Code
0 – natural stand

1 – clear evidence of planting, e.g., trees in rows

Column 9: Distubance Code
Code
Disturbance

0
no visible damage

10
Insect damage

20 Disease damage

30 Weather, windthrow etc., damage

40
Fire damage


50
Damage from animals

60
Thinning, past two or three years.

80
Other natural damage

Column 10: Site Index Tree Species Recorded by the first two letters of the genus and species for the P plots (i.e. potr = Populus tremuloides – Quaking Aspen).  In ’06, the W plots used a dropdown menu in an electronic data collection form to choose species.  They are listed by common name and FIA code.

Column 11: DBH Site index tree diameter at breast height.

Column 12: Age Site index tree age from extracted core. Only one core was used from one tree in each condition, so we have no estimate of the accuracy of these data.
Column 13: Height Site index tree height in m, measured with a clinometer in ’04 and a laser hypsometer in ’06.

Column 14: Notes Field crew’s notes about the plot.  unedited.  only available for ’06 plots (W plots).

Individual Trees Worksheet

Column 1: Plot

Column 2:Subplot

Column 3: Microplot coded 0 if the tree fell in the main plot and 1 of the tree fell in the subplot (was less than 12.5cm DBH)

Column 4:Tree number trees were numbered beginning at 0 degrees azimuth and continuing clockwise.  In the case of ties, the tree closest to plot center was assigned the lower number.  In ’06 (W plots) tree numbers began again at 1 for microplots, but in ’04 (P plots) the microplot trees were numbered as a continuation of the main plot trees.

Column 5: Species Code After the FIA code numbers below.  Tag alder is code 200.


[image: image10.emf]code tree species codetree species

12 balsam fir abies balsamea 701eastern hophornbeamOstrya virginiana

68 eastern redcedar juniperus virginiana 741balsam poplar populus balsamifera

70 larch (introduced_ larix spp. 742eastern cottonwoodpopulus deltoides

71 tamarack larix larcina 743bigtooth aspen populus grandidentata

91 norway spruce picea abies 744swamp cottonwood populus heterophylla

93 engelmann spruce picea engelmannii 746quaking aspen populus tremuloides

94 white spruce picea glauca 761pin cherry prunus penslvanica

95 black spruce picea mariana 762black cherry prunus serotina

96 blue spruce picea pungens 766canada plum prunus nigra

105 jack pine pinus banksiana 802white oak quercus alba

125 red pine pinus resinosa 809northern pin oak quercus ellipsoidalis

129 eastern white pine pinus strobus 823burr oak quercus macrocarpa

130 scotch pine pinus sylvestris 833northern red oak quercus rubra

136 austrian pine pinus nigra 920willow spp. salix spp.

241 northern white cedar thuja occidentalis 951american basswood tilia americana

261 eastern hemlock tsuga canadensis 952white basswood tilia heterophylla

313 boxelder acer negundo 971winged elm ulmus alata

314 black maple acer nigrum 972american elm ulmus americana

315 striped maple acer pensylvanicum 974siberian elm ulmus pumila

316 red maple acer rubrum 977rock elm ulmus thomasii

317 silver maple acer saccharinum 997russian olive elaeagnus angustifolia

318 sugar maple acer saccharum 999unknown

371 yellow birch betula alleghaniensis

372 sweet birch betula lenta

373 river birch betula nigra

375 paper birch betula papyrifera

379 gray birch betula populifolla

391 musclewood carpinus caroliniana

400 hickory hickory spp.

450 catalpa catalpa spp.

531 beech fagus grandifolia

541 white ash fraxinus americana

543 black ash fraxinus nigra

544 green ash fraxinus pennsylvanica

545 pumpkin ash fraxinus profunda

552 honey locust gleditsia tricanthos

601 butternut juglans cinerea

602 walnut juglans nigra

660 apple spp. malus spp.

680 mulberry spp. morus spp.


