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Abstract

These proceedings reportinvited presentations and contributions to the 2008 Biennial
Forest Inventory and Analysis (FIA) Symposia, which was hosted by the Research and
Development branch of the United States Forest Service. As the only comprehensive and
continuous census of the forests in the USA, FIA provides strategic information needed
to evaluate sustainability of current forest management practices across all ownerships.
Symposium papers cover high priority and timely issue-based topics, including climate
change, wildlife, fire, bio-energy, geo-spatial extensions, monitoring over time, integrat-
ing remote sensing and GIS applications, statistical and related quantitative solutions
to emerging needs, and many others.

Keywords: climate change, fire, disturbance, environmental monitoring, national forest
inventory (NFI), assessments, remote sensing

You may order additional copies of this publication by sending your mailing
information in label form through one of the following media. Please specify
the publication title and number.

Publishing Services
Telephone (970) 498-1392
FAX (970) 498-1122
E-mail rschneider@fs.fed.us
Web site  http://www.fs.fed.us/rmrs

Mailing Address Publications Distribution
Rocky Mountain Research Station
240 West Prospect Road
Fort Collins, CO 80526




Table of Contents
2008 Forest Inventory & Analysis Symposium

Fire, Disturbance, and Other Remote Sensing Applications to Support Large-Scale Forest
Inventories |

Joint Simulation of Regional Areas Burned in Canadian Forest Fires: A Markov Chain
Monte Carlo Approach
Steen Magnussen

Rapid Assessment of Wildfire Damage Using Forest Inventory Data: A Case in Georgia
Richard A. Harper, John W. Coulsten, Jeffery A. Turner

Cool Tools

Using FIA Data in the Forest Vegetation Simulator
John D. Shaw

EVALIDatorReports: Reporting Beyond the FIADB
Patrick D. Miles

Wildlife Habitat Applications I

Long Term Ecological Monitoring Program on the Kenai National Wildlife Refuge, Alaska:
An FIA Adjunct Inventory
John M. Morton, Matthew Bowser, Edward Berg, Dawn Magness, Todd Eskelin

Monitoring and Modeling Terrestrial Arthropod Diversity on the Kenai National Wildlife Refuge
Matthew L. Bowser, John M. Morton

Fire, Disturbance, and Other Remote Sensing Applications to Support Large-Scale Forest
Inventories Il

Tree Crown Conditions in Virginia Before and After Hurricane Isabel
(September 2003)
KaDonna Randolph, Anita Rose

Tracking Forest Land

Estimating Fine-Scale Land Use Change Dynamics Using an Expedient Photointerpretation-Based
Method
Tonya Lister, Andrew Lister, Eunice Alexander

Development of Issue-Relevant State Level Analyses of Fragmentation and Urbanization
Rachel Riemann, Tonya Lister, Andy Lister, Dacia Meneguzzo, Sarah Parks

A Preliminary Investigation of Forest Carbon Changes Associated with Land-Use Change in Northern
New England
Daolan Zheng, Linda S. Heath, Mark J. Ducey, James E. Smith

Wildlife Habitat Applications Il

Quantification of Lewis’s Woodpecker Habitat Using Forest Inventory and Analysis Data
Chris Witt



Remote Sensing to Support Local to Regional Monitoring and Management Needs
Integrating Landsat-Derived Disturbance Maps with FIA Inventory Data: Applications for
State-Level Forest Resource Assessments

Sonja Oswalt, Chengquan Huang, Hua Shi, James Vogelmann, Zhiliang Zhu, Samuel N.
Goward, John Coulston

Analyzing Landsat Time-Series Data across Adjacent Path/Rows and Across Multiple Cycles of FIA:
Lessons Learned in Southern Missouri
Mark Nelson, Sean Healey, W. Keith Moser, Mark Hansen, Warren Cohen, Mark Hatfield,
Nancy Thomas, Jeff Masek

Trends in Afforestation in Southern Missouri
W. Keith Moser, Mark D. Nelson, Mark H. Hansen, Sean Healey, Warren Cohen

National Inventory and Monitoring Applications

Overview of the National Inventory and Monitoring Applications Center (NIMAC)
Charles T. Scott

Design Tool for Inventory and Monitoring
Charles T. Scott, Renate Bush, Ken Brewer

Inventory of Trees in Nonforest Areas in the Great Plains States
Andrew Lister, Chip Scott, Steve Rasmussen

Effects of Plot Size on Forest-Type Algorithm Accuracy
James A. Westfall

Wisconsin State Forests Continuous Forest Inventory: A Look at the First Year
Randall S. Morin, Teague Prichard, Vern Everson, Jim Westfall, Charles Scott

FIA Map Products: Production and Assessment

Combining Forest Inventory, Satellite Remote Sensing, and Geospatial Data for Mapping
Forest Attributes of the Conterminous United States
Mark Nelson, Greg Liknes, Charles H. Perry

Disturbance Impacts

An Assessment of the Relationship Between Emerald Ash Borer Presence and Landscape Pattern
Susan J. Crocker, Dacia M. Meneguzzo

Mountain Pine Beetle Infestations and Sudden Aspen Decline in Colorado: Can the Forest Inventory
and Analysis Annual Inventory System Address the Issues?
Michael T. Thompson

Large Area Mapping Applications I
Harmonizing Estimates of Forest Land Area From National-Level Forest Inventory and Satellite
Imagery
Bonnie Ruefenacht, Mark D. Nelson, Mark Finco, Ken Brewer



Enhancing FIA for Offset Monitoring

[nvestigation into Calculating Tree Biomass and Carbon in the FIADB Using a Biomass Expansion

Factor Approach
Linda S. Heath, Mark Hansen, James E. Smith, Patrick D. Miles, Brad W. Smith

Estimating Diesel Fuel Consumption and Carbon Dioxide Emissions From Forest Road Construction
Dan Loeffler, Greg Jones, Nikolaus Vonessen, Sean Healey, Woodam Chung

Determining Landscape-Level Carbon Emissions from Historically Harvested Forest Products
Sean Healey, Todd A. Morgan, Jon Songster, Jason Brandt

Phase 3 Indicators: Past, Present, and Future
Lichens, Ozone, and Forest Health — Exploring Cross-Indicator Analyses With FIA Data
Susan Will-Wolf, Sarah Jovan

The Power of FIA Phase 3 Crown-Indicator Variables to Detect Change
William A. Bechtold, Kadonna C. Randolph, Stanley J. Zarnoch

Phase 3 Indicators: Data in Action

From Detection Monitoring to Evaluation Monitoring — A Case Study Involving Crown Dieback in
Northern White-Cedar
KaDonna C. Randolph, William A. Bechtold, Randall S. Morin, Stanley J. Zarnoch

Can Live Tree Size-Density Relationships Provide a Mechanism for Predicting Down and Dead Tree

Resources?
Christopher W. Woodall, James A. Westfall

Vegetation Inventory Data: How Much is Enough?
Bethany Schulz, Sonja Oswalt, W. Keith Moser

Combining Panel Data

Tree-level Imputation Techniques to Estimate Current Plot-Level Attributes in the Pacific Northwest
Using Paneled Inventory Data
Bianca N. I. Eskelson, Temesgen Hailemariam, Tara M. Barrett

Opportunities to Improve Monitoring of Temporal Trends With FIA Panel Data
Raymond L. Czaplewski, Michael T. Thompson

Spatial-Temporal Models for Improved County-Level Annual Estimates
Francis A. Roesch

Predictive Geo-Spatial Modeling

Using Landsat Imagery and FIA Data to Examine Wood Supply Uncertainty
Curtis A. Collins, Ruth C. Seawell

Mapping Upland Hardwood Site Quality and Productivity with GIS and FIA in the Blue Ridge of

North Carolina
Claudia A. Cotton, Stephen R. Prisley, Thomas R. Fox

Testing Ecoregions in Kentucky and Tennessee with Satellite Imagery and Forest Inventory Data
W. Henry McNab, F. Thomas Lloyd (deceased)



Biomass Estimation

Improving North American Forest Biomass Estimates from Literature Synthesis and Meta-Analysis of
Existing Biomass Equations

David C. Chojnacky, Jennifer C. Jenkins, Amanda K. Holland

Landscape-Level Analyses I
Relationships between Forest Structure, Composition, Site, and Spruce Beetle Occurrence in the
Intermountain West
R. Justin DeRose, James N. Long, John D. Shaw

Evaluating Cypress Sustainability—FIA Data “In The Hot Seat”
Mark J. Brown

Use of Damage Surveys and Field Inventories to Evaluate Oak and Sugar Maple Health in the
Northern United States
Randall S. Morin, Christopher W. Woodall, Jim Steinman, Charles H. Perry

Biomass Applications
A Real-Time Web-Based Optimal Biomass Site Assessment Tool (BioSAT): Module 1. An Economic
Assessment of Mill Residues for the Southern U.S.

Timothy M. Young, James H. Perdue, Andy Hartsell, Robert C. Abt, Donald G. Hodges,
Timothy G. Rials

Mixed Multi-Scalar Methods to Assess Wood Biomass Availability on Family Forests in Virginia’s
Southside
M. D. Brinckman, J. F. Munsell

A Strategic Assessment of Biofuels Development in the Western States

Kenneth E. Skog, Robert Rummer, Bryan Jenkins, Nathan Parker, Peter Tittman, Quinn Hart,
Richard Nelson, Ed Gray, Anneliese Schmidt, Marcia Patton-Mallory, Gayle Gordan

Utilizing Climate Information
Predicting Forest Attributes from Climate Data Using a Recursive Partitioning and Regression Tree
Algorithm
Greg C. Liknes, Christopher W. Woodall, Charles H. Perry

Actual Evapotranspiration (AET) and Tree Species Richness in the Eastern U.S.A.
Weihong Fan, Richard H. Waring

Landscape-Level Analyses Il

Summary and Findings of the 2006 BLM Forest Lands Report
Tim Bottomley, Jim Menlove

Tree Migration Detection Through Comparisons of Historic and Current Forest Inventories

Christopher W. Woodall, Christopher M. Oswalt, James A. Westfall, Charles H. Perry,
Mark N. Nelson

From Genes to Ecosystems: Measuring Evolutionary Diversity and Community Structure with Forest
Inventory and Analysis (FIA) Data
Kevin M. Potter



Fine Scale Mapping Applications

Combining FIA Plot Data with Topographic Variables: Are Precise Locations Needed?
Stephen P. Prisley, Huei-Jin Wang, Philip J. Radtke, John Coulston

Using Interpreted Large Scale Aerial Photo Data to Enhance Satellite-Based Mapping and Explore
Forest Land Definitions
Tracey S. Frescino, Gretchen G. Moisen

System Improvements
The Role of Pre-Field Operations at Four Forest Inventory Units: We Can See the Trees, Not Just the
Forest
Sara A. Goeking, Greg C. Liknes

A Stem-Map Model for Predicting Tree Canopy Cover of Forest Inventory and Analysis (FIA) Plots
Chris Toney, John D. Shaw, Mark D. Nelson

Correct County Areas with Sidebars for Virginia
Joseph M. McCollum, Dale Gormanson, John Coulston

Statistical Considerations
An Assessment of the Impact of FIA’s Default Assumptions on the Estimates of Coarse Woody Debris
Volume and Biomass
Vicente J. Monleon

Field Results for Line Intersect Distance Sampling of Coarse Woody Debris
David L. R. Affleck

A Comparison of Forest Height Prediction from FIA Field Measurement and LiDAR Data Via Spatial
Models
Yuzhen Li

Calculation of Upper Confidence Bounds on Not-Sampled Vegetation Types Using a Systematic Grid
Sample: An Application to Map Unit Definition for Existing Vegetation Maps
Paul L. Patterson, Mark Finco



Introduction

It's great to announce the proceedings of the FIA Symposium 2008! The Sym-
posium has a long and rich history. Looking back to the 1980s, attendees were
mostly mathematicians and statisticians boiling down a lot of ideas to compare
designs for an annual forest inventory system. Those were exciting times as these
meetings morphed into the FIA Symposium and the ideas harmonized. The
amount of brain time that went into the annual system must be astronomical--far
too many folks to mention here.

This latest Symposium was an international forum where we could discuss
how FIA informs policy, make connections between our issue-focused analyses,
exchange science and techniques development, showcase collaborative projects,
foster partner-centric ventures, display the latest FIA science and tools, and
communicate to the broader forest inventory community. In addition, a series of
high priority, contemporary issue-based sessions were held concurrently. Some
examples include climate change, wildlife, fire, bio-energy, geo-spatial extensions,
monitoring over time, integrating remote sensing and GIS applications, statistical
and related quantitative solutions to emerging needs, and many others.

The Organizing Board would like to thank all participants for taking the time to
advance our FIA science! The Board also thanks those that traveled far, including
the delegations from Canada and Mexico. Perhaps a theme for next time would

be “monitoring across boundaries”?

Will McWilliams
Vicki Berrett
Ken Brewer
Renate Bush
Sally Campbell
Ray Czaplewski
Gretchen Moisen
Greg Reams

Paul Van Deusen
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Joint simulation of regional areas burned in
Canadian forest fires: A Markov Chain Monte
Carlo approach

Steen Magnussen'

Abstract: Areas burned annually in 29 Canadian forest fire regions show a
patchy and irregular correlation structure that significantly influences the
distribution of annual totals for Canada and for groups of regions. A binary Monte
Carlo Markov Chain (MCMC) is constructed for the purpose of joint simulation of
regional areas burned in forest fires. For each year the MCMC prediction is a
binary vector with regions classified to a large fire year (LF) or a small fire year
(SF). The regional area burned is then obtained from empirical quantile functions;
separately for LF and SF years. The MCMC results were unbiased with respect
to: the annual number of LF regions, national totals, and variances of area
burned. Approximately 65% of the observed regional covariance was captured in
the results.

Keywords: binary correlation, multivariate simulation, marginal distribution, transition
kernel.

Introduction

Forest fires affect forest resources and the global cycling of carbon and
greenhouse gasses (Amiro et al. 2001, Bergeron et al. 2004, Gillett et al. 2004).
They are a dominant driver in Canada’s boreal forest carbon balance (Bond-
Lamberty et al. 2007). Forecasting areas burned annually in forest fires (BA) at a
regional and a combined regional scale is therefore important to predicting future
greenhouse gas emissions (Kurz and Apps 2006, Kurz et al. 2008).

In Canada BA varies dramatically between years and regions. Large fires tend
to occur during periods of stable high pressure (Skinner et al. 1999, Skinner et al.
2008). These atmospheric patterns are sub-continental in scale and may impose

! Canadian Forest Service, Natural Resources Canada, 506 West Burnside Road, Victoria, British Columbia
V8Z 1M5, Canada. Phone: +1 250 363 0712, Fax: +1 250 363 0775, Email: steen.magnussen@nrcan.gc.ca

In: McWilliams, Will; Moisen, Gretchen; Czaplewski, Ray, comps. 2009. 2008 Forest Inventory and Analysis (FIA)
Symposium; October 21-23, 2008: Park City, UT. Proc. RMRS-P-56CD. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 1 CD.
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some regional synchronization in BA4. Yet snow-cover or rain during the winter
prevents the emergence of a strong temporal autocorrelation by saturating the
forest fire fuels.

The simplest approach to forecasting B4 is by recasting historic records.
Recasting is attractive on grounds of expediency, simplicity, low costs, and
transparency; however, this approach must take into account any interregional
correlation structure. In Canada regional B4 from 1955 to 1999 show an irregular
pattern of weak and strong interregional correlations that exert a significant effect
on the variance, and thus the shape, of distributions of sums of regional BA-
values.

This study demonstrates a Markov Chain Monte Carlo (MCMC) procedure for
joint forecasting of B4 in 29 Canadian forest fire regions. The 29 regions account
for about two-thirds of the areas burned in Canada. The rationale for the MCMC
procedure rests with the fact that interregional correlations of B4 are - to a large
degree - shaped by a few years favorable to large fires.

Material and Methods

Data

Estimates of annual areas burned in forest fires (BA4) from 1959 to 1999 in
Canada’s 29 forest fire regions were used as data for forecasting purposes
(Magnussen 2008, Kurz and Apps 2006, Stocks et al. 2002).

Forecasting objectives

The objective is to forecast a sequence of BA-values for each of the 29 fire
regions consistent with historic data from 1959-1999. Forecasted data should also
conserve the regional correlations pattern so that the distribution of sums of
regional BA4-values matches the historic distribution of these sums.

Model premise

Regional correlations reflect the number of concurrent large values of BA.
Consequently, a binary classification of region years to a large fire year (LF = 1)
or a small fire year (SF = 0) is used to capture the regional correlations. To
simplify the correlation structure it was decided to: i) form 29 balanced five-
member p-cliques by maximizing the average within-clique correlation, and i)
assume that the LF-status of a region is only influenced by regions in the same p-
clique. Accordingly, a two-stage process for the joint forecasting of BA is
formulated: In stage one, the total number and regional allocation of LF' years is
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determined in a MCMC step (Robert and Casella 1999). In stage two, regional
BA-values are drawn from empirical quantile functions, separately for LF and SF
years.

Classification of region-years to LF or SF

The classification of region-years to either LF (1) or SF' (0) was done by a k-
means clustering (k = 2) routine. Following the classification, the probability(@i)

that a LF year occurs in region i was estimated as:

41
D LF,

== [1]

i 29 41

2.2 LF,

i=1 j=1

The MCMC (stage |)

Every forecast begins with a random draw of the number nLF" of regions with
a LF =1 status. The draw is from a zero-truncated beta-binomial (Griffiths 1973)
of nLF fitted to the classified data. An initial random allocation of the nLF" is
done with probability proportional to the regional probability of a LF year

{él,...,ézg}and modified in a sequence of switches (s =0,1,2,...) of LF status

between two regions with opposite LF-status. The sequence maximizes the
conditional likelihood of the allocation. Let LF, denote the binary vector of the

initial random allocation of regional LF-years. A switch involves two regions (i
and ) for which LF =1 and LF’ "=0,andLF, — 0 and LF; —1.Let LF,

denote the vector of regional LF status after s switches, and let LF,,  denote a
proposed new configuration obtained from LF, and applying a proposed switch.
e (LF: = LF:ew) or rejected with

in which case LF,,, =LF, . We have

LF,  is accepted with a probability o

new

probability 1-«

s,5+1

5

a,,., =Min| LK (LF,,,LF, )|, U, ~ Uniform[0, 1]

LF — new §,5+1
s+1 LF: lf U

s+l

%

. |LF  ifU, <« [2]
>

s,5+1

where U, is a random draw from a uniform distribution on the unit interval [0,1]

and K () is defined in Equation 3
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K(LF,,.LF)=

new?

3 [3]
e =1)

with
g (LFHQW) o g(LE new l l new ) (ZL newj ( ] new / new ) [z L I7£’W]
¢, (LE )oc ((LF, | LF,, )f(z LEﬁsjz(LF;s |LF,,, )f[z LF;,S]

J~

[4]

where ¢ denotes a likelihood and 7, a pseudolikelihood and i’ ~i denotes

regions (i') in the same p-clique as region i. Likelihoods / (LF | LF, new) were

,new

estimated from maximum likelihood estimates (MLE) of clique-specific

autologistic functions. Conversely, / (z LF, wj were estimated from MLE of a

clique-specific probability mass function (binomial, zero-inflated-binomial, or
beta-binomial). Finally / (LF:S =6,LF, =1-6 ), & = 11,0} was estimated from
the classified data as outlined in Congdon (2006, p 395).

After approximately 1000 accepted switches the Markov Chain reached a
steady state so that the current value of the vector LF could be viewed as
sampled from the joint distribution of regional LF-status (Robert and Casella

1999). As a safeguard, the vector LF; after 3000 accepted switches was retained.

A total of 41x100 random replicates of LF; were generated, representing 100

replications of 41-year forecasts. Without a temporal autocorrelation, years and
replicates are interchangable.

Forecasting BA (Stage Il)

For a given LF forecast for region i the associated B4 was determined as

[ =0) 4 <o)
BAi =3 A , * * 2
F (u \LE)S=1),M e[ﬁSFi’l]

where I:TI is the empirical quantile function of BA4 for region i (i.e. the inverse to

the empirical distribution function), #" is a random draw from a uniform
distribution from a specified interval, and i, is the MLE estimate of the regional

cut-off quantile between LF = 1 and SF' = 0 on the empirical quantile function. A
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simulation study (Magnussen 2008) suggested the following endpoints for the
quantile functions: ' (0) = 0.54xMin(B4,), and £, ' (1) =1.35x M ax(B4,) .

