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Introduction
The purpose of this webinar and workbook is to provide the participant with a broad overview of
Dr. Jim Arney’s 10-meter SiteGrid Method. There’s a lot to it, but we’ll cover all the basics in about
two hours. Seasoned FPS users can follow along if they want, and key in each command just like
the webinar presenter, step by step. Alternatively, relatively new FPS users might choose to just
listen to the entire presentation and then afterwards, when they have time to go at their own pace,
open up this workbook and carefully key in each step and take the time to examine the outputs.
That would be an excellent way to gain a working knowledge of the 10-m SiteGrid method.

Webinar Files
•

Documents and databases for this webinar are in a Zip file named
10-meter SiteGrid Webinar Files_2022-01-26.zip. Use the following link to download
the Zip file:
https://1drv.ms/u/s!AuHg5Hbr2OA3htoNyISd5V6LMBjPGA?e=XjphwB
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•

If the link does not work for some reason, email dan@forestbiometrics.org and you will be
directed to a source to download the file.

•

Extract the files and put them in a convenient folder on your computer. In addition to
papers written by Dr. Jim Arney on the 10m SiteGrid method, the Zip file includes two
papers written by Ms. Halli Hemingway based on her Master’s research at the University of
Idaho. Ms. Hemingway compared Dr. Arney’s 10m SiteGrid method to a traditional site
index system in one paper, and in the second paper she explored alternative nonparametric
regression models to predict 10m site productivity metrics. Ms. Hemingway was awarded a
FBRI Fellowship to support her research, and Dr. Arney served on her graduate committee.

Senior Forest Biometrician, Forest Biometrics Research Institute, (707) 940-2409, dan@forestbiometrics.org.
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Background Information
•

There are three documents written by Dr. Arney that cover various aspects of the 10m SiteGrid
method (all three are in the Zip file):
1. 10m Site Class for all Species and Regions: A Standard Method of Productivity
Classification, a presentation at the FBRI SiteGrid Workshop in Corvallis, Oregon, June 67, 2017 (48 pages)
2. FPS Localization Methods Using 10-meter SiteGrid and CASH Card, a presentation at
the FBRI SiteGrid Workshop in Corvallis, Oregon, June 6-7, 2017 (54 pages)
3. Biometric Methods for Forest Inventory, Forest Growth and Forest Planning: The
Forester’s Guidebook, a textbook published by Forest Biometrics Research Institute,
Portland, Oregon, December 14, 2015 (328 pages)
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•

There are two sections in the Forester’s Guidebook that focus on the 10m SiteGrid method:
o Building the Forest-wide 10-meter SiteGrid GIS layer—page 52
o Assigning Forest-wide Site Capacity—page 110

Page 52—Building the
forest-wide 10-meter
SiteGrid layer

Page 110—Assigning forest-wide
site capacity using Dr. Jim
Arney’s 10m SiteGrid method
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What is a SiteGrid?
•

A SiteGrid is a GIS layer where FPS stores site productivity metrics and environmental variables.
It is a layer consisting of points, typically at a density of one point per acre. The image below
shows SiteGrid points situated among forest stand boundaries (yellow polygons).

•

Each SiteGrid point has a row in an attribute table that contains environmental factors for that
place on the Earth including elevation, slope, aspect, soil depth, rainfall, solar radiation, etc.
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•

Once a SiteGrid is “localized” it is used to calculate the SITE_PHY and SITE_SHP values in the
ADMIN table. These are the key site productivity metrics that govern the growth

of a stand in FPS. If these productivity metrics are off, then growth projections would be
questionable. Moral of the story: Make sure you have good estimates of SITE_PHY and
SITE_SHP!!!

