
TIGER for Woodlands and CompartmentsTM 3.82:
the User’s Manual for All States
[image: image48.png]B3 Microsoft PowerPoint - [Missouri TIGER 5.ppt]
issouri TIGER 2.0 Beta. data 11 plots 5

Fie Inventory Data Stumpage Rates. Volme Tables Analysis Econamics  Help
“The red cicls are the expected tract of the stand over 20 years on Gingrich Upland oak stocking guide.
39
BA Per Acre
5 -
223,

o " DBH of Tres of Average Basl Area

2
"

0

1

a2

w

“
43 =

EE

@ X
ad)

)

uts
a5 i ] [ ] =0 =0 En =0 r =
Trees Per Acre
[ Print Stocking Guide: ] Save Stocking Guide ] Cancel ] =
== =
] (Click o 0 notes tom when nserting new sldes

==

Draw

[Jassnwes- \ NOO A @E O L A-===a 3]
Siide 45 of 45 Default Design Engiish (L.5.) ox






Timber, Inventory,

Growth and Economic
Review
by

CWM Software, L.L.C.

General Information
Copyright
The computer program called TIGER for Woodlands and CompartmentsTM and all of its variants and this manual and the manuals for the variants are copyrighted by CWM Software, L.L.C. TIGER for Woodlands and Compartments and this manual have been adapted from Iowa TIGER and the Iowa TIGER Manual by Carl Mize and Joe Colletti, Department of Natural Resource Ecology and Management, Iowa State University, Ames, IA. Those portions of this manual that were written specifically for the TIGER for Woodlands and Compartments manual are copyrighted by CWM Software, L.L.C., as is the entire TIGER for Woodlands and Compartments program, which has been extensively modified and rewritten in XojoTM from the Iowa TIGER program which was written in VisualBasicTM.
The license agreement, which must be accepted for any variant of TIGER for Woodlands and Compartments to run on your computer, explains your rights and responsibilities as all TIGER for Woodland and Compartments users.

Copyright © 2008 - 2019 by CWM Software, L.LC.

Limitation of Liability

Neither CWM Software nor anyone involved in the creation, production, or delivery to you, shall be liable to you for any damages, such as lost profits, lost savings, or other incidental or consequential damages arising out of your use or inability to use the program (all variants of TIGER for Woodlands and Compartments) or the breach of any warranty. Some states do not allow the limitation or exclusion of incidental or consequential damages, so the above limitation may not apply to you.

Suggestions
If you have suggestions or comments about TIGER for Woodlands and Compartments, please contact CWMProgrammers@yahoo.com or CWM Software, c/o Jeremy Mize, 116 Bailey Park Drive, Williamsburg, IA 52361
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PROLOGUE
TIGER for Woodlands and Compartments (TIGER WC) is a computer program that can be used to analyze traditional forest inventory data collected to develop a basic management plan and simulate forest growth and yield and thinning of the forest. It also can process what is called a 100% inventory in which all trees that meet a criterion, such as being a walnut (in an inventory of walnut only) or being a tree to be removed (in an inventory of trees to be removed in a thinning operation), are measured. This prologue is written for someone who has bought TIGER WC or is thinking about buying it but has little, if any, experience doing forest inventory. If you have such experience and feel confident that you can organize an inventory and collect good quality inventory data, move on to the Introduction. If not, read on.
Some years ago Dick Hall of Wisconsin asked me, Carl Mize, to develop a Wisconsin version of Iowa TIGER, which was developed as a teaching tool for forestry classes at Iowa State University and as a management tool for foresters and adventurous woodland owners in Iowa. Dick believed that some Wisconsin woodland owners were adventurous enough to use TIGER to help them manage their woodlands, so we started developing a Wisconsin version of TIGER. Eric Holzmueller of Southern Illinois University asked me about developing a version for Illinois. We had already planned on doing more states, so why not Illinois as the next one? Then, we added the rest of the Central States [states where the USFS Central States growth model (Shifley, 1987), used in the Iowa and Illinois versions, could be applied – Indiana and Missouri]. Next, Minnesota and Michigan were added as they, along with Wisconsin, used the USFS Lake States Model (Miner, Walters, and Belli, 1988). Most recently we added Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Ohio, Pennsylvania, Rhode Island, Vermont, and West Virginia which use the Northeastern growth model developed by the USFS (FVS staff, 2008). I am still thinking about adding southeastern states next.
TIGER WC, an outgrowth of the original TIGER program, is a tool designed to help you manage a woodland. Using it involves two distinct activities: doing a forest inventory and using TIGER WC to analyze information collected in the inventory. Starting with the second activity, using TIGER WC is fairly easy for anyone with at least modest experience using a personal computer and some knowledge about forestry and forest management. Hundreds of forestry students at Iowa State University have used Iowa TIGER and found it easy to use, and the new version of TIGER WC is even easier to use. This manual explains in considerable detail how the program works and how to use it.

It’s the first activity – doing a forest inventory – that is not so easy, and something we am sure many woodland owners, even adventurous ones, would consider difficult to do without training. This manual, except Appendix VII, only mentions aspects of doing an inventory, not nearly enough for someone to correctly do an inventory. You need to understand how to make appropriate measurements on trees; how to select the trees; how many trees, actually plots with trees on them, to select; and more. 
Although doing a forest inventory is much easier than rocket science, it requires some knowledge about forestry, an ability to identify and measure trees, and the capability to organize an inventory. You need to develop a plan and carefully execute it. In Appendix VII we discuss the planning process as described in a well-written book about forest measurements (Avery and Burkhardt, 2002). To that description, we included some discussions about statistics, which is important when you are measuring a sample of the trees in the woodland, and indicated how TIGER WC will fit into the planning process. We also gave suggestions on other resources to help you be able to conduct a forest inventory.

We suggest that you get some training in forest inventory by a forest consultant or other trained forester. Perhaps a group of individuals could hire a consultant or consultants could organize workshops to introduce groups of non-foresters to forest inventory. If you want to use TIGER WC to estimate the volume and value of your woodland and compartment, you need to have confidence in your measurements. Some professional training should increase the accuracy and precision of your inventory data and produce results you can use with confidence.
The rest of this manual, except Appendix VII, is focused on TIGER WC and how to use it. Reading it will help you understand what information is needed and how it is processed. Appendix VII can be the start or a continuation of your process about learning about forest inventory and how to use TIGER WC to develop information that will help you manage your woodland. With adequate reading and some training, you can learn to do a basic forest inventory. 

INTRODUCTION

TIGER for Woodlands and Compartments (TIGER is short for Timber Inventory, Growth and Economic Review) is a computer program that was developed to provide foresters, allied natural resource professionals, and adventurous woodland owners with a tool to use in timber management of woodlands in various states. Although the program was developed primarily for the evaluation of tree resources, it can serve as the basis for comparing trade-offs between timber and non-timber benefits.

TIGER WC
 (WC is short for TIGER for Woodlands and Compartments) is a tool that can be used to analyze traditional forest inventory data collected to develop a basic management plan and simulate forest growth and yield and thinning of the forest. It also can process what is called a 100% inventory in which all trees marked for removal or all trees for a special inventory, such as a walnut only inventory, are measured. It is programmed in Xojo™ to run under the Windows™ operating system. 
This manual covers all states for which a variant of TIGER WC has been developed: CT, DE, IA, IL, IN, MA, MD, ME, MI, MN, MO, NH, NJ, NY, OH, PA, RI, WV, VT, WI. There is a much shorter, individual manual for each state (variant) that lists information specific to the state, such as the list of species, and contains a highly reduced version of this manual which you could use as a way of “skimming” this manual. Skimming the state manual will help you know where to look in this manual for more detail on specific items and the structure of the state manuals is very similar to this manual.
For a traditional inventory TIGER WC will i) estimate the initial, at the time of measurement, volume and value of a stand of timber, ii) simulate a variety of types of thins, such as diameter limit and species elimination, on a stand and estimate the volume and value of the material that would be removed from and would remain in the stand, iii) simulate the growth of the stand (as inventoried or after a simulated thinning) 5, 10, 15, and 20 years after the inventory was done, iv) estimate the future volume and value of a stand, and v) compute appropriate economic returns. For a 100% inventory TIGER WC will estimate the total number of trees, the total volume and value, and the basal area per acre by species and for all species of all measured trees. Any economic values calculated depend upon you supplying information, such as stumpage rates for pulp and sawtimber.
The reason TIGER WC’s name includes “for Woodlands and Compartments” is that TIGER WC was developed to analyze data for two types of traditional forest inventories, and “woodlands” and “compartments” represent the two types. The first type of inventory is called simple random sampling, which involves doing an inventory across a “woodland”, meaning total forested area or land holding. The second type is called stratified random sampling in which a woodland is divided into areas, often called strata or stands or “compartments”, that are relatively uniform in species composition, density, and/or age, and an inventory is done across each compartment. Often when stratified sampling is used, an inventory is done across the entire woodland, but as the sampling is focused on each compartment, not on the woodland, the calculations done with the inventory data are different from those done on data from a simple random sample. Note: foresters often do systematic samples (simple and stratified) and treat them as simple random samples. TIGER WC also does that (Freese, 1983).
The analysis done by TIGER WC on traditional forest inventories uses formulas for data collected from simple random samples. Thus, the analysis that TIGER WC does with data from a simple random sample of a woodland produces estimates of average volume and value for the woodland. When TIGER WC processes data from one compartment, it uses the same formulas which produce the same estimates of average volume and value as it does for a sample of a woodland, but as it only analyzes data from one compartment, the estimates are of the averages for the compartment, not the woodland.
Analyzing data from stratified random sampling involves combining the data taken from each compartment by using equations developed for stratified sampling. As mentioned, TIGER WC does not combine data from different compartments. It can only analyze one compartment at a time. TIGER for Stratified Sampling, another computer program developed by CWM Software, has been developed to combine data from various compartments and develop estimates of volume and value for a woodland. To use TIGER for Stratified Sampling, first use TIGER WC to create a data file for each compartment. Then use TIGER for Stratified Sampling to read the data file for each compartment and combine the data into estimates for the woodland. For users, such as individual woodland owners, who are interested in the estimated volume and value of individual compartments but are not interested in the estimated volume and value of the whole woodland, data for each compartment can be entered into TIGER WC, analyzed, and used without concern about using TIGER for Stratified Sampling. If a user does not want to do a stratified sample but wants an estimate for a woodland, a simple random sample can be taken across the woodland, entered into TIGER WC and analyzed. The resulting estimates are for the whole woodland. The estimates are most accurate if the allocation of the plots in each compartment is proportional to the proportion of the woodland in each compartment which will likely be different from the actual proportions.
Most of the information needed to use TIGER WC is gathered in a typical timber inventory. Data forms (described later, copies are located in Appendix I in the manual for each state/variant) have been developed to assure that all relevant information is collected and that it is organized in a format that makes data entry straightforward. Of course, you can make your own data forms or use an electronic device for collecting data and download that data into TIGER WC.
An example for the use of TIGER WC in a traditional forest inventory of a woodland could be something like the following. A person interested in managing a woodland for timber production consults this manual to see what information needs to be collected and then establishes and measures a series of inventory plots systematically arranged across the woodland. The data are entered into TIGER WC, and a listing is made and checked for possible errors. A few errors are found and corrected. TIGER WC is then used to calculate the initial (at the time of inventory) volume and value of the woodland. Because the person is considering thinning the woodland, the future volume and value of the stand is estimated for the unthinned stand and for the stand using two types of simulated thinning. The biomass of all trees and tops of merchantable trees plus all other trees is also estimated because of interest in selling carbon credits. Economic analyses are done for each of the estimates of future values to help a person decide how to best manage a woodland to achieve his/her goals. 

A typical example for the use of TIGER WC in a 100% inventory could be something like the following. A person interested in thinning part of a woodland walks through the area and marks trees that would be removed in the thinning. After marking each tree, the person records characteristics about the tree, such as species and diameter at breast height (DBH). Characteristics of the trees are entered into TIGER WC, and the program is used to estimate the quantity of pulpwood, sawtimber, and veneer for each species that was marked, assuming pulpwood, sawtimber, and veneer height was measured. TIGER WC estimates the value of each product by species and the total volume and value by product.

The next two sections of the manual describe information that needs to be collected to use the program and then the actual operation of the program. Following those sections are others that describe how the volume and value of the stand are estimated, the models used to estimate growth and mortality of the trees, and the two types of economic analyses that can be done. After that is Appendix I, which describes how to install TIGER WC on your computer, then Appendix II, which lists the volume tables used by TIGER WC, and Appendix III explains how an increase in merchantable height is estimated. Appendix IV describes changes made in the various versions of TIGER WC. Appendix V describes how TIGER data are saved in a Forest Vegetation Simulator (FVS) format (Dixon, 2002). Appendix VI discusses simple random sampling and stratified random sampling of a woodland and how non-foresters can sometimes use stratified sampling, and Appendix VII discusses forest inventory, statistics, and the use of TIGER WC.

COLLECTING INVENTORY DATA

As mentioned, TIGER WC accepts data from two types of inventory: a traditional one done to estimate volumes and other characteristics of a woodland and a 100% inventory done to estimate the volume of some component of the woodland for which all trees of interest are measured, such as a sale preparation cruise in which trees to be removed in a timber sale are marked for later removal. Both types of inventory require similar, but not identical, information. This section will explain what is needed for both types.

Actual tree measurements can be collected two ways. Traditionally, data were written on paper forms for later entry into the computer. TIGER WC has always accepted data in this way. For a couple of years individuals have asked if the program could accept data recorded on electronic devices (hand helds) that are being increasingly used to capture data to avoid having to enter the data by hand. This version of TIGER WC allows for that and an explanation of how to create a data file to do that is found in the section titled “Inventory data – how to enter and change them”.
For a traditional inventory of a woodland and a compartment, TIGER WC requires data collected from a typical inventory with either variable radius plots (point sampling) or fixed area plots (single or nested). It will accept up to 99 plots with up to 45 trees per plot. It calculates stand statistics assuming that plots were randomly selected.

Note: Foresters often take systematic samples, which are usually analyzed as a simple random sample. In systematic samples, plots are systematically located across the area to be sampled while plots for a simple random sample are randomly located. Analyzing systematic samples as if they were random is probably acceptable, particularly if the sampling lines run perpendicular to the terrain (Freese, 1983).

In woodlands that can be divided into compartments with different species composition, tree size, stand density, and/or other characteristics, stratified sampling is often a more efficient sampling technique than simple random sampling (Avery and Burkhardt, 2002). Although TIGER WC does not handle stratified sampling data, it can calculate the appropriate statistics for the data from each stratum (compartment), and you can combine them by using appropriate formulae (Avery and Burkhardt, 2002) or an easier way is to use TIGER for Stratified Sampling to analyze the data. If you are not interested in combining the stratum, it is not a concern.
For a 100% inventory, TIGER WC accepts up 4,455 individual trees. It assumes that they represent 100% of the trees in a stand that meet your measurement requirement, such as being a walnut. It also assumes that no plots were used, unless you want to consider the area containing the trees to be THE PLOT. This type of inventory will often be done at the woodland level, but it can be done at the compartment level. In either case the data can be entered into TIGER WC.
Information needed about the tract

Information needed about a tract is listed below in the order in which they are entered into the program. The TIGER for Woodlands and Compartments Tract Sheet and TIGER for Woodlands and Compartments Plot Sheet were prepared to organize the data required to run TIGER WC. Also, the TIGER for Woodlands and Compartments Inventory Information Sheet lists the various codes needed to fill in the Plot Sheet. The forms are towards the front of the manual for each state/variant and should be studied while reading this section.

The following information needs to be collected and can be recorded on the Tract Sheet.

- a name to identify the woodland (using 1 to 30 characters (letters, numbers, spaces and other symbols and NO commas)

- a name to identify the compartment, if the area is a compartment (using 1 to 30 characters and NO commas). If the entire woodland is being sampled, there are no compartments, so enter the woodland name or anything else. 
- the year in which the inventory was done
- the number of acres within the area being sampled (compartment or woodland, depending upon which you are sampling)
- the average age of the trees (just an estimate). This value is not used in any calculations and is only noted to have an estimate.
- the site index for one species (base age 50) on the area being sampled
, if available. Site index is a measure of productivity of a forest and is an estimate of the height of dominant and codominant trees at some age, usually 50 years.
For a traditional inventory, you also need to record the type of plots that were used: 1) variable radius (prism), 2) a single fixed area, or 3) two nested, fixed area. 

- If variable radius sampling was used, indicate the basal area factor (BAF) of the prism or relascope (square feet per acre) (5 is the smallest BAF allowed).

- If a single fixed area plot was used, indicate the plot size (in acres) (0.01 acres is the smallest plot size allowed).

- If two nested, fixed area plots were used, indicate the plot size (in acres) of both plots and the DBH of the smallest tree measured in the portion of the large plot surrounding the smaller plot. The minimum size for the smaller plot is 0.01 acres and for the larger plot is 0.05 acres. This system assumes that trees larger than some relatively small DBH (the minimum DBH to be measured) are measured in the smaller plot and that on the area in the larger plot that surrounds the smaller plot (looking like a ring or donut) trees larger than a larger DBH (larger than the minimum DBH) are measured. This allows an estimation of the stand structure to a relatively small DBH without having to measure smaller trees over the entire large plot.

Note: TIGER WC assumes that the BAF or plot sizes used in an inventory do not change during the inventory, so it only accepts one BAF or plot size or set of plot sizes for each inventory. If you change them during an inventory, the data need to be sorted into groups with the same BAF, plot size or plot sizes and processed separately. For stratified sampling, the BAF, even the type of sampling, can change from one compartment to another.
Next, note whether any of the following measurements, which are described in the next subsection, were made. The measurements (described in considerable detail below) are i) pulpwood height, ii) sawlog height, iii) veneer height, iv) tree class code, v) trees to be thinned, vi) future sawlog height, vii) future veneer height, viii) crown ratio, ix) percentage cull, and x) total tree height. You MUST enter at least one of two heights: pulpwood height or sawlog height. None of the other measurements are required. If you do not enter sawlog height, you cannot enter veneer height or future sawlog height or percentage cull. If you do not enter veneer height, you cannot enter future veneer height. 

The previous paragraph applies to a 100% inventory, EXCEPT some of the measurements that can be made for a traditional inventory will have no impact on the analysis done for 100% inventories and thus cannot be enterd. Those measurements are trees to be thinned, future sawlog and veneer heights, and crown ratio. None of these are used while analyzing a 100% inventory, but you can enter them if you wish.

One of the most important characteristics of a tree on an inventory plot is its species. In developing TIGER WC, a list of the most commonly found species in each state is developed and reviewed by people in each state to develop the species list for a state. A maximum of 45 species can be incorporated into TIGER WC for an individual state. Of course, most states have more than 45 tree species, and species that are not in the list will be found on inventory plots. TIGER WC allows you to create up to five additional species for any inventory. The species are initially called "other 1" through "other 5". If there are only a few trees not on the list of species, they can be all lumped into Other 1. If, however, you would like to use a particular name for any of those species, they can be entered into TIGER WC, as will be explained in later. “Other" species names can be recorded on the Tract Sheet.

Data to be collected on individual plots and for 100% inventories
For a traditional inventory of a woodland and compartment, record the plot number and other information as needed on the TIGER for Woodlands and Compartments Plot Sheet or a data sheet that you might develop. An optional plot characteristic that can be collected is the global positioning system (GPS) coordinates of the plot in UTM or latitude and longitude. If you enter GPS coordinates, you can direct TIGER to save a file that contains the basal area and volumes per acre and GPS coordinates of each plot that you can use within a geographic information system to develop maps of basal area and volume distribution within the inventoried area. Another optional plot characteristic that can be used is a plot identifier. TIGER WC numbers plots from 1 to 99 (the maximum number) in the order in which they are entered. If you have a plot identifier that you would like to enter with the plot data, TIGER WC will store that with the plot data. 
For a 100% inventory, record data on the TIGER for Woodlands and Compartments Plot Sheet or a data sheet that you might develop. GPS coordinates are not entered as there is no plot for location, and GPS coordinates for each tree are not done. Also, as group does no refer to a plot, a plot identifier cannot be entered with a 100% inventory.
For each tree that is “in” a plot (for a traditional inventory) or is measured in a 100% inventory you must record the species and DBH as described below.

Species name. Use the species number, its name, three letter abbreviation developed for TIGER WC, the US Forest Service (USFS) species number, or the National Plant Species Code List code, and in the Northeastern region the two or three letter mnemonic used in NED/SIPS is also used. An example of part of the species list is shown in Table 1, but the actual list for each state is in the user’s manual for each state. The numbers and names are self-explanatory. The three letter abbreviations were developed for the program and are formed following simple rules. For species with a single word for a name, like boxelder, it is the first three letters, box. For species with two words in its name, like bur oak, it is the first letter of the first word plus the first two letters of the second word, so BOa for bur oak. For species with three words in its name or a name that could be three names, like swamp white oak, it is the first letter of each word, so SWO. There are a number of exceptions to this rule to avoid species having the same abbreviations. Upper case and lower case are not important, only used here to show the origin. The USFS code numbers and National Plant Species Code List do not have codes for Other 1 through Other 5, so we created codes consistent with the systems. For the USFS codes, TIGER WC recognizes Ot1, Ot2, Ot3, Ot4, Ot5, and for the National Plant Species Code List and NED/SIPS it recognizes O1, O2, O3, O4, O5. 
Diameter at Breast Height (DBH) in inches. If you are interested in using TIGER WC to simulate the growth of the stand being inventoried, trees should be measured to the nearest 1 inch, preferably 0.1 inch. For estimates of the current condition only, the nearest 2 inches is generally acceptable. The smallest DBH accepted is 2.0 inches.

Table 1. An example of part of a species list used by TIGER for Woodlands and Compartments. The full name, the abbreviated name, the FIA number, and the FIA code for each species. If this was for a northeastern state, the NED/SIPS code would also be listed. Any one of them can be used for entering data into TIGER WC. Consult the manual for a state/variant for the list for that state. 

#
Species name
letter code
FIA number
FIA code


1 - American Basswood
ABa
951
TIAM

2 - American Beech
ABe
531
FAGR

3 - American Sycamore
AmS
731
PLOC

4 - Bitternut Hickory
BiH
402
CACO15

5 - Black Cherry
BlC
762
PRSE2

Consult the manual for your state / variant for the species list for the state. 
After recording the species and DBH of the tree, you must make at least one measurement of merchantable height. Either pulpwood height OR sawlog height (or both) must be measured or estimated on each tree, unless you are using the Connecticut local pulpwood volume table.

· Merchantable Height for pulpwood – measured in bolts, logs, feet of merchantable pulp wood, or feet of total height (rounded to the nearest 10 feet), depending upon the volume table you want used to estimate pulpwood volume (Table 2). If the tree is a pulpwood-sized tree (Table 3), then assume the tree could only be sold for pulp (assume any sawtimber or veneer logs were only pulp grade) and enter the number of 8-foot bolts (to the nearest whole bolt) or 16 foot logs (to the nearest 0.5 log) that could be sold for pulp OR the total height of the tree (to the nearest 10 feet), depending upon the measure of height used by the pulpwood volume table that you will have TIGER WC use to estimate pulp volume. WHEN ESTIMATING HEIGHT IN BOLTS, LOGS, OR FEET, RECORD THE ENTIRE USABLE PORTION OF THE TREE COULD BE USED FOR PULPWOOD, ASSUMING THAT ANY SAWLOG OR VENEER SIZED PORTIONS COULD ONLY BE SOLD AS PULP. The maximum pulpwood height accepted by TIGER WC is 8 8-foot bolts, 4 16-foot logs or 100 feet, depending upon the volume table to be used. See Figure 1 for a brief example of how to measure pulp, sawtimber, and veneer heights for use in TIGER WC.

Give tree species that cannot be sold as pulpwood a pulpwood height of 0, regardless of their size or qualifications for yielding a sawlog. 

Table 2. Allowable measures of merchantable height for pulpwood by volume table or estimation system.

 Used in Central and Lake States
Height measurement
Table 4, GO1 (1955), volume to 4 inch top
Total height to nearest 10 ft

Table 5, GO (1955), volume to 3 inch top 
Total height to nearest 10 ft

Table 6, GO (1955), volume to variable top
Log, bolt or ft (multiples of 8)

  Used in Northeastern States

NED system to estimate 
      cu ft volume (Twery, et al, 2012)
Logs, bolts, or ft (multiples of 4)
Young's hardwood pulpwood volume

 table for Maine in cords (Bick, 2008)
Logs, bolts, or ft (multiples of 4)
Penn State (1994) equations to estimate
      cu ft volume (Turner, 1994)
Logs, bolts, or ft (multiples of 8)
Scott (1981) equations to estimate cu ft volume
Logs, bolts, or ft (multiples of 4)
  For Connecticut only

Connecticut local knowledge rule
No height used (DBH only)
1 Gevorkiantz and Olsen (1955)
Table 3. Minimum DBH (inches) required for a tree to contain pulpwood, sawtimber, and veneer by state.

Hardwood
Softwood


Pulp
Saw
Veneer
Pulp
Saw
Veneer

Central States

Illinois
5.5
11.5
13.5
3.5
11.5
13.5
Indiana
5.5
11.5
13.5
3.5
11.5
13.5
Iowa 
5.5
11.5
13.5
3.5
11.5
13.5
Missouri
5.5
11.5
13.5
3.5
11.5
13.5
Lake States

Michigan
5.5
10.5
13.5
3.5
8.5
11.5
Minnesota
5.5
10.5
13.5
3.5
8.5
11.5
Wisconsin
5.5
10.5
13.5
3.5
8.5
11.5
Northeast

Connecticut
3.5
11.5
13.5
3.5
11.5
13.5
Delaware
4.5
11.5
13.5
3.5
11.5
13.5
Maine
4.6
11.0
13.0
4.6
8.5
13.5
Maryland
4.5
11.5
13.5
3.5
11.5
13.5
Massachusetts
4.5
11.5
13.5
3.5
11.5
13.5
New Hampshire
4.6
11.0
13.0
4.6
8.5
13.5
New York
5.5
10.5
13.5
3.5
8.5
11.5
New Jersey
4.5
11.5
13.5
3.5
11.5
13.5
Ohio
4.5
11.5
13.5
3.5
11.5
13.5
Pennsylvania
4.5
11.5
13.5
3.5
11.5
13.5
Rhode Island
4.5
11.5
13.5
3.5
11.5
13.5
Vermont
4.6
11.0
13.0
4.6
8.5
13.5
West Virginia
4.5
11.5
13.5
3.5
11.5
13.5
  -
Merchantable height for sawlogs in 16-foot logs (and 12-foot logs in Indiana) to the nearest 0.5 log or to the appropriate length in feet if using New Jersey Doyle. Whether or not you are entering veneer height for trees, the sawlog height of a tree is the length of the stem that could be taken for sawtimber, ASSUMING THE ENTIRE USABLE PORTION OF THE TREE WERE USED FOR SAWTIMBER AND THAT NO VENEER WOULD BE TAKEN. If the tree is sawtimber-sized (Table 3), then enter the number of 16-foot logs that presently can be taken from the tree to the nearest 0.5 log. Record the values in decimal form, e.g., a tree with 2-1/2 16-foot sawlogs is recorded as 2.5. The tree shown in Figure 1 would be recorded as having a sawlog height of 1.5 logs and a veneer height of 0.5 logs. The maximum sawlog height accepted by TIGER WC is 4 16-foot logs (or 5.5 12-foot logs for Indiana or 60 ft for New Jersey Doyle).
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Figure 1.
Example of how to estimate pulpwood, sawlog, and veneer height of a tree with a DBH large enough to have sawtimber and veneer logs. The tree above would have a pulpwood height of 4 8-foot bolts, a sawlog height of 1.5 16-foot logs (for the three 8-foot logs), and a veneer height of 0.5 16-foot logs. If the volume table that you want used to estimate quantity of pulpwood uses total height as its measure of height, then enter the total height.