Results

Regional correlations of B4 averaged 0.06 but were statistically significant
(5% level) at a rate of 0.14. Only five regions (NB1, NF1, PQ1, PQ2, SK4) were
not significantly correlated with at least one other region. A bootstrap simulation
study confirmed that significant correlations were almost always due to a few
concurrent years of large BA.

Examples of the classification of B4 to LF (1) and SF (0) by the k-means
procedure are in Figure 1. The average regional relative frequency of LF years
was 0.19 but varied from a low of 0.05 in PQ4 to a high of 0.39 in SK2. The
average cut-off point for classifying a B4A%-value to LF was 0.7% (range: 0.04%
in AB4 to 3.3% in AB3). Regional correlations of B4 in shared SF' years were, on
average, about 84% below the correlations for the entire period of 41 years and
the rate of significant correlations was consistent with the null hypothesis of a
zero correlation.

In the MCMC forecasts the average rate of LF years was 2% below the rate in
the classified data (P = 0.12, bootstrap ¢-test). The number of regional LF years
forecasted for a 41-year period was positively correlated (0.77) with the observed
number (Figure 2). There is a tendency to overestimate nLF, in regions with
lower frequencies of LF years and to underestimate in regions with higher rates. A
bootstrap z-test with 36 degrees of freedom identified three regions (BC2, NSI,
NWT1) with a significant difference(0.018 < P <0.026) between the classified

and the forecasted number of LF-events during a period of 41 years.
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Figure 1: Percent of forested area burned annually (BA%) in six randomly chosen regions. Year 1
= 1959, year 41 = 1999. The classification of BA% to LF (large fire) or SF (small fire) is indicated by
squares (SF) and circles (LF).

The bias pattern in Figure 2 carries over to regional correlations of LF years in
the MCMC results (Figure 3) and created an inflation in cliques with a below
average interregional correlation and vice versa. Across all regions, the average
correlation of LF years was 0.04 in the forecasts and 0.05 in the data, and the
relationship between the two sets of correlation coefficients was consistent with a
slope of 1.0 and a zero intercept (P = 0.16).



USDA Forest Service Proceedings — RMRS-P-56

4
15+ -~
>
” i
”
-
* ”
o+ ” ® o
] . 1’
™
E ™ . ’o
= s [
P - . H
. ”
sl t 4
. e, .
e o ™
”
”
-”
“ 1 L 1
I} - 10 15
nlFpara

Figure 2: Forecasted total number of regional LF years during a period of 41 years (nLFucumc),
plotted against the number in the classified data (nLFpara).
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Figure 3: Forecasted average inter-regional correlation of LF years (ELF—MCMC) plotted against

the average correlation in the data (,ELF_DATA) . The average is over regions in a O -clique.

The mean and variance of forecasted regional B4 matched fairly closely their
historic values. Scatter plots in Figures 4 and 5 convey a strong correlation (0.98)
between forecasted and historic values. A linear relationship with a slope of 1.08

(J_r0.02) and an intercept not significantly different from zero (P = 0.31) captures

the relationship. For all regions combined the average BA in the forecasts was

886 976 ha versus 817 308 ha in the data. The bias is attributed to the asymmetric
capping of the empirical quantile functions. The standard deviation of the regional
totals of BA was 849 596 ha but only 742 973 ha (-14%) in the MCMC forecasts.

7
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The conversion to a binary variable (LF) and the ensuing attenuation of the
regional correlations is the main factor behind the bias. Regarding regions as
independent would generate a standard deviation of 486 990 ha (-43%). In other
words, the MCMC procedure captured 65% of the regional covariance of BA.
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Figure 4: Forecasts of average annual regional BA-values (BAMCMC) plotted on a logarithmic

scale against historic values (BADATA ) .
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Figure 5: Forecasts of variance of annual regional BA-values (VBAMCMc) plotted on a logarithmic

scale against historic values (VBADATA ) .
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Discussion and conclusions

A joint forecast of regional B4 must take the apparent correlation structure into
account or the variation of sums of regional values will be biased downward.
Without a suitable multivariate distribution function, the task of a joint forecast
becomes a complex challenge (Aalo and Piboongungon 2005, Carpenter and
Diawara 2007).

A binary classification of B4 as either large or small facilitates an
interpretation of the regional correlation structure as it changes the focus from
areas to years. Common environmental factors in region-years classified as LF
may be identified. Modeling at the binary level also facilitates an integration of
expected trends in LF years (Bergeron et al. 2004, Beverly and Martell 2003,
Larsen 2007).

Modeling a regional distribution of correlated binary variables is commonly
done by formulating the probability of an event in a region conditional on the
number of events in some defined neighbourhood (p-cliques) composed of
interdependent regions, usually a group of first-order spatial neighbours (Gilliland
and Schabenberger 2001, Sherman et al. 2006).

The proposed MCMC procedure was simplified by conditioning on the
marginal distribution of the total number of LF events in a year. Without this
simplifying step, the transition kernel would have been considerably more
complicated (Smith and Smith 2006). We surmise that our MCMC results reflect
the constraints on the covariance structure inherent in all multivariate distribution
functions (Johnson 1987). A restriction of first-order regional interactions to p-
cliques limited our ability to capture the observed interregional correlation
structure. The proposed MCMC approach is capable of reproducing the main
features of observed marginal distributions and an irregular and patchy correlation
structure.
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Rapid Assessment of Wildfire Damage Using
Forest Inventory Data: A Case in Georgia

Richard A. Harper?!
John W. Coulston?
Jeffery A. Turner?

Abstract: The rapid assessment of damage caused by natural disasters is essential for
planning the appropriate amount of disaster relief funds and public communication.
Annual Forest Inventory and Analysis (FIA) data provided initial estimates of damage
to timberland in a timely manner to State leaders during the 2007 Georgia Bay Complex
Wildfire in southeast Georgia. FIA plots were selected from within the shape file (a
polygon outline of the fire perimeter) of the burn area and processed with the National
Information Management System. Forest area and total volume by stumpage products
were compiled for the wildfire area. A mortality factor determined by the Georgia
Forestry Commission was used to estimate the volume of damaged timber, and the value
of damaged timber was assessed using Timber Mart-South stumpage prices.

Keywords: FIA, forest disturbance, inventory, Mapmaker, stratification, wildfire.

Introduction

Large wildfires have been documented in southeast Georgia for more
than 100 years. Climatic conditions create droughts that foster conditions for
large wildfires in and around the Okefenokee National Wildlife Refuge and
Wilderness Area. Wildfires, associated with droughts, were documented in 1844,
1860, 1910, 1932, 1954-1955, and 2007. The fire of 1932 began when a young
boy started a fire to warm his hands. The intensity of the fire created gale force
winds that worsened the damage. The drought occurring in the 1950s was severe,
and the fires of 1954-1955 were peat fires that burned underground and therefore
impossible to control. Analysis of peat samples back in the 1890s found it to be 85
percent combustible (Izlar 2007). In 2007, 9,500 wildfires burned about 504,000
acres in Georgia. Of particular note was the Georgia Bay Complex Wildfire which
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burned 441,705 acres in southeast Georgia and destroyed nine homes (Georgia
Forestry Commission 2007a). This fire started when a tree fell on a power line
creating sparks that ignited dry, woody fuels.

The Forest Inventory and Analysis (FIA) program plays an important role in
quantifying losses from broad-scale disturbances, and FIA personnel have several
options available to perform rapid assessments of these disturbances. The options
include Mapmaker analysis, analysis based on FIA database (the FIA public
database), and analysis based on the National Information Management Systems
(NIMS)—using estimation procedures documented in Bechtold and Patterson
(2005). Each of these analytical methods requires different levels of effort and
requires different turn-times. The key to rapid assessment is to provide required
information for disaster relief in a timely fashion, which helps quantify losses and
aid in recovery decisions.

The objective of this paper is to describe the assessment techniques used to
quantify potential timber losses from the Georgia Bay Complex Wildfire.

Methods

On Memorial Day weekend 2007, the Georgia Forestry Commission
(GFC) requested help in assessing damage from what was discovered to be the
largest recorded wildfire in Georgia history (and the Southeastern United States).
The GFC needed this information to respond to inquires from the media, State
and Congressional representatives, and there were reports that the President of
the United States would visit Georgia to view the damage. The first option was to
use Mapmaker (Miles 2007), the FIA online database retrieval system tool, which
would provide first-line estimate of the timber resource within the known burn
area. GFC needed some assurance that their initial estimates were reasonable. A
shape file was sent via email from the USDA Forest Service, Region 8, Southern
Area Coordination Center, a key player in the National Incident Management
System. The shape file had been constructed by firefighters through global
positioning system (GPS) receivers. From the shape file, coordinates outlining the
burn area were digitized using Arc Map and copied into the Mapmaker custom
table retrieval polygon window. The polygon captured the plots from the Georgia
2004 annual inventory and provided the first estimate of total timber volume
within the early extent of the burn area (fig 1).

Mapmaker queries separated volume into the major species groups of
softwood and hardwood, sawtimber and poletimber, ownership class, age class,
and stand origin. From these queries, tables were developed for forest stumpage
products by softwood and hardwood. From young age classes, a table was
developed to estimate the area of precommercial stands. Assumptions were
made that precommercial planted pine stands ranged from 1 to 10 years old and
precommercial natural stands ranged from 1 to 15 years old.
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Figure 1: One of the first shape files received from the USDA Forest Service, Region 8, Southern
Area Coordination Center of the burn area. Coordinates were imported into Mapmaker to select
plots (small dots within the polygon) used to calculate volume and create a map.

Once these tables were developed, a value by stumpage product was
incorporated to assess timber value. These values were derived from Timber
Mart-South, 1% Quarter 2007 average stumpage value estimates for south Georgia.
Stumpage products assessed were pine sawtimber, mixed hardwood sawtimber,
and pulpwood for both softwood and hardwood. Total volume by product was
multiplied by the timber value for each product to compute values by product and
total value. While stumpage values cannot be applied to precommercial timber,

a per-acre value was estimated based on general establishment costs. This is
the allowable value that may be recorded on a landowner’s tax return regarding
investment loss. Federal lands contained the majority of precommercial natural
stands, while private and State lands contained mostly precommercial planted
stands.

Large area wildfires create a mosaic of burn intensities across the landscape
intermixed with areas that did not burn (fig. 2). It is difficult to assess the degree
of tree damage and mortality percent in a timely manner. Because time was of the
essence, the GFC conducted a ground survey along travel corridors to estimate
the level of mortality supported by aerial reconnaissance (Georgia Forestry
Commission 2007b). Mortality was expressed in percent. Development of the
tables using FIA data provided the total volume and value of timber within the
burn area. The GFC applied the assessment of tree mortality within the burn
area to reduce the total volume, and applied Timber Mart-South values for
timber stumpage products to produce an estimate of timber losses. The FIA data
assessment was compared to ground estimates by GFC, as well as landowner
estimates reporting damage.
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Figure 2: Aerial views showing the mosaic pattern of burn intensities across the landscape helped
estimate areas of mortality. (Courtesy of the Georgia Forestry Commission).

It should be noted that this method assumes that timber was valued at “pre-
fire” stumpage prices to estimate market value loss. However, post-fire stumpage
value is discounted because of fire-caused timber damage, and due to increased
volume introduced to the market (increased supply), which required salvage in
a timely manner—regardless of fluctuating markets. It also is difficult for local
industry to manufacture and market a dramatically increased supply.

The assessment using Mapmaker complemented the initial estimate of losses
caused by the wildfire. The actual area of wildfire-affected stands grew beyond
initial estimates, and because more time was available, a refined estimate was
provided based on the expanded boundary and using the NIMS compilation
system. Working with the raw data allowed flexibility needed to produce the best
assessment with FIA plot data. The final shape file of the burn area was used to
select actual plots from the Southern Research Station database (not fuzzed and
swapped plots as is the normal procedure to comply with privacy laws) within
the boundary of the burn area. The area estimation unit was established to the
shape file allowing the expansion factors to directly represent the burn area.
National Land Cover Data were used to stratify the FIA plots by forest/nonforest
and the Okefenokee area to allow further refinement of the estimation unit and
expansion factors for the area of interest. The data were compiled in NIMS to
calculate forest volume of softwood and hardwood by ownerships, forest products
categories, and precommercial forest area.
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Results

Softwood and hardwood tables were developed by ownership classes and types

of forest products. The detailed private ownership could be developed to compare
with estimates reported by forest industry and individuals. The unadjusted value
for all forest land within the burn area was estimated to be $284 million (table 1).
Because the Okefenokee is by statute reserved forest land (not available for timber
harvest), the timber volume and value were removed from the estimate leaving a

Table 1: Detailed breakout of total volume and value by ownership and
forest products

Pulpwood Volume Unit value® Total value

cords - --------- dollars - ------

Softwood
Okefenokee 1,302,821 $ 19.40 $ 25,274,731
Other federal 181,783 $ 19.40 $ 3,526,590
State 14,781 $ 19.40 $ 286,753
Industry 779,542 $ 19.40 $ 15,123,113
NIPF 166,750 $ 19.40 $ 3,234,948
Total 2,445,677 $ 19.40 $ 47,446,134

Hardwood
Okefenokee 1,686,307 $ 21.07 $ 35,530,487
Other federal 370,864 $ 21.07 $ 7,814,105
State 7,179 $ 21.07 $ 151,271
Industry 88,451 $ 21.07 $ 1,863,659
NIPF 852 $ 21.07 $ 17,957
Total 2,153,654 $ 21.07 $ 45,377,479

Sawtimber Volume Unit value? Total value

million board feet® ~ ---------- dollars - - - - - - -

Softwood
Okefenokee 493,968 $ 262.00 $ 129,419,512
Other federal 93,015 $ 262.00 $ 24,369,861
State 9,887 $ 262.00 $ 2,590,488
Industry 83,864 $ 262.00 $ 21,972,402
NIPF 9,994 $ 262.00 $ 2,618,329
Total 690,727 $ 262.00 $ 180,970,592

Hardwood
Okefenokee 37,902 $131.00 $ 4,965,221
Other federal 30,258 $131.00 $ 3,963,735
State 940 $ 131.00 $ 123,096
Industry 6,367 $ 131.00 $ 834,054
NIPF — $131.00 $ —
Total 75,466 $ 131.00 $ 9,886,107
Georgia Total $ 283,680,312

@ Timber Mart-South (2007).

> Thousand board feet, International log rule.
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total value of $88 million. Softwood sawtimber made up the largest component
($52 million). Forest industry and other Federal lands had the largest total value,
each totaling almost $40 million. GFC considered these total values and adjusted
them based on estimated mortality factors to report the value of timber lost from
fire damage. After the final analysis of the Georgia Bay Complex Wildfire, GFC
reported the timber loss at $54 million.

Discussion

The initial assessment using Mapmaker had limits in the estimation. A large
portion of the burn area was in the Okefenokee National Wildlife Refuge and
Wilderness Area. By statute, the Okefenokee is reserved forest land and has no
commercial timber value, i.e., it is not available for timber harvesting. Because
of the hazards to field crews penetrating the Okefenokee area during recent data
collection, there were a limited number of plots that accurately would facilitate a
true assessment of timber volume within its boundary. The Okefenokee reserved
forest land area was separated from other ownerships to allow flexibility in
assessing damage for reporting.

The area estimation unit used to develop plot expansion factors by Mapmaker
was the Southeast Survey Unit for Georgia. This somewhat skewed expansion
factors for plots within the burn area. Because privacy laws require plots to be
“fuzzed and swapped,” there were possibilities that plots on the edge of the burn
area do not represent the timber resource within the burn area—an introduced
bias. Most timberland outside the Okefenokee is private ownership, and there
could be no stratification of ownership types within the private group (privacy
laws) using Mapmaker.

Conclusion

The initial response to the Georgia Bay Complex Wildfire using
Mapmaker gave a quick comparison to on-the-ground estimates before reporting
to policy makers and the media. As the wildfire continued to expand, FIA staff
was able to refine estimates, and use plot data directly from the NIMS compilation
system. Area stratification allowed segregation of tree volume estimates within
the Okefenokee National Wildlife Refuge and Wilderness Area, where limited
plot data were available, therefore, limiting the focus of the study to commercial
timberland and a break-out of private ownerships. Even though some estimates
had high sampling errors, the data offered a comparison to general volume per
acre ground estimates.

Responses to the Georgia Bay Complex Wildfire provided insight for
improvement of future rapid response to catastrophic events. Flexibility of
annual FIA data compilation coupled with online tools, continue to improve and
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provide better assessment of rapid response, which are suitable in a variety of
applications. As awareness gains momentum among the growing and diverse FIA
user groups and more public tools are developed, the FIA data offer opportunities
for a variety of assessments that deal with the complexity of forest resources and
their management.
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Using FIA Data in the Forest Vegetation
Simulator

John D. Shaw?

ABSTRACT: The Forest Vegetation Simulator (FVS) is a national system of forest
growth models maintained by the USDA Forest Service. It is the official tool for stand
growth projection on National Forest lands, but it is also used widely on other
ownerships. Model extensions and post-processors permit FVS users to perform a broad
range of functions, including silvicultural manipulations, wildlife habitat analyses, and
fuel treatment evaluations. Because FIA data were made available in FVS-ready format
through the FIA Mapmaker interface, an increasing number of users have been using
FVS as their tool of choice for compilation of FIA data at the plot level. With the
transition from Mapmaker to FIDO, users who have built analysis systems around this
data availability have lost access to new data. Due to the need to update FIA-FVS data
translation, there is an opportunity to re-design the system to eliminate prior limitations
and take advantage of recent developments in FIA and FVS. Select capabilities of FVS,
and potential modifications and enhancements to the FIA-FVS linkage are discussed.

Keywords: Forest Vegetation Simulator, FVS, FIA Mapmaker, database, data
access, ODBC

Introduction

Open access to Forest Inventory and Analysis (FIA) data has resulted in a
greatly increased user base in recent years. As the number and diversity of users
has increased, so has the demand for access to the data in different forms.
Currently, FIA data are served through Forest Inventory Data Online (FIDO;
http://fia.fs.fed.us/tools-data/), which allows users to generate reports using pre-
defined and customized queries, and through the FIA datamart, which provides
field-measured and computed data for inventory plots in download files (see
http://fiatools.fs.fed.us/fiadb-downloads/datamart.html). Access to these data is
critical to users who wish to conduct analyses that are beyond the scope of FIDO.
Among these users are those who desire to project FIA plot conditions forward
using forest growth simulators or other models.

The Forest Vegetation Simulator (FVS) is a national system of forest growth
models maintained by the USDA Forest Service (Johnson 1997, Dixon 2002). It
is the official tool for stand growth projection on National Forest lands, but can be
used on land of any ownership. Model extensions and post-processors permit
FVS users to perform a broad range of functions, including silvicultural
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manipulations, wildlife habitat analyses, and fuel treatment evaluations. A
flexible programming environment also allows users to produce customized
variables and output tables. This allows users to extract summary information
from inventory data without having to manipulate the data directly.

FIA data were originally made available in FVS-ready format through the FIA
Mapmaker interface until Mapmaker version 2.1. With the availability FIA data
in FVS-ready format, an increasing number of users have been using FVS as their
tool of choice for compilation of FIA data at the plot level. Many of these users
were already familiar with FVS capabilities, and had an interest in using FIA data.
The access to data in FVS-ready format facilitated their use of the data by
eliminating the need to develop their own compilation methods. This
accessibility led to a substantial amount of use; Miles (2008) reported that there
were 2,386 downloads of FVS-ready data over a 4-year period.

In the Mapmaker release, FIA data are provided in the file formats introduced
with the Suppose interface (Crookston 1997): a location file (.LOC) that contains
information about the stands in an inventory location or project (i.e., those
included in the Mapmaker download), a stand list file (.SLF) that contains stand-
level data and refers to the files containing tree-level data, and one or more tree
data files (.FVS), each of which contains the data from an individual stand (Dixon
2002). In the case of FIA data, each .FVS file contains data for all trees recorded
on an individual FIA plot. In the data coding, FIA subplots may be treated as
FVS plots, and the FIA plot is considered a “stand”.

With the transition from Mapmaker to FIDO, users who built analysis systems
around this data availability have lost access to newer FIA data. The most recent
available data are from 2005, and there have been many user requests for the most
current data. Because of this demand, there is a need to update the FIA-FVS data
translation process. There is also an opportunity to re-design the translation
process to eliminate prior limitations and take advantage of recent developments
in FIA and FVS.