What is the 10-meter SiteGrid method?
•
•

•

The 10-m SiteGrid method is an advanced, yet practical, approach to quantifying site
productivity for a stand based on environmental factors.
The 10m SiteGrid method can replace traditional site index systems based on breast height age
and total height measurements taken on site trees. The potential cost savings can be
substantial.
Once a SiteGrid is localized it is used to populate the SITE_PHY and SITE_SHP columns in the
ADMIN table with numbers that are appropriate for the environmental conditions for each
stand

• Good estimates of SITE_PHY and SITE_SHP are needed to appropriately project
the growth and development of any given stand
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Why is site productivity important?
•

•

•

Foresters in the West have known for over 100 years that all forest soils are not created
equally. There is a huge difference in the amount of wood that can be produced on an acre of
timberland depending on stand and site conditions.
Sites with ample rainfall, long growing seasons, and deep soils can produce a tremendous
amount of wood relatively quickly. Conversely, sites where the annual precipitation is limited
combined with short growing seasons and thin soils will produce very little merchantable
volume.
The table below is from a Forest Service research paper by McArdle and Meyer published in
1930. Note the huge difference in yields as site index increases from 80 to 210 (100-year total
age basis).
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Estimating Site Productivity—Traditional Measures of Site Index
•

Traditional measures of site index, such as King’s site index system for Douglas-fir, require
breast height age and total height measurements on a sample of site trees from each stand

Mr. Herb Baldwin (Timberlands Manager, Sierra Pacific Industries)
demonstrates how to extract an increment core from a Douglas-fir tree.
Mr. Baldwin was hosting a field trip for Shasta College silviculture students.

•

The total height and breast heigh age data are used to calculate the site index of the tree. A
base age of 50 years measured at breast height is often used for conifer species. If several
site trees are measured in a stand, the site indexes are averaged to determine the site index
for the stand.
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•

The chart below shows King’s site index curves for Douglas-fir

King's Site Index Curves for Douglas-fir
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The measured sample tree ( ) is 37 years old at breast height and 102 feet in total height.
Its site index is 125 feet ( ).

•

•

Strengths
o This methodology has been in use since the early 1900s for many species,
predominantly conifers
o Traditional site index systems are well known and understood by foresters
Weaknesses
o While cruising timber, it takes a lot of time to measure site trees. For each site tree,
an increment borer must be used to extract a core and its total height must be
accurately measured. This is much easier said than done.
o Traditional site index curves are meant to be applied to dominant trees grown under
even-aged stand conditions. The curves are rigid and do not consider the broad
range of stand and site conditions under which trees are often grown these days.
Small clearcuts, lots of tree retention, various levels of vegetation management,
selection silviculture, etc. adversely impact the growth and development of the
regeneration.
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•

A comparison of two 50-year-old trees with vastly different site index values

880
board
feet

40
board
feet

• Moral of the story: The site productivity of a stand matters!!!
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Estimating Site Productivity—Dr. Jim Arney’s 10m SiteGrid Approach
•

Dr. Arney’s approach can be described as an environmental-factors approach. The goal is to
relate measures of site productivity to environmental factors such as growing season days,
annual precipitation, soil depth, etc.

•

Dr. Arney’s 10m SiteGrid method partitions site productivity into three metrics:
o 10m Regen—quantifies silviculture effects (growth rate of the 1st 10 meters)
o 10m Site—quantifies the site’s productive capacity (growth rate of the 2nd 10 meters)

•

•

o 10m Shape—quantifies effects of limiting factors (growth rate of the 3rd 10 meters)
Strengths
o Very flexible system for modeling height growth curves
o The field work can be accomplished in one season, so it is not necessary to measure
site trees every year as part of a timber cruise program
o The 10m Regen parameter provides the forester with a simple and elegant means to
adjust growth projections given silvicultural investments such as site preparation,
planting seedlings, and controlling unwanted vegetative competition with herbicides
(see pictures on the next page)
Weaknesses
o Requires destructive sampling of trees
o It is “new”—It has only been around about 20 years and so it is not well understood
o It is not taught in our colleges (yet) and so foresters are much more comfortable with
the traditional site index approach
o Only looks at the growth up to 100 feet in height on the bole. This could be an issue
for tree species that have the potential to continue to grow rapidly above 100 feet in
height (e.g., coast redwood).
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Silvicultural Treatments can have a Huge Impact on Stand Development

Dr. Martin Ritchie explains the results of a regeneration study
conducted in a ponderosa pine/manzanita/snowbrush forest
type in an area burned by the Cone Fire in 2002. He is in a unit
that was planted with ponderosa pine seedlings where the brush
around each tree was manually cut to the ground level.