Table 4.
Minimum DBH accepted for estimation of pulpwood, sawtimber, and veneer for the volume tables included in TIGER WC. The tables are listed in Appendix II. 
Board Foot Volume Tables

Minimum DBH allowed

7.5
Scribner rule by Gevorkiantz and Olson (1955)

7.5
International ¼” rule by Gevorkiantz and Olson (1955)


8.5
International ¼” inch, Form Class 78 by Mesavage and Girard (1946)


11.5
International ¼” inch with 2” DBH classes by an unknown author

8.5
Doyle, Form Class 78 by Mesavage and Girard (1946)

11.5
Doyle Rule with 2” DBH classes by an unknown author



11.5
Doyle Rule for 12-foot logs by Beers (1973) (Indiana only)


9.5
Northeastern forest survey board-foot volume equations (Scott, 1979)


9.5
New Jersey Doyle (New Jersey only)
Cord (Pulp) Volume Tables


4.5
Composite table: variable top diameter inside bark of not less than 4.0 inches, by total height by Gevorkiantz and Olson (1955) (Table 4)

3.5
Composite table: variable top diameter inside bark of not less than 3.0 inches, by total height by Gevorkiantz and Olson (1955) (Table 5)

3.5
Composite table: variable top diameter inside bark, by number of bolts by Gevorkiantz and Olson (1955) (Table 6)

5.5
Young’s hardwood pulpwood volume table for Maine (Bick 2008)


2.5
Local knowledge pulp volume table (Connecticut only)

5.5 
Equation used to estimate cubic foot volume of pulp in NED (Twery, et al. 2012)


7.5
Equation used to estimate cubic foot volume of pulp in Pennsylvania (Turner, 1994)


4.5
Northeastern forest survey revised cubic-foot volume equations (Scott, 1981)
Note:  When pulpwood height is recorded in bolts or logs or feet, the sawlog height cannot exceed the pulpwood height, except for those trees that cannot be sold for pulpwood and have pulpwood heights of 0. If a tree had a 16-ft sawlog, the pulpwood height should be more than 1 16-ft log, 2 8-ft bolts, 4 4-ft pieces or 16 ft, depending upon the measurement units used).
Note: Some foresters back down (reduce) the DBH and/or merchantable height of a tree to adjust for imperfections, often called cull, in a tree’s stem. If you only want an estimate of initial sawtimber and veneer volumes and know how to back down the values, that is acceptable. If, however, you want TIGER WC to simulate the growth of the stand, backing down the DBH (using a DBH that is smaller than the actual DBH) will lead to poor predictions of growth and, as a result, poor estimates of future volume.

If you want to simulate the growth of trees with considerable cull, there are three methods to use. The easiest method is to estimate an overall volume deduction for the entire stand or by species and go to Options under File and click on “Change species bd ft adjuster’ which will allow you to enter volume adjustments for all species.  The second method is to create a tree class system based on percentage cull in which all trees in the same class are assumed to have a certain percentage of cull and that percentage is deducted from the volume of all trees in that class. As you measure each tree, record its tree class. The last method is to estimate and record percentage cull for each tree, which is an optional characteristic described later in this subsection. If that is done, you do not need to make adjustments to volumes or values as TIGER WC will do that. All methods require correct estimates of DBH and merchantable height of individual trees.

For a traditional inventory any of the following eight items also can be collected on each tree, depending upon the type of information desired and your capability to estimate them. A detailed discussion of each characteristic is presented below. These characteristics are referred to as optional characteristics as their measurement is optional.

1.
Merchantable height for veneer in 16-foot logs (and 12-foot logs in Indiana) to the nearest 0.5 log or to the appropriate length in feet if using New Jersey Doyle. Record the value in decimal form, e.g., 1-1/2 logs is 1.5 logs. This would include any portion of the stem that presently can be used for veneer and must be less than or equal to the sawlog height. The minimum DBH to have a veneer log is shown in Table 3. The maximum acceptable veneer height is 2 16-foot logs (3 12-foot logs for Indiana and 35 ft for New Jersey Doyle). Note:  you cannot enter veneer height if you do not enter sawlog height.
2.
Tree class: TIGER WC works with three types of tree classes: the USFS system described in Sanders (1977), the system used by the Illinois DNR, and a system that you can create.

The USFS system uses three tree classes: acceptable growing stock (AGS), undesirable growing stock (UGS), and cull. AGS are trees of good form, quality, and species that would be satisfactory crop trees in the final stand or have the potential of yielding products within 20 to 40 years. UGS are trees that are salable for products, but because of form, defect, vigor, or species are not wanted in the stand. Cull trees are not and never will be merchantable for sawtimber or veneer, although TIGER WC allows you to enter any merchantable height you choose. Use a code of 1, AGS, or A for acceptable; 2, UGS, or U for undesirable; and 3, cull, or C for cull. 
The Illinois DNR system has four tree classes (1 – good growing stock, 2 – reserve growing stock, 3 – harvest stock, and 4 – cull stock) and assumes a specific percentage cull for each class (5, 10, 20, and 50%, respectively).
You also can create your own tree class system with up to ten classes, and if you want, you can specify a percentage cull for each class. We do not recommend that any individual use percentage cull in this system as estimating a percentage cull for each class is difficult to do and requires considerable training to be able to do it with any accuracy.
TIGER WC simulates six types of thinnings, which are discussed later in the section titled “How TIGER for Woodlands and Compartments processes inventory data”. Tree class is one of the criteria that can be used for simulating a thin of a stand.
Warning: If you create a tree class system and have a class for dead trees, growth of all trees will be simulated when TIGER WC projects the data, which obviously will lead to incorrect estimates. You can simulate the growth of the live trees only by having TIGER WC simulate a thin by tree class in which you indicate that dead trees be removed in the thin.
3.
Thinning status: No (the tree is not to be thinned) or Yes (the tree is to be thinned). Enter No as 0, No or N and Yes as 1, Yes, or Y.

One of the types of thins that TIGER WC simulates is removal of trees that you choose while doing the inventory. You can indicate specific trees that would be removed during a thinning operation, and TIGER WC will simulate removing them. For 100% inventories, you can indicate thinning status, but it will not be used for any of the calculations.
4. 
Future sawlog height in 16-foot logs (or 12-foot logs for Indiana) to the nearest 0.5 log. Estimate the maximum sawlog height that the tree could have for sawtimber in the next 20 years. This must be greater than or equal to the present sawlog height. If a tree is presently not sawlog sized and has stem characteristics such that it could eventually produce a sawlog, enter the maximum merchantable height that the tree could have for sawtimber. If the New Jersey Doyle volume table is used to estimate board foot volume, future merchantable height cannot be used. 
If a tree does not have the characteristics needed to produce a sawlog, enter 0. If the simulated DBH of a tree that presently is not large enough to have a sawlog exceeds the minimum DBH for a tree to have a sawlog, it will be tallied as producing a 0.5 log sawlog after it reaches the minimum merchantable DBH and so on, depending upon the simulated DBH. The estimated future sawlog height will not be allowed to exceed the value you enter. The maximum future sawlog height is 4 16-foot logs (or 5.5 12-foot logs). For 100% inventories, you can indicate future sawlog height, but it will not be used for any of the calculations. Note: you cannot enter future sawlog height if you do not enter present sawlog height.
The growth model, which will be described later, estimates DBH growth but not merchantable height growth for each measured tree. TIGER WC estimates the future volume of a tree based on its estimated future DBH and its present merchantable height, unless its future merchantable height has been estimated. In mature stands, increases in merchantable height over time should be slight and will have minimal effect on volume growth. In pole-sized stands, however, increasing merchantable height is quite possible during the 20 years of simulated growth and could result in substantial volume growth. If you feel that increased DBH will result in increased sawlog height, the future sawlog height of each tree should be estimated and recorded to achieve a more accurate estimate of future volume and value. The value that you enter for a tree represents an upper bound for that tree’s merchantable height for the next 20 years. 
TIGER WC will estimate the future merchantable height for sawtimber and veneer based on the estimated future DBH and the minimum DBH needed to achieve a certain merchantable height (see Appendix II). The estimated merchantable height will be between the initial merchantable height and the potential height that you enter and will be estimated to the nearest 8 feet (6 feet for Indiana) (0.5 logs). As mentioned above for trees that are presently not sawlog sized, if their future DBH is estimated to be larger than the minimum required to be considered sawlogs (Table 3), they will be given a merchantable height of 0.5 or more logs for sawtimber production, depending upon the predicted future DBH and your estimate of the future merchantable height.

5. Future veneer height in 16-foot logs (in 12-foot for Indiana) to the nearest 0.5 log.  Estimate the maximum veneer height that the tree could have in the next 20 years.

As just explained for future sawlog height, future veneer height might be an important component of growth. If you consider it to be potentially important, then future veneer height can be recorded. It should not be too much work as most trees will not yield veneer logs and would have a future veneer height equal to 0. Current veneer height of trees is an optional characteristic. So, if you do not enter current veneer height, you cannot enter future veneer height. The maximum future veneer height is 2 16-foot (or 3 12-foot) logs. For trees with veneer quality stems but inadequate DBH, if their future DBH is estimated to be larger than the minimum required to be considered veneer (Table 3), they will be given a merchantable height of 0.5 or more logs for veneer production, depending upon the predicted future DBH and your estimate of the future merchantable height. 
For 100% inventories, you can indicate future veneer height, but it will not be used for any of the calculations.
6.
Crown ratio using the codes listed in Table 4. Enter a 1 to 10. 
The growth models for the Central States and Lakes States estimate the percentage of each tree’s stem that is covered with live crown to help estimate growth of each tree. Growth can be estimated more precisely if the actual crown ratio of each tree is known. Crown ratio is moderately easy to estimate but often difficult to evaluate when crowns are crowded. As an example, a tree 60 feet tall with the top 30 feet covered with live crown would have a 50% crown ratio, which would be scored a 5. For trees with dead or missing portions of their crown, visually "move" lower live portions of the crown to fill in the dead or missing portions and estimate the ratio based on the percentage of the total height that would be covered with the "new" crown. Measuring this characteristic should improve the accuracy of estimated growth, but under most situations is likely not worth the effort. For 100% inventories, you can indicate crown ratio, but it will not be used for any of the calculations.
Table 4. Crown ratio code for TIGER for Woodlands and Compartments

Code
Crown Ratio (%)


1
1 to 10


2 
11 to 20


3 
21 to 30


4 
31 to 40


5
41 to 50


6 
51 to 60


7
61 to 70


8
71 to 80


9 
81 to 90


10
91 to 100

The growth model used for the Northeast States does not use crown ratio to predict growth so measuring crown ratio for those states does not contribute to the accuracy of the estimation of growth. You can measure it if you wish but it will not have an effect on the estimated DBH growth of the trees.
7.
Percentage cull (0-100%) of the gross board foot volume of a tree that is defective.

Cull refers to a portion of a log that cannot be converted into boards or veneer because of imperfections, such as rot or sweep (curvature of the log). TIGER WC assumes no cull (0%) in trees when estimating volume except when you have entered tree class information and the system has percentage cull included, such as the Illinois DNR. 
If all trees have a similar proportion of cull, you can make a simple adjustment to volume estimates from TIGER WC (see the next paragraph). But for a more precise estimate of net merchantable volume, the percentage of the total merchantable volume that would be lost to rot or other defects can be recorded for each tree that can produce sawtimber and veneer. This percentage will be applied equally to the sawtimber and veneer volumes of the tree. This option would be useful when the percentage cull varied greatly among trees. Percentage cull should not be estimated by someone who has not been trained in estimating cull. This is not a simple task. NOTE: percentage cull is not applied to pulpwood, which is assumed to be 100% sound.

As mentioned above, you might want to make a single volume adjustment to all species. In the options section under File/Options (see Figure 5) there is a button labeled ‘Change species bd ft adjusters’. Click the button and you will see the window shown in Figure 6. You can indicate a percentage adjustment for all species and for individual species. The adjustment is used as a positive or negative adjustment to the volume obtained from the volume table selected for the analysis.
8.
Total height in feet.

For a more precise estimate of biomass of each tree and of residue that would remain after removing the merchantable stem, enter the total height of each tree. If the total height of a tree is not measured, enter a value of 0. For those trees, total height will be estimated using the equations described in the section titled HOW PER ACRE CHARACTERISTICS ARE ESTIMATED. The maximum heights accepted are shown in Table 5. Estimating total height is often difficult to do in dense stands, especially with hardwood trees that have rounded tops. If pulpwood height is measured as total height, this variable will have already been collected and can not be entered a second time. In most situations the improvement in accuracy of estimated biomass will not be worth the effort needed to measure total height. 
Note: A new feature in TIGER WC directs it to create copies of the information on a tree within the plot being entered so you do not have to enter such trees. If there are multiple trees in a plot that are identical for all characteristics noted, such as species, DBH and merchantable height, note the data for one of those trees on your plot sheet, then indicate how many other trees have identical characteristics and do not enter data about them. If you are interested in doing this, which might be useful for inventories of plantations, create a column on your data sheet and record the number of other trees that have characteristics identical to the one noted on the form. For trees that are not like any other trees, put nothing in that box. On the Inventory prep window of TIGERWC, check the box next to “Use a ‘Repeat tree’ button”. You can make this box permanently checked by selecting File / Options and click the “Work on other defaults” button and click Yes for “Put a ‘Repeat tree’ button on the Inventory data page.” A button labeled ‘Repeat’ will appear at the end of the row of boxes used to input data about a tree when you press Tab after entering the last piece of information about the tree and will disappear after you press Tab to enter the species of the next tree. If you press the Repeat button, you will be asked how many additional trees (called repetitions) you want entered in a space in the lower left-hand corner of the screen. Note: even if you use this feature, a maximum of 45 trees per plot, including multiples, can be entered for an individual plot.
For a 100% inventory, all of the characteristics described above can be measured. However, trees to be thinned, future sawlog and veneer height, and crown ratio are not used when processing the tree data because i) thinning is not simulated, ii) present volume and weight of the trees are the only estimates made – no future volumes or weights, and iii) crown ratio is used by the growth model which is not used for the 100% inventory. But you can enter such values if you wish.
Maximum and minimum allowable values
TIGER WC has set certain maximum and minimum values that will be accepted for some characteristics. Table 5 lists these limits.

Table 5. Limits on values of certain data collected for TIGER for Woodlands and Compartments.

Minimum DBH – 1.0 inches
Minimum DBH for a tree to produce pulpwood, sawlogs, or veneer logs – see Table 3
Maximum sawlog height - 4 16-foot logs (5-1/2 12-foot logs for Indiana and 60 feet if using New Jersey Doyle)
Maximum veneer height - 2 16-foot logs (3 12-foot logs for Indiana with 12-foot logs and 35 feet if using New Jersey Doyle)
Minimum total height - 10 ft

Maximum total height - 140 ft
Smallest basal area factor for sampling (BAF) – 4 sq. ft./ac
Smallest plot size for fixed area plots – 0.01 ac

Smallest plot size for smaller nested plots – 0.005 ac

Smallest plot size for larger nested plots – 0.02 ac

Minimum site index - 10 feet 
OPERATION OF TIGER FOR 
WOODLANDS AND COMPARTMENTS
Using TIGER WC menus

After starting TIGER WC (see Appendix I for information on installing and starting the program on your computer), you will see what is referred to as the start up screen (Figure 2 is for Illinois. Other states are identical except for the name of the state). This screen can be accessed by clicking the tab labeled ** Start Up ** near the top of the window.
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Figure 2.
Start up window for TIGER for Woodlands and Compartments.

The start up window allows you to start working with inventory data or stumpage rates, which must be done before any analyses can be done. It also allows you to start an analysis. Simply click the button for what you want to do and TIGER WC will start doing that. This window can also supply a little information about the operation of TIGER WC and how to measure merchantable heights by clicking on the buttons on the left-hand side of the window. 
Before proceeding, you need to understand a few things about TIGER WC. To process inventory data, you need to have entered the inventory data or opened an inventory file. The type of information that needs to be collected has been explained in the preceding section and how to enter that data will be explained in the next subsection. If you want TIGER WC to estimate the value of pulpwood, sawtimber and veneer, you also need to enter stumpage rates, the value per cord or ton of pulpwood and per thousand board feet or ton of sawtimber and veneer, which is described later in this section. 

Additionally, as you work with TIGER WC, the screen display will change considerably.  The screen shown in Figure 2 will allow you to move among windows for entering data, entering stumpage rates, and preparing to analyze data. When you indicate that you want to analyze the data (see Figure 20), the set of windows shown in Figure 2 will disappear and a set of windows that contains the results of the data analysis and a window for calculating diameter distributions will appear (see Figure 23). Similarly, if you initiate an economic analysis, the results windows will disappear, and a window for doing the economic analysis will appear (see Figures 30 and 31). To go from the economic analysis window to the results window, you need to click ‘Close’ on the economics window. To leave the results window, click ‘Return to analysis prep’ on the results windows, and to return to the windows for data and stumpage entry, click ‘Return to data section’ on the Analysis prep window.
If you do not want to use the Start up window to guide your working with inventory and stumpage records, you can use the pull-down menus at the top of the TIGER WC window. The buttons on the Start up window only do a few of the activities directed by the pull-down menus.  To describe all those activities, we will discuss the menus (Figure 3) one at a time, starting with File.
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Figure 3.
TIGER menus, which are displayed at the top of the program window. 
File Menu: The File menu (menu and submenu names are underlined), shown in Figure 4, allows you to do many things. 
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Figure 4.
File menu. This allows you to do many things typically done with File menus in other programs.

New submenu: The New submenu under File allows you to enter a new inventory data set and a new set of stumpage rates. Click on New to see the submenu, which allows you to select Inventory or Stumpage. In the subsection titled “Inventory data – how to enter and change them” the specifics on entering inventory data will be described, and creating a set of stumpage rates is described in the “Stumpage data – how to enter and change them” subsection. 
Open submenu: From the Open submenu you can indicate that you want to open an inventory or stumpage file. Selecting either one will produce the typical window for opening files in which you can indicate the file that you want opened. 
Note: TIGER WC saves both inventory and stumpage files in a text (.TXT) format. Thus, there is nothing that you can see, other than the names used to save files, that distinguishes inventory and stumpage files. If you accidentally try to open a stumpage file when you indicated you wanted to open an inventory file or visa versa, TIGER WC will display a message on the screen saying that an error occurred while trying to open the file. Don’t worry; no harm has been done. Try again and select the correct file. Also, you can only have one inventory and stumpage file opened at any one time. When an inventory file and a stumpage file are opened, whatever was previously held in the inventory or stumpage sections will be eliminated.

Close submenu: After Open is the Close submenu, which is used to close inventory data sets and sets of stumpage rates so that you can create new ones or open other files. You can also close the Analysis and Results, Diameter Distribution, Stocking Guides, and Economics windows, if they are active. Just indicate what you want closed. If you close an inventory or stumpage window using the Close command and have not saved the information, you will be warned that data will be lost if you do not save them.

Save Submenu: The fourth submenu in the File menu is Save, which allows you to save an inventory data set and a set of stumpage rates that have been saved and opened. It saves them with the same name that they had when you opened them.
Save As Submenu: The fifth submenu in the File menu is Save As, which allows you to save a file containing the inventory data in a format used by TIGER WC, inventory data in a format that can be opened by the Forest Vegetation Simulator (FVS), plot averages for use by a GPS system, stumpage rates, what is called “these results” (results for the time period or tree class, if used, that is being shown on the screen), what is called “all results” (results for initial conditions and simulated conditions in the future or by tree class, if used), diameter distributions, stocking guides, and economic analyses. Select the type of file to save, and a typical save window will open for you to use. The technique used to save the data in an FVS technique is explained in Appendix V.
If you have created an inventory or stumpage file and opened it to make changes, when you indicate that you want to save the file, TIGER WC will ask you if you want to replace that file if you try to save it with the same name as the file that you opened. Some programs check with users when they are saving a file with the same name as a file that exists to avoid problems. We recommend you slightly change the name, like adding a 1 or 2 at the end. But if you want to keep the same name, just click Replace.
Print submenu: The Print submenu is below Save As, and it allows you to print a number of items: inventory data, stumpage values, “these results”, “all results”, diameter distributions, stocking guides, and economic analyses. Names in black can be printed, while names in gray cannot because they have not been opened or created yet. After you select what you want printed, a typical print window will appear.

Options submenu: When you select the Options submenu you will see what is shown in Figure 5. It allows you to indicate some choices (defaults) you want to use when running TIGER WC. Most important is indicating the variant (state) of TIGER WC you want to run. If you change the state, the species list and other things will change. You can download the manuals for all states/variants at http://www.cwmsoftware.com/TIGERWC2.0.html. If you do not want to be bothered with the other options, you can have TIGER save only the variant to be used. Just click the “Save variant only” button and none of the other options will be remembered the next time you start the program.
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Figure 5. Window for indicating preferences for such things as the state to be used, volume tables, tree classes, board foot volume adjustments and more.

On the window shown in Figure 5 you can view the system that will be used to estimate the quantity of pulpwood, sawtimber, and veneer for each tree, specify the value of biomass if you select the option of estimating the value of the biomass for the entire stand or for the tops of merchantable trees and all non-merchantable trees; and indicate the annual percentage change in the value of pulpwood, sawtimber, veneer, and biomass for estimating future values, and you can indicate how you want to enter the species codes of trees. Read the section on economic analyses for some help in deciding the rates of increase in value for the products. You can also go to windows that will allow you to enter board foot volume adjusters for each species, indicate a tree class to be used and work with a number of other defaults.
If you click ‘Change current volume/weight estimation systems’ you will see the window shown in Figure 6. All of the volume/weight estimation systems available in TIGER WC are listed in Table 6. The systems used as default in all states are listed in Table 7. 
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TIGER for Woodlands and Compartments allows you to select the volume table or volume estimation system used to estimate the cord volume or tonnage for pulpwood and
board foot volume or tonnage for sawtimber and veneer. In most states there are officially recognized tables of systems, but in some states there are not, In cither case, TIGER
allows you to select the tables or systems that will be used.

Below are ists of the cord volume tables and weight estimation techniques for pulpwood and board foot tables and equations and techniques for estimating tonnage for
Sawtimber and veneer built into TIGER for use in your state. The table or system recommeded for use in your state wil be selected, unless you have changed them and saved the
changes. You can change the table or system to be used by selecting one of the other ones and clicking Return to Options Page. Changes wil be in effect until you make other
changes or quit the program. To make changes permanent, you need to click Save all options' on the main options window.

I you want TIGER to use 2 board foot table that is not in the list, you need to enter the table (using Volume Tables / New) and have the program save it. After that, when you.
want to use the table, have TIGER open the file (using Volume Tables/ Open), click ‘Click to make this the user-defined board foot volume table' volume estimation, then click
‘OK.. After opening a volume table, it il be listed at the bottom of the lst of volume tables and you can select it for use in that session.

Select a volume table or system to estimate the amount of pulp
Scott (1979) equations to estimate cubic foot volume, based on merch. height in ft, multiples of 4 ft -
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Figure 6. Window for indicating volume/weight systems to be used to estimate pulp, sawtimber, and veneer.

Table 6.  Volume tables and systems used to estimate volume or weight of pulp and volume of sawtimber and veneer used by TIGER WC.

For Pulp

  Used in Central and Lake States

Table 4, Gevorkiantz and Olson (1955)
Table 5, Gevorkiantz and Olson (1955)

Table 6, Gevorkiantz and Olsen (1955)

  Used in Northeastern States

NED system to estimate cubic foot volume (Twery, 1997)
Young's hardwood pulpwood volume tables for Maine (Bick, 2008)
Penn State equations to estimate cubic foot volume (Brian, 1994)
Scott (1981) equations to estimate cubic foot volume

  For Connecticut only

Connecticut local knowledge rule, based on DBH only
For Sawtimber and Veneer
  Used in Central and Lake States

Scribner, Gevorkiantz and Olson (1955), Table 1, 1-inch DBH classes

International ¼”, Gevorkiantz and Olson (1955), Table 2, 1-inch DBH classes
Doyle Rule used in Illinois, Unknown origin, 2-inch DBH class
  Used in Northeastern States
Doyle, Form Class 78, Mesavage and Girard (1956), 1-inch DBH classes
International ¼”, Form Class 78, Mesavage and Girard (1956), 1-inch DBH classes
International ¼”, Unknown origin, 2-inch DBH classes
International ¼”, Scott (1979), 1-inch DBH classes

   For Indiana only
Doyle, Beers (1973), 12-foot logs, 1 inch DBH classes
  For New Jersey only
Doyle (New Jersey), New Jersey Forest Service, 1-inch DBH classes

If you click “Change species bd ft adjusters” on the window shown in Figure 5, you will see the window shown in Figure 7. This window allows you to enter adjustments for the estimated board foot volume for each species.

There are probably thousands of board foot volume tables that have been used in the United States, and only a few are included in TIGER WC. Doyle, Scribner, and International ¼” Rule Form class 78 volume tables are built into TIGER WC because they are the most commonly used in various states, but in some situations higher or lower form classes are appropriate.  Avery (1983) estimated the difference in volume from one form class to the next as 3%.  Brooks and Goerlich (2000) showed that the adjustment was not consistently 3% and that the adjustment varied more as the form class got further from 78. But for form classes close to 78, the adjustment should be close to 3%. Thus, if you think a form class 80 volume table would be appropriate for your inventory, the volume estimated by such a table would be approximately 6% higher than form class 78 so an overall volume adjustment of +6% would be appropriate. To have TIGER WC do this, enter 6 into the box in the lower right-hand corner of the window shown in Figure 7. If you want to make adjustments to individual species beyond an overall adjustment, enter values for species into the columns shown in the same figure.

[image: image8.png]W 9- 0>

TIGER for W and C Al States Manual Beta 8 [Compatibility Mode] - Microsoft Word non-commercial use

() TIGER for Woodiands and Compartments 20: Maine Variant

File

Inventory Data _Stumpage Rates Volume Tables Analysis Economics Help

Indicate the adjustment to be made to the sawtimber and veneer board foot volume for each species. For
‘example, -9 results in 2 9% reduction in board foot volume for the species listed to the left of the box, 5 resultsin a

5% increase in volume for the species, and 0 results in no change for the species.