One of the most important FVS developments, and one that is key to the FIA-
FVS data link, is the implementation of Version 2.0 of the FVS Database
Extension (Forest Vegetation Simulator Staff 2003). The new database version
eliminates the need for multiple input files, replacing the SLF and FVS files with
three tables that can be accessed using Open Database Connectivity (ODBC).
These tables may be contained in Microsoft Access, Microsoft Excel, or SQL-
based relational databases such as Oracle (Forest Vegetation Simulator Staff
2003). One important advantage of this structure is that the database can include
fields that are not used by FVS, but which may be important to the user for other
purposes (e.g., last treatment dates or local cover type designations).

Taking advantage of additional data and new program features can be
accomplished with relative ease, but there are several issues that should be
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recognized by FIA developers and FVS users. Once these issues have been
addressed, the necessary enhancements to the FIA-FVS linkage can be developed.

What FIA Developers Need to Know about
FVS and FVS Users

FVS is the nationally supported forest growth modeling framework for the
USDA Forest Service. It is maintained by the Forest Service Forest Management
Service Center (http://www.fs.fed.us/fmsc/), and the program and source code is
freely available. FVS is actually a collection of forest growth models, known as
FVS variants, that are run under a common interface called Suppose (Johnston
1997, Crookston 1997). Many of these variants trace their lineage to the Stand
Prognosis Model (Stage 1973, Wykoff and others 1982), but other models such as
TWIGS and ORGANON are the growth engines of some variants. Variants
typically cover specific geographic areas, with limited overlap (Figure 1). There
are variants for all U.S. forests, with the exceptions of interior Alaska, Hawaii,
and U.S. territories. However, not all species, or even all common species within
a given geographic area may be included in the local variant. Model updates are
frequent and ongoing; new variants for interior Alaska and Maine are in
development, and Prognosis-based variants are being developed to replace some
that are currently TWIGS-based.

FVS requires only species, diameter, and the number of trees per acre as
minimum data. Unmeasured tree characteristics, such as height and crown ratio,
are estimated with dubbing submodels. However, if variables such as height and
crown ratio are measured, they are used in various submodels. These and other
variables, such as periodic increment, may also be used to calibrate specific
submodels if certain criteria, such as a minimum number of observations, are met.
Internally, all variants include single-tree, distance-independent growth models.
Stand density and tree rank affect growth and mortality. Although inter-tree
distance is not used explicitly, diameter growth models and the mortality routines
are sensitive to within-stand variability as represented by varying density among
plots in the stand.

What sets FVS apart from other growth models is its capability to simulate
silvicultural operations and their effect on future stand development. Through the
use of keywords and custom scripts, users can implement a wide range of
silvicultural operations spanning simulation periods of up to 300 years. One of
the most common uses is to evaluate growth and yield implications of multiple
management options through a series of “what if”” simulations. In addition to
modeling growth responses, model extensions for insect, disease, and fire permit
users to model stand resistance and resilience in the face of anticipated
disturbances.



USDA Forest Service Proceedings — RMRS-P-56

FIGURE 1: Map of FVS variant coverage in the coterminous 48 states and Alaska from the FMSC
web site (http://www.fs.fed.us/fmsc). AK = Southeast Alaska/Coastal British Columbia, BM = Blue
Mountain, CA = Inland California/Southern Cascades, Cl = Central Idaho, CR = Central Rockies,
CS = Central States, EC = East Cascades, EM = Eastern Montana, KT = Kootenai/Kaniksu/Tally
Lake, LS = Lake States, NC = Klamath Mountains, NE = Northeast, NI = Northern Idaho/Inland
Empire, PN = Pacific Northwest Coast, SE = Southeastern (superceded by SN), SN = Southern,
SO = South Central Oregon/Northeast California, TT = Tetons, UT = Utah, WC = Westside
Cascades, WS = Western Sierra Nevada.

The core FVS user base is primarily made up of silviculturists and vegetation
management planners, but the user base has greatly expanded since the
introduction of the Suppose interface. Suppose eliminated the need for the
manual scripting and file management that was necessary in earlier versions of
FVS, allowing users with little or no programming experience to run relatively
complex simulations. The Fire and Fuels Extension (Reinhardt and Crookston
2003) has been used not only as a treatment evaluation tool, but also as an
educational tool that managers have used to demonstrate the effects of proposed
fuel treatments. Other important user groups include wildlife managers,
economists, remote sensing specialists, and educators. Entry-level skills in FVS
are now part of many university forestry curricula (Shaw and Long 2002).
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Connections Between FIA and FVS

Currently there are no formal connections between the FIA and FVS programs,
but there is ample opportunity to expand on informal connections that have been
developed though various projects. As noted earlier, FVS is used as a
compilation tool by some users of FIA data. Conversely, the data produced by the
FIA program can be used to enhance the use and development of FVS. For
example, Donnelly and others (2001) relied heavily on FIA data for development
of the Southern variant of FVS. For variants that have already been developed,
FIA data may be used for calibration or validation (figure 2). For example, since
the initial data-gathering effort for the Southern variant, there have been as many
as two full remeasurement cycles in some southern states. These data could be
valuable for calibration and validation of the submodels developed for the first
version of the variant. Validation applications may become extremely important
for the next generation of FVS variants, which are to be climate sensitive. Certain
submodels may require periodic adjustment as the effects of climate change
become better known.
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FVS model validation is a current topic of interest among FVS users and
researchers, so it would be beneficial to make the FIA database available to FVS
users in the fullest extent possible. There are many variables in FIA data that are
not usable by FVS directly, but which may be useful to users. Some of these
variables may be used for data stratification, or as auxiliary variables during
model testing. Because of the large number of FIA variables, it is impossible to
comprehensively address all of the possibilities here. However, it is possible to
discuss the variables that are used by all FVS base variants and discuss the
feasibility of cross-walking them with FIA variables.

The remainder of this paper will describe the variables used in the base FVS
variants, the corresponding FIA variables, and the issues and possible solutions
that have been identified in cases where direct variable transfer is not possible.
The list of variables includes all of those that are included in the StandInit and
Treelnit tables in the database version of FVS input files (Forest Vegetation
Simulator Staff 2008). Due to the large number of variables involved, they are
listed in a table format with the FVS variable in the first column, the
corresponding FIA variable(s) in the second column, and a description of the
variable(s) and related notes in the last column. In the description column, the
original FVS description appears in normal text. Additional text that describes
the relationship between the FVS and FIA variables appears in bold.

TABLE 1: Variables in the predefined FVS_Standlnit table structure, their corresponding FIA
variables, and descriptions.

FVS variable FIA variable Description and notes
Stand_CN PLOT.CN or Database control number. Required by Suppose 2.0 when
COND.CN populating stand lists. FIA uses several control numbers
as linkages between tables. Some may be usable in
FVS.
Stand_ID Possible Stand identification code. Required by Suppose 2.0 when
composite of populating stand lists. The original translation of FIA
INVYEAR, data to FVS uses a composite stand ID that included
STATE, the state, county, plot, and inventory year of the FIA
COUNTYCD, plot. This variable was useful to users, because the
and LOC general location of plots could be quickly identified
during simulations.
Variant No FIA variable The two character variant identification code. Required by

Suppose 2.0 when populating stand lists. In the original
Mapmaker release, users were prompted to supply the
name of the variant that would be used with the FIA
data. It is possible that this step can be made
transparent to the user by mapping variant coverage
areas (see Discussion below).

Inv_Year MEASYEAR The stand’s inventory year corresponding to IY(1) in FVS.
Required by Suppose 2.0 when populating stand lists. FIA
uses an inventory year variable (INVYR) in the PLOT
table, but this represents the panel or subpanel to
which the plot belongs. The actual year in which the
data were collected is recorded in MEASYEAR. The
latter is the most appropriate variable for use as FVS
Inv_Year.
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TABLE 1: Variables in the predefined FVS_StandInit table structure, their corresponding FIA
variables, and descriptions.

FVS variable

FIA Variable

Description and notes

Groups

Many possible

A list of Grouping codes, also separated by spaces, tabs,
carriage returns, or newlines. Used by Suppose 2.0 when
populating stand lists. In the Mapmaker release, users
were allowed to pick from a limited list of group codes
that were populated from FIA variables. It would be
possible to expand this list and increase users’
flexibility (see Discussion below).

AddFiles

n/a

A list of Addfile names (.kcp), separated by tabs, carriage
returns, or newlines, which will be inserted into simulation
file as one or more components. Used by Suppose 2.0
when stands are added to simulations. Not applicable to
FIA data at this time.

FVSKeywords

n/a

A list of FVS keywords, separated by spaces, tabs,
carriage returns, or newlines, which define the FVS run.
Used by Suppose 2.0 when stands are added to
simulations. Some keywords may be used to override
FVS default values with the values of certain variables
that are stored in the FIA database.

Latitude

LATITUDE

Latitude in degrees of the stands location. The FIA
program is prohibited by law from releasing precise
plot coordinates to the public. In most cases, the
coordinates in the public database are within one mile
of the true location. These are referred to as “fuzzed”
coordinates.

Longitude

LONGITUDE

Longitude in degrees of the stands location. See Latitude
for treatment of FIA coordinates.

Region

ADFORCD

USDA-FS (National Forest) Region code. The first two
places in the FIA variable ADFORCD specify the
National Forest region.

Forest

ADFORCD

USDA-FS National Forest code. The last two places in
the FIA variable ADFORCD specify the National Forest.

District

No FIA variable

USDA-FS District code. Not used by FIA, but mappable
from FIA coordinates.

Compartment

No FIA variable

USDA-FS Compartment code. Not used by FIA, but
mappable from FIA coordinates. Compartment size
may limit accuracy when fuzzed coordinates are used.

Location

See notes

Location Code representing the
Region/Forest/District/Compartment codes and
corresponds to KODFOR in FVS. When specified, Location
takes precedence over Region, Forest, District, and
Compartment. See notes on component variables
above.

Ecoregion

ECOSUBCD

Bailey’s Ecoregion code (not yet used by FVS). FIA
records the Bailey’s Ecoregion subsection code
(ECOSUBCD) according to the map update by Cleland
and others (2005). These codes may be truncated to
the Ecoregion level, depending on FVS needs at the
time of implementation.

PV_Code or
Habitat Type

HABTYPCD1,
HABTYPCD2

PV_Code identifies the potential vegetation. It is often the
Habitat type or Plant association code. The two names
shown are synonymous. The FIA database includes
thousands of Habitat Type and Plant Association
codes, but many are represented by few or no plots in
the database. These codes used by FIA are under
review and may require extensive review before cross-
walking.
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TABLE 1: Variables in the predefined FVS_StandInit table structure, their corresponding FIA
variables, and descriptions.

FVS variable

FIA Variable

Description and notes

PV_Ref_Code

See notes

Potential vegetation reference code for the PV_Code. See
notes on PV_Code / Habitat Type above.

Age

STDAGE,
BHAGE,
TOTAGE

Stand age in years. FIA uses STDAGE to store stand
age, but the methods used to populate this variable
vary regionally and for periodic vs annual inventories.
Age data for individual trees may be found in the
BHAGE or TOTAGE variables in the TREE or SITETREE
tables, depending on the species and FIA work unit.

Aspect

ASPECT

Aspect in degrees. FIA records ASPECT at the
Condition and Subplot level.

Slope

SLOPE

Slope in percent. FIA records SLOPE at the Condition
and Subplot level.

Elevation

See ElevFt

Stand elevation represented in 100’s of feet for all variants
except AK were it is elevation in 10’s of feet. (see ElevFt
below)

ElevFt

ELEV

Elevation in feet. When specified, ElevFt takes precedence
over Elevation. The FIA variable ELEV is recorded in
feet, and corresponds to the FVS ElevFt variable.

Basal_Area_
Factor

DESIGNCD

Basal area factor corresponding to BAF in FVS. FIA uses
a design code (DESIGNCD) variable, located in the
PLOT table, that defines fixed vs variable-radius
design, diameter breakpoints, and the number of
subplots in the design. For single-condition plots, FVS
plot design variables can be populated directly. For
multi-condition plots, translation is more complex (see
Discussion).

Inv_Plot_Size

DESIGNCD

The inverse of the fixed plot size in acres. See notes for
Basal_Area_Factor.

Brk_DBH

DESIGNCD

Breakpoint DBH in inches. See notes for
Basal_Area_ Factor.

Num_Plots

DESIGNCD

Number of plots represented in FVS. See notes for
Basal_Area_Factor.

NonStk Plots

STATUSCD
(SUBPLOT)

Number of non-stockable plots. Some FIA subplots may
not have tree data associated with them because they
were not sampled or because they sampled non-forest
conditions. Non-sampled subplots are identified with a
status code (STATUSCD) in the SUBPLOT table.
Depending on how users desire to treat FIA data in
FVS, the FVS NonStk_Plots variable may be used.

Sam_Wt

EXPNS or

derived variables

Sampling Weight used to compute the average yield tables
and other weighted averages. For users who are
interested in population estimates, FVS sampling
weight could be used to store the appropriate
expansion factor for an FIA plot, given the area of
interest. These factors may have to be calculated on
the fly and populated for each data query.

Stk_Pcnt

STATUSCD
(SUBPLOT)

Stockable percent. See notes above for NonStk_Plots,
and discussion on treatment of conditions.

DG_Trans

No FIA variable

Diameter growth translation code. Code 0 for increment
cores and code 1 for remeasurement data. DG_Trans can
be coded appropriately according to the FIA data
source.

DG_Measure

REMPER

Diameter growth measurement period. The number of
years between remeasurements of FIA plots is
recorded in the REMPER variable in the PLOT table.
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TABLE 1: Variables in the predefined FVS_StandInit table structure, their corresponding FIA
variables, and descriptions.

FVS variable

FIA Variable

Description and notes

HTG_Trans

No FIA variable

Height growth translation code. Code 0 for height growth
and code 1 for remeasurement data. HTG_Trans can be
coded appropriately according to the FIA data source.

HTG_Measure

REMPER

Height growth measurement period. See description for
DG_Measure.

Mort_Measure

REMPER

Mortality measurement period. See description for
DG_Measure.

Max_BA No FIA variable Maximum basal area. Max_BA is used as part of the
mortality routine in FVS, so there is no comparable
variable in FIA data. FIA uses STOCKING variables in
the TREE and SEEDLING tables that may be used to
compute stocking on an area basis. Stand density
index (SDI) is also used (see below).

Max_SDI SDIMAX Maximum stand density index. FIA uses maximum SDI
values that are consistent with FIA computation
methods and FIA forest types. These may or may not
be the same maximum values that would be used for
growth simulations or silvicultural objectives. The
consistent definition and use of maximum SDI is being
coordinated between FIA and the FVS staff.

Site_Species SISP Site species code. Site species codes are compatible
with FIA species codes in SISP.

Site_Index Sl Site index. FIA records site index in feet at a specified
base age (SIBASE). These base ages are different than
the base ages assumed by FVS in some variants. It
may be necessary to cross-walk site index values
because FVS base ages are fixed.

Model_Type n/a Model type code. Only applies to CR and SE variants.

Physio_Region n/a Physiographic region code. Only applies to SE variant.

Forest_Type FORTYPCD Forest type code. FVS forest type codes may or may
not be compatible with FIA forest types. These will
need to be cross-walked by variant.

State STATECD FIA state code

County COUNTYCD FIA county code

Fuel_Model * Fire behavior fuel model

Fuel_0_25 * Initial tons per acre of 0 to 0.25 inch fuel

Fuel_25_1 * Initial tons per acre of 0.25 to 1 inch fuel

Fuel_0_1 * Initial tons per acre of 0 to 1 inch fuel, if not using previous
two fields

Fuel_1_3 * Initial tons per acre of 1 to 3 inch fuel

Fuel_3_6 * Initial tons per acre of 3 to 6 inch fuel

Fuel_6_12 * Initial tons per acre of 6 to 12 inch fuel

Fuel_gt_12 * Initial tons per acre of greater than 12 inch fuel.

Fuel_Litter * Initial tons per acre of litter

Fuel_Duff * Initial tons per acre of duff

Photo_Ref * Photo series reference number (1 — 32, see FFE
documentation)

Photo_Code * Photo code (appropriate character strings depend on the

photo series reference number, see FFE documentation)

* Fuel data are available only for Phase 3 FIA plots at this time. Phase 3 data were not included in
the Mapmaker release, but it may be possible to include them in future translation programs.
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Inclusion of these data will require a cross-walk process, based on the requirements of the FVS
Fire and Fuels Extension.

Table 2. Variables in the predefined FVS_Treelnit table structure, their corresponding FIA
variables, and descriptions.

FVS Variable

FIA Variable

Description and notes

Stand_CN

PLOT.CN or
COND.CN

Same as Stand_CN in FVS_StandInit table. Not read by FVS,
but may be used for querying purposes. FIA uses several
control numbers as linkages between tables. Some may
be usable in FVS.

Stand_ID

Possible
composite of
INVYEAR,
STATE,
COUNTYCD,
and LOC

Same as Stand_ID in FVS_StandInit table. Not read by FVS,
but may be used for querying purposes. The original
translation of FIA data to FVS uses a composite stand ID
that included the state, county, plot, and inventory year
of the FIA plot. This variable was useful to users,
because the general location of plots could be quickly
identified during simulations.

Tree_ID

TREE

Unique tree identifier within FVS plot. Because the FIA
subplot is the equivalent of the FVS plot, FIA trees are
uniquely identified by tree number within subplots. See
Plot_ID note below.

Plot_ID

SUBPLOT

Plot number in the FVS data. FVS uniquely identifies plots
within stands. Because the area represented by an FIA
plot or condition is considered to be a “stand”, the FIA
subplot is the equivalent of the FVS plot.

Tree_Count

TPA_UNADJ
or1

Number of trees represented by this data tree. When plot
data are reported on a per-acre basis (i.e.,
Basal_Area_Factor = -1 and Inv_Plot_Size = 1 in the
FVS_StandInit table), Tree_Count is the per-acre
expansion factor associated with the tree. When plot
design data are supplied, Tree_Count is generally set to 1
(meaning that one tree of this species, diameter, height,
etc was tallied on the plot).

History

STATUSCD

In FVS, History Code 0-5 are live trees, 6 and 7 died during
mortality observation, 8 and 9 died before mortality
observation period. The FIA variable STATUSCD
distinguishes between live and dead trees, but other
variables, such as MORTYR, may be used to assign the
appropriate History code.

Species

SPCD

Tree Species Code, can be the FVS alpha code, FIA numeric
code or USDA plant symbol. The FIA variable SPCD can be
used without modification.

DBH or
Diameter

DIA

Diameter in inches. Diameter is an alias for DBH in the FVS
tables. For woodland trees, diameter is measured at the root
collar (DRC). The FIA variable DIA can be used without
modification.

DG

No FIA
variable

Diameter growth in inches (not tenths of inches). The FVS
DG variable may be calculated using the FIA variables
DIA, TREE.PREV_DIA (previous diameter), and
PLOT.REMPER (remeasurement period).

Ht

HT

Height in feet. In the case of trees with broken or missing
tops, the FIA height variable includes the broken or
missing portion. See HtTopK / ACTUALHT below.

10
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Table 2. Variables in the predefined FVS_Treelnit table structure, their corresponding FIA
variables, and descriptions.

FVS Variable

FIA Variable

Description and notes

HtG

Float

Height Growth in feet. FIA does not currently
report height growth or provide both current and
previous heights as national variables, partly
because height measurements were not
collected by some FIA work units in the past.
However, height should become a national core
variable in the future.

HtTopK

ACTUALHT

Height to top kill is the height to the point of top kill
of the tree in feet. In FIA data, if ACTUALHT = HT,
then the tree does not have a broken top. If
ACTUALHT < HT, then the tree does have a
broken or missing top.

CrRatio

Float

If the number is 0-9 then it is considered a crown
ratio code, according to the FVS documentation. If
the number is 10-99 the value is considered a
percent live crown. In the past, the FIA variable
for compacted crown ration (CR) has also
contained a mixture of the coded and
percentage crown ratios. At the time of the
Mapmaker release, FVS appeared to not handle
this situation correctly.

Damage1

DAMTYP1

Damage Code, see the FVS documentation for
details. Although there are existing FIA damage
variables, damage and severity codes are
currently undergoing substantial revision within
the FIA program. The new national coding
scheme is anticipated to be implemented no
sooner than 2011.

Severity1

DAMSEV1

Severity Code corresponding to damage code 1.
See notes on Damage1

Damage2

DAMTYP2

Second damage code. See notes on Damage1

Severity2

DAMSEV2

Second severity code. See notes on Damage1

Damage3

DAMTYP3

Third damage code. See notes on Damage1

Severity3

DAMSEV3

Third severity code. See notes on Damage1

TreeValue

Float

Tree Value Class Code 1 for desirable, 2 for
acceptable, 8 for non-stockable and any other
number represents a live cull. FIA cull and
growing stock variables are currently
undergoing revision. It should be possible to
develop a rule set for converting certain
combinations of FIA cull variables into FVS
codes.