Dr. Dan Opalach (orange t-shirt) standing next to planted
ponderosa pine trees in a unit adjacent to the one shown above.
This stand received multiple treatments with herbicides to reduce
the brush competition. The stand was also precommercially
thinned to space out the crop trees.
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•

Collecting data for the 10m SiteGrid method is a lot different than measuring site trees as part
of a timber cruise
o For the 10m SiteGrid method you do not sample trees in every stand
o You sample a minimum 27 stands across the range of site conditions that exist on the
property of interest2
o The example below is from a SiteGrid study conducted by Hemingway and Kimsey
(2020) that shows the locations of 44 sample sites (small black triangles) scattered
over 1,000,000+ acres in northern Idaho.

2

If replication is needed due to excessive variation within stands, the sample size should be increased accordingly. For
example, if two stands are measured in each stratum, then the total number of sample sites would be 54 (2 x 27).
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•
•

•

The sample sites are carefully selected to make sure the range of environmental
conditions that occur on the property is sampled
The three environmental variables of primary interest are:
o Annual Precipitation (WetA)
o Growing Season Days (Day3)
o Soil Depth (Soil)
The goal is to sample each environmental variable at low, medium, and high levels
3 𝑊𝑒𝑡𝐴 𝑙𝑒𝑣𝑒𝑙𝑠 𝑥 3 𝐷𝑎𝑦3 𝑙𝑒𝑣𝑒𝑙𝑠 𝑥 3 𝑆𝑜𝑖𝑙 𝑙𝑒𝑣𝑒𝑙𝑠 = 27 𝑓𝑖𝑒𝑙𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑠

•

If sampled in this manner, the sample data will efficiently cover the range of site
conditions that exist on the subject property. The graphic below from Hemingway and
Kimsey (2020) nicely illustrates the sampling design in three dimensions.
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Dr. Jim Arney holding the cube that he often used to illustrate the
concept of sampling across three environmental factors, each at
low, medium, and high levels. Note that the cube has 27 cells.
Photo taken by Dan Opalach on April 24, 2018, on a trip to the University of Idaho in
Moscow, Idaho.
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•

At each of the 27 field locations, 2 to 3 trees for each of the target species are felled and
carefully measured
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•

The data collected for each tree is as
follows:
o Ring count at stump height
o Ring count at 10m in height
▪ Top of the 1st log
o Ring count at 20m in height
▪ Top of the 2nd log
o Ring count at 30m in height
▪ Top of the 3rd log

•

Using the age data shown in the field notes above, calculate the following metrics:
o Site10 is the growth rate of the 2nd log in meters/decade
10𝑚

𝑆𝑖𝑡𝑒10 = 𝑌𝑒𝑎𝑟𝑠 𝑓𝑟𝑜𝑚 34 𝑡𝑜 67 𝑓𝑡×10𝑦𝑟𝑠/𝑑𝑒𝑐𝑎𝑑𝑒
10𝑚

𝑆𝑖𝑡𝑒10 = 25𝑦𝑒𝑎𝑟𝑠×10𝑦𝑒𝑎𝑟𝑠/𝑑𝑒𝑐𝑎𝑑𝑒 = 4.0 𝑚/𝑑𝑒𝑐𝑎𝑑𝑒
𝑆𝑖𝑡𝑒10 =

100
25

= 4.0 𝑚/𝑑𝑒𝑐𝑎𝑑𝑒

o Shp10 is the growth rate of the 3rd log expressed as a percentage
𝑆ℎ𝑝10 =

𝑌𝑒𝑎𝑟𝑠 𝑓𝑟𝑜𝑚 34 𝑡𝑜 67 𝑓𝑡
25
=
= 56%
𝑌𝑒𝑎𝑟𝑠 𝑓𝑟𝑜𝑚 67 𝑡𝑜 100 𝑓𝑡 45

o Regen10 is the growth rate of the 1st log expressed as a percentage
𝑅𝑒𝑔𝑒𝑛10 =
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𝑌𝑒𝑎𝑟𝑠 𝑓𝑟𝑜𝑚 34 𝑡𝑜 67 𝑓𝑡 25
=
= 54%
𝑌𝑒𝑎𝑟𝑠 𝑓𝑟𝑜𝑚 1 𝑡𝑜 34 𝑓𝑡
46
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•