1-American basswood b 18-Eastern white 0]
2-American beech 0 19-Green ash. 9
3-American elm 0 20-Northern red oak 9
4-American hornbeam 0| 21-Northern white-cedar 0|
5-American sycamore o 22-Norway maple 0
6-Balsam fir 0 23-Norway spruce 0
7-galsam poplsr o 24-Paperbirch 0
&-Bigtooth sspen o 25-Pin chery 0
9-Black ash o 26-Pitch pine 0
10-Black cherry o 27-Quaking sspen 0
11-Black sk o 28-Red maple 0
12-Black spruce. [ 29-Red pine 0
13-Boxelder o 30-Red spruce 0
14-Bur osk 0 31-Scotch pine 0
15-Buttermut o 32-Shagbark hickory o
16-Esstem hermlock o 33-Siver maple o
17-Esster hophorbeam o 34-Strped maple o

35-Sugar maple
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38-Sweet birch

30 Tamarack

40-White ash
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13-Wilow
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45-Otherl
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49-Others

50-Others
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Figure 7. Window for indicating the systems to be used to estimate the amount of pulp, sawtimber, and veneer.

Table 7. Default volume tables for pulpwood, sawtimber, and veneer by state.


Pulp
Sawtimber
Veneer

Central States

Illinois
GO Table 6@
Doyle 78 MG
Doyle 78 MG
Indiana
GO Table 6
Doyle 78 MG
Doyle 78 MG
Iowa 
GO Table 6
Scribner 78 MG
Scribner 78 MG
Missouri
GO Table 6
International Unk
International Unk

Lake States

Michigan
GO Table 6
Scribner GO
Scribner GO
Minnesota
GO Table 6
Scribner GO
Scribner GO
Wisconsin
GO Table 6
Scribner GO
Scribner GO
Northeast

Connecticut
Conn. Local
International 78 MG
International 78 MG
Delaware
NED
International 78 MG
International 78 MG
Maine
NED
International 78 MG
International 78 MG
Maryland
Young
International 78 MG
International 78 MG
Massachusetts
NED
International 78 MG
International 78 MG
New Hampshire
Young
International 78 MG
International 78 MG
New Jersey
Scott
New Jersey Doyle
New Jersey Doyle

New York
Young
International 78 MG
International 78 MG
Ohio
Scott
International 78 MG
International 78 MG
Pennsylvania
Penn
International 78 MG
International 78 MG
Rhode Island
NED
International 78 MG
International 78 MG
Vermont
NED
International 78 MG
International 78 MG
West Virginia
Scott
Doyle 78 MG
Doyle 78 MG
   @ Conn. Local – Connecticut local knowledge pulp volume table; Doyle 78 MG – Doyle Form Class 78 by Mesavage and Girard (1946); GO Table 6 – Table 6 in Gevorkiantz and Olsen (1955); International 78 MG – International ¼” Rule by Mesavage and Girard (1946); International Unk - International ¼” Rule of unknown origin obtained from Hank Stelzer; NED – system used in NED (Twery, et al., 2012); New Jersey Doyle – a version of Doyle developed specifically for New Jersey and supplied by the New Jersey Forest Service; Penn – Penn State pulpwood (Turner, 1994); Scott – Scott (1981); Scribner GO – Scribner Log Rule by Gevorkiantz and Olsen (1955); Scribner 78 – Scribner log rule by Mesavage and Girard (1946); Young – Young’s pulpwood volume tables for Maine (Bick, 2008)
If you click on the “Work on tree class system” button on the window shown in Figure 5. You will see a window (not shown here) that allows you to select one of three systems to use for indicating tree class. The systems are described in the section titled ‘Data to be collected on individual plots and for 100% inventories’.
Finally, if you click “Work on other defaults” on the window shown in Figure 5, you will see the window shown in Figure 8. You can create a number of defaults on this window: 1 – enter permanent names for the other species, 2 – define limits for DBH classes for estimating sawtimber and veneer volume from volume tables, 3 – indicate whether total volume/weight of pulp, sawtimber, and veneer by species should be saved and whether per acre and total biomass weight by species should be saved, 4 – indicate if the results that are to be saved in a file should be saved in a format similar to the way results are shown on the screen or in a comma delimited file, 5 – indicate tree characteristics that you usually measure, 6 – set the minimum DBHs for conifers and hardwoods for pulp, sawtimber, and veneer, 7 – set the probability level for confidence intervals, 8 – indicate if a ‘Repeat tree’ button should be used, 9 – indicate if a plot identifier will be entered, 10 – indicate whether there should be a default for tree class when it is to be entered, and 11 – indicate if species in saved files is presented as common name or USFS number.
1 – enter permanent names for the other species. If you commonly find one or more species that are among the species on your states species list and you want to keep their volume separate from other species, you can change the name of an Other species to a particular name. That name will appear in place of the Other species, although you can change that when you start each inventory.
2 – define limits for DBH classes for estimating sawtimber and veneer volume from volume tables. For volume tables with 1-inch wide dbh classes, many people and organizations treat all trees with DBHs 0.5” below the DBH to 0.499” above a specific DBH to have that DBH, such as all trees with DBHs between 14.5” and 15.499” are treated as 15” trees for estimating volume. FIA, however, treats all trees with DBHs from the specific DBH to 0.999” greater than the DBH to have the specific DBH, such all trees from 15.0” to 15.999” have a DBH of 15” for estimating volume. The smallest DBH size class will be an exception in that the lower end will be .5” below the minimum DBH when FIA rounding is used because the volume tables have a minimum starting at 0.5” below a whole number. For example, the smallest DBH for a volume table might be 10” but trees with DBHs of 9.5” are counted as meeting that value.
3 – indicate whether total volume/weight of pulp, sawtimber, and veneer by species should be saved and whether per acre and total biomass weight by species should be saved. The specific results shown on the results windows of TIGER WC are not the only results that can be calculated. If you want total volume or weight for pulp, sawtimber, and veneer, click the box next to ‘Total volume/weight of products by species’. If you want biomass per acre and total biomass by species, click the box next to ‘Biomass per acre and total by species’. These results will not appear on the screen but when you indicate that the results are to be saved, the characteristics that you select will be saved along with the species and total values shown on the screen. These extra results are not printed, only saved.

4 – indicate if the results that are to be saved in a file should be saved in a format similar to the way results are shown on the screen or in a comma delimited file. Results can be saved to a file in the format in which they are displayed on the screen or they can be saved in a comma delimited format that can be opened by Excel or other spread sheets. To open a comma delimited file in Excel, you start by indicating that you want to open a file and when you see the open window, click the area to the right of where the name of the file will be listed and select the item that says something like Text file and/or *.csv. Then select the file to be opened. There might be a small window that opens that you will need to work through. If asked, indicate the file is comma delimited. Eventually a spread sheet should open with the information in appropriate columns and have headers describing what is in each column. In the window in TIGER WC indicate in the box in the lower left-hand corner whether you want to save results as shown the screen, in a comma delimited form, or to be allowed to choose between the two formats when you indicate that you want to save results.
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Figure 8. Window for setting various defaults.

5 – indicate tree characteristics that you usually measure. If you usually measure the same tree characteristics when they do an inventory, you can indicate a set of characteristics that will be selected when you start a new inventory. They can be changed if needed when you are on the Inventory prep page and starting an inventory.
6 – set the minimum DBHs for conifers and hardwoods for pulp, sawtimber, and veneer. You can indicate the lower DBH limit for pulpwood, sawtimber, and veneer for conifers and for hardwoods. Note: the minimum you select cannot be less than the minimum allowed by the volume estimation system to be used for each product. 
7 – set the probability level for confidence intervals. TIGER will calculate 68, 90 and 95% confidence intervals and you can indicate which you prefer by using the pull down menu. 
8 – indicate if a ‘Repeat tree’ button should be used. Inventories done in plantations sometimes have multiple trees in a plot that are identical in the measured characteristics, such as species, DBH and merchantable height. In that case, you can save time by noting the characteristics of one of the identical trees and then indicate how many other trees on the plot are identical. If you do that, use the Repeat button that TIGER WC will put on the Inventory data window if you click Yes below ‘Put a Repeat tree button on the Inventory data page’.
9 – indicate if a plot identifier will be entered. TIGER numbers plots from 1 to a maximum of 99. If you use a specific identifier for each plot, TIGER WC will allow you to enter it when you enter each plot’s data. Indicate that you want to enter a plot identifier by clicking Yes below ‘Enter an identifier for each plot (6 characters max)’. The identifier can have a maximum of characters (letters, numbers, and spaces but no commas).
10 – indicate whether there should be a default for tree class when it is to be entered. If you record tree class on each tree and most of the trees are in the first class, TIGER WC will automatically set the value of tree class to the first class so you can pass through the tree class box (using Tab) and not have to enter a value. To set that ability, click Yes below ‘Default for tree class is the first class.
11 - indicate if species in saved files is presented as common name or USFS number. In results of analyses that are saved the species will be listed by name in the order used by TIGER WC or by USFS code number in order numerically which will list conifers before hardwoods.

12 – indicate if additional output is desired for the results only available for the Illinois variant when the Illinois DNR tree classification is used. We developed code to allow TIGER WC to output results like those generated by the IFIDAP program that was used by the Illinois DNR before it began using TIGER WC.  It will only work for the Illinois Variant and only when the Illinois DNR 4-class system is used.  See the manual for the Illinois Variant for more information about this.
Exit selection: Exit is the final selection, and it will result in TIGER WC quitting. If an inventory file or stumpage file has unsaved values, you will be asked if you want to save them before TIGER WC quits. If you do not save the files, the information will be lost.

Inventory Data menu: The Inventory Data menu allows you to do some of the things that can be done under the File menu: start entering a New inventory data set; Open, Close, Save As, and Print an inventory data set; and work on the tree class for the trees, if used. If you click on the Inventory Data menu before starting a new data set or before opening an inventory data file, you will see the menu on the left in Figure 9. It only allows you to start a new inventory or open an inventory file. 
After starting to enter an inventory data set or opening an inventory data file, the inventory menu will appear as the menu on the right of Figure 9. This allows you to start a new data set, open a data set, and close, save, or print the data set in memory. The Save and Save As items only save data files in a format for TIGER WC. If you wish to save data in an FVS format, look under File/ Save As.
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Figure 9.

Inventory menu. On the left, the menu before starting or opening an inventory data set. On the right, the menu after starting or opening an inventory data set. See Tree Classes is enabled and you have selected Tree Class under ‘Which tree characteristics were measured?’ or when an inventory has been started or opened and Tree Class had been selected
Stumpage Rates menu: The Stumpage menu also allows you to do some of the things that can be done under the File menu: start entering a New set of stumpage rates and Open, Close, Save, Save As, and Print a set of stumpage rates. As with the Inventory Data menu, the Stumpage menu appears different before (left side of Figure 10) and after (right side of Figure 10) creating or opening a set of stumpage rates. All of these actions are duplicates of actions under the File menu, as are those in the Inventory Data menu. They were created to allow flexibility in running the program.
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Figure 10.
Stumpage menu: left, the menu before starting or opening a set of stumpage rates; right, the menu after starting or opening a set of stumpage rates.
Volume Tables menu: The Volume Tables menu allows you to enter a board foot volume table for use in TIGER WC. As mentioned previously, various volume tables have been built into TIGER WC. To change the volume table used to estimate board foot volume during the current session, you need to go to File/Options.  Some people might prefer to use tables not included in TIGER WC. The Volume Tables menu gives you the ability to enter a volume table (New) that is not built into TIGER WC (Figure 11). To be able to use a volume table that you want for estimating volume, first enter it, and then save it. Once it has been saved, open it at the beginning of any session in which you want to use it and click the button labeled ‘Click to make this the user-defined board foot volume table’, then go to File/Options and click ‘Change current volume/weight estimation systems’ and select the volume table you entered to estimate sawtimber and/or veneer volume
The Volume Tables menu is somewhat different from the Inventory Data and Stumpage Rates menus. When you first click Volume Tables, it will look like the left side of Figure 11. When you start entering a volume table, you cannot save it or print it until it has been checked. You cannot save it while working on it like with inventory data; however, when you finish entering the values and click ‘Check volumes’, TIGER WC will check the volumes to make sure they increase across each DBH class and increase up each merchantable height and indicate if it is acceptable or not. When you and TIGER WC find the values acceptable, the menu will look like it does on the right. 
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Figure 11.
Volume Tables menu: left, the menu before starting or opening a volume table; middle, after starting a new table or opening a table; and, right after values entered to create a volume table are accepted by you and TIGER WC.

The volume tables that can enter using this technique can be read and used by TIGER for Stratified Sampling and TIGER for Estimating Basis. In those programs, you cannot enter the actual values, only read the file that can be created by TIGER for Woodlands and Compartments.
Analysis menu: The Analysis menu allows you to analyze inventory data, develop diameter distributions and stocking guides, and print and save results, diameter distributions, and stocking guides. The appearance of the menu depends upon what you have done before clicking it. If you have not created or opened an inventory data set, the menu will appear as shown in the upper left of Figure 12, which indicates you cannot do an analysis.

After indicating which inventory data set is to be used, the menu will appear as in the upper middle of Figure 12. At this point you can Start New analysis, which is described in the next subsection. After analyzing the data, the menu will appear as shown in the upper right of Figure 12. You can close the results, save or print the results, and do a diameter distribution or see the stocking guide. “These results” refers to the results displayed on the screen and “all results” refers to the results for all times or tree classes, depending upon how you analyzed the data. The stocking guide will only be accessible if the results are shown over time, which will be explained in the section titled “Processing a traditional inventory”. 
For an analysis by years the results will show the initial condition and estimates of the conditions 5, 10, 15, and 20 years later. If the analysis is done by tree class, the results will show the initial condition of the area sampled for all trees combined and by tree class. This is explained in the section titled “Processing a traditional inventory”. For 100% inventories, the results will only show the initial condition of the stand. As a result, the menus items for Save all results and Print all results will not be enabled. 
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Figure 12.
Analysis menu: upper left, the menu before starting or opening an inventory data set; upper middle, the menu after starting or opening an inventory data set; upper right, the menu when results are showing on the screen but before doing a diameter distribution or showing the stocking guide; lower left, the menu after doing a diameter distribution; and lower right, the menu after showing a stocking guide. 
Do Diameter Distribution allows you to have TIGER WC develop diameter distributions for individual species, groups of species, and all species combined for the results you select. This will be described more thoroughly in the subsection titled “Processing inventory data - how to do it”. You can also do a diameter distribution by clicking on the tab labeled Diameter distributions. If you develop a diameter distribution, the menu will appear as shown in the lower left of Figure 12.

Show Stocking Guide allows you to select among various stock guides. TIGER WC estimates basal area and trees per acre for the initial condition and estimated condition of the stand 5, 10, 15, and 20 years in the future and plots them on the stocking guide you select. The results are displayed on the screen and can be saved or printed. Once the stocking guide is shown, the menu will appear as shown in the lower right of Figure 12. Stocking guides can only be done when the analysis is done by year.
Economics menu: The Economics menu allows you to do two types of basic economic analyses on the results for traditional inventories. For 100% inventories no economic analyses can be done because there are no estimated future values upon which to base the analyses. Before analyzing the inventory data, the menu will appear as on the left of Figure 13, indicating nothing can be done. After analyzing the data, assuming product values were estimated, the menu will appear as shown in the middle of Figure 13, indicating that you can do two types of economic analysis. After doing either economic analysis, the menu will appear as on the right of Figure 13, indicating that you can print and save the economic analysis and close the economic analysis window. A detailed description of the economic analyses that can be done is presented in the section titled “ECONOMIC ANALYSES DONE BY TIGER FOR WOODLANDS AND COMPARTMENTS”.
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Figure 13.
Economics menu: left, the menu before results have been calculated; center, after results have been calculated; and right, after doing an economic analysis.

Inventory data – how to enter and change them

Got here
There are two ways to enter inventory data into TIGER WC. The first and the traditional way has been to enter general information about the inventory on the Inventory prep page and then enter tree data, one tree at a time, on the Inventory data page. The second and the newest way starts the same in that you enter information about the inventory on the Inventory Prep page but instead of entering tree data on the Inventory data page, you direct TIGER WC to open a data file that you created. That file is called the user data file, and it contains tree data that was collected on an electronic device. This section will start with the description of entering information on the Inventory prep page, then describe how tree data are entered one tree at a time into the program, and then describe how tree data are entered with a user data file.

When you indicate that you want to start entering a new inventory, you will see the window shown in Figure 14. This window has spaces for you to enter all the basic information about the inventory. For a traditional inventory, all of the information can be recorded on the TIGER for Woodlands and Compartments Tract Sheet. A 100% inventory requires somewhat less information than a traditional inventory, so the TIGER for Woodlands and Compartments Tract Sheet can be useful for someone doing a 100% inventory, but some of the spaces need not be filled in.

First, under Type of inventory the ‘Traditional (plot based)’ button has already been checked as most users will enter data from a traditional inventory. If you are entering data from a 100% inventory, click the ‘100% inventory’ button. If you do that, the window shown in Figure 14 will change in that the Sampling method section will disappear because there is no sampling method to describe. Taking its place will be a section labeled Initial Basal Area which will request an estimate of the basal area per acre for the compartment. Basal area per acre is needed to estimate tree heights for use in estimating biomass, which is explained in the section titled “HOW TIGER FOR WOODLANDS AND COMPARTMENTS PROCESSES INVENTORY DATA”. A ball park figure should be adequate. Also, the “Enter GPS coordinates for each plot?” box will disappear, as there are no GPS coordinates entered for 100% cruises.
Next, enter the six items listed under Basic stand information, which are described at the beginning of the subsection titled “Data to be collected on individual plots”. Each blank space needs to be filled in. 

If GPS coordinates of plots were collected for a traditional inventory, click the Yes button next to ‘GPS coordinates for each plot?’. If you do, a small panel will appear to the right, and you need to indicate if UTM or latitude and longitude was measured.
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Figure 14. Window for entering information about a traditional (plot based) inventory. 
If you want to enter a plot identifier for each plot, click the box next to Enter a plot identifier. Also, if you want to have a Repeat button to have TIGER WC repeat certain trees, click the box next to Use a ‘Repeat tree’ button.

Click on the appropriate boxes under Which tree characteristics were measured? to indicate which measurements you will enter. The measurements were described in the subsection titled “Data to be collected on individual plots”. Veneer Height is in gray because you cannot select it unless you have checked the Sawlog Height box, and Future Veneer Height is in gray because you cannot select it unless you have checked the Veneer Height and Future Sawlog Height boxes. If you click the Tree Class box, you should go to See tree classes under the Inventory Data menu. That will take you to a new window that will allow you indicate the type of tree class system used. Note: if you always used one type of tree class, you can make it the default tree class by using the Options submenu under the File menu. An important note: After you click the button labeled Start entering plot data, you cannot change the characteristics of the trees that will be entered.

Under Name for ‘Other species’ you can enter names of species assigned to ‘Other 1’ through ‘Other 5’. As explained in the subsection titled ‘Information needed about the tract’, there are many more than the 45 species (41 for Rhode Island) in the species list for your state. The most common species are incorporated in TIGER WC for each State/Variant, but in some stands species not on the list might be important enough that you want a volume estimate for that species. These species can be assigned one of the ‘Other names’, and when data are entered into TIGER WC, the actual names can be entered and the results for that species will be listed under its name. Normally, there are few trees in a stand that are not on the list, and the volume by species for those species often is not important so they can all be called ‘Other 1’, and TIGER WC will just lump them into one group and call it Other 1. For volume and growth estimation, “Other 1-5” are assumed to be noncommercial or other hardwoods, depending upon the information, such as coefficients, used for estimation. Note: The Other trees can be used to separate trees of highly valuable species, such as black walnut, into separate grades also. 
Under Site index you need to enter the name of the species used to estimate site index and its site index. Site index is used by the growth model when it simulates stand growth and mortality, and it is used to estimate tree height for biomass estimation, assuming total height is not entered. If site index is not known, select any species and enter a site index of 0, and TIGER WC will use the average site index for the state which is shown in Table 8.

If you are entering a traditional inventory, under Sampling method you need to enter the number of plots that were measured. The maximum number that can be entered is 99. You can change the number of plots while entering data on the Inventory data page if necessary. You also need to indicate the type of plots used: variable radius, single fixed area, or nested fixed area. For variable radius plots you need to enter the basal area factor (BAF) of the prism or relaskope, which is assumed to be the same for all plots. For single fixed area plots you need to enter the plot size, which is assumed to be the same for all plots. For nested, fixed-area plots TIGER WC assumes i) a small circular plot in which all trees above the minimum DBH are measured, ii) a larger circular plot around the small plot, and iii) trees larger than a specific DBH are measured in the ring-shaped area inside the larger plot and outside the smaller plot. You need to enter the size of the two plots and the DBH of the smallest tree measured in the ring-shaped plot surrounding the smaller plot.

Table 8. Average site index by state which is used as the estimated site index when you do not have an estimate.


Site Index

Central States


Illinois
71


Indiana
81


Iowa 
68


Missouri
59

Lake States


Michigan
60


Minnesota
55


Wisconsin
63

Northeast


All states
56 for sugar maple
If you are entering a 100% inventory, the Sampling method section will not appear as you do not need to indicate anything about your sampling. In its place is the Initial basal area section which requires an estimate of basal area of the compartment. This value is used for estimating height which is used for biomass estimation. A ball park estimate is probably adequate.

When you have entered all required information and are ready to enter tree data one tree at a time, click the button labeled Start entering plot data. If, however, you want TIGER WC to open a user data file (one that contains data collected electronically in the field), click the button labeled Open user data file. In either case, TIGER WC will check the information that you entered on the Inventory prep page to make sure all required information was entered. TIGER WC will also remind you that you cannot change the characteristics being entered once you start entering data.

The appearance of the data entry window that you will see after clicking the ‘Start entering plot data’ button or the ‘Open user data file’ button will depend upon the number of characteristics that you selected and whether you are entering a traditional inventory or a 100% inventory. 
For a traditional inventory, Figure 15 shows the data entry window for an inventory in which species, DBH, and pulp and sawlog heights of trees were measured, and individual trees for thinning were noted, along with a plot identifier. If you indicated that only pulpwood height had been measured, the Sawlog Height and Thin Class columns would not appear in the window. On the other hand, had you indicated that all characteristics had been recorded, there would be seven more columns on the form to allow entry of all those values. Had you used a user data file, the window would be similar, but it would contain tree data from the data file. Had you indicated that a plot identifier was not being entered, the title of Plot identifier and the box below it would not appear.
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Figure 15.
Window for data entry of each plot for a traditional inventory. The number of columns displayed depends upon the number of characteristics measured.
For a 100% inventory, the data entry window shown in Figure 16 is somewhat different from the one shown for a traditional one in Figure 15. As in Figure 15, it shows columns for species, DBH, and pulp and sawlog height. Unlike the inventory used to generate Figure 15, tree class was not recorded, so no column was created for entering it. The buttons on the left-hand side are the same; except, the word ‘plot’ has been changed to ‘group’. TIGER WC was set up for entering data from traditional inventories, which means data in up to 99 plots with a maximum of 45 trees each. Using the same structure, 100% inventory data are entered 45 trees at a time in what are called groups. When the data are analyzed, they will be treated as one mass of trees, and the groups will not be considered. The groups are only a structure for holding the data. You are allowed to enter up to 99 groups with up to 45 trees each for a maximum of 4,475 trees. If you have TIGER WC make a list of the data, they will be listed by group. Thus, if you find an error, you can go to the appropriate group and change the tree. If you need to delete a tree from a group, it does not need to be replaced. Actually, you can enter as many trees in any group as you wish. There are 99 groups that will each hold up to 45 trees. If you used a user data file, it would look the same but contain tree data from the file.
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Figure 16.
Window for entry of a 100% inventory. The number of columns displayed depends upon the number of characteristics measured.

The left-hand side of the data entry page is used to move among plots or groups. The number of the plot or group that is being entered is shown at the top of the page. To go to a specific plot or group, select the number in the pull-down menu above the ‘Go to plot’ or ‘Go to group’ button and then click the button. To move to the next, previous, first, or last plot or group click one of the four buttons below the ‘Go to plot’ or ‘Go to group’ button. TIGER WC will not let you move among the plots or groups while you are entering data for a tree. You do not have to enter all of the trees for a plot or enter 45 trees in a group before moving to another plot (though we strongly discourage that) or group (you are encouraged to enter 45 trees per group but do not need to), but you have to finish entering all of the data for a tree to move to another plot or group. The small box with ‘Up’ or ‘Down’ on the lower right-hand side of the window allows you to scroll up and down the data entry window. If you have more than 15 trees in a plot or group, click ‘Up’ after finishing the fifteenth tree, and you will see an almost identical window with an additional small box labeled ‘Down’ on the lower right-hand side. To check on previously entered trees on the plot or group, click ‘Up’ or ‘Down’ to move through the data entry window for a plot or group. 
If you are entering a traditional inventory, at the bottom of the data entry sheet are four buttons. To delete a tree in the plot shown on the screen, click the ‘Delete a tree in this plot’ button, and you will be asked for the number of the tree. To delete a whole plot, you need to have that plot displayed on the screen and click the ‘Delete this plot’ button. The only way you can change the number of plots to be entered for a traditional inventory is by clicking on the ‘Change number of plots to be entered’ button. You can increase or decrease the number. If the new number is less than the number of plots that have been entered, some of the last plots will be deleted. If you click the ‘Cancel data entry’ button, all data will be lost.

If you are entering a 100% inventory, the ‘Delete a tree in this group’ and ‘Cancel data entry’ buttons will be there, and they have the same use as described for plots in a traditional inventory. If you delete a tree in a group, it does not need to be replaced. 
For each measured tree enter the data into a single row of the form on the data entry window. Species can be entered 6 ways: 1) enter the number of the species, 2) enter the three-character code for the species (Note: capitalization is NOT important for this. TIGER WC will accept any combination of upper- and lower-case letters), 3) enter the name as shown in this manual, 4) enter the FIA number code, 5) enter the 4 letter FIA code (Note: capitalization is NOT important for this either), and 6) select the species in the pull-down menu next to the tree number. 

Enter the tree’s DBH in the DBH column. Entering the DBH to the nearest inch or two inches is usually adequate, particularly to estimate the initial condition of the woodland and compartment. If growth estimates are of particular interest, measuring trees to the nearest 0.1 inch is preferable, but not necessary. Pulpwood height, as described in the subsection titled “Data to be collected on individual plots,” is the length of the stem that could be removed for pulpwood, assuming that the entire merchantable stem was sold for pulp (regardless of its size and condition) to the nearest bolt, log, or 10 feet, depending upon the system that will be used to estimate the quantity of pulpwood. Sawlog height, also described in the subsection titled “Data to be collected on individual plots,” is the length of the stem that would be removed for sawlogs, assuming the entire merchantable stem were sold for sawtimber, to the nearest 0.5 logs. The thin code is entered as a 0 for ‘don’t thin’ or a 1 for ‘do thin’. It can be entered directly or by clicking on the down arrow on the right of the box for the thin code, which will show a Yes or No that you can select. If you had indicated that you had measured other characteristics, there would be a box for each one. Enter the code for each characteristic or, if the cell has a down arrow, enter the appropriate number or click on the arrow and select from the list of choices. 
You can use the Tab key to move from box to box, not the Return or Enter key.