Prescription

No FIA variable.

Prescription code. Prescription codes are used in
FVS to describe trees that may be candidates for
silvicultural manipulation. The FIA program
does not assign similar identifiers to individual
trees, so there is no corresponding variable.

Age

BHAGE or TOTAGE

Age of the tree record. In FIA data, individual tree
ages can be found in the BHAGE or TOTAGE
variables in the TREE and SITETREE tables.

Slope

SLOPE (SUBPLOT)

Slope percentage on the plot where the tree was
located. The slope measured on the FIA subplot
is comparable to plot-level slope in FVS.

11
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Table 2. Variables in the predefined FVS_Treelnit table structure, their corresponding FIA
variables, and descriptions.

FVS Variable FIA Variable Description and notes

Aspect ASPECT (SUBPLOT) Aspect in degrees on the plot where the tree was
located. The aspect measured on the FIA
subplot is comparable to plot-level aspect in

FVS.
PV_Code or See PV_Code entry in The potential vegetation code on the plot where the
Habitat Type Stand_lInit table. tree was located. FIA habitat type and potential

vegetation codes are recorded in the condition
table, so they are more appropriately used in the
Stand_Init table.

PV_Ref Code See PV_Ref Code in Potential vegetation reference code for the
the Stand_Init table. PV_Code
TopoCode TOPO_POSITION_PNW  Topography Code 1=bottom, 2=lower, 3=mid slope,

4=upper slope, and 5=ridge top, on the plot where
the tree was located. Only the Pacific Northwest
(PNW) FIA program uses a topographic position
code that it comparable to the FVS TopoCode.

SitePrep TRTCD1, -2, and -3 Site Preparation code 1=none, 2=mechanical,
3=burn, and 4=road cuts/road fills/stockable road
beds, on the plot where the tree was located

Tables 1 and 2 provide a general framework for translation of FIA variables
into FVS-ready format. In some cases, there are several options for translation
that may be user-defined or may be pre-set for ease of use, depending on users
needs. However, some of these options are not yet common knowledge to users,
so they will be introduced briefly here.

Choice of Plot and Tree Data Formats

FIA mapped (annual) design plots have four 1/24-acre subplots design for a
total surface area of approximately 1/6 acre, resulting in an expansion factor of
6.02 trees per acres for tally trees > 5.0 inches in diameter. Seedlings and
saplings are measured on 1/300-acre microplots that are nested within each
subplot, resulting in a per-acre expansion factor of 74.97. There are two ways to
code this information in FVS:

A) Basal Area Factor =-24, Inv_Plot_Size = 300, Brk DBH = 5.0, and
Tree Count =1

B) Basal Area Factor =-1, Inv_Plot_Size = 1, Brk DBH = null, and
Tree Count = 6.02 (trees >5.0 inches) or Tree Count = 74.97 (trees <5.0
inches)

In example (A), the FVS-formatted data utilize the FIA plot design information
and expansion factors are computed by FVS. The negative sign in front of the
Basal Area Factor value indicates that the value is for a fixed-plot area, and not a
basal area factor. In example (B), all trees are represented by their per-acre
expansion factors and the FIA plot design specifics are ignored.

12
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In terms of the computation of stand structure, volume, and other
characteristics in FVS, both approaches produce identical results. However, in
terms of growth, mortality, and other submodel functions, there may be
differences between the two. The reason for this is that FVS uses both stand-level
and plot-level variables in some submodels. In other words, a 10-inch tree that
was recorded on a dense subplot may be grown slower than a 10-inch tree
recorded on a sparse subplot. Although the magnitude of difference is unknown
and will vary on every plot, preserving the information from intra-plot (subplot)
variability may be desirable to some users. In addition, FVS preserves the
subplot-level tally and passes that information to the Stand Visualization System
(SVS; McGaughey 1997), allowing users to compare compositional and structural
differences among subplots.

It is possible to make data available in either format (A) or format (B),
depending on user needs. On single-condition, mapped-design plots, the
preference for one format or the other makes little difference, except for the
possible growth and mortality differences mentioned above. However, there are
certain circumstances under which one format or the other may be preferable, or
even necessary. The most important of these involves the treatment of multiple
conditions that might occur on a single FIA plot.

Treatment of Multiple Conditions

Briefly described, conditions are delineated on FIA plots when part of the plot
is occupied by forest and another part is occupied by nonforest land, water, or
some situation exists that precludes sampling part of the plot (figure 3). Forested
conditions are further divisible by reserved status, owner group, forest type, stand
size class, regeneration status, or tree density. In some cases, these divisions
equate to what would typically be called separate stands, but in other cases they
are not.

Depending on user needs, the division of a plot by condition may or may not
be important. If the objective of a simulation is to evaluate silvicultural options
on a landscape, it may be important to exclude reserved lands from treatment
options. The consideration of multiple-condition plots as a single condition that
includes mixtures of forest and nonforest or different types of forest may
misrepresent composition, structure, or growth potential at the plot level.

Other Considerations

It is not possible to anticipate all user needs, or even to consider all of the
possibilities, given the complexity of the FIA database, the FVS base system, and

13
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all of the FVS extensions. Undoubtedly, users who are intimately familiar with
one of more of the programs will be able to identify issues not covered here.

Condition3 %  Condition1 3  Condition 2

- . . \ ..
."
4| l'.'
B . .
CWD Transect
e FWD Transect
T
Distance between sub-plot points: 36,6m

A Distance from sub-plot center to microplot center: 3,7m B

FIGURE 3: The FIA annual plot design (A) and example of mapping multiple conditions on the plot
footprint (B).

Conclusion

In summary, the work that needs to be done on the next generation of FIA to
FVS data translation can be described in three groups: opportunities, data needs,
and open questions. Issues belonging each of these groups have been described,
to some degree, in this paper, but the list is not exhaustive. The opportunities may
be taken advantage of in one step, or may be implemented gradually. The data
needs are relatively easily identified, and can be satisfied through further
investigation. It is possible for FIA developers to begin to address these issues
right away. The open questions will require solicitation of user input and priority
ranking, because some answers may have important implications for data delivery
and use. Once the open questions have been answered and addressed, the result
should be a greatly enhanced outlet for FIA data.

Opportunities
e Export FIA data to FVS input files as a database
e Utilize the existing FVS map to assign default geographic variant

Data Needs
e Site index species and site index values must conform with FVS variant
e Stockable area should be computed consistently
e Damage and severity codes should be translated to FVS specifications
where possible
¢ FIA habitat and community types need to be cross-walked to FVS types
¢ Diameter and height growth data should be provided when available

14
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e Work toward allowing NFS volume equation computation for tree records
e Include tree defect data where available

e Include stem count for woodland species

e Include access to older periodic data

¢ Export seedling data when available

¢ Export dwarf mistletoe data when available

e Include fuel loading data from Phase 3 plots

Open Questions
e How to deal with multiple conditions?
e When to incorporate plot design codes?

Miles (2008) noted that “FVS users of FIA data make up a small but extremely
important part of the overall FIA user community. It is important to maintain the
delivery of FIA data to this user group.” This paper is a first step toward restoring
access to the most current FIA data for this user group. As this effort proceeds,
input from all interested parties is welcome.
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EVALIDatorReports: Reporting Beyond the FIADB

Patrick D. Miles'

Abstract: Tools for analyzing data collected by the U.S. Forest Service’s Forest Inventory and
Analysis (FIA) program are available in Microsoft Access© format. Databases have been created
for every state, except Hawaii, and are available for downloading. EVALIDatorReports is a
Visual Basic Application that is stored within each Microsoft Access© database containing FIA
data for each state. EVALIDatorReports can generate reports for over 40 different types of
estimates including forest area, number of trees, growing-stock volume, growth, removals, and
mortality. The code for this Visual Basic Application can be viewed, modified, and extended. This
approach provides advantages for users interested in creating customized data summaries
utilizing external data and/or programs. The system does not require Internet access after the
databases are downloaded to a personal computer. This paper contains one simple and three
complex examples illustrating how items can be added to the list of classification variables or to
the list of estimates within the EVALIDatorReports program.

KEYWORDS: Forest inventory, database, reporting tool, forest statistics

Background

The needs of most customers of the U.S. Forest Service’s Forest Inventory and Analysis (FIA)
program can be met by Web applications such as the Forest Inventory Mapmaker program
(Miles 2002) and more recently Forest Inventory Data Online (FIDO) (Wilson and Ibes
2008). The reporting capabilities of these tools are continually being improved but they
will never be able to meet all the needs of power users. Power users — biometricians,
statisticians, and analysts - will always require access to the underlying data.

FIA began providing FIA downloadable datasets in 1996. Initially, datasets for the
eastern states were available in Eastwide database format (Hansen et al. 1992) while
datasets for the western states were available in Westwide database format (Woudenberg
and Farrenkopf 1995). In 2001 a standardized national format for all datasets became
available and is known as the FIADB (Forest Inventory and Analysis Program 2008).

'Research Forester, U.S. Department of Agriculture, Forest Service, Northern Research Station, 1992
Folwell Ave., St. Paul, MN 55108; fax: 651-649-5140, phone: 651-649-5146, e-mail: pmiles @fs.fed.us

In: McWilliams, Will; Moisen, Gretchen; Czaplewski, Ray, comps. 2009. 2008 Forest Inventory and Analysis (FIA)
Symposium; October 21-23, 2008: Park City, UT. Proc. RMRS-P-56CD. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 1 CD.
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Comma separated values (CSV) has been the standard format for dataset delivery. Users
wrote scripts to read data from these CSV files into their programs or databases. Mistakes
were frequent, such as loading a real number as an integer thereby inadvertently
truncating or rounding the real number.

Beginning in February of 2008, FIA datasets became available in Microsoft Access©
2003 format in addition to CSV format. Microsoft Access© is available on most Forest
Service computers and is used widely in the academic and research communities. Many
databases and software programs can read and correctly interpret data from Microsoft
Access© databases, thereby eliminating the formatting problem so often encountered
with CSV files.

Microsoft Access© databases containing FIA data and reporting tools have been created
for every state except Hawaii and are available for download from
http://www.fia.fs.fed.us/tools-data/datamart.html. Each of these state databases also
includes a form (i.e., a database tool) that allows users to import CSV data for additional
states and create a multi-state database. Unfortunately, due to the two-gigabyte size limit
for Microsoft Access© files, multi-state databases are typically limited to two or three
states.

Data delivery in Microsoft Access© format creates an opportunity to ensure that results
provided by the Forest Inventory Mapmaker and FIDO programs can be duplicated. To
that end, a number of Structured Query Language (SQL) scripts were written and stored
in the Microsoft Access© databases. These SQL scripts are useful to Microsoft Access©
database users and help to verify that both the program used to create the CSV files and
the import specifications used to load the data from the CSV files into the Microsoft
Access© databases were working correctly.

While the delivery of FIA data in Microsoft Access© format was initially intended solely
as a method of data transfer, it soon became apparent that there are additional
opportunities to meet customer needs that could not be met by existing Web applications.
The FIA program can provide personal open-ended databases with a reporting tool based
on peer reviewed estimation protocols (Bechtold and Patterson 2005).

Advantages to having FIA data in personal database

There are several advantages to having FIA data in Microsoft Access©:
1) Archiving — data does not change
2) Availability — data is always available
3) Transparency — data and programs in one place
4) Scalability and flexibility — opportunity to add data and programs to the database

Archiving — A common complaint from users is that the numbers coming out of the
Forest Inventory Mapmaker or FIDO have changed since the last time they ran a report.
Mapmaker and FIDO use data stored in FIA’s corporate Oracle database. The corporate
database is not static. Corrections to field data or changes to compilation procedures
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result in different answers from the reporting tools. A researcher with a personal copy of
the database could choose when or if to update the information.

Availability — Network outages, denial of service attacks, funding cuts, and other
unforeseen circumstances can limit access to FIA Web applications. Researchers can
download and retain a static copy of the database to use in their research and
publications.

Transparency — The code for the reporting tool (EVALIDatorReports) is stored inside the
database and can be viewed and modified by the user. The code, data, and reporting tool
are all located in a single Microsoft Access© file that can easily be copied and
transferred.

Scalability — Users can add to the list of classification variables and the list of estimates.
Three examples of extending the reporting capabilities of the database and reporting tools
are provided here.

The EVALIDatorReports Reporting Tool

EVALIDatorReports has inputs and outputs that are essentially equivalent to those of the
Forest Inventory Mapmaker and FIDO.

The user inputs the following information:
1) Geographic area of interest
2) Optional filters (for restricting the query to a specific ownership, species, etc.)
3) Attribute of interest (timberland area, number of trees, volume, etc.)
4) Classification variables to be used for page, column, and row headings

EVALIDatorReports outputs:
1) Table of population estimates
2) Corresponding table of sampling errors

EVALIDatorReports differs from the Forest Inventory Mapmaker and FIDO in that the
user can add to the list of classification variables and to the list of attributes of interest.

Simple EVALIDatorReports Examples

To start EVALIDatorReports, open the Microsoft Access© database and click on the
“Forms” object and then double-click on the “EV ALIDatorReports” name (Fig. 1).
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Figure 1: Starting EVALIDatorReports.

The user must first specify the variable to be estimated (Fig.2). In this example the
estimate selected is “3 Area of timberland (acres)”. Once the user specifies this variable,
a list of inventories available in the database for this estimate appears in the EvallD
listbox. In this example, inventories of Illinois and Indiana for the year 2006 were
selected from the available list. The retrieval can be further limited to national forest
lands by placing the filtering clause “and cond.owncd=11" in the filtering textbox. The
user must also specify the three classification variables for page, row, and column. Here a
single page report is specified by picking “None” for the page classification variable.
This single page report will have “Basal area live tree” classes for the row headings and
“Stand-size” classes for the column headings.
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Figure 2: EVALIDatorReports input screen.

The resulting tabular reports (Tables 1 and 2) show that in 2006 there were 449,928 acres
of national forest timberland in Indiana and Illinois plus or minus 3.85 percent (one
standard deviation).

Table 1. National Forest timberland acres by basal area and stand-size, lllinois and Indiana, 2006.

Stand-size

Basal Large Medium | Small

area Total diameter | diameter | diameter

Total 449,928 | 368,894 64,532 16,502

0-40

sqft/ac 12,156 156 5,604 6,395

41-80

sqft/ac 74,137 44,740 19,290 10,107

81-120 211,918 | 181,456 30,462 -
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sqft/ac

120+

sqft/ac 151,718 142,542 9,176 -

Table 2: Sampling error percent for estimates in Table 1.

Stand-size
Basal Large Medium | Small
area Total diameter | diameter | diameter
Total 3.85 5.17 19.84 36.82
0-40
sqft/ac 42.78 101.38 67.74 56.24
41-80
sqft/ac 17.63 24.22 33.84 49.66
81-120
sqft/ac 9.62 10.52 32.95 -
120+
sqft/ac 10.78 11.2 49.43 -

Example 1: Adding a Runtime Classification Variable: Classification variables
are stored in the table REF_PRC. To open the REF_PRC table in Microsoft Access©
(Fig. 3) click on the “Tables” object and then double-click on the “REF_PRC” name.
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Figure 3: Opening the REF_PRC table in Microsoft Access®.

The values in the Page, Row, and Column lists in the EVALIDatorReports program are
drawn from the column CLASSNM in the REF_PRC table (Table 3). In the simple
example “Basal area live tree” and “Stand-size” were selected as the classification
variables. In the Microsoft Access© table REF_PRC these are just 2 of the 54
classification variables available to the EVALIDatorReports program. A new item can be
added to the classification variable list in EVALIDatorReports by adding a new record to
the REF_PRC table.

Table 3: A subset of records in REF_PRC table.

COND
CLASS TREE PAGE ROW COL
NBR SEED CLASSNM FUNCTIONNM CLASS CLASS CLASS
stdszcdLabel (cond.s
3 | COND Stand-size tdszcd) Y Y Y
Basal area baliveLabel (cond.ba
11 | COND live tree live) Y Y Y

Basal area is commonly used for describing stands in the east. In the west, forest
managers often prefer to use stand-density index (SDI). SDI (Long and Daniel 1990) is
not currently available in EVALIDatorReports. But it can be added in two simple steps:
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e Step 1 - Add the record in Table 4 to the REF_PRC table.

e Step 2 - Add function sdiLabel (appendix A) to the “Functions module” in the
Microsoft Access© database (Fig. 4). To open the Functions module click on the
“Modules” object and then double-click on the name “Functions module”. Then
copy the sdiLabel function code from Appendix A into the module. This sdiLabel
function generates the classification variable at runtime. For each CONDITION

record, all of the trees are selected and an SDI value is calculated for the
condition. The resulting SDI is then assigned an SDI class.

Microsoft Access

i File Edit Yew Insert Tools  ‘Window Help Type a question for help
A= e N . SRk N o e

5 IL_IN: Database (Access 2000 file format)

i - | B~ g
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Figure 4: Opening the Functions module in Microsoft Access®©.

Table 4: SDI classification variable record to be added to REF_PRC table

COND
CLASS TREE PAGE ROW COL
NBR SEED CLASSNM FUNCTIONNM CLASS CLASS CLASS
sdilLabel (cond.plt_cn,
55 | COND SDI cond.condid, Y Y Y
cond.condprop_unadj)
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Now when the simple example is rerun using SDI as the row classification variable
instead of “Basal area all live”, the output tables provide a slightly different perspective
to the land manager (Tables 5 and 6).

Table 5. National forest timberland acres by basal area and stand-size, lllinois and Indiana, 2006.

Stand-size

Large Medium | Small

SDI Total diameter | diameter | diameter

Total 449,928 | 368,894 64,532 16,502

less
than

100 SDI 15,300 5,771 5,604 3,925

100 to

199 SDI | 203,310 | 153,153 40,487 9,671

200 to

299SDI | 196,777 | 181,205 12,665 2,907

300 to

399 SDI 28,891 23,115 5,776 -

400 to

499 SDI 5,032 5,032 - -

500 to

599 SDI 618 618 - -

Table 6: Sampling error percent for estimates in Table 5.

Stand-size
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Large Medium | Small

SDI Total diameter | diameter | diameter
SDI 3.85 5.17 19.84 36.82
less than

100 SDI 38.78 65.78 67.74 65.83
100 to

199 SDI 9.65 11.6 26.72 51.55
200 to

299 SDI 9.18 9.86 41.26 88.47
300 to

399 SDI 29.2 32.97 66.97 -
400 to

499 SDI 55.86 55.86 - -
500 to

599 SDI 101.38 101.38 - -

Example 2: Adding a User-Provided Classification Variable to the
FIADB:The state of Minnesota often reports information by Department of Natural
Resources (DNR) administrative boundaries. Within the Microsoft Access© database for
Minnesota (MN.mdb) a new column can be permanently added to the PLOT table. In this
case the new column is called AREA_NAME. By overlaying the plot coordinates (LAT
and LON) on an administrative boundary shapefile (Fig. 5) provided by the Minnesota
DNR, each plot can be assigned to an administrative unit. The resulting administrative
boundary codes are then assigned to the AREA_NAME column of the PLOT table.

10
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Figure 5: Minnesota DNR Administrative boundaries as viewed in ArcGIS.

Two additional steps are required before the EVALIDatorReports program can report
information by administrative boundary. First a record must be added to the REF_PRC
table. In this example the record in Table 7 is added to the REF_PRC table.

Table 7: AREA_NAME classification variable record to be added to REF_PRC table.

COND
CLASS | TREE PAGE | ROW COL
NBR SEED CLASSNM FUNCTIONNM CLASS | CLASS | CLASS
56 | COND | AREA_NAME | area_nameLabel(plot.area_name) | Y Y Y

Then the function area_nameLabel (Appendix b) must be added to the “Functions

module”. Note that in this case the function simply assigns the area name class. A portion
of the resulting output from this retrieval is displayed in Table 8.

11
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Table 8: Area of timberland by DNR administrative area and stand-size, Minnesota, 2006.

Large Medium Small

Stand-size diameter | diameter | diameter | Nonstocked
Total 15,112,725 | 4,115,614 | 5,564,086 | 5,193,133 239,892
Aitkin
Area 757,616 214,109 303,031 229,298 11,178
Backus
Area 865,762 284,596 333,551 237,369 10,246
Baudette
Area 548,271 66,092 220,576 252,656 8,947

12




USDA Forest Service Proceedings — RMRS-P-56 4.

Example 3: Adding a Runtime Estimate: There is a difference between adding
a classification variable and adding an estimate. In both cases a function must be added to
the “Functions module” However, when adding a classification variable a record must be
inserted into the REF_PRC table, while when adding an estimate a record must be
inserted into the REF_ATTRIBUTE_ACCESS table.