Let’s examine what 10m site curves look like depending on Site10, Shp10, and Regen10

•

Using the felled tree data and the environmental variables, a FPS nonparametric
regression tool is used to estimate Site10 and Shp10 from the environmental variables:
𝑆𝑖𝑡𝑒10 = 𝑓(𝑊𝑒𝑡𝐴, 𝐷𝑎𝑦3, 𝑆𝑜𝑖𝑙)
𝑆ℎ𝑝10 = 𝑔(𝑊𝑒𝑡𝐴, 𝐷𝑎𝑦3, 𝑆𝑜𝑖𝑙)

• Once these nonparametric equations are developed for a specific property, the SiteGrid is
said to be “localized”

• An accurate site productivity layer is essential for forest management purposes
• Treatment decisions, such as vegetation management or precommercial thinning, often
depend on site class
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How to Display a SiteGrid
1. We will use the Puget GIS for this exercise
a. Navigate to the C:\Fp7\Gis\Puget folder
b. Right click the file named Puget_GIS2019.zip
c. Select the Extract All… option
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d. Set the destination to C:\Fp7\Gis\Puget\
e. Click Extract at the bottom of the window
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f. Puget_GIS2019.mxd and Puget2019.mdb have been decompressed and they can now be
opened
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2. Open Puget_GIS2019.mxd with ArcMap
a. It should look something like this:
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3. Turn off all the layers except the following:
a. SiteGrid
b. World Imagery

January 26, 2022

Page 23 of 57

4. Right click the SiteGrid layer in the Table of Contents and select Open Attribute Table

5. A database table will be displayed on your screen
a. The table contains environmental variables such as annual precipitation and soil depth,
as well as Site10 and Shp10 values
b. There is one row of data for each SiteGrid point
c. Inspect the various columns. When finished, close the table.
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6. Right click the SiteGrid layer in the Table of Contents and select Properties…

7. Go to the Symbology tab. Click the Classify button.
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8. The distribution of SiteBH is somewhat bell-shaped, except it has discrete “jumps” at certain
SiteBH values. Note that SiteBH has a mean of 104 and a median of 106.

SiteBH is calculated as follows:
𝑆𝑖𝑡𝑒𝐵𝐻 = 10 × 𝑆𝑖𝑡𝑒10 + 30

9. Save the file and exit ArcMap
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How to Display the SiteGrid Table in FPS
1. The SiteGrid data are in a file named Puget_GIS2019.mdb which is a Microsoft Access personal
geodatabase. The Puget forest inventory data, however, is in a FPS database named
Puget_FPS_2019_Year_End.mdb.
a. Navigate to the C:\Fp7\Data\Puget folder
b. Right click the file named Puget_FPS_2019_Year_End.zip
c. Select the Extract All… option
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d. Set the destination to C:\Fp7\Data\Puget\
e. Click Extract at the bottom of the window
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f. Puget_FPS_2019_Year_End.mdb has been decompressed and can now be opened

2. Open Puget_FPS_2019_Year_End.mdb
3. Note that the SiteGrid table is not in the Tables group (see below). It is not linked to this FPS
database. We need to do that.
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4. Go to External Data/New Data Source/From Database and select Access

5. The following menu will appear. Select Browse…
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6. Find the Puget_GIS2019.mdb database on your computer. Select it so it shows up in the
File name: box. Click Open.

7. Select the ● Link to the data source by creating a linked table button (see below)
a. Click OK at the bottom of the window
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8. Highlight the SiteGrid table in the Link Tables window
a. Click OK

9. The Access Navigation Pane will now contain a linked table named SiteGrid
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10. Open the SiteGrid table and inspect the columns. This is the same table that we opened in
ArcMap.
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The SiteGrid Table—Column Definitions
1. Open Puget_FPS_2019_Year_End.mdb
2. Open the SiteGrid table
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3. SiteGrid column definitions—the table shown below is on page 51 in the Forester’s Guidebook.
The table contains a wealth of information for each SiteGrid point:
a. Topographic columns including elevation, aspect, and slope
b. Environmental factors such as precipitation, soil, solar radiation, and growing season days
c. 10-meter site productivity metrics—Site10, Shp10, and SiteBH
d. Spatial information—latitude and longitude