What if you cannot enter all data at one time? If you do not have time to enter all data in one sitting, save the data in a file, and later you can open the file and resume entering data. Remember where you left off to be able to return to that place.

What if you made a mistake counting the number of plots? If you realize that the number of plots that you indicated were going to be entered is wrong, click on the ‘Change the number of plots to be entered’ button and follow the instructions.

How can you check for mistakes in data entry? Mistakes are made while entering data, so it is a good idea to look for them. TIGER WC does some checking as you enter data, such as not allowing you to not enter a sawtimber height other than 0 for a tree with a DBH less than the minimum allowable size for sawtimber, but that is not adequate to detect most errors. A good approach to checking for errors would be to print the data, review the listing of data, and note needed changes on the listing. To make changes in the data, move to the particular plot or group and simply make changes in the data entry form. Also, when you start a new analysis, TIGER WC shows the largest DBH and largest merchantable height of all trees for you to check for ‘obvious’ mistakes. For example, if you had collected the data in a pole sized stand and TIGER WC indicates the largest DBH is 55”, you would realize that 55 is probably a mistake and would need to be checked. 
What if you want to delete a tree? Deleting an individual tree is easy. Have the plot or group in which the tree is located displayed. Click ‘Delete a tree in this plot’ or ‘Delete a tree in this group’ and indicate the tree number.

Entry of electronically recorded data:
For users who use some sort of electronic device to record tree data, TIGER WC will read a data file that you can create which will save you the effort of entering data into the program one tree at a time. As mentioned before, you will need to fill in the information on the Inventory prep page BEFORE opening your data file and this is initiated by indicating you want to start a new inventory.
Many hand-held devices can be used to collect the data that can be read into TIGER WC. As devices are somewhat different in how they operate, we cannot explain what needs to be done with each device. Instead we will describe the file that you need to make from the output file created by your device, and you can use that information to decide how to collect the information and what you need to do with the file created by your device.
We start assuming you have entered all of the data into your device. First, you will need to output the data to a file and then open the file in Word or WordPad or some other word processor or in Excel or some other spread sheet. 
To create the user data file which will be read by TIGER WC, you will need to modify the file that is output by your hand-held device. Below is a description of how the file needs to be structured. You will need to create the first line of the file and insert a line between each plot, unless you did that while collecting data. 

The first line of the user data file starts with the two-letter state code (CT, DE, IA, IL, IN, MA, MD, ME, MI, MN, MO, NH, NJ, NY, OH, PA, RI, WV, VT, WI) for the state/variant of TIGER you are using. The code must be followed by a comma then put UC (which indicates User Created) and another comma. Then put a Y if you are entering plot identifiers or a N if you are not entering plot identifiers and another comma. Recall that plot identifiers can have 6 characters maximum. Then put a number indicating the number of characteristics that were measured or recorded on each tree. Put a comma after the number and then list the code for each characteristic measured in the order in which they are listed in your data file. The codes can be upper or lower case and must be separated by a comma. The codes are listed in Table 9. SKIP is used as a code to indicate columns in your data set that are not used by TIGER WC, so the program should simply skip them.
Table 9. Code names used to indicate the order in which the characteristics measured on each tree are listed in the user data file.
SPP – species code

DBH – diameter at breast height

PULP – pulp height in logs, bolts, or feet
SAW – sawlog height in logs

VEN – veneer height in logs

TREE – tree class

THIN – thinning code

FSAW – future sawlog height

FVEN – future veneer height

CROWN – crown ratio

CULL – percent cull

TOTAL – total height
SKIP – skip this characteristic
The second line should be the four numbers, 8888, which is the code to indicate the beginning of each plot and this 8888 indicates the beginning of the first plot. If you indicated that you would enter plot identifiers, then put a comma and the plot identifier.
For the third line there are three choices, depending upon various conditions. First, if you are entering GPS coordinates for each plot (a characteristic that is optional), then the coordinates, as described below, would be entered and the next line would be information about the first tree in the first plot. Secondly, if you are not entering GPS coordinates and there are trees on the plot, the third line would be the information about the first tree in the first plot. Thirdly, if you are not entering GPS coordinates and there are no trees in the first plot, enter 8888 which would mean the first plot had no trees and data for the second plot follow the second 8888. After entering a line for the first tree, continue adding one line for each additional tree in the plot. Remember there is a maximum of 45 trees per plot. 

After the last tree in the last plot has been entered, enter 9999 alone on the last line to indicate that all plots have been entered.
To enter GPS coordinates, if you are using UTM, enter the northing and then the southing, separated by a comma. If you are using latitude and longitude, enter the latitude north in degrees, then a comma, then the minutes, then another comma, followed by the longitude east in degrees, then a comma, then the minutes.
TIGER only reads files that are saved as a text (.TXT) document.

Below is an example of a file for a small inventory in the state of Illinois (IL) in which a plot identifier is to be entered and three characteristics were measured on each tree – species (SPP), DBH (DBH), and sawlog height (SAW) – in that order. There were 3 plots and GPS coordinates were not recorded. The first one had 2 trees, the next had 0 trees, and the final one had 3 trees. The file MUST be saved as a text file.
IL, UC, Y, 3, SPP, DBH, SAW 
8888,P1
1, 12, 1

22, 15, 2

8888, P2
8888, P3
2, 13, 1

14, 15, 0
14, 16, 1

9999
Stumpage rates – how to enter and change them

Stumpage rates and inventory data sets are NOT CONNECTED. You can work on either one independently of the other. Stumpage rates are not saved with inventory data files. Stumpage rates are saved in their own file. You can create multiple stumpage rate files to reflect differences in stumpage for different conditions of trees.
When you indicate that you want to start a new stumpage file, you will see the window shown in Figure 17. Use the pull-down window to indicate whether or not stumpage will be entered for the product (pulp, sawtimber, and veneer) and what units of measure will be used cords or tons for pulp and MBF (thousand board feet) or tons for sawtimber and veneer.
Figure 18 shows the window that will appear after indicating that pulp will be valued per ton, sawtimber valued per MBF, and veneer not measured (so not valued) and then clicking Continue on the window shown in Figure 17. This window has spaces for stumpage rates for pulp and sawtimber. However, had you indicated that stumpage rates for veneer were being entered, the spaces for that product would appear on the window. Just fill in the values. When you finish, you can save the file or do nothing with it. Remember: stumpage rates must be entered or a stumpage file opened, if you want to estimate product values when TIGER WC analyzes the data. To make changes to a set of stumpage rates, simply delete the values in the cells to be changed and type in new values. One good resource for finding information about stumpage rates is a web site developed by the U. S. Forest Service - http://www.srs.fs.usda.gov/econ/data/prices/index.htm.
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Figure 17.
Window to start entering stumpage rates on which you indicate whether or not stumpage rates for pulp, sawtimber, or veneer will be entered and, if so, which measure of quantity will be used (cords, tons, or board feet).

When TIGER WC analyzes inventory data, it always estimates the average quantity of pulpwood, sawtimber, and veneer, depending upon which merchantable heights were entered, and it will estimate pulpwood, sawtimber, and veneer values if stumpage rates are available.

The names for the Other species (1 – 5) will not be listed on the window where you enter stumpage rates. The stumpage rates that you enter for what is called Other 1 will applied to the first of the other species, regardless of the name you give it, and so on for the other species. 

Some species found on inventory plots have no commercial value. For those species, simply record stumpage rates of $0. If you estimate future merchantable heights of trees, an optional measurement, you need to enter the stumpage rate for any species that might be merchantable at the end of the projection period but are not merchantable at the time of measurement.
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Figure 18. Window for entering and/or changing stumpage rates. This one is for Illinois. Other states will look the same, except the species will be those for the particular state.
Volume tables – how to enter and change them 
There are hundreds of volume tables used in the United States. Some tables are used for multiple species in several states, while others are used on individual species in a portion of a state. Some states have legally recognized certain volume tables for use in the state, at least by state agencies. Other states have no officially recognized volume table, and, as a result, a number of tables are used within the state.

We incorporate any officially recognized tables in states where TIGER WC is used. In states with no official volume table, we talked with individuals in the state to determine which tables are commonly used. For each state, one board foot volume table is selected as the default (the table automatically used by the program when it is installed) for estimating sawtimber and veneer volumes and another table is chosen as the default for pulpwood estimation. Table 7 lists the default volume tables and all volume tables built into TIGER WC are listed in Appendix II.
We are sure some people will want to use one of the other built in board foot volume tables, and maybe other people will want to use tables that have not been built into the program. To permanently change the default volume table, go to Options in the File menu. When you do this, you will see the window shown in Figure 5. This window shows the variant being used, volume tables that currently are the default, and other values. To temporarily change the volume table, click ‘Change current volume/weight estimation systems’ and change the volume tables, but do not click Save options. Your choice will remain in effect during the current session only. To permanently change the default volume table (until you decide to permanently change it again), click the button labeled ‘Save options’.

As mentioned, some users will want to use board foot volume tables that are not built into TIGER WC. They can enter the volume table they want to use into TIGER WC and save it so it can be used when they want it. Before explaining how to create a volume table in TIGER WC, we need to briefly discuss volumes tables and their use. Take a look at the volume tables in Appendix II. Note that in the upper right-hand corner there are no values. That’s because small DBH trees cannot be tall enough to have large merchantable heights. While the volume tables can leave those areas blank, you need to enter a 0 (zero) in those locations when you enter volumes into TIGER WC. Also, all volume tables estimate volume for a range of DBHs – from a minimum to a maximum. While the DBH of most trees is smaller than the maximum, occasionally larger trees are encountered in an inventory. For the tables that are built into TIGER WC, equations have been developed that allow it to estimate the volume of larger trees. If you can develop such equations (explained later in this subsection), they can be entered also or you can elect not to enter them. Note: cord volume tables cannot be entered into TIGER WC. If you use a pulpwood volume table or set of equations that is not in TIGER WC, please contact cwmprogrammers@yahoo.com. If you use a board foot volume table that is generated by a set of equations, please contact cwmprogrammers@yahoo.com for possible inclusion in TIGER WC.
To start entering a volume table in TIGER WC, select New under Volume Tables. Then you will see the window shown in Figure 19. You need to indicate whether the volume table has 1-inch or - inch DBH classes. Most tables are 1 inch and list DBHs in numerical order, such as 12, 13, 14, etc. But a few have 2-inch classes and list DBHs as 12, 14, 16, etc. You need to enter the smallest and largest DBH classes on the table and give the table a descriptive name with at most 80 characters (counting letters, numbers and spaces) with NO commas. Note: TIGER WC will not accept more than 34 DBH classes, such as from 7 to 40 inches. When you click Proceed, you will see the window shown in Figure 20.  Got here
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Figure 19.  Window to indicate characteristics of volume table to be entered.
After entering all of the volumes (remember to put a 0 where there are no values), click ‘Check volumes’ to have TIGER WC check the volumes.  TIGER WC only does a basic check to see if the volumes follow the trend of increasing with DBH and merchantable height, BUT you are responsible for correctly entering the values.  When TIGER WC indicates that it did not find mistakes in its basic check, you have the option of saving the volume table or continuing on to enter regression coefficients.  If you do not have regression coefficients (explained soon) or just want to stop, save the table.  It is now done if you do not have coefficients to enter, or if you want to enter coefficients, open the file later and continue entering information.

[image: image31.emf]
Figure 20.  Window for entering volumes for a table with 1-inch DBH classes, a smallest DBH of 8”, and a maximum DBH of 40”. 

The regression coefficients that have been mentioned are used to estimate the volume of trees with DBHs larger than the largest in the volume table.  TIGER WC has two ways to handle this problem.  The easiest way is to do nothing.  If you expect to measure few, if any trees, with DBHs larger than the largest on your volume table (40 inches is often the largest DBH on a volume table), then don’t worry about it.  If TIGER WC encounters a tree with a DBH larger than the largest DBH in the table, it will use the volume of the largest DBH tree in the table with the same merchantable height of the larger tree.  For example, assume you are using the Doyle, Form class 78 table (see Appendix II) and one of your inventory trees has a DBH of 44” and a merchantable height of 2 logs.  TIGER WC will estimate the volume as 1329 board feet, the volume of a 40” trees with a 2 log height.  This is less than the real volume, but if it is the only large tree in a reasonably sized inventory, it will have minimal effect on the average volumes and values per acre.  Note: TIGER WC will inform you when it finds such trees in the analysis.

The more difficult way, but one that is probably necessary if you expect to measure many trees with DBHs greater than the largest in your volume table, is that you develop equations for predicting the volume of large trees and enter their coefficient into TIGER WC.  The equation 

Volume = a + b * DBH + c * DBH2
describes the relationship between a tree’s volume and its DBH very well for individual merchantable heights.  For all of the volume tables in TIGER WC the volumes for each merchantable height, for example 0.5 logs, 1 log, etc., were fit to the equation and the a, b, and c coefficients were entered into the program.  Thus, when a tree with a DBH larger than the largest in the volume table is found, its volume is estimated by using the equation with the coefficients for the merchantable height of the tree.  For example, for the Doyle, Form Class 78 volume table the equation to predict the volume of large trees for a 2 log tree is




Volume = 50.8 -14.48 * DBH + 1.1593 * DBH2
which produces an estimate of 1658 bd ft for a tree with a 44” DBH.

If you know how to do regression analyses, this can be done rather easily in Excel or with many statistical packages.  If you are not familiar with regression analysis, this would be challenging.  If you have a table you want to use and expect to have enough large trees measured that you should enter coefficients to estimate the volume of trees larger than the largest on your volume table and are not familiar with regression analysis, get help.  If you cannot find help, contact CWMProgrammmers@yahoo.com.
Assuming you have the coefficients, when you click on the button labeled ‘Enter reg. coefficients’, you will see the window shown in Figure 21.  Enter the values of the a, b, and c coefficients for each merchantable height in the boxes next to the appropriately labeled height.  When you finish, click ‘Check coefficients’ and TIGER WC will use your coefficients to predict the volume of the largest DBH tree in the table that you entered.  It will present the value from the table you entered and the value predicted by the equations for each merchantable height and list the percentage difference between each table value and predicted value.  It is very unlikely that the estimated value will be the same as the tabular value, but they should be close.  The program will ask you if the values are acceptable to you.  If you indicate yes, then you can save the volume table with the coefficients.  When TIGER WC uses equations with coefficients, it does not let you know when it is estimating the volume of trees with DBHs larger than the largest tree.

[image: image32.emf]
Figure 21.  The window used for entering regression coefficients to predict the volume of trees with large DBHs.
Processing a traditional inventory - how to do it  
After creating or opening an inventory data set for a traditional inventory, you can start analyzing the data. Figure 22 shows the window that you will see when you start a New analysis.  Note: that Figure 22 is for a data set in which tree class was entered because the ‘Show results by tree class’ button is visible.  If tree class had not been entered, that button would not be visible.  This window allows you to indicate whether you want to simulate a thin or not, which stand characteristics (value and biomass) you want estimated, and other things. If you click one of the two buttons for a diameter limit thin, a new window will open in which you will need to enter the DBH limit for each species.  If you click on the button to remove various species, boxes to select the species will appear on the lower left-hand side of the screen.  If you click on the button to thin by tree class, you will be allowed to indicate which tree classes you want removed in the simulated thin.  If you click on the button to remove trees to a specified basal area, a new window will appear and allow you indicate the basal area to be left and indicate how trees for removal are selected.  What is discussed in this sub-section applies equally to a sample from a woodland or a compartment.
Note in Figure 22 under ‘Select a management action’, there are six active (black) buttons and one inactive (gray) button.  The button for removing trees indicated for thinning is inactive because data on trees to be thinned was not collected.  

The Analysis prep window always has a number of items that are inactive when the window opens.  When the window opens, it is set up to not simulate a thin, to not estimate biomass of the stand, and to not estimate future merchantable heights, even if they were entered.  Depending upon your interests and the information that is available, you can estimate a number of characteristics of the stand and can simulate a variety of thins.  If stumpage rates are available, the ‘Calculate Pulpwood, Sawlog and Veneer value’ will be selected, and TIGER WC will calculate the value per acre for those products measured for merchantable height.  If stumpage rates are not available, the button would not be enabled, because TIGER WC cannot estimate the value of pulpwood, sawtimber, and veneer.
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Figure 22.
Window for setting up to analyze inventory data.
Below the ‘Calculate Pulpwood, Sawlog and Veneer Value’ check box is the ‘Calculate the Whole and Residual Biomass’ box.  Whole stand biomass is an estimate of the biomass of the stand that would be available if all trees were converted to fuelwood or biomass. Residual stand biomass is an estimate of the amount of material in the tops (branches and stems left after all merchantable portions are removed) of all merchantable trees (merchantable height greater than 0) and whole stems of all other trees (merchantable height equal to 0).  How both biomasses are estimated is explained in the section titled, ‘How TIGER for Woodlands and Compartments processes inventory data’.  If you choose to estimate the whole and residual stand biomasses, the check box below it, ‘Calculate the Value of the Whole and Residual Biomass’, will be enabled so you can indicate whether you would like to estimate the value of the biomass.  If you select that check box, two boxes below it will be enabled, and you will be asked to enter estimates of the value in $/dry ton for the two estimates of biomass.

The last check box is labeled ‘Allow Merchantable Height to Increase as DBH Increases’.  This label will not be enabled unless you have entered data on future merchantable heights of trees, an optional characteristic for traditional inventories.  If future merchantable heights were estimated, you can select the button, and TIGER WC will allow merchantable heights to increase as the simulated DBH increases, following the relationship of DBH to merchantable heights explained in Appendix II.

Below that box is a button labeled ‘Review output options’.Clicking this button will results in the appearance of a window that allows you to indicate: 1) if the results that are saved will include estimates of the total volume/weight of products (pulp, sawtimber, and veneer) by species and 2) if the results that are save will include estimates of the biomass per acre and total biomass by species.  These results are not shown on the screen but can be saved (not printed) with the results shown on the screen for the initial condition of the stand but not projected conditions of the stand.  Additionally, you can indicate if the format of the file is similar to the aligned columns shown on the screen or in a comma-delimited format that can be opened by a spread sheet, like Excel, and have the columns of values appear in separate columns in the spread sheet.  You can indicate if the species name in the files that are saved are in the format and order used by TIGER WC or converted to the USFS code number and saved in numerical order with the conifers before the hardwoods. If you are running the Illinois variant, there will be button to click if you want an expanded output attached to the regular results output.  This is discussed in the Illinois variant manual.
In the lower right-hand corner of the window are zero to four active items (rates for increasing the stumpage rates of pulpwood, sawtimber, veneer, and biomass over time), depending upon the tree characteristics entered on the inventory and whether stumpage values are available. See the section on economic analyses for more information about rates of price increase.  If a stumpage file is available, the rates of increase for the characteristics measured will be enabled.  For example, if veneer height was not entered, you will not be required to enter a rate for veneer.  If you indicate that biomass value is to be calculated, you will need to enter a rate of value increase for biomass.  If you do not believe that the values will increase, enter a value of 0.
When you have indicated what you want simulated and estimated, it is time to indicate that you are ready for the analysis to be done. If you entered tree class for each tree, there will be two button you can click: ‘Show results by year’ and ‘Show results by tree class’.  What both buttons do will be explained below.  If you have not entered tree class, only the ‘Show results by years’ button will be visible. 
If you click ‘Show results by years’, TIGER WC will calculate estimates of the initial condition of the stand and the estimated condition of the stand in 5, 10, 15, and 20 years.  For each species present, the basal area per acre, the number of trees per acre, and the diameter of the tree of average basal area (Dq) are calculated.  If pulpwood height was entered, amount of pulpwood per acre by species will be calculated.  Similarly, if sawlog height was entered, sawtimber volume per acre by species will be calculated.  If you entered veneer heights, veneer volume per acre by species will be calculated.  Total basal area and trees per acre are calculated.  Also, total amount of pulpwood, sawtimber, and veneer per acre, depending upon what is measured are also estimated. Whole and residual stand biomass will be calculated if you selected that option.  For any product (pulpwood, sawtimber, veneer, and biomass) that you enter stumpage rates, the dollar value by species and in total will be calculated.  For initial conditions, the standard error and a 68, 90, or 95% confidence interval for the total basal area and number of trees per acre are calculated.
If you click ‘Show results by tree class’, TIGER WC will calculate the same volumes and values but only for the initial condition of the stand.  It will do the calculations for all trees combined and for each of the tree classes.

TIGER WC simulates six types of thins (Table 10).  For thinning types 1 and 2, you will need to specify the cut-off DBH for each species - all trees with larger (for type 1) or smaller (for type 2) DBHs will be removed.  Figure 23 shows the window that will open when you indicate that all trees above or below a certain DBH are to be removed.  For type 3, indicate up to ten species for which all trees will be removed.  Thinning type 4 is for removing any tree classes that you select, which can only be done if tree class was entered.  Thinning type 5 requires that data were collected for the optional characteristic of trees to be removed in a thinning and simulates that all trees indicated for thinning are removed.  For type 6, indicate the basal area to be left and then indicate the criterion (size, species, tree class, or trees indicated for thinning) for selecting trees for removal.  See the section titled “HOW TIGER SIMULATES THINNING A WOODLAND” for more information on how a thin is simulated.
Table 10.  Types of thinnings simulated by TIGER for Woodlands and Compartments 
1.
removal of all trees above a certain DBH for each species

2.
removal of all trees below a certain DBH for each species

3.
removal of all trees of certain species (up to 10 species)
4.
removal of all trees in the tree classes you select, which can only be done when tree class was recorded during the inventory.

5.
removal of individual trees that were indicated for thinning, which can only be done when you indicated trees to be thinned for doing the inventory,

6. 
removal of trees to achieve a user-specified basal area per acre

[image: image34.emf]
Figure 23.  Window in which you enter the DBH limit for thinning all trees above or below a certain limit for each species.  Other states will look the same, except the species will be those for the particular state.
If you click the ‘Show results by years’ button, trees that remain after a simulated thin or, if you chose “no thin”, all trees in the inventory, are passed to the growth model for growth simulation.  The growth model, described in the section titled “HOW GROWTH AND MORTALITY ARE ESTIMATED,” simulates the growth and mortality of the inventory trees 5, 10, 15, and 20 years in the future by using predicted DBH and probability of survival of each tree estimated by models developed by the USFS and discussed later.

After all calculations are completed, the results by year are displayed on the screen, as seen in Figure 24.  The results displayed are the condition at the time of inventory, labeled ‘Initial condition’.  The condition of the stand 5, 10, 15, and 20 years after the inventory can be viewed by clicking on the tabs at the top of the display, labeled ‘In 5 years’ to ‘In 20 years’. If a thin was simulated, there will be two more tabs labeled ‘Removed in thin’ and ‘Residual stand’ that present estimates of the amount of material to be removed during and left after the simulated thin, respectively.  If you indicate that you do not want whole and residual stand biomass estimated, the lines listing the biomass near the top of the display will not appear.  
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Figure 24.
Window showing results of analysis of inventory data for an area when the inventory was done, titled ‘Initial condition’.  Results of simulations 5, 10, 15, and 20 years in the future can be viewed by clicking “In 5, 10, 15, and 20 Years”, respectively.  Other states will look the same, except the species will be those for the particular state.
The estimates of stand volume in 5, 10, 15, and 20 years do not contain estimates of the standard errors for volumes and values because standard errors for simulated stand characteristics cannot be estimated.  Also, in the display for the stand 5, 10, 15, and 20 years after the inventory was done the column headed with Dq will be replaced by a column headed with DBH inc, which shows the weighted average annual DBH growth for the trees of each species.  The weighting factor for each tree is the number of trees per acre estimated to be alive by the growth model for each tree.

TIGER WC calculates diameter distributions for the initial condition, for simulated results in 5, 10, 15, and 20 years, and for trees to be removed and left in a simulated thin.  To do diameter distributions, click on the tab labeled Diameter distribution or use the Analysis menu.  TIGER WC will produce diameter distributions for i) all species combined, ii) individual species, and iii) groups of up to ten species.  Figure 25 shows the window used to create diameter distributions when it is first opened.  All species names for the state are listed in the box labeled ‘Possible species’.  You can indicate one species, a group of up to ten species, or all species for inclusion in the diameter distribution.  To add a species, select its name under ‘Possible species’ and click the arrow pointing towards ‘Included species’.  Selected species will be listed in the box labeled ‘Included Species’.  When the species have been selected, click ‘Do calculations’ and a diameter distribution, like that shown in Figure 26, will appear.

[image: image36.png]File Inventory Dats Stumpage Rates Volume Tables Analysis Economics  Help

Initial condition | In 5 years | In 10 years | In 15 years In 20 years Diameter distributions

Forthe intil condion of the stant
For which candtion? he stand.

© nitial OmiSyears
Omsyears Omznyears

Included species

O 10years

add ol species

Remove al spedes

Do calculations

Prinkthis dtrbution Save ths dstrbution Return to Analysis prep





Figure 25.
Window for creating diameter distributions.
The DBH classes in the diameter distribution are uniform in width, except the last one (Fig. 26).  The 2-inch class contains trees from 1.0 (the smallest DBH accepted) to 2.9 inches, and so on.  Estimation of the quantity of pulpwood, sawtimber, and veneer is explained in the section titled “How TIGER for Woodlands and Compartments processes inventory data”.  
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Figure 26.
Window showing calculated diameter distribution for all species found in an inventory.

Aside from developing diameter distributions, TIGER WC can display how your stand tracks on stocking guides (Figure 27).  You can select from among various guides, TIGER will not recommend which one you use so you need to know enough about stocking guides to select the appropriate one.  Presently, TIGER does stocking guides for upland oak (Gingrich, 1971), northern hardwoods (Leak et al., 1969), bottomland hardwoods (Larsen et al., 2010), Allegheny hardwoods (Roach, 1977), and the three stocking guides that were developed for FIBER (Solomon et al., 1987).

[image: image38]
Figure 27.  Display of track of a compartment over 20 years as estimated by a growth model in TIGER WC on a upland oak stocking guide (Gingrich 1971). 
If you click the ‘Show results by tree class’ button, TIGER WC will calculate the same values that it estimates for the initial condition of a stand by year, except it will do it for each tree class using the initial measurements only (Figure 28).
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Figure 28.  Window showing results of analysis of inventory data by tree class.
 Processing a 100% inventory - how to do it  
All 100% inventories are analyzed similar to traditional inventories, which were discussed in the previous subsection, with some differences.  This section will describe the analysis of a 100% inventory but will not cover some of the details described in the previous subsection.