The REF_ATTRIBUTE_ACCESS table has four columns. A single record of this table is
presented in TABLE 9. The first column in the table is ATTRIBUTE_NBR. Currently
there are 46 rows in the REF_ATTRIBUTE_ACCESS table so the rows are numbered 1
through 46. The second column is ATTRIBUTE_DESCR. The ATTRIBUTE_DESCR
for the row depicted in Table 9 is “All live biomass on forestland oven-dry(tons)”. The
third column, VBA_SUMFROMWHERE, contains a segment of SQL code used by the
EVALIDatorReports program to query the database. The fourth column,
PEA_SURROGATE, is blank for all 46 rows that have been predefined. When adding a
new row to the REF_ATTRIBUTE_ACCESS table the PEA_SURROGATE column
should be filled with the ATTRIBUTE_NBR for the row that most closely reflects what
is being estimated. The program will then use the surrogate’s PEA records to identify the
inventories that can be queried for the new estimate.

Table 9: A single record from the REF_ATTRIBUTE_ACCESS table.

ATTRIBUTE ATTRIBUTE_ PEA_
_NBR DESCR VBA_SUMFROMWHERE SURROGATE
10 All live biomass  gijM(tree. TPA_UNADJ*tree.drybiot+

on forestland
[If(IsNull(tree.dia),PPP.adj_factor_subp,

oven-dry(tons)

[If(tree.dia<5,PPP.adj_factor_micr,
IIf(IsNul(MACRO_BREAKPOINT_DIA),

PPP.adj_factor_subp,
[If(dia<MACRO_BREAKPOINT_DIA,

PPP.adj_factor_subp,adj_factor_macr)))))/2000

AS ESTIMATED_VALUE

FROM

TREE INNER JOIN (

COND INNER JOIN ((

POP_PLOT_STRATUM_ASSGN

13



USDA Forest Service Proceedings — RMRS-P-56

INNER JOIN

POP_STRATUM as PPP ON
POP_PLOT_STRATUM_ASSGN.STRATUM_CN = PPP.CN)
INNER JOIN

PLOT ON POP_PLOT_STRATUM_ASSGN.PLT_CN =
PLOT.CN) ON COND.PLT_CN =PLOT.CN)

ON TREE.PLT_CN = PLOT.CN

WHERE ((TREE.STATUSCD)=1) AND
((COND.COND_STATUS_CD)=1) and
TREE.CONDID=COND.CONDID AND

tree. TPA_UNADIJ is not null

and tree.drybiot is not null and

The EVALIDatorReports program only allows the user to query those state inventories
for a particular estimate where the FIA program says it is appropriate. It is not
appropriate, for example, to estimate growth on forest land for inventories conducted
prior to 1998 because trees were not always measured on unproductive and reserved
forest land. For inventories conducted prior to 1998, it may only be appropriate to
estimate growth on timberland. The POP_EVAL_ATTRIBUTE (PEA) table identifies
which estimates can be computed for each state inventory. When new estimates are added
either new rows must be added to the PEA table or an ATTRIBUTE_NBR for an
estimate that has entries in the PEA table must be entered in the PEA_SURROGATE
column of the REF_ATTRIBUTE_ACCESS table.

In this example, a user wants to compute all live aboveground tree biomass using Jenkins
biomass equations rather than using the stored biomass values that were developed from
FIA regional biomass equations. To use the stored biomass values, the researcher would
select “10 All live biomass on forest land oven-dry(tons)” from the estimate list in
EVALIDatorReports. The program would then use the tree biomass number stored in the
DRYBIOT column of the TREE table.

To replace DRYBIOT with a value calculated using the Jenkins biomass equations the
user would add a new row to the REF_ATTRIBUTE_ACCESS table (Table 10). The
value of ATTRIBUTE_NBR would be 47. The value in ATTRIBUTE_DESCR would be
“Jenkins All live biomass on forestland oven-dry(tons)”. The value in
VBA_SUMFROMWHERE would be identical to the value from Table 9 with the
exception that “tree.drybiot” would be replaced with the function call

14



USDA Forest Service Proceedings — RMRS-P-56 4.

“JenkinsBiomass(tree.spcd, tree.dia, tree.diahtcd, 0)”. The value of PEA_SURROGATE

would be 10.

Table 10: Jenkins biomass estimate in the REF_ATTRIBUTE_ACCESS table.

ATTRIBUTE ATTRIBUTE_

_NBR

47

DESCR
Jenkins All live
biomass on
forestland

oven-dry(tons)

PEA_

VBA_SUMFROMWHERE SURROGATE

SUM(tree. TPA_UNADJ*JenkinsBiomass(tree.spcd, !0

tree.dia, tree.diahtcd, 0)*

[If(IsNull(tree.dia),PPP.adj_factor_subp,
[If(tree.dia<5,PPP.adj_factor_micr,
f(IsNull(MACRO_BREAKPOINT_DIA),
PPP.adj_factor_subp,
[If(dia<MACRO_BREAKPOINT_DIA,
PPP.adj_factor_subp,adj_factor_macr)))))/2000
AS ESTIMATED_VALUE
FROM
TREE INNER JOIN (
COND INNER JOIN ((
POP_PLOT_STRATUM_ASSGN
INNER JOIN
POP_STRATUM as PPP ON
POP_PLOT_STRATUM_ASSGN.STRATUM_CN = PPP.CN)
INNER JOIN
PLOT ON POP_PLOT_STRATUM_ASSGN.PLT_CN =
PLOT.CN) ON COND.PLT_CN = PLOT.CN)
ON TREE.PLT_CN = PLOT.CN
WHERE ((TREE.STATUSCD)=1) AND

((COND.COND_STATUS_CD)=1) and

15
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TREE.CONDID=COND.CONDID AND
tree. TPA_UNADJ is not null

and tree.drybiot is not null and

The researcher could then run EVALIDatorReports to generate biomass estimates based
on either Jenkins (Table 11) or based on the regional biomass numbers (Table 12).

Table 11: Jenkins all-live biomass (oven-dry tons) on timberland lllinois and Indiana, 2006.

Species group major
State Total Softwoods | Hardwoods
Total 591,296,419 | 13,460,746 | 577,835,673
IL 292,274,945 | 5,790,358 | 286,484,587
IN 299,021,473 | 7,670,388 | 291,351,086

Table 12: Regional all-live biomass (oven-dry tons) on timberland lllinois and Indiana, 2006.

Species group major
State Total Softwoods | Hardwoods
Total 486,143,719 | 11,234,641 | 474,909,078
IL 234,606,405 | 4,812,103 | 229,794,301
IN 251,537,314 | 6,422,538 | 245,114,776

Future Developments

New permanent meaningful partnering opportunities may arise from providing FIA data
and tools in a completely transparent and open-ended system. Microsoft Access©
databases containing FIADB data and the EVALIDatorReports program were
downloaded 543 times from the FIA website in the first 5 months. Interest has already
been expressed by this small user community in developing a mechanism for sharing
code for new classification and attribute variables. Usually future development is driven

16
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by customer demand. In the case of the EVALIDatorReports program, future
development may be driven by customer supply.
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Appendix A - sdiLabel Function
Public Function sdiLabel(cn, condid, condprop_unadj)
Dim sSQL As String
Dim sdi As Double

sSQL = "SELECT sum(nz(tpa_unadj,0)/ " & Str(condprop_unadj) &
"*(nz(dia,0)/10)*1.6)"

sSQL =sSQL + " FROM tree where plt_cn=""" & cn & """ and condid=" &
Str(condid)

Dim cnn As ADODB.Connection
Set cnn = CurrentProject.Connection
Dim rs As New ADODB.Recordset
rs.0Open sSQL, CurrentProject.Connection
Do Until rs. EOF
If IsNull(rs.Fields(0)) Then
sdi=0
Else
sdi = rs.Fields(0)
End If
rs.MoveNext
Loop

rs.Close
cnn.Close
Debug.Print sdi
If (sdi < 100) Then
sdiLabel = "0001 Iess than 100 SDI"
Elself (sdi < 200) Then
sdiLabel = "0002 100 to 199 SDI"
Elself (sdi < 300) Then
sdiLabel = "0003 200 to 299 SDI"
Elself (sdi < 400) Then
sdiLabel = "0004 300 to 399 SDI"
Elself (sdi < 500) Then
sdiLabel = "0005 400 to 499 SDI"
Elself (sdi < 600) Then
sdiLabel = "0006 500 to 599 SDI"
Elself (sdi < 700) Then
sdiLabel = "0007 600 to 699 SDI"
Elself (sdi < 800) Then
sdiLabel = "0008 700 to 799 SDI"
Elself (sdi < 900) Then
sdiLabel = "0009 800 to 899 SDI"
Elself (sdi < 1000) Then
sdiLabel = "0010 900 to 999 SDI"
Elself (sdi < 1100) Then
sdiclass = "0011 1000 to 1099 SDI"
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Else
sdiLabel = "0012 1100+ SDI"
End If

End Function
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Appendix B — Area_nameLabel Function

Public Function area_namelLabel(area_name)
Select Case area_name

Case "Aitkin Area"

area_namelLabel = "0001 Aitkin Area"

Case "Backus Area"

area_namelLabel = "0002 Backus Area"

Case "Baudette Area"

area_namelLabel = "0003 Baudette Area"

Case "Bemidji Area"

area_namelLabel = "0004 Bemidji Area"

Case "Blackduck Area"

area_namelLabel = "0005 Blackduck Area"

Case "Cambridge Area"

area_namelLabel = "0006 Cambridge Area"

Case "Cloquet Area"

area_namelLabel = "0007 Cloquet Area"

Case "Deer River Area"

area_namelLabel = "0008 Deer River Area"

Case "Detroit Lakes Area"

area_namelLabel = "0009 Detroit Lakes Area"

Case "Hibbing Area"

area_namelLabel = "0010 Hibbing Area"

Case "Lake City Area"

area_namelLabel = "0011 Lake City Area"

Case "Little Falls Area"

area_namelLabel = "0012 Little Falls Area"

Case "Littlefork Area"

area_namelLabel = "0013 Littlefork Area"

Case "New Ulm Area"

area_namelLabel = "0014 New Ulm Area"

Case "Orr Area"

area_namelLabel = "0015 Orr Area"

Case "Park Rapids Area"

area_namelLabel = "0016 Park Rapids Area"

Case "Red Lake Reservation”

area_namelLabel = "0017 Red Lake Reservation"

Case "Rochester Area"

area_namelLabel = "0018 Rochester Area"

Case "Sandstone Area"

area_namelLabel = "0019 Sandstone Area"

Case "Tower Area"

area_namelLabel = "0020 Tower Area"

Case "Two Harbors Area"

area_namelLabel = "0021 Two Harbors Area"

Case "Warroad Area"

20
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area_namelLabel = "0022 Warroad Area"
Case Else

area_nameLabel = "0023 Other "

End Select

End Function

21
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Appendix C — JenkinsBiomass function

Public Function JenkinsBiomass(p_spcd, p_dbh, p_diahtcd, p_wdldstem)
Dim v_sppgrp  As String
Dim v_b0, v_bl, v_bm, v_dbh, v_live_aboveground As Double
Dim pied, drcp, quga,drcq, stm As Double

v_dbh =2.54 * p_dbh ‘Convert diameter from inches to cm

3

‘Adjust diameter for woodland species that are measured at diameter root collar not dbh
If (p_diahtcd = 2) Then
pied=0
drcp=0
quga=0
drcq=0
If (p_wdldstem <= 1) Then
stm =1
Else
stm =0
End If
If (p_spcd < 300) Then
pied =1
drcp = v_dbh
Else
quga =1
drcq = v_dbh
End If
v_dbh =-6.818 + (1.0222 * v_dbh) + (1.8879 * stm) + (1.8971 * pied) - (0.0399 *
drcp) + (3.11 * quga) - (0.0689 * drcq)
If (v_dbh < 2.54) Then
v_dbh =2.54
End If
End If

3

‘Assign FIA species codes (spcd) to Jenkins species group codes (v_sppgrp)
Select Case p_spcd
Case 350, 351, 352, 353, 354, 355, 740, 741, 742, 743, 744, 745, 746, 747, 748, _
749, 752,753, 754, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929
v_sppgrp = "aa"
Case 40, 41, 42, 43, 57, 60, 67, 68, 70, 71, 72, 73, 81, 211, 212, 220, 221, 222, 240,
241,242

v_sppgrp = "cl"
Case 200, 201, 202
v_sppgrp = "df"

Case 310, 311, 312, 313, 315, 316, 317, 319, 320, 370, 371, 372, 373, 374, 375, 376,
377,378,379

v_sppgrp = "mb"
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Case 323, 330, 331, 332, 333, 334, 336, 337, 341, 345, 356, 357, 358, 360, 361, 362,
367, 381, 391, _
420, 421, 422, 423, 424, 430, 431, 450, 451, 452, 460, 461, 462, 463, 471, 481,
490, 491, 492, _
500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 520,
521, 522, 540, _
541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 555, 561, 571, 580,
581, 582, 583, _
590, 591, 600, 601, 602, 603, 604, 605, 606, 611, 621, 631, 641, 650, 651, 652,
653, 654, 655, _
657, 658, 660, 661, 662, 663, 664, 680, 681, 682, 683, 684, 690, 691, 692, 693,
694, 701, 711, _
712,720,721, 722,729, 730, 731, 732, 760, 761, 762, 763, 764, 765, 766, 769,
770,771,772, _
773,774, 852, 853, 854, 855, 856, 857, 858, 859, 860, 863, 864, 865, 866, 873,
874, 876, 877, _
882, 883, 884, 885, 886, 887, 888, 890, 891, 895, 896, 897, 901, 906, 907, 908,
909, 910,912, _
913,914, 915, 919, 931, 934, 935, 936, 937, 940, 950, 951, 952, 953, 970, 971,
972,973,974, _
975, 976, 977, 981, 982, 986, 987, 988, 989, 991, 992, 993, 994, 995, 996, 997,
998, 999, 5091, 5092, 5093, 7211
v_sppgrp = "mh"
Case 314, 318, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413,
531, 800, 801, 802, _
804, 805, 806, 807, 808, 809, 811, 812, 813, 815, 816, 817, 818, 819, 820, 821,
822, 823, 824, 825, _
826, 827, 828, 830, 831, 832, 833, 834, 835, 836, 837, 838, 839, 840, 841, 842,
844, 845, 846, 847, 850
v_sppgrp = "mo"
Case 0, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, _
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 142, 143, 144, 298, 299

v_sppgrp = "pi"

Case 90, 91, 92, 93, 94, 95, 96, 97, 98
v_sppgrp = "sp"

Case 10, 11, 12, 14, 15, 16, 17, 18, 19, 20, 21, 22, 230, 231, 232, 250, 251, 252, 260,
261, 262, 263, 264
v_sppgrp = "tf"

Case 50, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 63, 64, 65, 66, 69, 300, 303, 304, 321,

322,475,755, _
756, 757, 758, 768, 803, 810, 814, 829, 843, 902, 990
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v_sppgrp = "wo"
Case Else

v_sppgrp = "xx"
End Select

3

‘Assign coefficients based on Jenkins species group
If (v_sppgrp = "aa") Then

v_b0 =-2.2094
v_bl =2.3867

Elself (v_sppgrp = "mb") Then
v_b0=-1.9123
v_bl =2.3651

Elself (v_sppgrp = "mh") Then
v_b0 =-2.48
v_bl =2.4835

Elself (v_sppgrp = "mo") Then
v_b0 =-2.0127
v_bl =2.4342

Elself (v_sppgrp = "cl") Then
v_b0 =-2.0336
v_bl =2.2592

Elself (v_sppgrp = "df") Then
v_b0 =-2.2304
v_bl =2.4435

Elself (v_sppgrp = "tf") Then
v_b0 =-2.5384
v_bl =2.4814

Elself (v_sppgrp = "pi") Then
v_b0 =-2.5356
v_bl =2.4349

Elself (v_sppgrp = "sp") Then
v_b0 =-2.0773
v_bl =2.3323

Elself (v_sppgrp = "wo") Then
v_b0 =-0.7152
v_bl =1.7029

End If

v_bm = Exp(v_b0 + v_b1l * Log(v_dbh))

3

‘Calculate biomass
v_live_aboveground = v_bm
JenkinsBiomass = v_live_aboveground * 2.046 ' Convert kg to pounds

End Function
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Long Term Ecological Monitoring Program on the
Kenai National Wildlife Refuge, Alaska:
An FIA Adjunct Inventory

John M. Morton', Matthew Bowser'?, Edward Berg', Dawn
Magness'?, and Todd Eskelin’

ABSTRACT: Kenai National Wildlife Refuge (KENWR) has a legislative mandate “to conserve
fish and wildlife populations and habitats in their natural diversity”. To improve our
understanding of spatial and temporal variation at the landscape level, we are developing the
Long Term Ecological Monitoring Program (LTEMP) to assess change in biota on the sample
frame used by the USDA Forest Inventory and Analysis program (FIA). Through a formal
agreement with the FIA, we completed our baseline inventory of 259 permanent terrestrial plots
systematically distributed at 5-km intervals across the 805,000-ha KENWR in 2004 and 2006. In
addition to the forested vegetation sampled by the FIA, we sampled vascular and nonvascular
plants on non-forested plots, and breeding landbirds, arthropods, and noise on all plots. All
sampling methods are passive, nondestructive (to habitat), relatively inexpensive, and require <2
visits to a plot in a given sampling year. To date, we have recorded 647 species including one
insect family and five insect species new to Alaska, two new sedges for KENWR, and a range
expansion for Hammond’s flycatcher. In collaboration with the FIA, we plan to resample 20% of
plots every other year over a 10-year monitoring window. However, implementation of the
monitoring phase was delayed as we complete species identification, develop novel ways of
estimating species-specific detection probabilities, evaluate statistical power to detect change,
and consider modifications to the proposed rotating panel design. Our approach provides a
statistically-rigorous framework for landscape monitoring and modeling, yet maintains a great
deal of design flexibility. Integration with the FIA ensures that LTEMP is cost effective, and the
collocation of floral and faunal sampling permits additional species-habitat modeling and other
explanatory spatial modeling. We believe LTEMP can serve as a template for agencies that are
developing long-term monitoring programs of biodiversity at the landscape level.

KEYWORDS: Kenai, National Wildlife Refuge System, Forest Inventory and Analysis,
inventory, monitoring, occupancy modeling, Long Term Ecological Monitoring Program,
diversity, arthropod, bird, plant
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Introduction

The National Wildlife Refuge System (NWRS), part of the U.S. Fish and Wildlife
Service (USFWS), is composed of 38 million ha contained in more than 520 units in all
50 states and U.S. territories. The NWRS helps sustain more than 700 bird, 220 mammal,
250 reptile and amphibian, and 200 fish species including habitats for at least 250 species
of threatened and endangered plants and animals (West et al. 2003). Although the NWRS
is over a century old, its mission, to administer a national network of lands and waters
for the conservation, management and where appropriate, restoration of the fish, wildlife
and plant resources and their habitats within the United States for the benefit of present
and future generations of Americans, was only recently established under the Refuge
System Improvement Act of 1997 (Public Law 105-57). This federal legislation
mandated that the “biological integrity, diversity, and environmental health of the
system” be maintained; USFWS policy was subsequently codified as 601 FW 3 in 2001.
Not only is this the first organic legislation to be enacted since the 1970s, Meretsky et al.
(2006) point out that this is one of the most emphatic conservation directives ever written
by Congress.

By policy (701 FW 2), most units in the NWRS have some sort of inventory and
monitoring program for wildlife and habitats. Monitoring on refuge units has traditionally
been focused on the species or taxon identified in their establishing legislation, usually
the Migratory Bird Treaty Act or Endangered Species Act. However, given the spatial
and taxonomic scope of the Refuge System Improvement Act, future monitoring of
biological resources will be more complex and likely require new approaches. Indeed,
Meretsky et al. (2006) cautioned that existing refuge monitoring programs should not
automatically be “grandfathered”. They recommended several ways that traditional
monitoring programs could be modified to respond to this new legislation including the
detection of biological changes even before the causes of those changes are recognized;
use of ecological indicators to justify management actions; expand the scope of
conservation monitoring, assessment, and management beyond refuge boundaries to
encompass surrounding landscapes; consider the use of composite or multi-metric
indexes and other methods to assess ecosystem condition; and, consider an NWRS-wide
approach to developing ecosystem monitoring tools.