4. SiteBH is calculated as follows:
𝑆𝑖𝑡𝑒𝐵𝐻 = 30 + 10 × 𝑆𝑖𝑡𝑒10

SiteBH is a simple way to estimate a traditional site index value from Site10. For example,
suppose Site10 = 7.4 meters/decade. Then
𝑆𝑖𝑡𝑒𝐵𝐻 = 30 + 10 × 7.4 = 104
5. Close the database
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The FBRI Regional SiteGrid

Regional estimates of site productivity developed by Dr. Jim Arney. Blue
shaded pixels represent areas of high productivity. Red pixels represent
areas of low productivity. Each pixel represents 5 acres. FBRI Supporting
Organizations may obtain the regional 5-acre SiteGrid data for their
ownership. Contact FPS Technical Support at (406) 541-0054 or
support@forestbiometrics.org .
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1. In this section you will use a FPS tool to calculate “regional” estimates of Site10, Shp10, and
SiteBH for the Puget property.
2. Open Puget_FPS_2019_Year_End.mdb
3. Create a query to update the Site10, Shp10, and SiteBH columns in the SiteGrid table. Set the
cells in these columns to zero.

4. Execute the query by double-clicking on its name in the Navigation Pane
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5. Click Yes

6. Click Yes

7. Inspect the fields in the SiteGrid table
a. Note that Site10, Shp10, and SiteBH are all zero (0)
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b. Note that other fields are populated, for example Elev, Aspect, Slope, WetA, WetB, etc.

c. In the next step, we are going to use a FPS tool to populate Site10, Shp10, and SiteBH
with “regional” estimates using the environmental variables as predictors
d. Close the SiteGrid table
8. Go to Add-ins/SiteGrid/Update Physical Site from SiteGrid
a. Check  Build 10mSite Using Regional Model (FPS Regional Library)
b. Check  Refresh Growing Season Days computations
c. Click Start (this tool will take about 1 minute to run)
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d. Click OK

9. Open the SiteGrid table and inspect the fields. Particularly note that the fields that had zeros
are now populated with numbers.
10. The Site10, Shp10, and SiteBH values that are calculated using this option are said to be
regional estimates. Regional estimates can be dramatically improved if felled tree data are
collected across the range of environmental conditions found on the subject property. That’s
the task in the next section—localizing the SiteGrid.

11. Close the database.
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Procedure to Localize a SiteGrid
1. Copy TcsData.exe into the C:\Fp7 folder
a. In this section TcsData.exe will be used to localize a SiteGrid layer BASED ON HIGH
QUALITY MEASUREMENTS ON FELLED TREES. A localized SiteGrid is far superior to a
regional SiteGrid.
2. Open FPS_SiteGrid_Demo.mdb
3. The TAPHEAD table contains header records for felled-tree measurements
a. Open the TAPHEAD table
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b. Definitions of the columns in the TAPHEAD table (copied from the Forester’s Guidebook)
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4. The TAPTREE table contains measurement details for points along the stem

5. Open the TAPTREE table
a. The highlighted rows are the measurements for Tree 2 on Plot 1 in Stand 20185. Inspect
each row. Each row represents the data taken at a different height on the bole of the
tree.
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6. From the Access Ribbon, select Add-ins/Editors/Move Felled-tree Data to SiteGrid/Compile Site
Trees (TapHead -> SiteTree)
a. This program will populate the SITETREE table (it will only take about 10 seconds)
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b. Select Start