After creating or opening an inventory data set for a 100% inventory, you can start analyzing the data. Figure 29 shows the window that you will see when you start a New analysis.  The window is different from the one for analyzing a traditional inventory (Figure 22) because the only analysis that will be done with 100% data is to tally up the trees by species to estimate volumes of the trees that were entered.  If a stumpage file is created or opened, values for each species can also be calculated.  No growth projections are done as there is no plot structure from which basal area per acre could be estimated, and basal area per acre is needed by the growth model.  No thins can be simulated.  As future conditions of the stand are not estimated, rates of increase in stumpage rates are not needed, and no economic analyses can be done.  Also, no stocking guides can be used because basal area per acre and trees per acre are not known.
Unlike the window for analyzing a traditional inventory, there is no ‘Select a management action’ section. You can only select whether you want stand biomass estimated.  If you select stand biomass, TIGER WC will also estimate biomass value.  The two estimates of biomass are explained in the section on analyzing a traditional inventory. 
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Figure 29.
Window for setting up to analyze 100% inventory data.
When you have indicated what you want estimated, click the ‘Do the analysis’ button, and TIGER WC will process the inventory data to estimate a number of stand characteristics.  It will calculate the total number of trees and basal area per acre by species for the trees that were entered. Basal area by species is the only characteristic calculated on a per acre basis, all other characteristics are totals for the woodland or compartment.  If pulpwood height was entered, the total amount of pulpwood by species will be calculated and total amount for all species.  Similarly, if sawlog height was entered, total sawtimber volume by species will be calculated and total volume for the sale.  If you entered veneer heights, then total veneer volume by species will be calculated along with total volume of all species.  Total whole and residual stand biomass will be calculated if you select that option.  For any product (pulp, sawtimber, and veneer) that you enter stumpage rates, the total dollar value by species will be calculated along with the total value for the sale.  For biomass, the total value is calculated but is not calculated by species.  

After all calculations are completed, the results are displayed.  The only results displayed are the condition at the time of inventory, labeled ‘Initial condition’, and they are estimates of the total volumes and values by species and total volumes and values and per acre volumes and values for all species combined.  There is nothing that corresponds to the condition of the stand 5, 10, 15, and 20 years after the inventory because data for a 100% inventory are not projected, only the initial condition is estimated. If tree class was entered, the results will be displayed for all trees combined and for each tree class at the time of inventory (Figure 30).  The results for a 100% inventory that did not enter tree class will have nine blank tabs as there is nothing on them.
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Figure 30. Window showing results of a 100% inventory that used tree classes.

TIGER WC calculates diameter distributions for all trees combined and for each tree class, if entered.  TIGER WC will produce diameter distributions for i) all species combined, ii) individual species, and iii) groups of up to ten species.  The window for diameter distributions of 100% inventories (Figure 32) is similar to that of the window for traditional inventories; except, there are no times to choose.  It is only done for the initial condition.  Basal area is presented on a per acre basis but numbers of trees and timber volumes are totals.
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Figure 31.
Window displaying calculated diameter distribution for all species found in 100% inventory.
Economic analyses - how to do them  
After an analysis by years has been done, assuming at least pulp or sawtimber values was calculated, TIGER WC will do economic analyses, which are discussed in detail in the section titled “ECONOMIC ANALYSES DONE BY TIGER for Woodlands and Compartments.”  TIGER WC does two types of economic analyses, referred to as “type 1” and “type 2”, which can be initiated under the Economics/Do analysis 1 or Do analysis 2 submenus.
Economic Analysis Type 1: The first type of analysis, referred to as economic analysis 1, is a simple analysis.  In this analysis the compound rate of return (ROR) of the products that were estimated, which could be pulpwood, sawtimber, veneer, and whole and residual stand biomass, will be estimated.  Also, the net present value (NPV) of the stand, based on the sum of the values of all products estimated, will be calculated.  If you indicated that the values of the whole and residual stand biomass were to be calculated, the value of the tops and nonmerchantable stems in the stand will be considered to be part of the value of the stand when the NPV is calculated.  For a thinned stand, the value of biomass that could be removed from the tops of thinned trees and nonmerchantable trees that would be removed in the thin, if estimated, will be considered to be part of the income from the thin.  For an unthinned stand, you will need to enter only the real (without inflation) discount rate (discussed in the next paragraph) that you consider appropriate in making any similar investment.  For a thinned stand, you also will need to enter the cost per acre associated with thinning the stand.  Include in the thinning cost such things as the cost of hiring a consulting forester to mark the area and the cost of treating stumps or killing undesirable trees.  An example of the results calculated for a thinned stand is shown in Figure 32.

[image: image43.emf]
Figure 32.  Window showing results of economic analysis 1 for a thinned stand. 

A “Real” Discount rate is needed to calculate the NPV of thinned and unthinned stands.  Each person has his/her own opinion about a value to use.  It is suggested that you use a value between 3% and 7%.  Enter the value as a percentage, eg. enter 4% as 4.  Discount rate and the thinning cost per acre are needed to calculate the NPV of thinned stands.  If you do all the work yourself, you can enter a value of 0 for the thinning cost.  Discount rate and thinning cost are discussed in more detail in the section titled “ECONOMIC ANALYSES DONE BY TIGER FOR WOODLANDS AND COMPARTMENTS.”

Economic Analysis Type 2: The second type of analysis, called economic analysis 2, is more detailed than analysis 1.  It estimates NPV and annual equivalent value (AEV) and requires that you enter the previously described information plus information on annual and one-time costs and incomes, if any.  You will be allowed to enter up to five one-time costs associated with managing the stand that you anticipate during the 20 years following the inventory. Finally, if you thinned the stand, you will be asked about any expenses to establish regeneration. An example of the results calculated for an unthinned stand is shown in Figure 33.

The annual costs and incomes include: 'annual' per acre land rent that you could receive for your stand, also known as an opportunity cost; 'annual' per acre cost of management, e.g. taxes, insurance, interest charges; and any income per acre obtained 'annually' from other uses of this land, such as hunting, trapping, and grazing.  'One-time' costs related to the management of the stand include pruning, crop tree release, or fencing, during the next 20 years.  If the stand is thinned, the cost per acre of activities to establish or encourage regeneration would be included.
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Figure 33.
Window showing results of economic analysis 2 for an unthinned stand.
Results of the analyses can be printed and/or saved by selecting Print and/or Save under the Economics menu or the Save and Print buttons on the window.  The printed and saved results list the information shown on the screen plus the values of many variables used to calculate the NPV and ROR.

TIGER WC does no economic analysis of results for 100% inventories because the results are only for the initial condition of the stand and not the condition over time.

Setting options (defaults)

Many programs allow you to set what are called default values, values that the program will use when it starts up, such as choosing a particular font in a word processor.  As mentioned previously, the default volume tables that TIGER WC uses for each state are listed in Table 7.  If you want to use the tables listed for your state, you do not need to do anything, but if you prefer another table, it is easy to change permanently.  Select Options under File and follow the instructions to make the table of your choice the new default that will be used by TIGER WC.  Figure 5 shows the window that will be displayed for entering options.

The state that TIGER WC is initially set up for is the one you selected when you first registered the program.  Although you probably will not want to change it, you can by using Options.  To make the change, simply change the state in the box near the top of the window and click Proceed.  The program will then save the new state name and quit.  When you restart the program, TIGER WC will now be for the new state and you will need to reenter the other optional information, if you use them.  Note:  the major difference between states is the species lists and default volume tables and possibly the growth model used to project the stand.  Adjacent states have very similar species lists so the species list for one state should work well for an inventory in an adjacent state.  The volume tables are easily changed, although the available tables change among states with the central and lake states using the same tables and the northeast states having a different set of tables.  Each region (central, lake, and northeast) has a distinct growth model.
The section titled ‘Options submenu’ within the chapter ‘Using TIGER WC menus’ goes into considerable detail on other options that can be set.  A number of new options have been added to improve data entry and make output of results more comprehensive and flexible.
HOW PER ACRE CHARACTERISTICS ARE ESTIMATED
The first thing done to estimate per acre characteristics is estimate the number of trees per acre each tree represents and then calculate the various measures of volume (cord, ton, and board foot) that can be obtained from each tree.  
The number of trees per acre that each tree represents depends upon the type of sampling that was done.  When one-sized fixed area plots are used, the trees per acre for each tree is simply the reciprocal of the plot size in acres.  When two sizes of fixed area plots are used, the trees per acre for trees with DBHs less than the smallest DBH in the outer ring is the reciprocal of the smaller plot size in acres.  The trees per acre for trees with DBH larger than that limit is the reciprocal of the larger plot size in acres.  For variable plot (prism) sampling, the trees per acre for each tree is equal to the basal area factor of the device used divided by the basal area of the tree in square feet.  For 100% cruises, each tree represents one tree on the area sampled.
To estimate the cord volume of trees that can yield pulpwood using a volume table that requires DBH and pulpwood height, the DBH and merchantable height are used to look up the pulpwood volume in the volume table selected for the inventory.  For volume tables with 1-inch DBH classes, DBH as measured or estimated by a growth model is rounded off two ways.  The default way, which you can change in the options section (File/Options), is that from 0.5 inches below the DBH to 0.49 inches above the DBH rounds to the DBH, such as 9.5 to 10.49 rounds to 10 inches.  The alternative way of rounding off DBHs to the nearest inch is that the inch runs from .00 to .99, such as 10.00 to 10.99 rounds to 10 inches, as is done by FIA.  For volume tables with 2-inch DBH classes, DBH is rounded to nearest even inch by the rule of 1.0 inch below to 0.99 inches above are included in the class.  For trees with merchantable sawlog height equal to 0 or when merchantable height for sawlogs or veneer is not entered, the pulpwood volume of a tree is the value listed in the volume table for the given DBH and pulpwood height, depending upon the volume table used.  If the tree has a merchantable sawlog height greater than 0, the pulpwood volume is estimated by subtracting the pulpwood volume that would be removed in the sawlog from the pulpwood volume when the entire merchantable stem is used for pulpwood.  For example, a tree with a 16” DBH, a pulpwood height of 4 8-foot bolts and a sawlog height of 0 would have a pulpwood volume of 0.367 cords (using Table II.11 in Appendix II).  If that tree had a 16-foot sawlog, the pulpwood volume would be 0.367 - 0.22 = 0.147 cords and the sawtimber volume would be 93 board feet.  If Table 4 or 5 of Gevorkiantz and Olson (1955) is used, the volume removal by the sawlog is estimated by multiplying the volume assuming the entire merchantable stem is sold as pulp by the ratio of the estimated percent of total stem volume in the sawlog to the estimated percent of total stem volume in the pulp log.  The percentages are estimated by first estimating the percent of the total height utilized for both products.  For the sawlog that is the sawlog merchantable height divided by the total height, which is recorded height of the tree for using the pulp volume table.  For the pulpwood the percentage is estimated by an equation fit to the percent of total height utilized column in the two tables using DBH as the predictor.  Both percentages are then used to estimate the percent of total cubic-foot volume in the sawlog and pulp, which is calculated by an equation developed from Table 9 in Gevorkiantz and Olsen (1955).
When a set of volume equations, instead of a volume table, is used to estimate cord volume, the DBH as measured or estimated by a growth model and pulpwood height of a tree are used to estimate its pulpwood volume by using the equations associated with the pulpwood volume estimation system selected for the inventory.  As with the use of volume tables, if a sawlog is to be removed from the stem, the cord volume of the sawlog is estimated and subtracted from the volume of the tree based on its pulpwood height.
When a set of equations is used to estimate cubic-foot volume, the volume is converted to cords by dividing by the number of cubic feet percord that you specify with limits of 70 to 90 cubic feet per cord. 
For the Connecticut local knowledge volume table, the DBH is used to look up the volume of a tree unless the DBH is greater than 18”.  For larger trees an equation is used to estimate the volume.  As this is used on trees that will only be cut into pulpwood, no adjustments are made for removal of sawlogs.

To estimate the weight of pulpwood in each tree, the estimated number of cords of pulpwood in a tree is divided by your estimate of the tons per cord for the other systems (Taras, 1956) with limits of 2.0 to 3.0 tons per cord.
For trees that are sawtimber sized when measured, TIGER WC uses the DBH and sawlog height and, if entered, veneer height of each tree to estimate the tree’s board foot volume as listed in whichever volume table you have selected or using the equations used to estimate board foot volume.  If DBH is measured to the nearest 0.1 inch and a volume table with 1-inch DBH classes is used, DBH is rounded to the nearest 1 inch using one of the two rules explained above for pulp.  For a volume table with 2-inch DBH classes the rounding rule is 1.0 inches below to 0.99 inches above, such as 9.0 to 10.99 rounds to 10 inches.  The estimated volume is used as the tree’s sawtimber volume unless the tree was recorded as also having a veneer log.  If a tree has a veneer log, the volume of the veneer portion of the tree is determined by using the tree’s DBH and veneer height and the volume table used to estimate sawtimber volume.  The volume is subtracted from the board foot volume based on the sawlog height to estimate the sawtimber volume.  For example, a tree with a DBH of 18” and a sawlog height of 2 logs would have a volume of 207 board feet if you used Table II.1 in Appendix II.  If the first log of the tree was a veneer log, it would have a volume of 122 board feet and the second log would be a sawlog with a volume of 85 board feet (207 for a 2-log tree - 122 for the first log as a veneer log).  Actual veneer volume for a tree is estimated by using its DBH and veneer height to look up or estimate the board foot volume in the volume table used for veneer estimation.

When a set of volume equations, instead of a volume table, is used to estimate sawtimber and veneer volume, the DBH as measured or estimated by a growth model and the sawlog or veneer height of a tree are used to estimate its volume by using the equations associated with the volume estimation system selected for the inventory.

To estimate the weight of sawtimber and veneer in each tree, the estimated number of board feet in a tree is divided by your estimate of the tons per MBF for the other systems (Taras, 1956) with limits of 6.0 to 9.0 tons per MBF.

Future veneer and sawtimber volumes are estimated by using estimates of the future DBH and future merchantable heights.  Future DBHs are estimated by the growth models (discussed in the next section).  Future merchantable heights are estimated two ways.  If you did not enter future merchantable heights (an optional characteristic), the future merchantable heights for sawtimber and veneer are assumed to be the same as the initial estimates.  If future merchantable heights were estimated, the sawtimber and veneer heights used to estimate future volumes are allowed to increase to a maximum of the future heights entered, based on the estimated future DBH and the values presented in Appendix III.  The table presents the minimum DBH of a tree of various merchantable heights, and as the estimated future DBH reaches the DBHs listed in the tables, the merchantable heights increase up to the entered future values.  For example, given a tree with an initial DBH of 12 inches, a sawlog height of 0.5 logs, and a future sawlog height of 2 logs, if 15 years after the inventory its DBH was estimated to be 14.0 inches, the program would consider its sawlog height to be 1.5 logs when it was estimating the volume of the tree. The volume of trees with DBHs beyond the limits of the table presented in Appendix II is calculated by using polynomial equations fit for each merchantable height.

When you indicate that amounts of sawtimber and veneer are to be estimated on a weight basis, you will need to indicate the number of tons per MBF.  The acceptable limits are 6.0 to 9.0 tons per MBF.

When estimating sawtimber and veneer volumes, TIGER WC normally assumes 0% cull for all logs, which implies that there are no imperfections in any logs.  Many logs have imperfections that will reduce the volume that can be cut out of them, but estimating the volume of the imperfections is difficult and time consuming.  There are three ways to make adjustments for estimates of sawtimber volume built into TIGER WC.  No adjustments can be made to veneer volumes.

The easiest way to make adjustments for cull is to make an overall adjustment which can be done by using the board foot adjustments window which you can get to by going to File/Options and clicking on the ‘Change species bd ft adjuster’ button.  This will get you to the window shown in Figure 34.  If you think overall there is about a 15% loss in volume due to cull, you could enter 15 into the box for making changes to all species and click the button labeled ‘Assign the value above to all species‘.  That adjustment would result in a reduction in board foot volume of 15% for all species.  If you want to make volume adjustments for individual species, enter the percentage cull directly into the cell to the right of the species. This section allows you to make positive or negative adjustments for all species and for individual ones.  The adjusters can also be used to simulate the use of form class volume tables other than the class of 78 built into TIGER WC for estimating volume by species.  No adjustment is made to pulp volume or weight.
Another way to make adjustments for cull is to use the Illinois DNR tree class system.  It assumes a certain percentage cull for each tree class.  If that is not appropriate, you can create your own tree class system that includes a percentage cull by tree class.  When percentage cull has been entered or set to some value for a tree class, the board foot volume for sawlogs of each tree class will be reduced by the appropriate percentage. 

The most difficult way to make adjustments for cull is to estimate the percentage cull for each log.  We don’t recommend it unless you have been trained to do it, and enter the value as an optional characteristic – percentage cull. 

Merchantable height for pulpwood is not allowed to increase over time.

To supplement estimates of pulpwood, sawtimber, and veneer volumes, the total dry weight, including stump, of the woodland or compartment for biomass and the residual weight of the woodland or compartment, including stump and excluding all merchantable logs, are estimated, although only as the weight per acre for all species combined.
TIGER WC has used a combination of research results to estimate biomass for the Central States and Lake Sates.  With the inclusion of the Northeastern states a new method is being used.  Jenkins et al (2003) developed a technique for estimating biomass for all tree species in the United States.  They divided tree species into nine groups and developed coefficients to estimate aboveground biomass and foliage, stem bark, and stem wood biomass for each species group.  The estimate of foliage biomass is subtracted from aboveground biomass to estimate whole tree biomass.  This estimate includes stump biomass which results in a slight overestimate of whole tree biomass unless a very low stump is left.
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Figure 34.  Window for entering adjustments to saw timber board food estimates.

Residual weight (what would remain if all pulpwood, sawtimber, and veneer were removed) is estimated by subtracting the estimate of the dry weight of the merchantable portion of the stem from the estimated whole tree biomass.  To estimate the dry weight of the merchantable portion, equations by Ek and others (1981) are used to estimate the total height of each tree, unless it was measured (an optional characteristic).  Then the percentage of the total height that would be removed is estimated.  That percentage is used to estimate the percentage of cubic-foot volume removed, using an equation developed for Table 9 in Gevorkiantz and Olsen (1955).  The percentage is assumed to apply equally well to the bark.  The weight removed is calculated by multiplying the percentage removed by the estimated whole tree biomass. The estimated weight removed is subtracted from the estimated whole tree biomass to estimate the residual weight after harvest.  
The technique just described estimates residual weight for most situations but not when the Connecticut local knowledge pulp volume table, which only uses DBH for estimating pulp volume, or Tables 4 and 5 by Gevorkiantz and Olsen (1955), which uses total height, are used.  The technique described needs the length of the stem that would be removed but the three situations mentioned do not measure the length of the stem to be removed.  Fortunately, Tables 4 and 5 by Gevorkiantz and Olsen (1955) also include a column on the percentage of height removed when pulp is harvested.  We developed an equation to predict the percentage of a tree’s stem volume removed as a function of DBH for both tables.  The percentage is multiplied by the estimated whole tree biomass to estimate the weight of the removed stem and that weight is subtracted from the whole tree biomass to get the residual weight.  For the Connecticut pulp volume table, the equation developed for Table 4 is similarly applied.
As a result of all of the described calculations, up to five estimates of volume and weight are calculated, depending upon which merchantable heights are entered, for each tree: i) pulpwood in cords or tons, ii) sawtimber in board feet or tons, iii) veneer in board feet or tons, iv) whole tree dry weight, and v) dry weight of the tree top and remaining stem after removal of any veneer, sawlogs, or pulpwood.

The dollar value of each tree is estimated by multiplying the various measures of quantity of each tree by the appropriate individual species stumpage values, except for biomass which is done for all species combined. When the stand is projected, each stumpage rate can be adjusted for real price increases by entering an "annual rate of unit value increase," which is discussed in the section titled “ECONOMIC ANALYSES DONE BY TIGER FOR WOODLANDS AND COMPARTMENTS.”

After calculating the quantities of various products for individual trees, TIGER WC will estimate, depending upon what you selected, some or all of the following values:

For a traditional inventory -

1 - The dry weight per acre and its value for i) all trees and ii) nonmerchantable trees (trees with merchantable heights of 0) and the top and remaining stem of all merchantable trees along with their respective standard errors; 

2 - The average pulpwood amount and value per acre, sawtimber amount and value per acre, and veneer amount and value per acre for each species; 

3 - The average pulpwood amount and value per acre, sawtimber amount and value per acre, and average veneer amount and value per acre, and average total value per acre for all species along with their respective standard errors; and

4 - The total amount and value of pulpwood, sawtimber, and veneer and their respective standard errors. 
Note:  For inventories with only one plot, standard errors cannot be calculated and are listed as NA (not applicable).

For a 100% inventory -

1 – The total dry weight and its value for i) all trees and ii) nonmerchantable trees (trees with merchantable heights of 0) and the tops of all merchantable trees; 

2 - The total pulpwood amount and value, sawtimber amount and value, and veneer amount and value for each species; and

3 - The totals for pulpwood amount and value, sawtimber amount and value, veneer amount and value, and total value (pulpwood plus sawtimber plus veneer).
For a traditional inventory, the results of the analysis of the initial condition of the compartment list a 68, 90, or 95% confidence interval for the quantity and value per acre for each product considered.  This is calculated using traditional statistics (Avery and Burkhardt, 2002).  For samples collected with fixed area plots, the finite correction factor (FCF), (N-n)/N, is used, but for variable radius samples the FCF is set at 1.0.  For 100% inventories no standard errors or confidence intervals are calculated as 100% of the trees were measured. 

HOW GROWTH AND MORTALITY ARE ESTIMATED 
TIGER WC uses the Central States growth model (Shifley, 1987; Miner et al., 1988 – version 3.0M (Feb. 1992)) for IA, IL, IN, and MO, the Lake States growth model (Belcher, 1982 – version 4/92) for MI, MN, and WI, and the Northeast growth model (Hilt and Teck, 1989 - version 3.10, 1992) for CT, DE, MA, MD, ME, NH, NJ, NY, OH, PA, RI, WV, VT) to estimate the tree growth and probability of mortality.  The models are individual tree growth models that work in a manner similar to stand table projection.  They estimate the annual DBH growth and annual probability of mortality of each inventory tree for 20 years.  The annual probability of mortality is used to adjust the number of trees per acre that each tree represents.  For example, on a 0.2 acre plot each tree is considered to represent 5.0 such trees per acre.  Given a tree with a DBH of 14.2 inches, the model might calculate that the tree would grow to 14.8 inches and have a 6 percent chance of dying over five years.  In five years, the tree would be considered to have a DBH of 14.8 inches and represent 4.7 (94% of 5.0) trees per acre.  This information is used to estimate the volume per acre the tree would represent in five years.
The growth models use species-specific coefficients to estimate growth and probability of mortality.  Some coefficients are for individual species and others are for groups of species.  All trees classified as Other 1 to Other 5 are treated as if they were what the growth model classifies as ‘other upland hardwoods’ for the Central States Model and ‘noncommercial’ for the Lake States and the Northeast models for estimating growth and mortality. If the species classified as Other 1 – 5 is not in the appropriate group, the estimated growth and mortality might not be accurate. 

All growth models can only estimate what the growth might be.  None are perfect.  Who knows what impact climate change will have on growth.
TIGER WC will estimate the future merchantable height of each tree if the potential future merchantable height of the trees has been entered, and you choose to allow for an increase in merchantable height. To do this, TIGER WC first estimates the maximum merchantable height based on a tree's DBH by using the values listed in Appendix II.  It compares the maximum merchantable height with the potential indicated for each tree and uses the smaller value.

After estimating the diameter growth, mortality, and possibly future merchantable height of each tree in the data set, the growth model passes them to the inventory subprogram, which then estimates the volume of the future stand.  Future volume is calculated as the present volume; except, the estimated future DBH and trees per acre of each tree are used instead of the measured DBH and initial trees per acre.

There are plans to add additional growth models used in the northeastern US.

 HOW TIGER SIMULATES THINNING A WOODLAND
TIGER WC simulates six types of thinning (tree removal) (Table 10).  Simulation of five types is straight forward.  For thinning all trees above or below user-specified, species-specific DBH limits, TIGER identifies the trees that would be removed based on the DBH limits and removes them from the trees used to estimate the volume and value of the woodland after thinning, and they are not considered to be in the plot when growth is simulated.  For thinning based on removing all i) of certain species or ii) of certain tree classes or iii) trees indicated for removal during the inventory, TIGER also identifies trees to be removed and does not use them to estimate characteristics of the thinned forest or for simulating growth.

Thinning to achieve a basal area per acre that you desire is more complicated than the other five but is not very complicated and uses just a couple of rules to decide which trees would be removed, based on your criteria.

Thinning to a basal area is simulated one plot at a time.  TIGER simulates removing trees in a particular order, based on your criteria, such as species or tree class and largest or smallest DBH.  If removing a particular tree brings the basal area per acre of the trees that would be left to be equal to the basal area per acre you specified, TIGER stops removing trees on that plot and goes to the next one, starting with the first plot you entered through to the last one.  If the basal area per acre of all trees in the plot is less than your value, no trees are removed, and TIGER goes to the next plot.
With point sampling when the residual basal area is a multiple of the basal area factor (BAF) of the prism, plots with basal areas greater than your value can be thinned to exactly level.  But for desired residual basal areas that are not exact multiples of the BAF and for most fixed area plots, the plot basal area seldom can be thinned to be equal to your desired value.  In these cases, trees are removed one at a time in the order determined by your criteria until removal of a tree results in the basal area of the trees to be left in the plot being less than the value.  When that happens, the average basal per acre of the plots that have been evaluated for thinning is calculated.  If that average is greater than your value, the last tree that was removed (and brought the residual basal area to be less than specified) is removed.  If, however, the average is less, the last tree that was to be removed is not removed and left in the plot.
ECONOMIC ANALYSES DONE BY TIGER 
FOR WOODLANDS AND COMPARTMENTS
TIGER WC does two basic economic analyses on thinned and unthinned simulations with data from a traditional inventory analyzed by years but does not do any economic analysis on traditional inventory analyzed by tree class and 100% inventory data, as neither one involves future values, only value of initial condition.  The first type of analysis, called economic analysis 1, is a simple one that estimates the rate of return (ROR) of the products being evaluated (pulpwood, sawlogs, veneer, and/or total stand and residue biomass) and Net Present Value (NPV) of the stand on a per acre basis based on the simulated value of the stand 5, 10, 15, and 20 years after measurement.  The second type of analysis, called economic analysis 2, is more detailed (complicated in terms of including other costs and incomes) and estimates NPV and annual equivalency value (AEV).  It takes into consideration additional possible expenses, such as taxes and insurance; one-time costs, such as fertilization or pruning; and other sources of incomes for the stand, such as hunting fees.