Column 6: DBH in centimeters

Column 7: Broken Coded 1 if the tree has a broken top, zero otherwise.

Column 8: Top Diamter If the tree was coded as broken, a visual estimate of the diameter at the break in cm.

Plot Condition Percentages Worksheet – Percentages in the columns of this sheet match up with the condition number column in the Condition worksheet.  Note that for the 2004 plots, condition numbers need to be matched only by plot, while for the 2006 plots condition numbers need to matched by both plot and subplot.

Column 1: Plot


Column 2: Subplot


Column 3: Percent Condition 1

Column 4: Percent Condition 2

Column 5: Percent Condition 3

Column 6: Percent Condition 4

Column 7: Percent Condition 5

Column 8: Percent Condition 6

Individual Tree Growth Worksheet

Column 1: Plot

Column 2: Subplot

Column 3: Species Code  FIA, see above table

Column 4: Tree number matches the tree number on the Individual Trees worksheet
Column 5: DBH in cm.
Column 6: 5 year radial increment in cm, as read from extracted cores in the lab after scanning or under a dissecting microscope.
Column 7: 10 year radial increment in cm, as read from extracted cores in the lab after scanning or under a dissecting microscope.
_1220866756.unknown

_1220866850.unknown

_1241187877.unknown

_1220859733.unknown

_1220865988.unknown

_1220866493.unknown

_1220865980.unknown

_1220859278.unknown

_1150737143.xls
Sheet1

		code		tree				species				code		tree				species

		12		balsam fir				abies balsamea				701		eastern hophornbeam				Ostrya virginiana

		68		eastern redcedar				juniperus virginiana				741		balsam poplar				populus balsamifera

		70		larch (introduced_				larix spp.				742		eastern cottonwood				populus deltoides

		71		tamarack				larix larcina				743		bigtooth aspen				populus grandidentata

		91		norway spruce				picea abies				744		swamp cottonwood				populus heterophylla

		93		engelmann spruce				picea engelmannii				746		quaking aspen				populus tremuloides

		94		white spruce				picea glauca				761		pin cherry				prunus penslvanica

		95		black spruce				picea mariana				762		black cherry				prunus serotina

		96		blue spruce				picea pungens				766		canada plum				prunus nigra

		105		jack pine				pinus banksiana				802		white oak				quercus alba

		125		red pine				pinus resinosa				809		northern pin oak				quercus ellipsoidalis

		129		eastern white pine				pinus strobus				823		burr oak				quercus macrocarpa

		130		scotch pine				pinus sylvestris				833		northern red oak				quercus rubra

		136		austrian pine				pinus nigra				920		willow spp.				salix spp.

		241		northern white cedar				thuja occidentalis				951		american basswood				tilia americana

		261		eastern hemlock				tsuga canadensis				952		white basswood				tilia heterophylla

		313		boxelder				acer negundo				971		winged elm				ulmus alata

		314		black maple				acer nigrum				972		american elm				ulmus americana

		315		striped maple				acer pensylvanicum				974		siberian elm				ulmus pumila

		316		red maple				acer rubrum				977		rock elm				ulmus thomasii

		317		silver maple				acer saccharinum				997		russian olive				elaeagnus angustifolia

		318		sugar maple				acer saccharum				999		unknown

		371		yellow birch				betula alleghaniensis

		372		sweet birch				betula lenta

		373		river birch				betula nigra

		375		paper birch				betula papyrifera

		379		gray birch				betula populifolla

		391		musclewood				carpinus caroliniana

		400		hickory				hickory spp.

		450		catalpa				catalpa spp.

		531		beech				fagus grandifolia

		541		white ash				fraxinus americana

		543		black ash				fraxinus nigra

		544		green ash				fraxinus pennsylvanica

		545		pumpkin ash				fraxinus profunda

		552		honey locust				gleditsia tricanthos

		601		butternut				juglans cinerea

		602		walnut				juglans nigra

		660		apple spp.				malus spp.

		680		mulberry spp.				morus spp.