Additionally, it is recognized that new data will be needed to respond to the impacts of
accelerated climate change. An ad hoc group of concerned USFWS biologists noted that
“the fundamental impact of climate change...is the re-distribution of flora and fauna in
response to changes in disturbance regimes and climatic envelopes. Because extirpation
and extinction, colonization and invasion, and novel species assemblages are expected
but unpredictable future outcomes, we need a more holistic approach to inventorying and
monitoring biota. The USFWS cannot be expected to adapt strategically to climate
change impacts without a better sense of in sifu biodiversity. We speak almost cavalierly
about the impacts of climate change and invasive species on biodiversity without any
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knowledge of the full extent of species richness for the lands we manage. We strongly
recommend developing a national program to inventory and monitor changes in the
biological integrity, diversity, and environmental health of the NWRS consistent with the
1997 Refuge Improvement Act”. More specifically, “objectives of this program would be
scaled to detect changes in flora, fauna, and other metrics at the regional and/or national
level. This program would consist of permanent sampling sites, ideally integrated and
cost-shared with existing national monitoring programs such as the USDA Forest
Inventory & Analysis (FIA) program” (Johnson et al. 2008).

Here we show how a formally-designated adjunct inventory to the FIA, the Long
Term Ecological Monitoring Program (LTEMP) on the Kenai National Wildlife Refuge
(KENWR), can be a viable approach for inventorying biodiversity at hierarchical scales.
The programmatic goals of the LTEMP are to determine the occurrence and distribution
of selected floral and faunal assemblages on KENWR and within selected habitats;
develop explanatory statistical models to assess the effects of geological, biological, and
anthropogenic factors on floral and faunal distributions; and assess trends in the
occurrence and distribution of selected floral and faunal assemblages on KENWR. In this
paper, we present preliminary results from our initial inventory of species richness on the
KENWR.

Study area

The 805,000-ha KENWR is in south-central Alaska on the Kenai Peninsula, which is
formed by the Cook Inlet and Prince William Sound (Fig.1). The KENWR shares
boundaries with Chugach National Forest and Kenai Fjords National Park. The KENWR
was established in 1941 as the Kenai National Moose Range but was renamed under the
Alaska National Interest Lands Conservation Act (ANILCA) in 1980. This act also gave
KENWR its mandates, of which the primary purpose is fo conserve fish and wildlife
populations and habitats in their natural diversity. Furthermore, ANILCA also defined
fish and wildlife as any member of the animal kingdom including without limitation any
mammal, fish, bird, amphibian, reptile, mollusk, crustacean, arthropod or other
invertebrate.

Biodiversity is unusually high for this latitude (59°25°- 61°) because of the
juxtaposition of two biomes on the Kenai Peninsula: the northern fringe of the Sitka
spruce-dominated (Picea sitchensis) coastal rainforest on the eastern flank of the Kenai
Mountains, and the western-most reach of boreal forest in North America on the western
side of the Kenai Mountains. Forests on KENWR are dominated by white (P. glauca),
Lutz’s (P. x lutzii), and black spruce (P. mariana) with an admixture of aspen (Populus
tremuloides) and birch (Betula neoalaskana). Extensive peatlands are interspersed among
spruce in the Kenai Lowlands. Lichen-dominated tundra replaces mountain hemlock
(Tsuga mertensiana) and sub-alpine shrub (primarily A/nus spp.) above treeline in the
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Kenai Mountains and Caribou Hills. Topographic relief varies from sea level at
Chickaloon Flats, a tidal estuary extending into the Cook Inlet, to 1800 m above sea level
in the Kenai Mountains. The 1800-km” Harding Icefield straddles the Kenai Mountains
along the boundary that separates Kenai Fjords National Park and KENWR.
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Figure 1: Distribution of 342 systematically distributed at 4.8 km intervals
on the 805,000 ha Kenai National Wildlife Refuge.

The impacts of a warming and drying climate are well documented on the KENWR.
The Kenai Peninsula was the epicenter of a spruce bark beetle (Dendroctonus rufipennis)
outbreak that lasted over a decade and caused high mortality of Sitka, Lutz, and white
spruce on 1.6 million ha in south-central Alaska. A run of warm summers since 1987 set
the stage for this outbreak of unprecedented scale, suggesting that with a future warmer
climate, fire and beetle kill may be more closely associated than in the past (Berg et al.
2006). Closed-basin lake levels have declined by as much as 1 m and many ponds shown
on 1950 maps and aerial photos are now grassy pans with various degrees of black spruce



USDA Forest Service Proceedings — RMRS-P-56 5.

and hardwood invasion (Klein et al. 2005). The Harding Icefield has lost 21 m in
elevation (Adageirsdottir et al. 1998) and 5% in surface area (Rice 1987) during 1950 -
1990s. Over this same period, treeline in the Kenai Mountains has risen, on average, 1 m
per year (Dial et al. 2007).

Methods

Forest Inventory and Analysis Program (FIA)

The FIA consists of a nationally-consistent core program to “make and keep current a
comprehensive inventory and analysis of the present and prospective conditions and
requirements of the renewable resources of the forest and rangelands of the United
States”. The FIA can be enhanced at the regional, state or local level to address special
interests (http://www.fia.fs.fed.us/). Vegetation data are stored in a well-defined database
(Miles et al. 2001) and are available for public dissemination from the National FIA
Database Retrieval System (http://www.srsfia.usfs.msstate.edu/scripts/ew.htm).
However, coordinates for FIA plot locations are not available and are protected from
Freedom of Information Act requests under the Agriculture Research, Extension, and
Education Reform Act of 1998 (16 USC 1642(e)). The national FIA core consists of three
phases:

Phase 1 uses remote-sensing data to classify land into forest and non-forest, and take
spatial measurements such as fragmentation, urbanization, and distance variables. This
phase has historically been done using aerial photography, but is changing to a system
based on satellite imagery.

Phase 2 consists of a set of field sample points distributed across the landscape in a
systematic grid of tessellated hexagons, each containing 2,360 ha. One FIA plot is
located within each hexagon on which vegetation structure and composition are re-
sampled every 10 - 15 years (Roesch and Reams 1999). Non-forest locations may also
be visited to quantify rates of land use change.

Phase 3 consists of a small subset (~6%) of the Phase 2 plots which are visited during
the growing season in order to collect an extended suite of ecological data including
full vegetation inventory, tree and crown condition, soil data, lichen diversity, coarse
woody debris, and ozone damage. Prior to 2000, these plots were part of the Forest
Health Monitoring program.

As part of the implementation of the Alaska Coastal Inventory in south-central Alaska,
the Pacific Northwest Research Station (PNWRS) established 176 FIA plots on KENWR
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in 1999 (Fig.1). Consistent with Phase 2, these plots were distributed across the forested
portion of KENWR at a resolution of 1 plot per 2,360 ha. By 2003, the PNWRS had
completed the first inventory of these plots following field protocols of the Coastal
Alaska Inventory (USFS 2002a).

However, the Coastal Alaska Inventory was implemented before the FIA national
protocols were fully developed. Also, under a 2004 Memorandum of Understanding, the
PNWRS agreed to reduce the frequency of re-sampling to ensure the integrity of 525,000
ha of Congressionally-designated Wilderness on KENWR. Consequently, there are
several significant differences between what has been done on KENWR than in other
parts of the U.S including systematically-distributed plots at regular intervals (versus
randomly placed within tessellated hexagons); inventory of vascular and nonvascular
flora in a 5.64-m radius column on each center subplot; and a monitoring design that
specifies re-sampling 20% of plots every other year for 10 years (i.e., rotating panel
design).

Sample Frame

To take advantage of inventorying and monitoring by the FIA, we adopted their
sample frame by extending the existing FIA grid over the remaining non-forested
portions of KENWR and overlaid additional sampling to inventory selected faunal
assemblages on all points regardless of vegetation. This full sample frame, hereafter
considered the LTEMP sample frame, is comprised of 342 plots systematically
distributed at 4.8-km intervals across the 805,000-ha KENWR (Fig. 1). At this spatial
resolution, the distribution of these plots is proportional to the availability of macro-
habitat types (Table 1). This is an important attribute as data derived from the LTEMP
sample frame are representative of the KENWR.

Table1: Comparison of the proportional distributions of LTEMP plots with macro-habitats on the Kenai
National Wildlife Refuge.

Habitat Plots (%) Hectares (%)

Forest 161 (47) 382,790 (48)
Conifer | 105 (31) 222,980 (28)

Deciduous 12 (4) 29,463 (4)

Mixed | 44 (13) 130,347 (16)

Shrub/grass 26 (7) 57,392 (7)
Barren/sparsely vegetated 60 (18) 133,260 (17)
Wetlands 20 (6) 49,489 (6)
Snowlice 51 (15) 117,348 (15)
Water 24 (7) 64,442 (8)
b2 342 (101) 804,721 (101)
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Vegetation Sampling of Forested Sites by FIA

The PNWRS sampled vegetation Phase 2/Phase 3 Plot Design
on 176 forested plots following field L
protocols used in the Coastal Alaska
Inventory (USES 2002a). Consistent [ @ﬁ_ T
with national Phase 2 protocols, each 5 >, N
FIA site consists of four subplots to e N
measure within-site variance (Fig. 2). ,” .- T \\
Each subplot consists of three nested / i " \
fixed-radius circular plots: 7.3-m tree {H @ - 1' "
plot, 5.64-m horizontal-vertical (HV) A - e
vegetation profile, and a 2-m @ § e £
seedling/sapling plot. Three 11.28-m 4 % @
transects intersect the center subplot M >
to estimate downed wood (see USFS ~ —— B
2002a). National and regional FIA (O subplot 24.0 1t ( 7.32m) radius
field protocols were generally similar & Microplot S0t ( 2.07m) radiin
except for relatively minor A Annular plot 58.9 1t (17.95 m) radius
differences in measurement units and STTACHN e REGR (ESTRRadm
location of subplot sampling. The one Sy e ransllaniy
obvious and significant discrepancy — SollSampling —  (point sample)
was the exclusive sampling of HV — Down Woody Debris  24.0 It ( 7.32 m) transects

plots as part of the Coastal Alaska
Inventory. Figure 2: Sampling schematic at FIA grid point.
Horizontal-Vertical (HV) Plot: A 5.64-m radius (horizontal distance) circular plot
was established at point center. The HV plot was used to determine the horizontal and
vertical distribution, density, diversity, and composition of plants and non-living material.
Vegetation was classified into strata or layers starting at ground level such that this plot
represented a column with a base of 100 m”. Vertical dimensions were estimated using
the natural layer breaks observed on the plot. One HV profile plot was established for
each polygon type that had a point meeting the following criteria: the polygon type at
point center is vegetated (i.e., shrub, herbaceous, forest); the HV plot falls entirely within
the polygon at point center (i.e., does not straddle polygon types); the polygon type at
point center covers > 90% of the area; and the point center does not fall in an inclusion.

Data collected on HV plots include shrubs, grasses, forbs, lichens, mosses, tree
seedlings (trees < 2.5 cm DBH), and in some cases shrub-like trees not recorded on the
tree plot. For example, Krummbholz and other stands where trees were growing in a
twisted/stunted shrub-like form, were treated as shrub land. The HV record also included
arboreal lichens, mosses, forbs and shrubs regardless of their substrate.
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Adjunct Inventory Field Methods

Vegetation Sampling of Non-forested Sites by KENWR: We did not use the FTA
cluster sampling design, where four subplots are surveyed at a site (Fig. 2). Instead, we
sampled one plot, centered on the plot center and used sampling methods which better
characterize non-forested vegetation (Fig. 3). Our objectives were to quantify the relative
frequency of ground cover and species within different height strata at each site. Similar
to the HV plot sampled by the FIA, we also recorded all vascular and nonvascular flora
on a 100-m” circular plot with a 5.64 m radius from plot center. Voucher specimens or
unknown plant material were collected at the site, but from locations > 10 m from plot
center. We also took two stereo digital photographs on the north-south axis of each plot
similar to PNWRS protocols for the HV plot.

Herbaceous and woody vegetative cover within the first 2 m above ground were
sampled using a modified point-intercept technique (Dunn 1992). A version of this

Figure 3: Sampling alpine tundra using a modified line-intercept method in the Kenai Mountains. Ecologist
Ed Berg kneels near the permanent monument that marks the center of a 5.64-m radius circular plot and
four 10-m transects that radiate in the cardinal directions from plot center.
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sampling approach has been adopted by Denali National Park. Four 10-m long transects
were laid out in the cardinal directions from plot center using tightly-woven, braided
nylon cord marked at 0.5-m intervals (n = 20 points per transect). A 2-m long, 13-mm
diameter steel rod, marked at 1 m to separate the vertical column into two strata, was
used as a sampling pin that is held vertically at each sampling point. Each plant taxon that
touches the sampling pin > 1 time was recorded within stratum at each point. Only one
hit per point per stratum per taxon was recorded at each of the 80 sampling points.
Consequently, a minimum of 40 tallies were recorded per stratum; the number of tallies
recorded can exceed this value considerably depending on species richness.

Substrate categories were BARE GROUND, ROCK, LITTER, DEAD WOOD (> 25
mm diameter), WATER, SNOW/ICE, ASH/CHARCOAL, and LIVE VEGETATION. If
a dead wood fragment/stick was < 25 mm in diameter or width, then it was recorded as
LITTER. Rock particles < 13 mm in longest dimension were recorded as BARE
GROUND; > 13mm were recorded as ROCK. Any live vegetation recorded as a substrate
was also recorded by species in the 1-m stratum. The total number of substrates recorded
always equaled 20 per transect.

Arthropods: We sampled arthropod occurrence and relative abundance within the
5.64-m radius circular plot using a 30 cm (12 inch) diameter sweep net (BioQuip™ model
7112CP with 30 cm extension handle). We swept the entire plot for > 5 min, ensuring
that all substrates and microhabitats within reach (including overhead) were sampled. All
specimens were placed in a single Nalgene® wide-mouth 250 ml bottle containing
sufficient 95% denatured ethanol to cover the sample.

Birds: We sampled landbird abundance and occurrence using variable circular plot
methods during the last three weeks in June. We adopted (with some modifications) the
protocols used in the Alaska Landbird Monitoring Survey (Handel et al.1998), where
horizontal distances to each bird were estimated at 1-min increments during a 10-min
sampling interval using auditory or visual cues. Surveys were conducted 30 min after
sunrise during the first 4 - 5 hrs of the morning, but only under specified conditions of
good visibility, little or no precipitation, and light or no winds. We used a laser range
finder to help with distance estimation and recorded unknown or questionable songs/calls
with a Sony digital Walkman™ MZ-N10 minidisc recorder and a Saul Mineroff
Electronics™, Inc., ATR55 mini-microphone boom.

Weather and noise: We measured wind speed (m/sec averaged over 30 sec),
temperature (°C), and relative humidity with a Kestrel 3000 Pocket Weather™ meter at
ground level. We used the Beauford wind scale to record wind speed at canopy level. We
used the Larson Davis Model 720 sound meter to measure sound levels (Leq, Lmax and
Lpeak) over a 5-min interval while birds were being counted. The sound meter was
mounted on a tripod, oriented with the microphone pointed skywards, and placed >3 m
from either observer to reduce recording of incidental noise.
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Curation and Species Identification: In the lab, vascular plants were pressed, and
lichens and mosses were stored in paper bags. Plant specimens were dried in a convection
oven at 60° C until dry, typically 1 - 3 days. Arthropod specimens were processed and
archived using appropriate curation methods. All arthropods present in the samples were
sorted into orders and most were sorted to families. Species identifications for both plants
and arthropods were made whenever possible but many specimens were shipped to >40
specialists for expert determinations. With the exception of small amounts of material
lent to various systematists, all specimens remain in the collection of the KENWR
(international collection coden: KNWR).

Results

Overview of Field Sampling Approach

Of 342 plots on the LTEMP sample frame, only 259 plots were deemed terrestrial and
accessible; 59 plots were considered inaccessible and 24 plots were located on water. Of
these 259 terrestrial plots, vegetation was sampled on 176 and 83 by FIA and KENWR
staff, respectively. The forest vegetation was sampled as part of the Coastal Alaska
Inventory during 1999 — 2002. We sampled the non-forested vegetation, primarily alpine
tundra and lowland wetlands, in July - August of 2004 and 2006. A 2-person team
typically spent ~ 2 hrs sampling vegetation on plot.

We inventoried breeding landbirds, arthropods, and noise on 255 terrestrial plots
during the latter three weeks in June of 2004 (n = 152) and 2006 (n = 103); data from
four plots were discarded for various reasons. Our sampling window was optimized to
detect most breeding landbird species at this latitude, and arthropod and noise sampling
were considered lesser priorities. We used a rapid approach, spending ~ 40 min on each
plot. A 2-person team typically divided duties such that the primary bird observer
conducted the 10-min bird survey while the other observer measured sound and weather
parameters. While one person sampled for arthropods, the other would take plot
photographs, record incidental wildlife sign, and take other notes. Because the plot and
potential landing site were not at the same location, round-trip travel time between the
helicopter and plot was typically 20 min such that a team could complete a plot every
hour.

With a few exceptions, plots were accessed by helicopter. We used a Bell 206 Jet
Ranger during wildlife surveys, “hop-scotching” two 2-person teams from point to point.
We completed 4 — 6 plots per team per day, with hours of operation typically restricted to
0400 — 1000 due to constraints imposed by avian breeding activities. Because we were
concerned about potential latitudinal (59°25°- 61°) and elevational (0 — 1800 m above sea
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level) bias in breeding phenology over a 3-week sampling interval, we alternated starting
points in the morning between the northern and southern part of KENWR and the
western and eastern parts of KENWR although this protocol was contingent on weather
constraints. We also shared an A-Star jet helicopter with PNWRS staff later in one
summer to help complete sampling of non-forested plots.

FIA plots were previously monumented following protocols outlined in the Coastal
Alaska Inventory (USFS 2002a). We monumented non-forested plots on the LTEMP
sample frame (n = 83) with Bernsten® aluminum survey caps on 80-cm long aluminum
break-away shafts that were pounded in so as to as flush as possible with the ground
surface. Both the cap and shaft have magnets inserted to facilitate re-finding these plots
with a metal detector during subsequent visits.

Data Derived from Adjunct Inventory

To determine species occurrence of vascular and nonvascular flora, and arthropods,
we considered only those species detected in the 5.64-m” radius circular plot. To
determine the occurrence of avifauna, we used only those bird species which were
detected within 200 m of plot center.

To date, we have identified 647 species including 86 birds, 333 vascular plants, 78
nonvascular plants, 44 lichens and fungi, and 106 arthropods as part of LTEMP. As
many as 54 species were recorded for a single LTEMP plot, but this value will certainly
increase as outstanding taxonomic work is completed. The subset of forested HV plots
that were sampled by the PNWRS yielded 217 vascular plant species and 33 nonvascular
plant species.

We have spatial data (albeit limited for species with low detectability) for 90% of 96
landbirds and 67% of 499 vascular plants previously documented on the KENWR or
thought to occur based on range maps. We identified two sedge species new to the
KENWR (Carex tenuiflora, C. dioica) and a range expansion for Hammond’s flycatcher
(Empidonax hammondii). We found four exotic vascular plant species (Lupinus
polyphyllus, Poa trivialis, Potentilla gracilis, Taraxacum officinale) on 3% of LTEMP
plots.

From more than 15,000 arthropod specimens collected, we have identified 220 taxa
representing 18 orders. Although the taxonomy of many arthropod and some nonvascular
plant specimens are still outstanding, we have identified one insect family new to Alaska
(Achilidae: Epiptera sp.) and five insect species new to Alaska (Aphelopus albopictus,
Aphodius aleutus, Delphacodes serrata, Gonatopus ashmeadi, and Paraliburnia kilmani).

11
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Lastly, we have established a benchmark for ambient sound during early morning
hours in the absence of rain and high winds. Sound levels integrated over 5 minutes on
257 plots averaged 45.1 dBa (SE = 0.68) and ranged from 32 - 95 dBa.

Discussion

We have designed the LTEMP to be a comprehensive, albeit not exhaustive, spatial
and temporal assessment of biodiversity (i.e., species richness) on the KENWR. In just
two summers of inventorying, we have amassed a significant volume of spatial data for
almost 650 species over 805,000 ha that continues to be processed and analyzed.
Taxonomic work on nonvascular plants and insects is still being conducted. Nonetheless,
the utility of the LTEMP as an adjunct inventory has already been demonstrated. We
have expanded the known distributions of several species as part of this inventory. We
have increased the known species richness on the KENWR to > 1,000 species. We have
used these data to model bird distributions (Magness et al. 2008) and arthropod diversity
(Bowser and Morton 2009).