An important element of the economic analyses done by TIGER WC actually starts before you select the Economics menu.  When you indicate that you want to analyze inventory data by year, you are asked to enter expected annual increases in value for the products (pulpwood, sawlogs, veneer, and/or total stand and residue biomass) that could be extracted from the woodland and compartment.  This obviously influences rates of return and net present value.  Based on the last 20 years, reasonable values for real rate of increase for sawlog and veneer prices for all species, except red oak and black walnut, would be 0%, although we make no recommendations.  Enter a value that you believe is appropriate.  If a stand contains a large portion of high-quality red oak, an increase of 0.5% is reasonable.  If there is a large component of black walnut, an increase of 1% is reasonable.  A 0% real price increase for total stand and residual biomass is fairly reasonable, although with an increased interest in biomass production, a higher value might be justified.

Economic analysis 1:

The first type of economic analysis calculates the ROR of pulpwood, sawlogs, veneer, total stand biomass, and residue biomass and the NPV of the stand during the 20 years after measurement for thinned and unthinned stands.

ROR for projections of unthinned stands is calculated by using the formula below.  ROR is estimated based on the initial value and simulated value 5, 10, 15, and 20 years after measurement.  It is calculated for each product being considered: pulpwood, sawlogs, veneer, total stand biomass, and residue biomass.  When an individual product has no value initially, ie. Vo = 0, then ROR cannot be calculated.

Rate of Return =  


where
Vn = value in n years,


Vo = initial value, at time 0 (time of measurement), and


n = number of years in the future

To determine the meaning of the ROR, you must compare it against the ROR from the next best alternative (also known as an alternative rate of return or ARR) you have available.  It is very important to compare “apples to apples.”  Meaning that ROR and ARR must consider the same change in value of money and prices.  So, if you have entered “zero” values for the Expected Price Increases for the four product groups, then you must subtract out inflation from your ARR prior to comparing it against the estimated ROR.

NPV is calculated using the formula shown below.  To have TIGER WC calculate NPV, you must enter a discount rate.  The discount rate is the ARR discussed above and is entered as a percentage, such as 3% is entered as 3.  It is the “time value of money that assists in properly adjusting future income and costs to the present”.  Your discount rate can be estimated by considering the rate of return that you expect to get by investing the stand value ($ per acre) in the next best alternative – say the stock market or a money market.  Also, it can be estimated by considering the rate that a bank will charge you to borrow the money that you need to invest in the stand.  TIGER WC will not accept a discount rate of 0%, but you can make it quite small, like 0.001.

Net Present Value =  


where
Vn = value in n years,


n = number of years in the future, and


i = real discount rate, as a decimal value (1% is entered as 0.01).

TIGER WC computes ROR and NPV based on stumpage values for species that either do not change over time (the Expected Price Increase is zero) or do change (the Expected Price Increase (Decrease) is non-zero).  If you have entered “zero” for the Expected Price Increases, then this means that the ARR (discount rate) that you compare your ROR against must not contain an adjustment for inflation.  The simple and quick way to adjust your discount rate to remove inflation is to simply subtract the annual rate of inflation.  For example, say that you expect to gain a rate of return from stocks of 8% and you know that the reported annual rate of inflation in the USA is 3%.  Then your REAL DISCOUNT RATE is approximately 5%.  This is the discount rate to enter into TIGER WC to compute NPV.  You must also ensure that any Expected Price Increase that you enter only represents an increase above the rate of inflation.

The following paragraphs will provide you with some suggestions as to what type of economic analysis is most appropriate for given situations and what pieces of information (discount rate, costs and incomes (revenues)) are required to do the various analyses. 

The rate of return (ROR) should be compared against your alternate rate of return (ARR). Your ARR is the rate of return expected from the best alternative investment opportunity.  For example, assume you own timber currently worth $10,000, and TIGER WC is used to estimate the value of the stand without any management (unthinned) in 10 years.  Holding stumpage prices constant (meaning that you entered 0 for the expected price increases for pulpwood, sawlogs, veneer, and the biomasses), the stand is expected to be valued at $14,000 in ten years.  The computed ROR of the stand is 3.4%.  If your ARR is 6% because you have an alternative investment opportunity for $10,000 (the current value of the stand) that is expected to yield 6% without inflation considered, then you should liquidate the stand and invest the money in the alternative.  If timber is the only product value that you choose to include in the analysis, then you may wish to sell the stand and invest the $10,000 elsewhere because you can earn 6%, your ARR, compared to the 3.4% ROR of the stand.  Some landowners consider other values, such as recreation and hunting, to be as important, if not more important, than timber production, so interpretation of the ROR needs to reflect your values.  
Aside from the value of an owner’s personal enjoyment of a woodland, some woodlands can be leased for recreation and hunting and generate annual income from rental payments.  If this is the case for you, then be sure to choose Economic Analysis 2 in which you can include other sources of income (revenue), such as from a hunting lease.

Some words of caution are needed to correctly interpret the results of economic analysis 1.  TIGER WC allows you to input expected rates of price increases or decreases for the five timber products.  Generally speaking, it is best to exclude inflation from the Expected Price Increase values – only include real price increases above the rate of inflation.  If you follow this guide, then be sure that you also remove inflation from your ARR. The quick and approximate way of removing inflation from your ARR is to subtract it. 

Finally, if the Expected Price Increase rates that you enter include inflation (the general upward trend in prices), with or without a real value increase, then you must compare the computed ROR against an ARR that has inflation included.  If you do not do this, you are comparing an apple to an orange, and it can easily lead to incorrect decisions on your part.

As you can see, this seemingly simple rate of return analysis can become very complex by either assuming there is or is not going to be inflation or real value increases for the timber products considered.  Perhaps the rule of thumb for analysis 1 is "when in doubt, leave it out."  In other words, leave inflation and real value increases out of the analysis completely - set the Expected Price Increases (rates of price increase) to 0 for all product categories AND subtract inflation from your ARR.

Economic analysis 2: 
The second type of economic analysis calculates the net present value (NPV) and the annual equivalence value (AEV) of the stand for thinned and unthinned stands.  This analysis considers annual costs and revenues associated with the stand, one-time costs and incomes that might occur within 20 years of when the inventory was done, and any costs associated with establishing regeneration.

The calculation of NPV for analysis 2 is more complicated than for analysis 1 because of the additional costs and incomes considered.  The formulae listed below are used to calculate NPV and AEV. 

Net Present Value =  

 +

+ 


where
Vn = value of the stand in n years,


i = discount rate, as a proportion,


n = number of years in future,


 means to sum all annual incomes and costs,


a = an annually occurring income or cost, and


Vf = a cost that will occur in n years

Annual Equivalence Value = 
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where
Vn = NPV of the stand in n years,



n = number of years in future, and


i = discount rate, as a proportion

 Various costs and other possible revenues associated with the tract can be entered. The annual costs and returns arising from specific actions and the cost of the thinning are needed. Also, any "one-time costs" are needed. A one-time income can be entered with the one-time costs, but enter the amount of money as a negative value, ie. $50 income is entered as –50, which makes it a negative cost.

The annual costs that can be considered include annual land rent and management.  These can be entered as separate cost items.  Often people who own woodlands do not feel that they should include land rent cost in an economic analysis.  Our recommendation is that if you feel strongly that land rent cost for a woodland should not be included, then leave it out, provided that in all other analyses relating to land use decisions land rent is excluded.  The bottom line is that we feel that an economic analysis is made more complete if all implicit costs, such as the opportunity cost of land rent, and all explicit costs and returns are included.  But the choice is yours.  

It is possible that annual income can be obtained from renting the woodland to a hunting club or something similar.  Any annual income obtained for the entire projection period should be entered, such as $25/acre/year for hunting fees from leasing your timber to a hunting club.  For income on a specific year, enter it as a "one-time income”.

The Annual Equivalence Value (AEV) is a “restatement” of the NPV put on an annual basis.  For example, if your stand has a NPV (at real discount rate of 4%) of $500 per acre in 20 years, then the AEV (at 4%) is $36.79 per acre per year.

Some considerations for both economic analyses:
The estimates of future value of your woodland and compartment are STRONGLY influenced by the growth model.  As mentioned, no growth model is perfect, and accurately estimating the volume of a woodland and compartment in 20 years is IMPOSSIBLE with the value of the woodland in 20 years being even more difficult.

On average, the growth model should accurately predict the growth of woodlands and compartments.  But for a single woodland and compartment its error can be substantial.  Site index is required by the growth model, and an important variable for predicting growth.  But for many users site index will not be known, and TIGER WC will use the state average, or a rough estimate of site index will be used.
The error in estimating growth should be about the same for analyses of the unthinned stand and for different thins.  Therefore, the NPV and ROR of products calculated for unthinned and thinned stands, while maybe all being off, would be off by about the same amount, allowing you to compare the economic values of alternative management schemes with reasonable confidence.

The situation that you should be most cautious about is comparing the ROR or NPV for one analysis with your ARR or opinion of what the NPV should be.  If the ROR is considerably greater or less than your ARR, you should be able to make decisions about a woodland and compartment with reasonable confidence, assuming economic return is your MOST important criteria.  When ROR is not considerably greater or less than your ARR, making a decision based just on that has a good chance of being wrong.

As mentioned before, many wood lot owners have a variety of interests in their woodland.  Making money is a concern for many but not necessarily the primary one.  The results of TIGER WC’s economic analyses are the best estimates we can make, but we know they are only ball park figures.  Consider all the values of your woodland when making decisions about managing it.  There is a lot of information on “other values” that would be good for you to read.  You could start at - http://dels.nas.edu/dels/rpt_briefs/valuing_services_final.pdf
LIMITATIONS TO
TIGER FOR WOODLANDS AND COMPARTMENTS
TIGER WC has limitations that you should be aware of.  Probably the major limitation is associated with the growth models.
There are no perfect growth models.  Most models can estimate growth fairly accurately on average, but the error of estimation for an individual stand can be quite large.  Also, although we can calculate confidence intervals for inventories, we cannot do so for growth model estimates (it is too complex).  While errors in estimated growth might be large, for a particular inventory they should apply about equally to thinned and unthinned stands.  Thus, errors associated with differences in growth simulated for various thinning regimes should not be too large, allowing one to make comparisons among types of thins.
The growth model performs the best (most accurately) when used in stands with characteristics similar to the stands used to develop the model.  
For the Central States model, the data used in the development are described by Shifley (1987).  A description of most of the stands is listed below.
- even-aged and uneven-aged mixed hardwood forest stands and softwood stands of natural origin.

- site indices of 40 - 99 feet (most from 65 to 75 feet), base age 50,
- basal areas of 25 - 125 square feet, and
- mean stand DBH between 2 and 20".
For the Lake States model (Belcher, 1982), most of the stands used to develop the Lake States TWIGS had:
- site indices of 45 to 75 feet, base age 50 years,

- basal areas of 25 to 150 square feet per acre, and

- mean stand DBH between 4 and 10 inches.

For the Northeast model (Teck and Hilt, 1991), the stands used to develop the model had:

- site indices of 30 to 90 feet, base age 50 years and
- basal areas of 30 to 220 square feet per acre
The growth model also performs the best when used with the species that were most common in the data set used to estimate the coefficients in the growth model. The more trees for an individual species, the better the estimates should be. 
For the Central States model, bur, white, and black oaks had the most trees; hickory and red oak had fewer; elm, soft and hard maple, and ash had fewer still; and the rest of the species had relatively few samples. Black walnut, the most valuable species in the Midwest, was represented by only 256 trees in a data base of 44,600 trees. Thus, estimated growth for oaks are fairly reliable, while those for black walnut are not because there were not many walnut trees used to estimate coefficients in the growth model.
For the Lake States model, jack pine, red pine, and sugar maple were well represented while silver maple, white ash, and hickory were not. More confidence can be placed in projections of species that are well represented.
For the Northeast model, good representation of American beech, balsam fir, eastern hemlock, red maple, red spruce, sugar maple, white pine, yellow birch.  There were relatively few black oak, black cherry, red pine, scarlet oak, tamarack, white spruce (Teck and Hilt, 1991).
To assure the best results with the growth model:
For the Central States (Shifley, 1987).
-
Have at least 100 trees in the inventory plots.

-
Do not use on plantations.  There were almost no plantation data used in developing the models, so growth estimates for plantations would be questionable.

-
Do not use on plots in which most of the trees are less than 2" DBH.

For Lake states (Belcher, 1982)
-  avoid stands where most of the trees are less than 5 inches dbh,

For Northeastern states (Teck and Hilt, 1991)
-  avoid stands where most of the trees are less than 5 inches dbh,

The primary limitation for inventory results is the assumption that the sample plots are randomly selected.  Foresters often take systematic samples and analyze them as if they were randomly selected.  This generally produces results equivalent to simple random sampling if the lines used to systematically locate plots run perpendicular to the terrain (Freese, 1962).  If, however, plot location is haphazard or intentionally selected as “representative”, the results produced by TIGER WC can be almost meaningless.  Also, if your data are poorly collected and/or badly entered into TIGER WC, then there is an excellent chance that the results are wrong.  Improperly located plots, poorly collected data, and badly entered data result in estimates of average volumes that are likely wrong and confidence intervals that have no meaning.

For the economic analyses, the major limitations are i) the types of one-time and annual incomes and costs that are included, ii) the use of only one discount rate per analysis in computing the present net values, iii) lack of understanding of how to determine ARR and properly adjust ARR to exclude inflation, and iv) the restricted after-tax analysis.  The "usual and customary costs and incomes" that one expects to encounter when doing an economic analysis of a woodland are included in the program.  There is, however, some flexibility in TIGER WC to enter specific and unusual costs and incomes.  One example is the entry of a one-time income, which can be entered as a negative one-time cost.  

Given the ease of operating TIGER WC, the use of only one discount rate can be overcome by doing more analyses in which only the discount rate is changed.  In fact, this procedure of trying different discount rates is recommended as a way to see how sensitive the results are to larger and smaller discount rates.  

After-tax analyses are complex and very specific to an individual or firm's situation.  TIGER WC presumes no special long-term capital gains treatment of timber. Provisions for amortization of planting costs are excluded, because it is assumed that the stand being analyzed is intermediate to mature in age and that limited planting would be recommended.  For any questions concerning tax implications of your woodland consult a qualified authority.
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APPENDIX I

Installing TIGER for Woodlands and Compartments on your computer

To install TIGER WC on your computer, insert the CD that you were sent into your computer and click on the Setup icon, or after downloading the Installer program from the CSMSoftware website, click on the Setup icon.  
NOTE:  TIGER WC will create three small files during the registration and confirmation process.  The first file, named RegistrationTIGERWC20, will be written on the desktop and needs to be sent in to register the program and will be explained the first time you attempt to run the program.  The other two files will be written in a system folder and you generally can’t see them, like with software from other companies.  They are for registering the program on your computer.  

TIGER WC has a large manual that was written for all states.  This manual goes into considerable detail and should serve as a reference for the program.  There is a considerably smaller manual for each state.  It has an organization similar to the all states manual but much of the detail has been removed.  To familiarize yourself with the program, read the manual for your specific state and when you have questions about items you find in the state manual, consult the all states manual.  There is a copy of the all states manual on the CD that contains TIGER WC, if you bought it, but copies of the individual states manuals are only found on the website for CWMSoftware (http://cwmsoftware.com/).   All of the manuals are saved in Word format
APPENDIX II

Volume tables built into TIGER for Woodlands and Compartments 

Nine board foot volume tables have been built into TIGER WC.  Their names are listed below, and each table is shown on a following page.  Similarly, there are five cord (pulp) volume tables built into TIGER WC and there are 3 sets of equations for estimating pulp.  The tables are not available in all states.  Their names also are listed below, and each table is shown on a following page.  

Board Foot Volume Tables

Table II.1.  Scribner rule by Gevorkiantz and Olson (1955).

Table II.2.  International ¼” rule by Gevorkiantz and Olson (1955).

Table II.3.  International ¼” inch, Form Class 78 by Mesavage and Girard (1946).

Table II.4.  International ¼” inch with 2” DBH classes by an unknown author. Provided by Hank Stelzer.
Table II.5.  Doyle, Form Class 78 by Mesavage and Girard (1946).

Table II.6.  Doyle Rule with 2” DBH classes by an unknown author.  Provided by Bill Calvert.

Table II.7.  Doyle Rule with 12-foot logs by Beers (1973), used only in Indiana TIGER WC. 
Table II.8.  New Jersey Doyle, used only in New Jersey TIGER WC.  Provided by the New Jersey Forest Service and modified by CWM Software.
Table II.9. 
International ¼” from Northeastern forest survey board-foot volume equations (Scott, 1979).
Cord (Pulp) Volume Tables

Table II.10.
Composite table: gross volume in rough cords to a variable top diameter inside bark of not less than 4.0 inches, by total height (Table 4) by Gevorkiantz and Olson (1955).

Table II.11.  Composite table: gross volume in rough cords to a variable top diameter inside bark of not less than 3.0 inches, by total height (Table 5) by Gevorkiantz and Olson (1955).

Table II.12.  Composite table: gross volume in rough cords to a variable top diameter inside bark, by number of bolts by Gevorkiantz and Olson (1955).

Table II.13.  Young’s hardwood pulpwood volume table for Maine (Bick 2008)
Table II.14.  Local knowledge pulp volume table for Connecticut, based on DBH only.  Provided by James Parda.
Table II.15.  Equation used to estimate cubic foot volume of pulp in NED (Twery et al., 2012).  
Table II.16.
Equation used to estimate cubic foot volume of pulp in Pennsylvania (Turner, 1994).

Table II.17
Northeastern forest survey revised cubic-foot volume equations. (Scott,1981). 
Table II.1.  Scribner rule by Gevorkiantz and Olson (1955).  


Number of 16-foot logs


DBH
1/2
1
1-1/2
2
2-1/2
3
3.5
4

8
10
16
24
31
 





9
13
23
31
39
46





10
17
30
40
49
57
62




11
22
38
51
62
71
78




12
28
48
66
78
89
100
108
 


13
34
59
81
96
112
126
138
145


14
40
70
96
116
141
160
170
178


15
47
81
113
137
166
188
204
220


16
54
93
129
158
191
224
248
263


17
63
106
148
182
218
257
285
308


18
72
122
168
207
248
292
325
355


19
81
137
190
234
280
328
368
405


20
90
156
212
262
317
366
415
450


21
100
173
238
293
351
405
460
595


22
111
194
262
328
392
450
510
450


23
123
215
290
360
435
500
560
620


24
137
236
319
400
470
550
620
690


25
149
258
348
440
520
600
680
760


26
165
281
381
480
565
650
740
820


27
179
305
415
520
620
710
800
890


28
195
331
450
560
670
760
860
960


29
210
356
485
600
720
830
930
1030


30
227
383
520
650
770
890
1000
1110


31
245
410
560
700
830
950
1080
1200


32
260
440
600
740
890
1020
1150
1280


33
279
470
640
790
950
1080
1230
1370


34
294
500
680
840
1010
1160
1300
1460


35
312
530
720
900
1080
1230
1390
1560


36
330
565
770
960
1140
1310
1480
1650


37
349
600
820
1020
1210
1390
1570
1750


38
365
630
860
1070
1270
1470
1660
1840


39
364
660
900
1130
1330
1550
1750
1940


40
405
700
950
1180
1400
1630
1850
2050

Table II.2.  International ¼” rule by Gevorkiantz and Olson (1955).


Number of 16-foot logs


DBH
1/2
1
1-1/2
2
2-1/2
3
3.5
4

8
15
24
35
46



9
18
32
44
54
63



10
21
36
54
68
76
81



11
25
48
68
82
91
98



12
30
57
80
100
114
124
130



13
36
68
96
118
134
149
161
171


14
42
79
110
140
163
184
194
205


15
50
92
128
160
188
214
232
250


16
59
105
147
180
213
247
274
295


17
66
118
166
208
245
281
314
340


18
74
135
188
235
278
320
360
400


19
83
152
212
265
314
360
405
450


20
92
170
236
295
350
400
450
500


21
102
189
262
328
390
450
505
550


22
112
209
290
362
430
495
555
610


23
122
228
316
396
470
540
610
680


24
133
252
356
430
510
595
670
740


25
145
275
376
470
555
645
730
810


26
158
300
410
510
605
700
790
880


27
172
325
440
550
650
760
850
950


28
187
348
480
595
700
810
920
1020


29
203
378
515
640
760
870
990
1100


30
220
410
550
685
810
930
1060
1180


31
237
440
595
740
870
1000
1140
1260


32
254
470
635
790
930
1070
1210
1350


33
270
500
680
840
990
1140
1290
1440


34
291
530
725
900
1060
1210
1380
1530


35
311
565
770
950
1120
1290
1460
1630


36
333
600
820
1010
1190
1370
1550
1725


37
353
635
860
1070
1260
1450
1640
1830


38
374
670
910
1120
1330
1530
1730
1930


39
394
705
960
1180
1400
1620
1830
2040


40
415
745
1010
1250
1480
1700
1930
2160

Table II.3.  International ¼ inch, Form Class 78 by Mesavage and Girard (1946).  The 1/2 log volumes were estimated by Carl Mize.


Number of 16-foot logs


DBH
1/2
1
1-1/2
2
2-1/2
3
3.5
4

9*
15
28
38
48


10
19
36
48
59
66
73



11
24
46
61
76
86
96



12
30
56
74
92
106
120
128
137

13
36
67
90
112
130
147
158
168

14
41
78
105
132
153
174
187
200

15
49
92
124
156
182
208
225
242

16
56
106
143
180
210
241
263
285

17
64
121
164
206
242
278
304
330

18
72
136
184
233
274
314
344
374

19
82
154
209
264
311
358
392
427

20
91
171
234
296
348
401
440
480

21
101
191
262
332
391
450
496
542

22
112
211
290
368
434
500
552
593

23
123
231
318
404
478
552
608
663

24
133
251
346
441
523
605
664
723

25
146
275
380
484
574
665
732
800

26
159
299
414
528
626
725
801
877

27
171
323
448
572
680
788
870
952

28
184
347
482
616
733
850
938
1027

29
199
375
521
667
794
920
1016
1112

30
214
403
560
718
854
991
1094
1198

31
229
432
602
772
921
1070
1184
1299

32
245
462
644
826
988
1149
1274
1400

33
261
492
686
880
1053
1226
1360
1495

34
277
521
728
934
1119
1304
1447
1590

35
295
555
776
998
1196
1394
1548
1702

36
313
589
826
1063
1274
1485
1650
1814

37
330
622
873
1124
1351
1578
1752
1926

38
348
656
921
1186
1428
1670
1854
2038

39
368
694
976
1258
1514
1769
1968
2166

40
388
731
1030
1329
1598
1868
2081
2294
 *  9” estimated from regression equations by Carl Mize
Table II.4.  International ¼” Rule with 2” DBH classes with 16-foot logs by an unknown author. Provided by Hank Stelzer.

Number of 16-foot logs


DBH
1/2
1
1-1/2
2
2-1/2
3
3.5
4

12
30
60
80
100
120




14
40
80
110
140
160
180



16
60
100
150
180
210
250
280
310

18
70
140
190
240
280
320
360
400

20
90
170
240
300
350
400
450
500

22
110
210
290
360
430
490
560
610

24
130
250
350
430
510
590
660
740

26
160
300
410
510
600
700
790
880

28
190
350
480
600
700
810
920
1020

30
220
410
550
690
810
930
1060
1180

32
260
470
640
790
940
1080
1220
1360

34
290
530
730
900
1060
1220
1380
1540

36
330
600
820
1010
1200
1380
1560
1740

38
370
670
910
1130
1340
1540
1740
1940

40
420
740
1010
1250
1480
1700
1920
2160

42
460
820
1100
1360
1610
1870
2120
2360

Table II.5.  Doyle, Form Class 78 by Mesavage and Girard (1946). The 1/2 log volumes were estimated by Carl Mize.  

Number of 16-foot logs


DBH
1/2
1
1-1/2
2
2-1/2
3
3.5
4

9*
6
9
12
14


10
9
14
17
20
21
22


11
13
22
27
32
35
38


12
18
29
36
43
48
53
54
56


13
23
38
48
59
66
73
76
80


14
29
48
62
75
84
93
98
103


15
36
60
78
96
108
121
128
136


16
43
72
94
116
132
149
160
170


17
51
86
113
140
161
182
196
209


18
60
100
132
164
190
215
232
248


19
69
118
156
195
225
256
276
297


20
79
135
180
225
261
297
322
346


21
90
154
207
260
302
344
374
404


22
101
174
234
295
344
392
427
462


23
114
195
264
332
388
444
483
522


24
126
216
293
370
433
496
539
582


25
140
241
328
414
486
558
609
660


26
154
266
362
459
539
619
678
737


27
169
292
398
505
594
684
749
814


28
185
317
434
551
651
750
820
890


29
201
346
475
604
714
824
902
980


30
218
376
517
658
778
898
984
1069


31
235
408
562
717
850
983
1080
1176


32
254
441
608
776
922
1068
1176
1283


33
273
474
654
835
994
1152
1268
1385


34
292
506
700
894
1064
1235
1361
1487


35
313
544
754
964
1149
1334
1472
1610


36
334
581
808
1035
1234
1434
1583
1732


37
356
618
860
1102
1318
1534
1694
1854


38
378
655
912
1170
1402
1635
1805
1975


39
401
698
974
1250
1498
1746
1932
2118


40
425
740
1035
1330
1594
1858
2059
2260
 *  9” estimated from regression equations by Carl Mize
Table II.6.  Doyle Rule with 2” DBH classes author unknown.  Provided by Bill Calvert.  It is of unknown origin but is considered to be representative of volume tables used by consultants in Illinois.


Number of 16-foot logs


DBH
1/2
1
1-1/2
2
2-1/2
3
3.5
4
12
20
30
40
50
60




14
30
50
70
80
90
100



16
40
70
100
120
140
160
180
190

18
60
100
130
160
200
220
240
260

20
80
130
180
220
260
300
320
360

22
100
170
230
280
340
380
420
460

24
130
220
290
360
430
490
540
600

26
160
260
360
440
520
590
660
740

28
190
320
430
520
620
710
800
880

30
230
380
510
630
740
840
940
1040

32
270
440
590
730
860
990
1120
1220

34
300
510
680
850
1000
1140
1300
1440

36
350
580
780
970
1140
1310
1480
1640

38
390
660
880
1100
1290
1480
1680
1860

40
430
740
990
1230
1450
1660
1880
2080

42
470
830
1100
1370
1620
1860
2100
2320

Table II.7.  Doyle Rule with 12-foot logs by Beers (1973), used only in Indiana TIGER WC.