7. Open the SITETREE table
a. There should be 40 rows in the table
b. This table contains Site10 and Shape (aka Shp10) values for each of the felled trees
c. Inspect the row for Tree 2 on Plot 1 in Stand 20185. It is the highlighted row in the snip
shown below.
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8. From the Access Ribbon, select Add-ins/Editors/Move Felled-tree Data to SiteGrid/Load
SiteStnd from SiteTree
a. This FPS tool computes averages of the data in the SITETREE table and stores the results
in the SITESTND table

b. Press OK

January 26, 2022

Page 46 of 57

9. Open the SITESTND table
a. The SITESTND table contains averages based on information in the SITETREE table
i. The 40 trees in the SITETREE table were from 19 different stands. Thus, the
SITESTND table has 19 rows.
ii. These stands were chosen for the felled-tree study because each occurs in a
unique environmental factor stratum. Recall that there are a total of 27 strata in
the SiteGrid sampling design and so this dataset is not complete. But it is a good
dataset to illustrate the workflow for localizing a SiteGrid.
iii. Note the values in the table for Std_ID 20185. There were two Douglas-fir trees
measured in this stand, and so the Site10, Shp10, and SiteBH values are the
average of these two trees.

10. Note that the Pnt_ID equals one (1) for each of the rows in the SITESTND table. In the next step
a Microsoft Access query will be used to populate the Pnt_ID column.
11. Close the SITESTND table
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12. From the Access Ribbon, select Add-ins/Editors/Move Felled-tree Data to SiteGrid/Link
SiteGrid.Pnt_ID to SiteStnd
a. This query will update the Pnt_ID field in the SITESTND table from the Pnt_ID field in the
SiteGrid table

b. Select Yes when presented with the following menu

c. Select Yes when presented with the following menu
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13. Open the SITESTND table.
a. Note that the Pnt_ID field has been updated.

b. The Pnt_ID is used to tell FPS which SiteGrid point should be associated with these 10m
site metrics in the SITESTD table
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14. Locate the query that FPS used to update the Pnt_ID column. It is named SitePnt_Stnd. Open
the query in Design View. For this query to work properly, beforehand users must set Flag=10
in the SiteGrid table for those locations where felled-tree data were collected.

15. Close the SITESTND table

January 26, 2022

Page 50 of 57

16. From the Access Ribbon, select Add-ins/Editors/Move Felled-tree Data to SiteGrid/Update
SiteGrid from SiteStnd (Run query SiteTree2Grid)
a. This query will update 19 rows in the SiteGrid table with the Site10, Shp10, and SiteBH
data in the SITESTND table. Note: before running this command open the SiteGrid table
and inspect the rows with Flag = 10. The Site10, Shp10, and SiteBH values are all zero.

b. Click Yes when presented with the following window
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c. Click Yes when presented with the following window

17. Open the SiteGrid table and inspect the rows with Flag = 10

18. Close the SiteGrid table
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Build a Nonparametric Regression Model to Predict Site10
1. Go to Add-ins/Editors/Update Physical Site from SiteGrid
a. Check  Build 10mSite Using Local Model (Non-parametric response surface)
b. Check  WetA (Annual)
c. Select the ● Build 10mSite, Use SiteGrid felled-tree msmts (SiteGrid.Flag = 10)
button
d. Click Start—FPS will direct output from fitting the nonparametric regression model to a
file named PhySite.txt. Look for it in the C:\Fp7\data folder once the program is done
running.

#2

#1

This program does two very important tasks: #1—it develops
a nonparametric regression model to predict Site10 from
environmental variables, and #2—it applies the model to all
SiteGrid points that don’t have felled-tree data.
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e. Click OK

f. Click Yes when you are presented with the following window

g. Click OK
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#1 Regression Output:

FPS built a nonparametric regression model to predict Site10 from
growing season days (DAY3), annual precipitation (WetA), and soil depth (Soil). Statistics and
charts from fitting the model are output to a file named PhySite.Txt which is in the C:\Fp7\Data
folder. The chart shown below is a snip from the text file.
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#2 Site10 has been estimated for every point in the SiteGrid:

FPS estimated
Site10 for every point in the SiteGrid (except those associated with felled-tree data). A similar
process is used to estimate Shp10 for every point in the SiteGrid. (We won’t do that today.)
With both of these steps accomplished, the SiteGrid is said to be “localized” because its Site10
and Shp10 columns are based on felled-tree data collected over a broad range of
environmental conditions defined by growing season days, annual precipitation, and soil depth.
Open the SiteGrid table
a. Highlight the Site10 field and sort the table Smallest to Largest

b. Highlight the Site10 field and sort the table Largest to Smallest
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This concludes the SiteGrid webinar for today

Any questions?
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