We are already using the value of 3% to benchmark the occurrence of exotic flora on
KENWR at the landscape scale. Although LTEMP plots represented only 10% of the plot
data used to develop the first supervised vegetation classification of the Kenai Peninsula
from LANDSAT imagery, they were disproportionately critical because of their complete
spatial distribution (Lee O’Brien, pers. comm.). For landscape-level wildfire, which is
still a major disturbance process on KENWR, we also expect to use vegetation and fuel
load data from the FIA as pre-treatment data for wildfire and possibly as experimental
controls for large prescribed burns.

The LTEMP will likely continue to expand as funding and field techniques permit.
Unlike other similar programs such as the Long-term Ecological Monitoring Program at
Denali National Park, the Alberta Biodiversity Monitoring Program, or the Forest
Service’s MultiSpecies Inventory & Monitoring Program (Manley et al. 2004), we
employed a rapid sampling approach to assess species occurrence (primarily) as well as
other taxon-specific population metrics. All sampling methods are passive, non-
destructive (to habitat), relatively inexpensive, and require < 2 visits to a plot in a given
sampling year. Sampling efforts greater than this are likely to be too costly to sustain over
the long term and may damage permanent plots by trampling or the introduction of exotic
biota. Other critical attributes that make the LTEMP successful include

e permanent sampling sites to measure change;

e statistically robust sampling frame (systematic) to survive planned and
unplanned habitat changes;

e data that are representative of the refuge unit;
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e multi-taxa sampling and co-location of biotic and abiotic sampling to enhance
both predictive and explanatory spatial modeling; and
e interagency cost-share.

It is critical to the success of this program, however, that we estimate species detection
probabilities as the LTEMP is further developed to monitor spatial and temporal changes
in species distributions (Bowser and Morton 2009). Species occupancy (which is
essentially occurrence corrected for imperfect detection) will be our primary metric for
assessing change in distributions of all taxa found on the LTEMP. Other metrics derived
from repeated occupancy estimation include local rates of extinction and colonization,
both of which would be desirable for evaluating shifts in species distributions. However,
a major limitation in occupancy modeling as currently practiced is that detection is
estimated by making multiple revisits within season to a plot (MacKenzie et al. 20006).
This estimation procedure is expensive, particularly if helicopters are being used, and
results in collateral damage to the plot. Alternatively, we are currently exploring spatial
and temporal subsampling within a single plot visit to estimate detection probabilities
(Bowser and Morton 2009).

We are also concerned that the PNWRS has abandoned the HV plot. Although the
space occupancy concept behind the HV sampling methodology does not provide
reproducible estimates of plant cover (van Hees and Mead 2000), the floral inventory
generated on the HV plot appears to be fairly comprehensive. We developed the
arthropod sampling to be spatially consistent with the floral community within the 100
m” plot. However, the PNWRS has chosen to use the Phase 3 sampling in lieu of the HV
plot to be consistent with national protocols. We will have to consider changes to
sampling design and protocols as we move towards the monitoring phase in LTEMP.

We had originally planned on extending this adjunct inventory into spatial and
temporal monitoring by now. However, we have yet to complete the taxonomic
identification of both arthropod and nonvascular plant specimens. Also, the synergistic
value of co-locating additional inventory data on the LTEMP sample frame has become
apparent as we explore spatial modeling approaches (e.g., Magness et al. 2008).
Consequently, implementation of the monitoring phase has been postponed as we
complete species identification, develop novel ways of estimating species-specific
detection probabilities, evaluate statistical power to detect change, and consider
modifications to the proposed rotating panel design (Bowser 2009, Bowser and Morton
2009). Assuming we can address these concerns in a timely way, we will re-sample 20%
(n=51) of the LTEMP plots every other year beginning in 2010 in collaboration with the
FIA (Table 2).

In the future, the LTEMP sampling frame may also be used to sample the winter
distribution of mammals with aerial digital photography, to apply more rigorous insect
sampling methods for monitoring selected taxa, to collect soil samples to help develop
better soil maps, and to determine baseline levels of ambient contaminants. We hope to
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use the sound data as a basis for developing soundscape models. We have yet to analyze
the structure and composition of the floral community, and to develop models to explain
their relationship to faunal species distributions. In particular, we expect to examine
potential silvicultural and fire management prescriptions to improve bird densities as
estimated by Program DISTANCE (Laake et al.1993).

Table 2: Proposed rotating panel design for the Long Term Ecological Monitoring Program on the Kenai
National Wildlife Refuge in which a panel of 51 plots is jointly re-sampled by both FIA and KENWR every

decade.
PANEL N SAMPLING YEAR
FIA KENWR 2004/2006 2010 | 2012 | 2014 | 2016 | 2018
FLORA | FAUNA ALL ALL ALL ALL ALL
1 35 X X
2 35 X X
3 35 X X
4 35 X X
5 35 X X
> 175 X
X
1 16 X X X
2 16 X X X
3 16 X X X
4 16 X X X
5 16 X X X
> 80 X X

Our approach provides a statistically-rigorous framework for landscape sampling, yet
maintains a great deal of design flexibility. Integration with the FIA ensures that LTEMP
is cost effective, and the co-location of floral and faunal sampling permits additional
species-habitat modeling. Certainly the LTEMP approach and protocols are applicable to
the other 15 refuges in Alaska which have similarly large landscapes; in fact, the 16
Alaskan refuges comprise 87% of the land base within the NWRS. On the other hand,
almost 90% of the 540 units in the NWRS are < 50,000 acres (USFWS 2003). These
refuge units are too small to benefit from the relatively coarse resolution of Phase 2
sampling by the FIA. However, this disadvantage can be overcome by increasing the
sampling density within the FIA sample frame. Indeed, agency staff at Pictured Rocks
National Lakeshore in Michigan have used exactly this approach to estimate fuel loads
(Woodall and Leutscher 2003) and bird populations (Lieske 2006) for their unit while
ensuring a landscape context. Consequently, we believe that LTEMP can serve as a
template for agencies that are developing long-term ecological monitoring programs at
the landscape level, particularly in the context of accelerated climate change, but still
provide useful data at the local scale.
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Monitoring and Modeling Terrestrial
Arthropod Diversity on the
Kenai National Wildlife Refuge
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ABSTRACT: The primary purpose of the Kenai National Wildlife Refuge (KENWR) is
to “conserve fish and wildlife populations in their natural diversity,” where ‘fish and
wildlife” explicitly includes arthropods. To this end, we developed a Long Term
Ecological Monitoring Program (LTEMP), a collaborative effort with the USDA Forest
Inventory and Analysis (FIA) Program. In 2004 and 2006, we sweep-netted terrestrial
arthropods on 255 100m’ circular plots systematically distributed at 5-km intervals over
the 805,000 ha KENWR. These samples yielded 15,136 specimens, which were sorted to
families and to species when possible. The comprehensive spatial coverage of the
LTEMP sampling design provided spatial data suitable for species distribution modeling,
but we sought to improve upon this design by explicitly accounting for imperfect
detection. We proposed a rotating panel design where each site would be visited once
every ten years. Imperfect detection would be accounted for by spatial sub-sampling
within plots. Using Monte-Carlo simulation, we assessed the proposed design of LTEMP
for accurately monitoring changes in arthropod species distributions over time. Our
simulations demonstrated that, for species that are likely to be collected in a single 50m’
sweep net sample where they are present, the proposed LTEMP sampling design should
provide accurate estimates of species distributions and local rates of colonization and
extinction over the long-term. In order to document the landscape-scale patterns of
arthropod diversity over the KENWR, we modeled arthropod family richness using
random forest regression. Arthropod family richness data were obtained from LTEMP
and topographic, temporal, and productivity variables were obtained from GIS datasets.
The resulting map explained 22% of variation of diversity of sweep net samples. Highest
diversity was predicted on the margins of coastal wetlands and in productive hardwood
and mixed forests; lowest diversity was predicted at barren alpine sites.
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Introduction

Motivation: A Broad Conservation Mandate

The primary purpose of the Kenai National Wildlife Refuge (KENWR) is “to
conserve fish and wildlife populations and habitats in their natural diversity,”
where the term “fish and wildlife” was defined as “any member of the animal
kingdom, including without limitation any mammal, fish, bird, amphibian, reptile,
mollusk, crustacean, arthropod or other invertebrate,” (Alaska National Interest
Lands Conservation Act (ANILCA) of 1980).

Most of the “fish and wildlife” that the KENWR is charged to conserve are
arthropods. They represent 80% of described diversity worldwide (Kremen et al.
1993). In Alaska, an incomplete, unpublished checklist of terrestrial arthropods
included 6,500 species (unpublished checklist by Derek Sikes, University of
Alaska Museum, Fairbanks, Alaska), roughly an order of magnitude greater than
the number of vertebrate species of the state. Consistent with the world and the
region, arthropods represent most of metazoan diversity on the KENWR.

Arthropods are generally more important than vertebrates in terms of
ecosystem functioning in most terrestrial systems (Wilson 1987). In many
ecosystems, herbivory by arthropods has a greater influence on primary
production than vertebrates (Schowalter 2006). Most plants require pollination by
insects (Tepedino 1979). Arthropods also serve as important predators (Snyder
and Evans 2006), parasites, fungivores (Hopkin 1997), and decomposers
(Wallwork 1983). Even a single species of arthropod can alter the composition
and functioning of a landscape. For example, an outbreak of the spruce bark
beetle, Dendroctonus rufipennis Kirby, has recently removed the overstory of vast
forests of mature white spruce (Picea glauca (Moench) Voss) on the KENWR,
resulting in proliferation of understory grasses (Boucher and Mead 2006). Many
arthropod species, including the spruce bark beetle, are essential to the natural
functioning of the KENWR.

Despite the mandate of ANILCA to conserve the natural diversity of
arthropods, the fact that they represent most of biodiversity, and their immense
ecological importance, little progress had been made toward finding out what
arthropod species occur on KENWR. Insects, spiders, and other arthropods have
been overlooked because of somewhat circular reasons: (1) none of the species on
KENWR were known to be of conservation concern, (2) arthropod species are
assumed to be free from risk of extinction unless contrary evidence exists and (3)
they are thought to be prohibitively difficult to learn about or conserve.
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Figure 1: Map of the Kenai Peninsula showing the Kenai National Wildlife Refuge and LTEMP
sampling locations.

The obvious first step is an inventory, a survey of the arthropod species that are
present on the KENWR. However, a static inventory is inadequate because the
composition of the fauna of the KENWR is changing and is expected to continue
to change over the coming decades due to the responses of arthropods to a
warming climate and due to additional introductions of exotic species. Mobile
species are already moving up-slope and pole-ward as the climate warms
(Gottfried et al., 1999; Parmesan 1996, 2006; Parmesan et al., 1999; Parmesan
and Yohe 2003; Walther et al. 2002; Wilson et al. 2005), tracking their climatic
preferences. As this process of re-distribution continues, some areas will become
refugia (Gottfried et al. 1999) while others will serve as corridors (Hannah et al.
2002). While the most vagile species may respond rapidly, less motile species
may not re-distribute themselves quickly enough to track climate. Habitat loss and
fragmentation of suitable habitat will further exacerbate this problem, sometimes
preventing species from moving to more suitable areas. Many species are
expected to be lost as this process continues unless actions are taken to facilitate
the re-distribution of species (Williams et al. 2005). Positioned as we are at the
beginning of the re-distribution of species due to accelerating climate change, the
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need for accurate documentation of current distributions of species and
subsequent monitoring of species distributions is increasingly being recognized
(Guisan and Thuiller 2005; Magness et al. 2008).

Long Term Ecological Monitoring Program (LTEMP) of the KENWR, a grid-
based, multi-species, collaborative, inventory and monitoring framework
undertaken through a memorandum of understanding between the USDA Forest
Service Forest Inventory and Analysis (FIA) program (Figure 1), provided ample
spatial data for documenting distributions of species (e.g. Magness et al. 2008).
However, due to the sampling methods used, imperfect detection could not be
accounted for.

When a species is not detected perfectly by field methods there is a possibility
of reporting false absences (i.e., recording a species as absent where it was in fact
present, but not observed). This leads to bias in estimates of the probability of
occurrence of a species (MacKenzie et al. 2003, 2006). This issue of imperfect
detection is especially relevant in a monitoring context. Unless it is accounted
for, changes in the observed distribution of a species may be attributable to either
(1) changes in the area occupied by a species or (2) changes in the likelihood that
a species is detected due to changes in abundance, changes in seasonal phenology,
etc.

Accounting for Imperfect Detection Using Occupancy Models

Substantial literature exists on the subject of accounting for imperfect detection
(see MacKenzie et al. 2006 for a review). Occupancy models explicitly account
for imperfect detection using repeated survey data to obtain unbiased estimates of
presence/absence metrics (MacKenzie et al. 2003, 2006). Multi-season occupancy
models can also be used to estimate local rates of colonization and extinction,
potentially some of the most relevant monitoring metrics given expected
distribution shifts and potential expansions of exotic species.

In order to accurately monitor species distributions of arthropods over time, we
propose to modify the field methods of LTEMP so that imperfect detection can be
explicitly accounted for.

Diversity as a Measure of Ecosystem Health

Species richness can be defined as the number of species distributions that
overlap with the area of interest. Since ecosystem stability (McCann 2000),
ecosystem function (Hooper et al. 2005) and resilience (Chapin et al. 2000) are
generally correlated with diversity, species richness is itself considered to be a
good indicator of the health of a system (Magurran 1988). Under this premise,
taxon richness is often used as an indicator in environmental assessment studies
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(e.g. Bechtel and Copeland 1970; Egloff and Brakel 1973; Wu 1982; Roth et al.
1994; Karr and Kimberling 2003).

Objectives

Our first objective was an initial inventory of the arthropod fauna of the
KENWR. Our second objective was to develop methods for monitoring arthropod
distributions over the long-term. Our third objective was to document landscape-
scale patterns of arthropod biodiversity on the KENWR.

Methods

Sampling Methods

Study Area and Sampling Frame: Located in south-central Alaska, the
805,000 ha KENWR covers much of the western Kenai Peninsula (Figure 1) and
consists mainly of boreal forest, lowland wetlands, and alpine habitats. The FIA
program imposed a rectangular grid of sampling sites across the Kenai Peninsula
with 4.8 km spacing between the sites. Of the sites within KENWR, 255 sites that
did not fall on water or ice were included in the sampling frame of LTEMP.
Sampling design and methods are described in more detail in Morton et al.

(2009).

Plot Design and Field Methods: FIA crews established four circular, 5.64 m
radius (100 m?) sub-plots at each sampling site, with one central sub-plot centered
on the site coordinates and three additional circular plots arranged in a triangle
around the central sub-plot (Burkman 2005). LTEMP methods were focused on
the central plots and excluded the three auxiliary plots.

Over the field seasons of 1999-2002, FIA field crews surveyed all of the 176
sites that had been determined to be forested. In 2004 and 2006, KENWR field
crews sampled vegetation on the remaining 80 sites. Common to both FIA and
KENWR field methods was collection of presence/absence data for all vascular
plant species on the central 5.64m radius, circular plots.

Sampling of terrestrial arthropods was conducted by KENWR field crews over
the field seasons of 2004 (152 sites) and 2006 (103 sites). Concurrent sampling of
birds determined the seasonal (June 7-30) and daily (04:40 to 10:54 hours)
sampling windows. A single sweep net sample was taken at each plot. For each
sample, the collector swept a 30 cm diameter aerial insect net quickly back and
forth over all vegetation and other substrates within reach over the entire circular
plot. The contents of the net were then emptied into a vial of 80-90% ethanol.
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Sorting and Identification: Arthropod specimens were processed and
archived using appropriate curation methods. All arthropods present in the
samples were sorted into orders and most were sorted to families. Species
identifications were made whenever possible and many specimens were shipped
to over 30 specialists for expert determinations. With the exception of small
amounts of material lent to various systematists, all specimens remain in the
arthropod collection of the KENWR (international collection coden: KNWR).

Occupancy Modeling of Species Distributions

Proposed Sampling Design: The proposed long-term sampling design for
LTEMP is a rotating panel (interpenetrating panel) design where 51 sites (20%)
would be sampled every other year so that each site would be visited once every
ten years. Each panel would be representative of the KENWR as a whole.

Detection histories suitable for correcting for imperfect detection are most
often obtained by visiting each site multiple times within a season. Because
surveying all sites multiple times in one season would be cost-prohibitive,
increase damage to the sites through trampling, and increase the likelihood of
inadvertently introducing exotic species to the sites, we propose to modify
arthropod collecting methods so that detection probabilities can be estimated from
spatial subsamples taken on a single visit to a site. In the place of a single sweep
net sample over the 100 m? circular plot, the plot would be split into two
semicircles along a north-south axis and a separate sweep net sample would be
taken from each 50m?* semicircle. These spatial subsamples would provide a
detection history suitable for occupancy modeling.

Monte-Carlo Simulations: Our general approach for evaluating LTEMP
sampling regimes was to assess the performance of the proposed designs through
Monte-Carlo simulation. These simulations were designed to answer the question
of whether or not occupancy metrics could be estimated well; they were not
designed to actually model species distributions. In the same way that a mean can
be considered a special case of linear regression where there is only an intercept
and an error term, the simple occupancy models we used estimated only
occupancy metrics (occupancy, detection probability, and, in multi-season cases,
rates of colonization and extinction) without considering additional variables (e.g.
possible covariates) that would normally be included to produce species
distribution models. These simulations were designed to answer the questions of
interest without unnecessary complexity.

For each scenario considered, we (1) generated large numbers of simulated
datasets that conformed to the proposed LTEMP monitoring design and had
known parameter values, (2) fitted occupancy models using program PRESENCE
(Hines 2007), and (3) compared the estimates obtained to the known parameter
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values. We wrote scripts in the R programming language (R core development
team 2008) scripts to generate datasets, write input files, fit occupancy models
using PRESENCE, and extract results.

We generated datasets suitable for occupancy modeling in the following way.
For a given set of scalar values of occupancy (¥, the proportion of the area
occupied by a species) and detection probability (p), we first generated a list of
occupancy states at n sites by specifying that the occupancy states at all sites were
independently and identically distributed realizations of a Bernoulli process with a
rate of ¥ using the rbern function in the Rlab add-on library (Boos et al. 2006).
Similarly, we specified that detection events in each of the two sweep net samples
from each site were independently and identically distributed realizations of a
Bernoulli process with a rate of p. Multiplying the detection states by the
occupancy states yielded detection histories with the specified parameter values of
Y and p.

For single-season scenarios, we considered nine values of occupancy (0.1, 0.2,
0.3,0.4,0.5,0.6,0.7, 0.8, and 0.9) and the same nine values of detection
probability. For each combination of parameters, we generated 100 datasets (a
total of 9 x 9 x 100 = 8,100 datasets). Using the same simulated datasets, we
obtained estimates from program PRESENCE and naive estimates of occupancy,
where naive estimates are simply the proportion of sites where a species is
observed in any survey.

In order to assess how well rates of extinction and colonization could be
monitored over the long-term by the proposed sampling design, we intentionally
selected parameter values that were realistic. We set initial occupancy to 0.7,
detection probability to 0.8, the local rate of extinction (¢) to 0.1, and the local
rate of colonization (y) to 0.05. Multi-season data were generated by simulating
the Markovian processes of colonization and extinction over a specified number
of seasons. For each site that was occupied at season ¢, there was a probability €
(the local rate of extinction) that it would become unoccupied by season ¢ + 1;
sites unoccupied in season t had a probability v (the local rate of colonization) of
becoming colonized by season ¢ + 1. One hundred datasets were generated
conforming to a population with the specified parameter values over 20 years.
For each simulated population, estimates of the local rates of colonization were
obtained using program PRESENCE every time the population would be sampled
by the proposed LTEMP rotating panel design. Bowser (2009) provided a more
detailed explanation of the methods used for generating datasets and fitting
occupancy models using program PRESENCE, including the R scripts used.
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Table 1: Families included in analyses.