Number of 12-foot logs


DBH
1/2
1
1-1/2
2
2-1/2
3
3.5
4
4-1/2
5
5-1/2


12
10
23
32
39
45
50



13
14
32
44
55
64
71



14
19
41
57
72
84
94
103
112



15
24
51
71
90
105
119
131
143



16
30
61
86
110
129
146
161
176
188
206


17
36
72
103
130
153
175
194
212
229
252


18
44
84
119
150
180
207
229
251
273
300


19
52
97
137
174
208
241
267
294
322
351


20
61
111
156
199
238
277
308
341
373
406


21
70
129
176
225
270
316
353
393
428
466


22
81
149
198
255
305
359
401
449
488
530
578


23
93
168
228
289
344
405
455
508
552
598
650


24
105
190
257
324
386
454
511
570
620
671
728


25
118
212
286
360
430
505
569
635
692
747
808


26
133
236
318
399
479
558
630
702
765
826
896


27
148
261
348
435
527
613
693
771
842
909
986


28
163
285
382
478
579
670
758
843
922
996
1084


29
181
314
418
523
630
729
825
918
1005
1087
1184


30
200
340
456
571
685
791
895
997
1092
1182
1290


31
220
372
497
622
740
857
968
1080
1182
1281
1402


32
243
402
539
676
799
927
1044
1167
1277
1387
1518


33
267
435
584
732
866
1001
1126
1258
1377
1496
1635


34
295
470
632
793
936
1078
1211
1353
1471
1609
1762


35
325
507
682
856
1007
1158
1299
1451
1588
1727
1888


36
357
547
735
923
1082
1240
1390
1552
1700
1844
2020


37
391
590
792
993
1158
1324
1484
1655
1813
1968
2156


38
426
635
850
1065
1238
1410
1581
1760
1931
2095
2300


39
465
681
910
1139
1318
1497
1680
1868
2050
2224
2437


40
506
732
974
1215
1400
1585
1782
1979
2171
2355
2582

Table II.8.  New Jersey Doyle Rule, supplied by the New Jersey Forest Service, used only in New Jersey TIGER WC.

Merchantable Height / Salable Log Length (ft)

8 a
16 a 
20
25
30
35
40
45
50
60

DBH











10
9
14
23
29 b
34
39 b
44
0
0
0

11
13
22
34
40 b
46
49 b
52
0
0
0

12
18
29
46
52
58
61
64
67
70
0

13
23
38
59
67
75
81
87
91
95
0

14
29
48
72
82
92
100
110
115
120
0

15
36
60
88
102
116
126
137
146
155
0

16
43
72
105
122
140
152
165
172
190
205

17
51
86
122
153
165
180
197
210
225
245

18
60
100
140
165
190
210
230
245
260
285

19
69
118
165
193
222
245
270
290
310
342

20
79
135
190
222
255
282
310
335
360
400

21
90
154
215
255
292
325
360
390
420
465

22
101
174
240
285
330
370
410
445
480
530

23
114
195
267
318
370
410
455
495
535
595

24
126
216
295
350
410
455
500
545
590
660

25
140
241
325
390
455
505
560
610
665
745

26
154
266
355
430
500
560
620
680
740
830

27
169
292
387
470
550
615
685
745
810
910

28
185
317
420
510
600
675
750
815
880
990

29
201
346
460
555
650
730
815
890
955
1095

30
218
376
500
600
700
790
880
965
1050
1200

31
235
408
535
645
760
855
950
1045
1140
1300

32
254
441
575
695
820
920
1020
1125
1230
1400

33
273
474
615
745
880
990
1100
1210
1325
1510

34
292
506
660
800
940
1060
1185
1305
1425
1620

35
313
544
700
850
995
1125
1255
1390
1525
1755

36
334
581
745
895
1050
1195
1340
1480
1625
1890

37
356
618
785
950
1115
1265
1415
1565
1700
2015

38
378
655
830
1015
1200
1355
1510
1695
1880
2140

39
401
698
875
1070
1265
1430
1600
1790
1985
2270

40
425
740
920
1140
1360
1530
1700
1895
2090
2400

41
452
785
970
1200 b
1435
1630 b
1805
2025 b
2235
2540

42
477
827
1020
1265 b
1510
1730 b
1910
2150 b
2380
2680

43
503
870
1070
1335 b
1595
1830 b
2030
2275 b
2515
2840

44
530
920
1120
1405 b
1680
1930 b
2150
2400 b
2650
3000

45
557
965
1165
1470 b
1765
2040 b
2270
2550 b
2825
3175

46
585
1015
1210
1535 b
1850
2150 b
2390
2700 b
3000
3350

a Original New Jersey Doyle did not include 8 or 16 foot merchantable heights.  The values used for these heights are from Doyle Form Class 78 by Mesavage and Girard (1946).  
b Original New Jersey Doyle did not include these values.  They were estimated using regression equations developed by CWM Software.
Table II.9.  Equation used to estimate board foot volume (International ¼” Rule) (Scott, 1979).
     Vol =  beta0 + beta1 * DBHbeta2 + beta3 * DBHbeta4 * Htbeta5 
Where Vol = estimated gross board-foot volume,


beta0 – beta5 = species-specific coefficients for 17 species and groups of species


DBH = DBH of tree in inches, and


Ht = bole length in feet

Table II.10.  Composite table: gross volume in rough cords to a variable top diameter inside bark of not less than 4.0 inches, by total height by Gevorkiantz and Olson (1955).


Total height (feet)
DBH
20
30
40
50
60
70
80
90
100

5
0.006
0.008
0.011
0.015
0.018
0.021



6
0.013
0.018
0.025
0.0312
0.038
0.046



7
0.021
0.028
0.039
0.048
0.058
0.07
0.08



8

0.039
0.054
0.068
0.082
0.097
0.111
0.126


9

0.052
0.072
0.089
0.108
0.128
0.147
0.168



10

0.066
0.091
0.114
0.138
0.163
0.187
0.212
0.236


11


0.111
0.14
0.17
0.2
0.23
0.265
0.295


12


0.136
0.173
0.21
0.247
0.28
0.32
0.357


13


0.164
0.208
0.252
0.297
0.335
0.38
0.43


14


0.192
0.243
0.295
0.347
0.4
0.45
0.5

15


0.225
0.285
0.347
0.4
0.46
0.52
0.58

16


0.257
0.325
0.394
0.46
0.53
0.6
0.67

17


0.292
0.37
0.45
0.53
0.6
0.68
0.76

18


0.328
0.42
0.5
0.59
0.68
0.77
0.86

19


0.367
0.47
0.56
0.66
0.76
0.86
0.96

20


0.41
0.52
0.63
0.74
0.85
0.96
1.07

21



0.58
0.7
0.82
0.94
1.07
1.19

22



0.64
0.77
0.91
1.04
1.18
1.31

23



0.7
0.85
1
1.15
1.29
1.44

24



0.76
0.93
1.09
1.26
1.42
1.58

25



0.83
1.01
1.18
1.37
1.54
1.72

26



0.9
1.09
1.27
1.47
1.65
1.85

27



0.97
1.18
1.38
1.59
1.8
2

28



1.04
1.27
1.49
1.71
1.93
2.15

29



1.13
1.37
1.6
1.85
2.08
2.32

30



1.21
1.47
1.72
1.98
2.24
2.49
Cord volume is converted to weight (in tons) by dividing the number of cords by a user supplied conversion factor, which should be around 2.5 tons per cord.

Table II.11.  Composite table: gross volume in rough cords to a variable top diameter inside bark of not less than 3.0 inches, by total height by Gevorkiantz and Olson (1955).


Total height (feet)
DBH
20
30
40
50
60
70
80
90
100
4
0.005
0.007
0.01
0.012
0.015


5
0.01
0.013
0.019
0.024
0.029
0.034


6
0.016
0.022
0.02
0.037
0.045
0.054


7
0.023
0.032
0.043
0.054
0.065
0.078
0.088


8

0.043
0.059
0.074
0.09
0.106
0.121
0.137

9

0.056
0.076
0.095
0.117
0.137
0.157
0.178

10

0.07
0.095
0.12
0.145
0.171
0.197
0.222
0.248

11



0.115
0.145
0.175
0.208
0.237
0.27
0.3

12


0.138
0.175
0.212
0.25
0.287
0.324
0.361

13


0.164
0.208
0.252
0.297
0.338
0.382
0.43

14


0.192
0.243
0.295
0.347
0.4
0.45
0.5

15


0.225
0.285
0.347
0.4
0.46
0.52
0.58

16


0.257
0.325
0.394
0.46
0.53
0.6
0.67

17


0.292
0.37
0.45
0.53
0.6
0.68
0.76

18


0.328
0.42
0.5
0.59
0.68
0.77
0.86

19


0.367
0.47
0.56
0.66
0.76
0.86
0.96

20


0.41
0.52
0.63
0.74
0.85
0.96
1.07

21



0.58
0.7
0.82
0.94
1.07
1.19

22



0.64
0.77
0.91
1.04
1.18
1.31

23



0.7
0.85
1
1.15
1.29
1.44

24



0.76
0.93
1.09
1.26
1.42
1.58

25



0.83
1.01
1.18
1.37
1.54
1.72

26



0.9
1.09
1.27
1.47
1.65
1.85

27



0.97
1.18
1.38
1.59
1.8
2

28



1.04
1.27
1.49
1.71
1.93
2.15


29



1.13
1.37
1.6
1.85
2.08
2.32


30



1.21
1.47
1.72
1.98
2.24
2.49
Cord volume is converted to weight (in tons) by dividing the number of cords by a user supplied conversion factor, which should be around 2.5 tons per cord.

Table II.12.  Composite table: gross volume in rough cords to a variable top diameter inside bark, by number of bolts by Gevorkiantz and Olson (1955). 

Number of 8-foot bolts

DBH
1
2
3
4
5
6
7
8

4
0.007
0.011








5
0.011
0.019
0.022







6
0.017
0.028
0.04
0.047






7
0.023
0.038
0.053
0.068
0.076





8
0.031
0.05
0.068
0.087
0.106
0.116




9
0.04
0.065
0.088
0.109
0.13
0.153
0.17



10
0.049
0.082
0.111
0.133
0.16
0.188
0.211



11
0.06
0.1
0.137
0.165
0.19
0.221
0.25
0.27


12
0.07
0.121
0.165
0.198
0.225
0.26
0.3
0.33


13
0.082
0.143
0.197
0.236
0.268
0.305
0.35
0.42


14
0.095
0.167
0.228
0.273
0.311
0.353
0.4
0.47

15
0.107
0.193
0.262
0.318
0.364
0.41
0.46
0.52

16
0.122
0.22
0.3
0.367
0.42
0.47
0.53
0.59

17
0.138
0.25
0.34
0.42
0.48
0.54
0.59
0.66

18
0.155
0.282
0.382
0.47
0.55
0.6
0.65
0.73

19
0.173
0.318
0.43
0.53
0.61
0.68
0.73
0.81

20
0.194
0.353
0.48
0.59
0.68
0.76
0.81
0.89

21
0.217
0.395
0.54
0.66
0.76
0.84
0.9
0.98

22
0.24
0.44
0.6
0.73
0.84
0.93
1
1.07

23
0.262
0.48
0.66
0.8
0.92
1.03
1.1
1.17

24
0.288
0.52
0.72
0.88
1
1.12
1.21
1.28

25
0.312
0.58
0.78
0.96
1.1
1.23
1.33
1.38

26
0.34
0.62
0.84
1.04
1.19
1.33
1.44
1.51

27
0.363
0.67
0.91
1.13
1.29
1.45
1.56
1.63

28
0.388
0.72
0.97
1.2
1.38
1.55
1.67
1.76

29
0.41
0.76
1.03
1.29
1.49
1.66
1.8
1.9

30
0.43
0.8
1.1
1.37
1.59
1.7
1.93
2.04
Cord volume is converted to weight (in tons) by dividing the number of cords by a user supplied conversion factor, which should be around 2.5 tons per cord.

Table II.13.  Young’s hardwood pulpwood volume (cord) table for Maine (Bick, 2008). 




Merchantable height in 16-foot logs


  DBH
0.5@
1
1.5
2
2.5
3
3.5
4@

6
0.013
0.025
0.038






7
0.017
0.034
0.051






8
0.022
0.045
0.067
0.089





9
0.028
0.056
0.085
0.113





10
0.035
0.070
0.105
0.140
0.175




11
0.042
0.084
0.127
0.169
0.211




12

0.100
0.151
0.201
0.251
0.302



13

0.118
0.177
0.236
0.295
0.354



14


0.205
0.274
0.342
0.411
0.479


15


0.236
0.314
0.393
0.471
0.551


16



0.356
0.447
0.536
0.626
0.715

17



0.404
0.505
0.605
0.706
0.807

18



0.453
0.566
0.679
0.792
0.905

19




0.630
0.756
0.882
1.008

20




0.698
0.838
0.978
1.117

21




0.775
0.924
1.078
1.232

22




0.845
1.014
1.183
1.352

23




0.924
1.108
1.293
1.478

24




1.006
1.207
1.408
1.609

25




1.091
1.310
1.528
1.746
 @ Estimated using volume = 0.0001746 * DBH2 * (#4 ft bolts) from Bick, 2008.
Cord volume is converted to weight (in tons) by dividing the number of cords by a user supplied conversion factor, which should be around 2.5 tons per cord.

Table II.14.  Local knowledge pulp volume table for Connecticut, based on DBH only (from James Parda).   Used when only pulp is being considered, no sawlogs. No pulp height will be entered, only DBH.
One cord is produced by
  40 - 4" DBH trees  (0.025 cords/tree)
  20 - 6" DBH trees  (0.05 cords/tree)
  10 - 8" DBH trees  (0.10 cords/tree)
    6 - 10" DBH trees  (0.167 cords/tree)
    4 - 12" DBH trees  (0.25 cords/tree)
    3 - 14" DBH trees  (0.33 cords/tree)
    2 - 16" DBH trees  (0.5 cords/tree)
    1 - 18" DBH tree  (1.0 cord/tree)
For trees with DBHs greater than 18”, cord volume = 0.0117 * e(0.246 * DBH)
     (equation developed by CWM Software)

Cord volume is converted to weight (in tons) by dividing the number of cords by a user supplied conversion factor, which should be around 2.5 tons per cord.

Table II.15.  Equation used to estimate cubic foot volume of pulp in NED (Twery, 1997).  Estimates are converted to cords or tons of pulp.
  Vol = -1.70774 + 0.051321 * DBH + 0.58857 * Length + 0.0193547 * DBH2 + 

0.237324 * sngDBH2*Length - 0.04821 * Length2 -0.0002174 * DBH2 * Length2 – 


0.0000239 * DBH2 * Length3 + 0.00000795 * DBH3 * Length2 – 

0.00000057 * DBH3 * Length3 - 0.000000035 * DBH4 * Length2
Where Vol = estimated volume in cubic feet,


DBH = DBH of tree in inches, and


Length = merchantable length of stem in feet divided by 8.

Cubic foot volume is converted to cords by dividing by 78 and to tons by dividing the number of cords by 2.5.  The 78 and 2.5 are values used by NED and cannot be changed.
Table II.16.  Equation used to estimate cubic foot volume of pulp inside bark in Pennsylvania (Turner, 1994). Estimates are converted to cords or tons of pulp.

          Vol = beta1 + beta2* DBHbeta3 * Htbeta4 
Where Vol = estimated inside-bark volume (cubic feet)

beta1 to beta4 = species dependent coefficients for 21 species groups
DBH = DBH in inches


Ht = height (feet)
Cubic foot volume inside bark is adjusted to outside bark volume by (Miles and Smith, 2009).  The adjusted value is converted to cords by dividing by a user-supplied value of about 78 cubic feet per cord and to tons by dividing the number of cords by a user-supplied value of about 2.5 tons per cord.

Table II.17
Northeastern forest survey revised cubic-foot volume equations (Scott,1981).  Estimates are converted to cords or tons of pulp.
           Vol = beta1 + beta2* DBHbeta3 * Htbeta4 
Where Vol = gross cubic foot volume

beta1 to beta4 = species-dependent coefficients for 21 species groups

DBH = DBH in inches


Ht = bole lenght (feet)

APPENDIX III

Estimation of future merchantable height
To estimate the future merchantable height of individual trees, the following values of the maximum merchantable height that a tree can have for a given DBH are used.  Note:  when you specify a smaller DBH for a given height than the values shown in the tables below, your value is accepted. 


Maximum
Maximum
Maximum
Maximum



merchantable
merchantable
merchantable
merchantable


DBH (in)
height for 
height for 
height for 
height for 



hardwood
hardwood
conifer
conifer



sawlogs
veneer logs
sawlogs
veneer log




(16-foot logs)
(16-ft logs)
(16-foot logs)
(16-ft logs)


8.0
0.0
0.0
0.5
0.0

9.0
0.0
0.0
0.5
0.0



10.0
0.0
0.0
1.0
0.0

11.0
0.0
0.0
1.5
0.0

12.0
    0.5
0.0
    1.5
0.0



13.0
1.0
0.0
2.0
0.0

14.0
1.5
0.5
2.0
0.5


15.0
2.0
0.5
2.5
0.5


16.0
2.0
1.0
2.5
1.0


17.0
2.5
1.5
3.0
1.5


18.0
2.5
1.5
3.0
1.5


19.0
3.0
2.0
3.5
2.0


20.0
3.0
2.0
3.5
2.0


21.0
3.5
2.0
4.0
2.0


22.0
3.5
2.0
4.0
2.0


23.0 and above
4.0
2.0
4.0
2.0
All states, except Indiana and New Jersey, only recognize 16-foot logs for estimating standing tree sawtimber and veneer volume, but Indiana allows for 16-foot and 12-foot logs.  Below is information on increasing merchantable heights for 12-foot logs.


Maximum
Maximum
Maximum
Maximum




merchantable
merchantable
merchantable
merchantable


DBH (in)
height for 
height for 
height for 
height for 



hardwood
hardwood
conifer
conifer



sawlogs
veneer logs
sawlogs
veneer log




(12-foot logs)
(12-ft logs)
(12-foot logs)
(12-ft logs)


8.0
0.0
0.0
0.5
0.0

9.0
0.0
0.0
0.5
0.0

10.0
0.0
0.0
1.0
0.0

11.0
0.0
0.0
1.5
0.0

12.0
    1.0
0.0
1.5
0.0


13.0
1.5
0.0
2.0
0.0


14.0
2.0
0.5
2.5
0.5


15.0
2.5
1.0
3.0
1.0


16.0
3.0
1.5
3.0
1.5


17.0
3.0
2.0
3.5
2.0


18.0
3.5
2.0
4.0
2.0


19.0
4.0
2.5
4.5
2.5


20.0
4.5
3.0
4.5
3.0


21.0
4.5
3.0
5.0
3.0


22.0
5.0
3.5
5.0
3.5


23.0
5.0
3.5
5.5
3.5


24 and above
5.5
3.5
5.5
3.5

New Jersey uses a unique board foot volume table, New Jersey Doyle, and traditional 16 foot logs.  For the New Jersey Doyle, merchantable heights of 8, 16, 20, 25, 30, 35, 40, 45, 50, and 60.  Presently, future merchantable heights for this system are not estimated for TIGER WC.
APPENDIX IV

Changes in TIGER for Woodlands and Compartments
TIGER for Woodlands and Compartments started out as Wisconsin and Illinois TIGER 1.0.  For version 1.1, small changes were made in how a user can enter a board foot volume table.
The minimum acceptable DBH was lowered from 3.5” to 2.0”.  The limits of lowest DBH class in the diameter distribution were enlarged to 2.0” to 4.9”.
For version 1.2, changes were made in the registration process so that it would operate with the VISTA operating system.  Also, additional states were added: Indiana, Iowa, Michigan, Minnesota, and Missouri.
For version 1.3, the name of 100% sale prep inventory was changed to 100% inventory to reflect that 100% inventories are done for more uses than preparation for a timber sale, for example, a 100% inventory on merchantable black walnut or a 100% inventory of mast-bearing trees.

Instead of using a single volume table to estimate board foot volume of sawtimber and veneer logs, the user can now select a volume table to estimate sawtimber volume and a different one, if the user wishes, to estimate veneer volume.
The % basal area column in the results shown by species was replaced with a trees per acre column and moved to the left of the basal area column.
In the conversion from TIGER 1.3 to TIGER for Woodlands and Compartments 1.0, the tree classification system was expanded substantially.  Instead of only the USFS system, the Illinois DNR system and a user-definable system are now available.  Additionally, the results section still has the display of results over 20 years and it now has a display of results by tree class for the initial condition of the stand.  A new plot system was added with two concentric circular plots in which all trees down to a rather small DBH are measured on the smaller plot and in the ring of the large plot around the small plot only trees with DBHs larger than some larger value than the small plot in the center are measured.  For analyses done by years, the stand condition is displayed on Gingrich’s upland oak stocking guides (1971).  Considerable internal work was done on the program to straighten up the code.  The Illinois DNR developed a new species list and it has replaced the old one.  Also, a new way to thin based on removing trees to get to a user-specified basal area per acre was added.  Some minor interface changes were made.

The major change made to create TIGER for Woodlands and Compartments 1.1 was adding the ability to simulate thinning to a user-specified basal area based on user’s preference to remove the largest or smallest trees (by DBH) i) for all trees, ii) for up to 10 specified species, iii) for specified tree classes, or iv) among trees indicated for thinning.  Also, the user specified tree class was expanded to have up to 10 classes from the previous limit of five classes.

The only change made to create Illinois TIGER for Woodlands and Compartments 1.2 was fixing a couple of mistakes found by users.  Version 1.2.1 fixed a couple more mistakes.
The major change made to turn TIGER for Woodlands and Compartments 1.2.1 (the last version) into version 2.0 (the newest version) is reflected in the new name -- TIGER for Woodlands and Compartments 2.0: Some state variant. Now all users can use all variants (states) that have been created, not just the one for the state they choose.  When you buy TIGER for Woodlands and Compartments, you can decide which variant you want to use instead of buying a single, state-specific version.  Version 1.2.1 had 7 state-specific versions (IA, IL, IN, MI, MN, MO, WI) that used growth and mortality estimates from the growth model from Central States TWIGS (Shifley, 1987) and from Lake States TWIGS (Belcher, 1982). The new version contains 13 more states (CT, DE, MA, MD, ME, NH, NJ, NY, OH, PA, RI, VT, WV) and growth and mortality are estimated by the growth model in NED (Twery 1997).  A much-requested addition was made which allows TIGER WC to input a user-defined data file of tree measurements.  Some users collect inventory data on hand-held, electronic devices.  Now they will only need to make a few minor changes to the file their device outputs and have a file that TIGER WC will open.  The ability to output tree files for use by the Forest Vegetation Simulator (Dixon, 2002) was added.  Some users have requested more flexibility for estimating board foot volume.  With the new states two board foot volume tables were added: International rule by Scott (1979) and the New Jersey Doyle, which is only available for New Jersey.  Also, the ability to increase or decrease board foot estimation overall, due to cull or to simulate the use of a higher of lower form class than the Form Class 78 tables that are built into TIGER WC, and by species has been added.  The restrictions on the tree characteristics that could not be entered for 100% inventories were removed, although those characteristics STILL have no influence on the analysis that is done. You can enter these characteristics, but they will not be used in any calculations.  Sawtimber and veneer can now be estimated on a tonnage basis.  The characteristics that can be set as defaults has been substantially increased.  The interface was changed some, a few minor errors were fixed, and the code was made more efficient.  Finally, I made a presentation to foresters in Maine that was organized by the Maine Forest Service.  As a result of considerable discussion, a number of small changes and additions were made.
Since version 2.0, version 2.01 was created to fix a few little errors.  Then version 2.1 was created to fix some more errors.  After that I began to finish TIGER for Stratified Sampling.  Doing that, I discovered some not easy to find errors in TIGER WC, so they were fixed and that resulted in version 2.2 and the manual was modestly revised to reflect some of the changes in the program.  Similarly, some more errors were fixed.  Most errors that are fixed are for situations that most users will never encounter.  Some of these errors were discovered while developing TIGER for Estimating Basis and a few by users.
The primary change made to create version 3.0 was updating the compiler from a 2007 version to a 2014 version.  The name changed from RealBasic to Xojo but it is the same company that felt it needed a new identity which Xojo certainly is compared to RealBasic.  Additionally, minor changes and adjustments were made in the change of compilers.
Additional versions have been made to fix small errors found by some user and create versions of TIGER WC for use at Iowa State University and Southern Illinois University, add an expanded output for Illinois, fixing error in tree classes and a fix on the expanded output which has gotten us to version 3.82.

APPENDIX V
Saving TIGER data files for use by the Forest Vegetation Simulator
The Forest Vegetations Simulator (FVS) is a powerful computer program developed by the USFS to answer questions about how forest vegetation will change in response to natural succession, disturbances, and proposed management actions (Dixon, 2002).  
Below is the model for the way that tree characteristics are recorded in the tree file for FVS (Figure VI.1).  It specifies the order and the amount of space for each characteristic.
Plot ID (ITRE)

| Tree ID (IDTREE)

| | Tree count (PROB)

| | | Tree history (ITH)

| | || Species (ISP)

| | || | Diameter at breast height (DBH)

r | | || | | Diameter increment (DG)

e | | || | | | Tree height (HT)

c | | || | | | | Height to top-kill (THT)

o | | || | | | | | Height increment (HTG)

r | | || | | | | | | Crown ratio code (ICR)

d | | || | | | | | | | Damage and Severity codes (IDCD)

| | || | | | | | | | | | | | | |Tree value class (IMC)

# | | || | | | | | | | | | | | | || 5 Prsc. codes (IPRSC1-5)

| | | || | | | | | | | | | | | | |||

| COLUMNS

|        1         2         3         4         5

1234567890123456789012345678901234567890123456789012345

=======================================================

1 101 1 11LP 115 10 73 0 0400000000000011

Figure VI.1. Default format for tree records that are used in the Forest Vegetation Simulator (Dixon, 2002).
When TIGER WC creates the FVS tree file, it writes information about each tree using this model. Specifically, Plot ID is the plot number that TIGER uses, based on the order in which the plots were entered, e.g. the first plot is plot 1.  The Tree ID is a simple count of the trees entered into each plot with 1 for the first tree entered and the number of trees in the plot for the number for the last tree in the plot.  Tree count for fixed area plots is the Tree Count = 1/(N*A) where N = the number of plots and A = the area of each plot (acres). For nested fixed-area plots, the A would vary, depending upon the DBH of the tree.  Tree count for point sampling is Tree Count = BAF / (0.0054*N*DBH2) where BAF is the basal area factor for the points and DBH is the diameter at breast height of the tree.  Tree history deals with characteristics but is not used by FVS and is set at 0.  The FVS recognizes many ways of coding species, but has one that it uses internally and the TIGER species code is converted to that system for the data file.  The species “Other 1-5” are coded as noncommercial species.  Diameter at breast height is the value of DBH entered.  Diameter increment is set to 0 as no increment can be estimated.  Tree height is set to 0 unless it was actually entered.  Height to top-kill and Height increment are set to 0.  Crown ratio code is set to 0 unless it was actually entered, with a maximum value of 9.  Damage and Severity codes, Tree value class and the five Prsc. Codes are set at 0.

APPENDIX VI
Simple Random Sampling Versus Stratified Random Sampling of Woodlands
When I started developing TIGER WC, I thought the primary users would be adventurous woodland owners with little or no forestry training.  For people like that, taking a simple random sample across a woodland would be the simplest way to do an inventory.  Stratified random sampling, which produces better information for managing a woodland, is more complicated and requires more training and skills than simple random sampling, and combining the stratum (compartment) values to estimate the overall volume and value and their standard errors is mathematically more complicated.  
With time, however, my thoughts changed.  When portions of a woodland are obviously different, such as a woodland with 15 acres of mixed hardwoods about 70 years old and 5 acres of red pine, planted about 40 years ago, stratified sampling is a good idea, even for a non-forester.  
There are various reasons to do inventories.  An obvious one is to estimate the overall volume and value per acre of a woodland, which can be used for sale or purchase of land and for various tax related uses.  A simple random sample of the woodland mentioned above could be used to estimate overall volume and value per acre of the woodland.  As the results are the average of plots in both parts of the woodland, the results would show a woodland that contained mixed hardwoods and red pine.  This is true, on average.  But the woodland is composed of two distinct types of woodland, mixed hardwoods (with little or no red pine) and red pine (with a few or no hardwoods).  Knowing the “averages” for a whole woodland can be useful for estimating basis (the value of the timber at the time of purchase) or for estate planning, but when the woodland is composed of distinct forest types, those “averages” are useless for developing and executing management plans.
Another reason to do an inventory is to collect information to help develop management plans for a woodland.  Most woodlands are not homogeneous (the same mix of species, tree ages, and stand densities across the entire forest).  Instead, they are composed of areas that are different from other areas in terms of species composition, tree age, and stand density.  For this type of forest, information is needed on each area to develop a management plan for each area, assuming the areas are not too small, say less than 0.5 acres (more or less).  We can call each area a compartment (or stand), and do inventories of each compartment as part of a sampling method called stratified sampling.  For the woodland mentioned above, there would be two compartments (mixed hardwoods and red pine) and separate inventories would estimate characteristics of each compartment that would be used to develop management plans. 
Forest consultants often use stratified sampling to do forest inventories.  Stratified sampling has a couple of advantages that are important to consultants.  Many woodlands are very diverse because of past activities, such as harvesting and grazing, and the inherent variability of most forested lands.  Stratified sampling is said to be statistically more efficient than random sampling in that for the same amount of work, it produces a more precise estimate, meaning a narrower confidence interval, than random sampling.  Consultants need to be efficient to be competitive, so stratified sampling is preferred.  Also, as the criteria for establishing compartments often is that compartments differ in species composition, density, and age, compartments often will be assigned different management regimes.  As explained in the second reason to do an inventory, having compartment level inventories is needed to assign management regimes and estimate the response to thinning treatments.

Stratification is often done using aerial photos.  A forester can delineate compartments on the photos based on the forester’s knowledge of how crown coverage and other characteristics of the forest vary across aerial photos and among the possible compartment types.  Many foresters do not want compartments to be less than two acres, even if a compartment contains considerable variability.  
Non-foresters can also use aerial photos, obtainable from county level agencies, to delineate obvious compartments, including recently cut over areas and plantations.  But non-foresters would have a more difficult time creating more compartments which requires more skill to be able to use photos to separate the woodland into compartments like a consultant forester would do.  If there are no obvious compartments, the non-forester should use simple random sampling.

A non-forester would find delineating not obvious compartments on photos very difficult and is best off doing a simple random sample which only requires being able to identify the borders of the woodland and reasonably accurately measure distance from plot to plot to be able to accurately locate points or plots on the woodland.  However, in some woodlands there are very clear differences in the forest that could allow a non-forester to stratify the woodland and it would be very reasonable to do it.  Some woodlands contain plantations, usually older conifers or young hardwoods.  On an aerial photo, plantations should be easily identifiable, and on the ground it should be easy to know when you were in the plantation or the natural forest.

If the non-forester is not interested in combining compartment values to estimate woodland values, especially the standard errors, stratification of the woodland into obvious compartments is a good idea.

In summary, stratification is a valuable tool that is especially useful for estimating compartment level values and assigning compartment level treatments. The non-forester should use it when differences within a woodland are obvious.  

APPENDIX VII
Inventory planning, statistics, field work, and TIGER for Woodlands and Compartments
In this section I will discuss planning a forest inventory, some statistical principles important in forest inventory, and some thoughts about doing the field work in a forest inventory.  The discussion is slanted towards the needs of a woodland owner with limited forest inventory experience and a willingness to learn somethings to prepare him/her to do an inventory.  

Note:  there are whole books written on individual subjects that I am going to discuss.  My goal is to give you an impression of these items and get you headed in the right direction.  Doing web searches on subjects of interest and asking extension foresters, forest consultants, and other professionals for assistance would be an excellent way to continue your progress in these areas.  This is just a push in the right direction.

I used the forest measurements text book by Avery and Burkhardt (2002) to develop the following description of the planning process for a traditional inventory.  Planning a 100% inventory is similar but somewhat different.  With an important difference being that you are not taking a sample which removes the concern about statistics and sampling, and there are no plots, but many of the points discussed on planning are relevant for a 100% inventory.  

The plan that you develop must at least consider the following elements:

i)   Purpose:  Why do you need to do an inventory?  What will you do with the information you get?  What are the specific questions you want to answer? For example, I am considering harvesting my woodland, and I need to know the present volume and value per acre by species for the entire woodland (or maybe a compartment – more details later) if you decide to do stratified sampling?  If you aren’t sure about what you need to know, you are unlikely to get the information that you need.  Often for woodland owners an estimate of the standing volume and value, and an estimate of the volume and value that might be removed in a thin are what is needed, but there are many other reasons to do an inventory.
ii)  Background information:  Are there any past inventories of the area, which can be very helpful for identifying how much work will need to be done?  Previous inventories are particularly important to help you estimate the number of plots that will need to be measured for traditional inventories, which will be discussed later under Statistics and Inventory.  Do you have aerial photographs of the area and a reliable map?  Aerial photos can often be obtained from county extension offices and allow you to see variation in the woodland that cannot be seen from the ground.  You often will not, or at least should not, treat your entire woodland in the same manner at any one time.  Photos allow you to see subdivisions within the woodland that could be treated differently and gives you criteria for dividing it into management units.

Who is available to develop the plan and to do the field work?  Accidents are always possible in the woods, so having two people do the field work is a good safety measure.
iii)  A clear identification of the area to be inventoried:  Is it the whole woodland or just a portion (compartment or compartments)?  How many acres are there and how accessible are they?  If you are only interested in a portion of the woodland, can you clearly delimit it?  

The larger the area, usually the more variation in tree size and volume, and the more variation, the more work needed to achieve a reliable volume estimate – also discussed under Statistics and Inventory.  Also, from a management perspective a woodland will often be more easily managed if it is broken into units, which I will call compartments, that are relatively homogeneous in species composition, density, and age.  Of course, units should not be too small because it makes management more difficult, so some variation is unavoidable. As mentioned in ii), aerial photos and maps help assure a clear identification of the area so that you collect data within the area of interest and not somewhere else.
iv)  Information required from the inventory: Woodland owners can be interested in many things about their woodlands. TIGER WC was designed to estimate characteristics of the trees, such as basal area, number of trees, volume, and value per acre.  TIGER WC only does it for a single area (whole woodland or compartment), and it does not estimate characteristics, such as the number of den trees/acre or how many deer/acre the woodland can support.  Decide what specific information needs to be estimated and in what form.  Use TIGER WC to estimate tree basal area and volume, future growth, and thinning volumes.
v) Design of the inventory:  Forest inventories are done at hugely different scales, from 1 acre to 50 million acres.  Obviously, very different approaches will be used for these different scales.  TIGER WC works with small scale inventories, maybe 1 to 100 acres, in which a series of plots are established and measured.

Two distinctively different types of inventory are what we call traditional (plot based) and 100% (all of a certain type of tree are measured).  In traditional inventories, a series of plots are located in the woodland or a compartment, and the trees on each plot are measured.  These plots represent a sample of the woodland and compartment.  Plots are usually systematically located across the woodland and compartment, described later.  They also can be randomly located, but that is often difficult to do.  Either way is acceptable, and both are treated the same way by TIGER WC. 

Conceptually, it is easiest to think of measuring trees on a series of small areas (plots), but TIGER WC handles two types of plots: fixed area and prism.  Fixed area plots, the more easily understood, have a constant (fixed) area.  Prism plots (more properly called variable radius plots) are more difficult to understand but have the advantage of putting more effort into measuring large tree, which represent much of the timber value, than small trees.  Briefly, it is a system that essentially projects a small angle from a point (the plot center) and any tree that is larger than the angle is in the plot and should be measured and any that are smaller are not measured.  See the references for more information on this.

If you have not done a forest inventory before, I STRONGLY encourage you to use fixed area plots for a couple of inventories.  Fixed area plots are not as efficient (not too important in a small inventory) as prism plots, but they are conceptually easier to understand and less complicated to use.  When you get comfortable with fixed area plot inventories, read about using variable radius plots and then I recommend that you talk to a trained forester for a couple of hours of training.  

As previously mentioned, you must clearly indicate the area to be sampled.  For most TIGER WC users this will require a map of the area or an aerial photo.  One of the most important concerns is clearly identifying the edge of the unit to be sampled.  Ridges, rivers, and ravine bottoms are usually fairly recognizable on the ground but changes in species composition, except from conifer to hardwood, and small changes in density and age are not easily recognized.  If you can’t identify the edges, estimating the acreage of the area and deciding whether plots are taken in other units become important concerns.

How many plots to take is a very important question and one that is not easily answered.  There are equations that can be used, but they require information that is often not available.  As a result, rules of thumb have been developed.  A common rule is one plot per acre or two acres.  The section on statistics will address this also.

For a 100% inventory, the design is to measure all trees that meet a certain criteria with the criteria depending upon why the inventory is being done.  An inventory in preparation for a timber sale would measure all trees that were marked for sale.  There are many criteria.  You are the one to decide.
vi) Measurement procedures:  This is the sixth point, and we are finally in the field.  Obviously, there is much more to forest inventory than measuring trees.
For a traditional inventory with either fixed area or prism plots, the plots need to be located in the woodland so trees can be measured.  Usually plots are systematically located, which is like laying a grid (square or rectangular) on top of a map of the unit to be inventoried and establishing the center of each plot at each intersection.  

Once you arrive at a plot center, you get to measure trees.  Which trees you measure depends upon whether you use a fixed area plot or a prism.  For a fixed area plot measure all trees that are within the plot radius of the plot center.  A tree is said to be “in” the plot if the distance from its center to the plot center is less than the plot radius.  Prism sampling is similar but the plot radius depends upon the DBH of the tree.  I am not going to explain how to identify trees that are “in” with a prism, but there are many sources, such as Avery and Burkhardt (2002) and web sites, that explain it in considerable detail.

Whether you use a fixed area plot or a prism, you need to work carefully to not skip trees that should be measured or measure some trees twice.  I recommend you pick a tree that is “in”, maybe the one closest to north, and work clockwise or counter clockwise measuring trees.  Be systematic to avoid errors.

Once you decide that a tree is in the plot, record the species of the tree and its DBH and its appropriate merchantable heights and maybe more, depending upon which characteristics you have decided to measure.  The quality of the measurements you make is EXTREMELY IMPORTANT in determining the quality of the results that TIGER WC will develop.  Mistakes are always made when people work in the woods (actually, no matter what we do).  What is important is to keep the mistakes to a minimum.  

Training is required to make good measurements.  You can get training by reading and getting personal help. My two major concerns with untrained individuals doing field measurements are species identification and estimating merchantable heights.  I suspect with a reasonable amount of time in the woods, many users can learn to identify trees.  But when the trees are big enough to be cut down for sawtimber, the only thing we can see is the bark and identifying trees by bark, especially in the oak-hickory forest, takes some time to learn.  There are many web sites that will help with species identification.  Check your state forestry agency or university forestry department for identification help.
My bigger concern is estimating merchantable heights.  For pulpwood height, you need to estimate the height up the stem (to the nearest bolt – 8 feet) to where the diameter of the stem is 3 or 4 inches, depending upon the volume table you will use, or you need to estimate the total height of the tree (to the nearest 10 feet), if you use the volume table based on total height.  The quality of the stem is not very important but the species is because only certain species are bought for pulp.

For sawtimber height, there are various rules for determining the merchantable length of a tree’s stem.  The simplest situation occurs when the tree stem remains as a single stem, not forked into two or more stems which is common in many hardwood species.  In this situation you need to estimate the length from where the stump cut would be to where the stem has an inside bark diameter of about 8.5” for conifers and 11.5 inches for hardwoods, and these limits vary by state. Most of us would be hard pressed to estimate where on the stem of a tree that has a DBH of maybe 20 inches the stem is 11.5“ in diameter inside bark.  FORTUNATELY, we usually estimate merchantable height to the nearest 8 feet (1/2 log), so that helps in that we only need to know about where diameter is a certain value.  When a tree does not maintain a single stem, usually you estimate the length from the stump cut to the fork.  Some times merchantable logs can be gotten above the fork.

As to veneer logs, heck the professionals vary greatly in how they estimate the volume and value of veneer logs that can be obtained from a tree, so I think most people would have difficulty estimating veneer logs in a tree, short of saying 0 which is true of most trees.  Veneer logs come from the highest quality stems.  Ones that have large enough DBHs, are very straight, have almost no imperfections (many of which are difficult for the untrained eye to detect), and are from a limited number of species (black walnut, white oak, and a few others).  If you have many trees with lower stems like that, get a professional to evaluate them.  Many people think they have individual trees worth thousands of dollars and are sadly disappointed when a professional points out indicators of defect they can’t see or point out other limitations of their “valuable” trees.  But there are some.  One black walnut in Iowa sold for $35,000, but it was 30 + inches DBH and had a beautiful stem that was 30+ feet long.

I think most people can learn how to identify tree species and estimate merchantable height with reasonable precision.  I also think they will need training by reading and getting some field experience with people who have been trained to make such measurements.

For equipment, you need something to measure distances on the ground, like a 50- or 100-foot tape, to decide whether trees near the edge of a plot are in or out of the plot.  Experienced timber cruisers can “eye ball” DBH surprisingly well, but most people should use something to measure DBH, like a DBH tape or a Biltmore stick.  DBH is usually measured to the nearest inch.  Merchantable height, which is measured to the nearest ½ log (8-foot units), can often be visually estimated if it is not too high, but some sort of height measuring device, such as a clinometer or Merritt hypsometer, should be used for measuring height.  If GPS location is recorded for each plot, a GPS unit is needed.

A data sheet is needed to help organize the measurements and avoid forgetting to measure some things.  A sample one is located near the front of each state manual.  Before leaving each plot, the plot sheet should be checked to see that everything has been recorded.  It is often difficult, if not impossible, to relocate plots after moving on.  Now you can collect data in various hand-held electronic devices and create a file for TIGER WC to read.  It is explained in the main text.
vii) Compilation and calculation procedures:  Finally, you get to use TIGER WC.  Before entering data into TIGER WC, someone should review each data sheet and make sure all necessary data have been collected.  Although each sheet is to be checked before leaving each plot, mistakes are made, so a second check before entering data is desirable.  If missing data are found, a decision needs to be made about filling in the missing values or discarding the entire plot.  

Data can be entered into TIGER WC as they are collected and not all at one time.  This will allow preliminary analyses to be done.  Data can be entered by anyone with reasonable typing skills and capability of using various computer programs when the basic operation of the program is explained to them.  Checking the data that have been entered for errors is a good idea.  They should be printed and checked by someone before starting the data analysis.  The order in which plots are entered is not important as long as all of the trees in a plot are entered as a plot.

You should read the TIGER WC manual and learn more detail about the values it will estimate.  You can simulate a number of types of thins and make some comparisons among them and compare them to the value of the woodland without thinning.  While none of us really like economics, the economic analyses can help you compare alternative management schemes.  As suggested in the manual, you can try changing the discount rate and see how that influences your decisions.

iix) Reporting of results and storage of data:  At a minimum, you will want to print and/or save the ‘Initial condition’ results.  If you have compared a number of types of thins, you need to decide on one or narrow it down to a couple.  Those results can be printed or saved in files.  If you are considering thinning the stand, save the results on what would be removed and estimated future conditions of the stands.  The diameter distributions might be valuable for comparing changes in the stand, and loggers might appreciate seeing the diameter distribution of trees to be removed in a thin.  As a woodland owner, you probably will not prepare a report but creating some paper output and putting it in some sort of order is a good idea.  Over time, these “reports” can be compared to identify changes in the woodland.

As to storage of the data, making a backup of the data file and the stumpage file used in your analyses is a good idea.  Accidents happen, and hard drives crash.  Having a separate copy of the data will allow you to reanalyze the data to evaluate other options and might be useful when planning future forest inventories.  The original field data should be kept if space is not a concern.

Summary:  Forest inventory on a small-scale basis is not complicated, but it is also not a no-brainer.  There is some planning to do before going to the field so that your field work helps answer the questions you want to answer.  

The field work is not difficult, but it does require some training.  There is written information available which I suggest you use.  Additionally, I suggest you spend some time with a professional forester.  Some hours of training could show you how to lay out a plot, use a prism and estimate merchantable height with reasonable precision.  That will not replace the years of experience that consultants have, but for doing an inventory on a small woodland, it would go a long way.  State foresters or consultants might be asked to put on training courses for a group of individuals interested in using TIGER WC to help hem manage their wood lots.

As I have mentioned, there are excellent resources that expand on all of the topics I have raised in this section and in the next section.  Below is a listing of some of those resources.  There are many more that you can find with a web search.

Go to http://web.extension.uiuc.edu/forestry/publications/index.html and look for the following:

University of Minnesota Extension Service, Sampling and Measuring Timber in the Private Woodland  a good explanation on measuring trees and it goes much deeper on statistics in inventory.

Department of Natural Resources and Environmental Sciences, Illinois Forest Management Newsletter Archive  Look for volume 1, 1997, No 32 for a good explanation of measuring trees.
USDA Forest Service, Timber Cruising Handbook  This goes into great detail.

There are many more articles on many aspects of forestry referenced at this site.  A great resource.

Statistics and Forest Inventory

The reason statistics is important in a traditional forest inventory is that a forest inventory is usually different from an inventory done in a store.  Store inventories generally involve counting everything in the store, which means, short of miscounting, the manager knows exactly what is in the store.  Measuring every tree in a woodland, called 100% inventory, is done but not often.  To most woodland owners, knowing exactly how many trees or board feet of timber there are in their woodland generally is not that important.  Aside from not being that important, it is expensive.  

A 100% inventory involves measuring 100% of the trees, but it is only the 100% of the trees that meet a particular criterion, such as being a walnut in a walnut inventory or being a tree marked for a timber sale. This might be 10% or less of the trees in the woodland, and all or most of them have some economic value.  Also, for a marked timber sale the person doing the marking will evaluate each tree marked, so recording characteristics of each marked tree is not much of an increase in time and is, at least, desirable for developing estimates of the volume to be removed.

But if we don’t count all the trees, we must take some sort of sample (measure a fraction of all trees, maybe 5%).  And if we take a sample, we will not know exactly the condition of our woodland.  In many situations, that’s just fine.

We do inventories for many reasons generally related to making decisions about the woodland.  We do not need to know the exact condition of the woodland to make many decisions.  For a few decisions, such as setting a price for a sale of high-valued timber, knowing exactly or almost exactly is desirable, but for many decisions, such as deciding whether to thin or not or setting a sale price on a woodland (including the land), a ball park estimate is adequate (and a lot cheaper to get).

These terms of “almost exactly” and “ball park” lead us to an important part of the role of statistics of inventory.  When a sample is taken, say measuring the DBH of 10 of the 500 trees in a small stand, and the average DBH is calculated, we know the average of the 10 trees is very unlikely to be equal to the average of the 500.  If we had measured 20 trees, we would expect the average of the 20 would be closer to that of the 500 but probably still not equal to it.  Even more so with 40 trees.
Statistics allows us to estimate the difference between the average of a sample of trees and the average for all of the trees.  If that difference is small enough to meet our objectives, then we don’t need to worry about it.  One statistic that statisticians use as a measure of the size of the difference between the average of a sample and the average of all the trees is called the standard error, referred to as SE.  TIGER WC lists the standard error of the volume and value per acre for the initial conditions of the woodland.  It also lists the standard error as a percentage of the average.  It does not list standard errors for results by species.
You can estimate the range in which the true value of something (like the average board foot volume) is likely to be found by calculating what is called a confidence interval with the formula below

Lower limit = sample average – t * SE

Upper limit = sample average + t * SE

Where:  sample average = average of your sample (TIGER WC lists this)


t = t value (found in statistics book, but I will simplify it)


SE = standard error (TIGER WC also lists this)

The lower and upper limits for the confidence interval are also estimated by TIGER WC and shown under the “95% Conf. Interval”.  From the results shown below, the values of 2790 and 4000 (third column) represent the limits of a range within which the average for the woodland and compartment is likely to be located with 95% confidence.  They are discussed in greater detail after the results are listed.

Below are some results from TIGER WC for an inventory done with 60 plots.

 SUMMARY OF
Average
95% Conf. Interval
SE of Ave.
SE of Ave.
Total
SE of Total


VALUES
($/Ac) 
($/Ac)
($/Ac)
(%)
($)
($) 

Sawtimber (BF)
3397
2790 - 4000
302
9
156262
13892

I don’t want to go further into the formula for calculating the lower and upper limits.  If you are interested, most introductory statistics books cover confidence intervals.  
I do want to discuss t.  The value of t depends upon two things – the size of the sample that you used to calculate the sample average and how sure you want to be that the true average (for all trees) is in the interval.  In forestry we usually use 95% for how sure we want to be.  Given that, if your sample size is about 10, t = 2.25; for a sample size of 20, t = 2.1; for 60, t = 2.0; and for a really large sample, t = 1.96.  If your sample size is only 3, t = 12.7!!!!!  A statistics book will list t values for all sample size, but this gives you some estimates, and you can see that t gets smaller as the sample size gets larger.

For the sample results above, the average sawtimber value is 3397 $/acre and the SE equals 302 $/acre.  For a sample size of 60 plots, t = 2.  So, calculating the upper and lower bounds would give 3397 - 2*302 and 3397 + 2 * 302.  This gives us a range of 2790 to 4000 $/acre.  So we are 95% confident that the average value of the woodland or compartment is between these values.  If we were interested in selling the land, we would be fairly comfortable saying the timber was worth $3400/acre knowing that we could be off by as much as $600/acre.  If we were not comfortable with being off by that much, we could spend more time (and money) and collect more plots because the interval will get narrower as we collect more plots because we are measuring a higher percentage of the woodland or compartment.

Note: TIGER WC calculates 68, 90, and 95% confidence intervals.  You select the percentage in the Options section (File/Options – click Work on other defaults).  The higher the probability, the larger the t value and the wider the interval.  The discussion applies equally to each of the values (68, 90, and 95).

A VERY IMPORTANT fact that makes what I just wrote about being 95% confident that the true value is between 2790 and 4000 $/acre is that the plots that we measured were systematically or randomly selected.  The mathematics behind the equations used to estimate the confidence interval are based on plots being randomly located.  In forestry we often take systematic samples and treat them like random ones, which is generally OK.  But what if we were to walk through a woodland or compartment and now and then decide to establish a plot BECAUSE WE THOUGHT the forest at that location looked rather average?  Well, we can collect the data and put it into TIGER WC, and it will give you numbers like I listed above, and you can even calculate the interval in the same way.  The only problem, and it’s a big one, is that we have not the slightest idea how likely the true average is to be within the interval.  If you don’t select sample locations systematically or randomly, the interval means ABSOLUTELY NOTHING.  There is no way to interpret it.  There is an excellent chance that the true average is not in the interval because I, as you, can’t really pick an average looking area.  You MUST NOT put plots where you think they should be.  Plots fall where they fall using proper techniques for locating plots.

Ok, so how do you systematically locate plots in a woodland or compartment?  Essentially, you create a series of parallel lines that are equally spaced across the unit to be inventoried and establish a plot every certain distance along the lines.  There are many ways to decide on the spacing between the lines and between the plots on each line.  It is more efficient to make the lines further apart and the plots closer together to reduce walking, but in a small woodland and compartment that is not too important, maybe even a bad idea.  If you want to establish one plot per acre, then the lines and plots should be about 200 feet apart.  That would mean there was one plot for every 40,000 square feet (200 x 200) and as there are 43,560 square feet in an acre.  That is close to one plot per acre.  The lines should run perpendicular to the terrain, in other words up and down hills, at least in general.  Because most woodlands are not on smooth, uniform slopes, there is no perfect up and down the hill, so try for a general orientation of being up and down the slope for the overall area (Figure V.1).  The lines that the plots are located on must be parallel.
Assuming you will take one plot per acre and that the lines are 200 feet apart, take one plot in the first 200 feet of the first line.  The center of the first plot should be randomly selected, which requires a random number table or something like it.  If you can’t manage that, open a book and pick the first number you find between 1 and 200.  That gives you the distance from the edge of the woodland and compartment to the center of the first plot.  From then on, it is 200 feet from plot center to plot center.  When you get to the edge of the unit, stop accumulating distance until you get to the start of the next line and start counting from the edge of the unit.  This is a very brief explanation, and you need to get more information before going to any woodland.


[image: image47]
Figure V.1.  A unit to be inventoried in a larger land holding.  The lines are parallel and run up and down the general terrain of the area.

Conclusions
I have presented a BRIEF introduction to things that you need to think about before doing an inventory in a woodland.  Many people can do it if they get some training.  If you don’t know what you are doing, what you collect won’t be worth analyzing in any computer program, including TIGER WC.

As I have written this, I have realized that probably many woodland owners have been exposed to inventory and have some notions of what to do.  Hopefully, this will give them a bit more structure and help them organize better to collect more useful information.  For those of you who know next to nothing about inventory, this should help you realize that, as I said, forest inventory is not rocket science, but it is not something to be approached haphazardly.

For both groups, getting help via the web, text books, workshops, or talks with professional foresters should help you do a better-quality inventory and maybe more quickly.

Good luck and may the force of TIGER WC help you in your inventory and management ventures. 

� TIGER WC has been developed for 20 states that are divided into three regions by the USFS growth models that are used to estimate tree growth and mortality.  The first region developed was the Central States – Illinois, Indiana, Iowa, and Missouri.  The second region was the Lake States – Michigan, Minnesota, and Wisconsin.  The newest region is the Northeast States – Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Ohio, Pennsylvania, Rhode Island, Vermont, and West Virginia.  This manual is for all states.  Also, a manual has been developed for each state/variant, and it contains information specific for each state, such as the list of species, and an abbreviated version of this manual which can be used as an overview of this manual, which is rather long.


�  The growth models used in TIGER WC require site index of one species (more than one species can be entered for the Lake States and Northeast states) to estimate growth and other characteristics, such as tree height.  Site index can be obtained by boring trees, soil maps, or personal experience.  If no estimate of site index is available, enter a value of 0, which will result in TIGER using the state average, based on Forest Service permanent plots for the Central States and Lake States growth model and a site index of 56 for the Northeast growth model (Table 8).  See the sections on the growth model and limitations of the program for more information.
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