Acanthosomatidae Culicidae Nabidae
Achilidae Curculionidae Otitidae
Acrididae Delphacidae Phlaeothripidae
Agromyzidae Diapriidae Phoridae
Anisopodidae Dolichopodidae Pipunculidae
Anobiidae Drosophilidae Platygasteridae
Anthocoridae Dryinidae Psilidae
Anthomyiidae Dryomyzidae Psyllidae
Anthomyzidae Elateridae Pteromalidae
Aphelinidae Empididae Pythidae
Aphididae Encyrtidae Rhagionidae
Apidae Entomobryidae Scarabaeidae
Argidae Ephydridae Scathophagidae
Asteiidae Eulophidae Scelionidae
Bethylidae Eurytomidae Sciomyzidae
Bibionidae Formicidae Scirtidae
Braconidae Heleomyzidae Sclerosomatidae
Cantharidae Hemerobiidae Sepsidae
Carabidae Hypogastruridae Simuliidae

Ceraphronidae

Ichneumonidae

Sminthuridae

Chamaemyiidae Isotomidae Sphaeroceridae
Chloroperlidae Lathridiidae Staphylinidae
Chloropidae Lauxaniidae Stratiomyidae
Chrysomelidae Leiodidae Syrphidae
Chrysopidae Lithobiidae Tabanidae
Cicadellidae Lycidae Tachinidae
Clusiidae Lygaeidae Tenthredinidae
Coccinellidae Micropezidae Tephritidae
Coenagrionidae Miridae Thripidae
Coniopterygidae Muscidae Torymidae

Throughout the simulation analyses, program PRESENCE often yielded fitted
values of zero or one for at least one of the parameters estimated. When this
occurred, it appeared as if one parameter was fixed at either zero or one while
fitting was performed on the remaining variable(s), leading to erroneous results.
In these situations, program PRESENCE issuing the warning, “numerical
convergence was not reached,” in its output. The failure rate of a set of
simulations was calculated by dividing the number of failed simulations by the
total number of simulations and was expressed as a percentage. All other
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summaries presented below exclude results from simulations where PRESENCE
failed to converge, summarizing only simulations where PRESENCE converged
successfully.

Random Forest Regression of Arthropod Family Richness

In order to create a continuous raster of arthropod family richness over the
KENWR, predictions were made by random forest regression, a machine learning
algorithm with high predictive accuracy (Breiman, 2001). For this exercise,
taxonomic breadth was kept as broad as possible, although some groups were
excluded due to practical constraints. Ninety families (Table 1) were included in
analyses. Of the 255 sweep net samples available, two were rejected for the
purposes of this regression analysis. In one case, a logistical error had caused
spatial misalignment of the arthropod sample with other data and in another case,
an avalanche dramatically altered a plot immediately before arthropods were
sampled.

Table 2: Variables included in Random Forest regression.

Variable Name Number of Description
Variables

Spatial

latitude 1

longitude 1

Topographic

elevation 1 Elevation from the Digital Elevation Model (DEM).

slope 1 Derived from DEM.

aspect 1 Derived from DEM.

curvature 1 Derived from DEM.

distance_ocean 1 Distance to the ocean.

Climate

precipitation 13 Annual (precipitation_annual) and monthly
(precipitation01-12) precipitation from the PRISM
model.

temperature 13 Annual (temperature_annual) and monthly
(temperature01-12) temperature from the PRISM
model.

accumulation 1 Accumulated surface runoff based on PRISM annual
precipitation data and DEM.

Vegetation

NDVI 1 Normalized difference Vegetation Index calculated
from 2002 LandSat 7 imagery.

land cover 1 Vegetation cover classes (Figure 2).

Temporal

day 1 Julian day.

hour 1 Hours since midnight.

Historic

years_post fire 1 Years since last fire.

Total 39
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Figure 2: Kenai Peninsula land cover classification.

Extraction of Covariates: A 100 m x 100 m resolution prediction grid was
imposed over the KENWR. Values of covariates that were available as raster
datasets were extracted by resampling (bilinear interpolation) using ArcMap
(Table 2). Covariates available as vector datasets were converted to raster datasets
conforming to the prediction grid. For all covariates, values from pixels in which
LTEMP sampling locations fell were extracted for use in fitting of random forest
regression models.

Elevation data were extracted from a USGS digital elevation model (DEM)
resampled from 30 m %X 60 m to 30 m % 30 m resolution. Topographic variables
were calculated from the DEM. The normalized difference vegetation index
(NDVI) was calculated from a 30m % 30m resolution mosaic of LandSat 7
imagery taken in 2002 and made available through the Multi-Resolution Land
Characteristics Consortium. Climate parameters were extracted from the 2 km
resolution PRISM (Parameter-elevation Regressions on Independent Slopes

10
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Model) raster datasets produced by the Spatial Climate Analysis Service at
Oregon State University (SCAS/OSU). This dataset is currently the best climate
coverage available for Alaska (Simpson et al. 2005). Vegetation types were
extracted from a recent vegetation classification of the Kenai Peninsula
(KENWR, unpublished data).

Random forest regressions were fitted using the randomForest package (Liaw
and Wiener 2002) for R. For all random forest regressions, 5,000 trees were built.
To select an optimal value of the ‘mtry’ parameter (the number of predictors
randomly selected for consideration at each node), we ran random forest
regressions for all values of mtry between 1 and 50 and selected the value of mtry
that yielded the highest value of pseudo-R-squared and the lowest mean squared
error. A random forest regression model was then fitted using this optimal value
of the mtry parameter. We used this model to make predictions at all 100 m x 100
m pixels over the KENWR. For prediction, the time was set at median observed
values from observed LTEMP data (June 18 at 8:00 am).

Results

Material Collected

The 255 sweep net samples yielded a total of 15,136 specimens, of which
9,961 were of the 90 families included in analyses. Over half of the arthropods
collected (56%) were Diptera. Hemiptera (26%), Collembola (11%), and
Hymenoptera (7%) also comprised substantial fractions of the specimens
considered.

The abundance and frequency of specimens from each family varied greatly.
Culicidae, with a total of 3,697 individuals collected and a frequency of 0.76 (i.e.,
collected at 76% of sites), was the most abundant and frequently collected family.
Aphididae, Sminthuridae, Cicadellidae, Muscidae, Delphacidae, Empididae,
Ichneumonidae, Simuliidae, Braconidae, Lauxaniidae, Phoridae, Biobionidae,
Anthomyiidae, and Cantharidae were also relatively abundant and frequently
collected. Ephydridae were abundant locally, one site on the margin of
Chickaloon Flats yielding 133 of the 135 Ephydrid specimens collected, but they
were generally infrequent, collected at only three sites. In contrast, Diapriidae
were relatively common but were usually represented by few individuals at each
site. Many taxa were rarely encountered and were represented by few specimens.
Seventeen families (Isotomidae, Chloroperlidae, Achilidae, Nabidae,
Phlaeothripidae, Anobiidae, Carabidae, Lathridiidae, Lycidae, Pythidae,
Scarabaeidae, Scirtidae, Clusiidae, Dryomyzidae, Sepsidae, Aphelinidae, and
Bethylidae) were represented by singletons.

11
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Monte-Carlo Simulations

Short-Term Results: Using data from sampling of a single panel (a single
sampling season), program PRESENCE had a high failure rate, especially when
detection probability was low (Figure 3). The average failure rate was 24 failures
out of every 100 simulations, with a high of 98 failures out of 100 simulations
when both occupancy (V) and detection probability (p) were 0.1. Program
PRESENCE was most reliable when ¥ was between 0.3 and 0.7 and p was

between 0.6 and 0.8.
7(

0.8

Detection Probability (p)

02 04 06

02 04 06 08

Occupancy (vy)

Figure 3: Failure rate of Program PRESENCE over a range of values of ¥ and p for the
rotating panel design. Values are the percentage of simulations in which PRESENCE
failed. Failures were defined as fitting of either W or p with a value of 1 or 0. The colors of
the pixels are graduated so that white represents a value of 0 and saturated red
represents a value of 100%.

Naive estimates of occupancy were nearly always biased low, with the
magnitude of the bias increasing as p decreased and as ¥ increased (Figure 4(a)),
with a maximum magnitude of average bias of -0.725. Only when detection
probability was highest (0.9) were naive estimates essentially unbiased. Program
PRESENCE nearly always yielded less biased estimates of occupancy than the
naive estimates when it did not have convergence failures (Figure 4(b)). It
produced generally unbiased estimates of occupancy as long as detection
probability was greater than 0.3; when p was less than 0.3, estimates of ¥ tended
to be biased low. The magnitude of bias was greatest when p was at its minimum
value (0.1). Near this extreme of the parameter space, estimates of ¥ were highly
variable.

12
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Naive estimates of occupancy were more precise, even if less accurate, than
estimates obtained by program PRESENCE (Figure 4(c) and (d)). Standard
deviation of naive estimates was generally less than 0.05; standard deviation of
estimates obtained from program PRESENCE were generally greater than 0.1
when detection probability was less than about 0.6.
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Figure 4: Bias and standard deviation of naive estimates and PRESENCE estimates of
occupancy over a range of values of occupancy () and detection probability (p) for a
single-season estimate (i.e., a survey of one panel). The colors of the pixels are
graduated so that white represents a value of 0, saturated red represents a value of 1,
and saturated green represents a value of -1.
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Long-Term Results: In these simulations, the rotating panel design did not
yield reasonable estimates of local rates of colonization and extinction until some
sites were visited twice, ten years into the sampling program. After this point,
estimates of these change parameters were generally quite good. Estimates of
occupancy were consistently unbiased (mean bias = 0.004), but not quite as
precise as the desired maximum standard deviation of about 0.05 (SD = 0.062).
Over time, the failure rate of program PRESENCE first rose dramatically from 0
at the second year to 67% at the fourth year, then remained high until the tenth
year, when some sites were sampled a second time (Figure 5). After this point, the
failure rate became negligible. Estimates of the change parameters € and y were
initially biased high (Figures 6 and 7). Mean bias at the second year was 0.25 for
€ and 0.61 for y. This bias diminished slowly until the tenth year, when bias
dropped quickly as some sites were sampled a second time. By the twelfth year
and thereafter, estimates of these change parameters were essentially unbiased.
After year twelve, precision was still not as good as is desirable, with standard
deviations of about 0.1, but this large standard deviation was mostly due to a
small number (2-9) of simulations each season where estimates of program
PRESENCE were biased extremely high. When these outliers were removed,
standard deviation of estimates of € and y were less than 0.02.
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Figure 5: Failure rate of program PRESENCE over 20 years of simulations. Values are
the percentage of simulations in which PRESENCE failed.
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Figure 6: Estimates of the local rate of extinction over 20 years of simulations. Dashed
line: true value (0.1). Circles and solid line: median of estimates with bars spanning from
25% to 75% quantiles.

= o
e o
'
(1]
N T
[
e uw |
o 9 o
mo
£s
£EL o ]
= © o
n
il = —
(1]
Q
o e
4 g
o}
i
A

5 10 15

Year

Figure 7: Estimates of the local rate of colonization over 20 years of simulations. Dashed
line: true value (0.05). Circles and solid line: median of estimates with bars spanning from
25% to 75% quantiles.
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Regression Results

Random forest regressions incorporating only information that was available as
continuous raster data explained only 22% of the variation of family richness, but
produced a reasonable map of predicted family richness (Figure 8). The land
cover classification was the variable most often used by the decision trees for
predicting arthropod diversity, followed by NDVI. The regression predicted
lowest arthropod family richness at barren alpine sites. Highest richness was
predicted in coastal wetlands and productive hardwood and mixed forests the
KENWR (Table 3).
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Figure 8: Expected family richness of terrestrial arthropods predicted by random forest
regression.
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Figure 9: Importance of variables included in final random forest regression model.
Variable names were defined in Table 2. IncNodePurity is the mean decrease in node
purity, also known as the Gini splitting criterion (Breiman 2002).

Discussion

Utility of LTEMP for Monitoring Distributions

The proposed field methods of taking two spatial subsamples at each plot will
allow for efficient monitoring of arthropod distributions on the KENWR while
explicitly accounting for imperfect detection. Because precision was poor when
detection probability was less than 0.6, the proposed methods would be most
useful for species with detection probabilities of about 0.6 or greater. Although
sampling of a single panel (51 sites) did not provide a large enough sample size

17
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for modeling species distributions with good precision, the frequent sampling of
this design would provide up-to-date information on a frequent basis while
allowing a larger overall sampling frame than would be possible by sampling the
same sites every season. Over the long term, the proposed methods would allow
accurate estimation of species distributions and local rates of extinction and
colonization.

Table 3: Predicted arthropod family richness by land cover type.

Land Cover Type Mean S.D.
Wetland - halophytic 9.03 0.90
Black cottonwood 8.88 1.17
Mixed forest 8.31 1.19
Paper birch 8.24 1.13
Wetland - shrub 8.15 1.44
Alder/Willow 8.05 1.54
Mixed deciduous 8.01 1.23
White/Lutz/Sitka spruce 7.99 1.33
Black spruce 7.79 1.09
Wetland - graminoid 7.76 1.24
Herbaceous 7.68 1.30
Urban/Cultural 7.54 1.34
Aspen 7.51 1.00
Willow 7.43 1.86
Mixed conifer 6.57 1.38
Alder 6.26 1.41
Other shrub 6.18 1.84
Mountain hemlock 6.06 1.16
Barren - wet 5.70 2.40
Alpine 4.76 1.26
Sparsely vegetated 3.69 1.48
Barren/Rock 3.33 0.85

In order to monitor distributions of arthropod less likely to be collected in
individual sweep net samples (i.e., with detection probabilities < ~0.6), more than
two sweep net samples should be taken at each site. Increasing the number of
surveys at each site is generally the most efficient way to improve precision of
occupancy estimates, especially for species with low detection probabilities
(MacKenzie and Royle 2005). In the case of the proposed LTEMP design, where
sample size is already large (~254 sites) and the number of samples taken at each
site is at its minimum value (2), increasing the number of sweep net samples is
certainly the best way to improve precision and enable monitoring of a larger
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number of arthropod species. Since the sweep net sampling method yielded
information on relative abundance of arthropod species, estimates of occupancy
metrics may also be improved by incorporating this information as was done by
Royle and Nichols (2003).

The reason that rates of local colonization and extinction could not be
estimated well over the first eight years of simulations was that the rotating panel
design provided little information pertaining to these parameters until some sites
were sampled a second time, ten years into the proposed sampling program.
Precision and accuracy of estimates of these change parameters would best be
improved by addition of a number of sites that would be sampled in consecutive
seasons to furnish information about changes in occupancy states over the short-
term.

Patterns of Diversity

The good spatial coverage of the LTEMP sampling framework provided ample
data for modeling arthropod family richness. This exercise yielded a map of
coarse, landscape-scale patterns of arthropod diversity that will serve as a baseline
for comparison with future arthropod diversity on the KENWR. It is also useful
for putting small-area samples of arthropod diversity in the context of the
KENWR as a whole.

Bowser (2009), using the same arthropod diversity data from LTEMP, found
that temporal variable, productivity, and climate were the most important
determinants of arthropod diversity on the KENWR. His analysis and the current
analysis by random forest were consistent with McCoy (1990) in that, at about
60° latitude, maximum arthropod diversity occurred near sea level. The margins
of coastal salt marshes and productive deciduous and mixed forest habitat types
where random forest regression predicted highest arthropod diversity were
relatively warm, productive sites; the alpine and barren habitat types where lowest
arthropod diversity was predicted are relatively cold, unproductive sites. This
apparent positive relationship between arthropod diversity and vegetative
productivity is consistent with the species-energy theory of Wright (1983). He
posited that, as the amount of energy moving through a system increases, the
population sizes of living things supported by that system increase, reducing
extinction rates.

Conclusions
The excellent spatial representation of the LTEMP sampling framework
provided ample spatial data for modeling over the landscape of the KENWR. By

correcting for imperfect detection in the future, we will be poised to monitor for
changes in the distributions of species over time. Although monitoring was mostly
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discussed in the context of the responses of species to climate, these same
monitoring methods should serve well for monitoring the spread of exotic species
and the subsequent responses of native biota in terms of distribution shifts.
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Tree Crown Condition in Virginia Before and
After Hurricane Isabel (September 2003)
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Abstract: In September 2003, Hurricane Isabel made landfall in North Carolina as a
Category 2 hurricane. As it moved inland, with sustained wind speeds of 37 to 69 miles
per hour (59 to 111 km per hour) and gusts up to 91 miles per hour (146 km per hour),
the hurricane caused widespread damage throughout Virginia and is a plausible
explanation for adverse changes observed in tree crown condition since the hurricane.
On average, trees measured before and after the hurricane showed a significant increase
in foliage transparency. Increases in foliage transparency were greatest for loblolly pine,
sweetgum, and the Coastal Plain region of the State. A significant correlation between
tree size and increase in foliage transparency was not observed. This study highlighted
the potential importance of foliage transparency as an indicator of tree damage from
severe storms.

Keywords: FIA, foliage transparency, forest health, hurricane damage.

Introduction

The U.S. Forest Service, Forest Inventory and Analysis (FIA) program has
been conducting inventories of the Nation’s forest land for 80 years. For most of
this period, statewide inventories were completed approximately once every 6 to
8 years in the South and 11 to 18 years in the rest of the country (Gillespie 1999).
Since the late 1990s, however, FIA has inventoried States on an annual basis,
striving to complete an inventory cycle every 5 years in the East and every 10
years in the West.

The first set of such annual measurements began in Virginia in 1997 and
concluded in 2001. This was the 7" statewide inventory of Virginia. The 8"
statewide survey, also accomplished on an annual basis, was conducted during
2002 to 2007. As part of the 2001 (7™ survey) report on the forests of Virginia,
crown conditions were evaluated to identify potential forest health problems
within the State (Rose 2007). Average crown density, foliage transparency, and
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crown dieback were calculated for the softwood and hardwood species groups,

as well as for individual tree species. When crown conditions from the 7™ survey
were compared to the forthcoming 2007 (8" survey) report (Rose in preparation),
several changes were noticed. As expected, average values fluctuated for all three
crown variables; however, the change for foliage transparency, especially among
the softwoods, seemed atypical. Across the State, average hardwood transparency
increased from 20 percent to 23 percent and average softwood transparency
increased from 22 percent to 29 percent. Several individual species also showed
large increases in average foliage transparency between the two surveys. Loblolly
pine (Pinus taeda L.) average foliage transparency increased from 19 percent to
30 percent and the average for sweetgum (Liquidambar styraciflua L.) increased
from 17 percent to 25 percent. The levels of foliage transparency measured during
the 8™ survey appeared unusual because the majority of both hardwood and
softwood trees in the Southern United States typically have foliage transparencies
of 25 percent or less (Randolph 2006).

Because hurricanes can cause substantial damage to tree crowns (Putz and
Sharitz 1991), we considered the hurricane that struck Virginia during the 8"
survey as a likely explanation for the changes noticed in crown condition. In
September 2003 Hurricane Isabel made landfall on the Outer Banks of North
Carolina as a Category 2 hurricane (figure 1). The storm caused widespread wind
and flood damage across eight States from North Carolina to New York. Isabel

e Hurricane Isabel

Northern
Piedmont

Coastal P
Plain \

Southern Mountains Southern Piedmont

Figure 1: Path of Hurricane Isabel across North Carolina and Virginia, and the location of the
five FIA units in Virginia.
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passed through Virginia with sustained wind speeds ranging from 37 to 69 miles
per hour (59 to 111 km per hour), with gusts up to 91 miles per hour (146 km per
hour) (Beven and Cobb 2004). Rainfall from the hurricane averaged 4 to 7 inches
(10 to 18 cm) over large portions of east-central Virginia, with the Shenandoah
Valley in northern Virginia averaging 8 to 12 inches (20 to 30 cm) (Beven and
Cobb 2004). A total of 77 counties and independent cities across Virginia were
declared disaster zones, and the estimated economic loss was $925 million,
greater than any of the other States through which Isabel passed (U.S. Department
of Commerce 2004).

The purpose of this study was to examine trees that were measured both before
and after the hurricane and explore the possibility that Hurricane Isabel was a
contributing factor to the change in foliage transparency between the 7™ and 8™
surveys.

Methods
Data

Data for this study came from the FIA phase 3 plots measured in Virginia
between 1997 and 2001 (7% survey) and between 2002 and 2007 (8" survey). FIA
phase 3 plots are a cluster of four 1/24-acre (0.02 ha) circular subplots located
across the landscape in a way such that each plot represents approximately 96,000
acres (38,850 ha) (McRoberts 2005). On each plot crown condition is assessed
for every live tree > 5.0 inches (12.7 cm) diameter at breast height (d.b.h.). Three
crown condition variables are assessed: crown dieback, crown density, and foliage
transparency. Crown dieback is the recent mortality of branches with fine twigs,
whereas crown density and foliage transparency measure the amount of foliage
and crown biomass on a tree (Schomaker and others 2007). Though foliage trans-
parency and crown density are similar measures they cannot be interpreted as
exact inverses. Crown density measures the amount of sunlight blocked by all
biomass produced by the tree (both live and dead) in the crown, whereas foliage
transparency measures the amount of sunlight penetrating only the live portion
of the crown. Deductions are made from the maximum possible crown density
for spaces between branches and other large openings in the crown. However,
large gaps in the crown where foliage is not expected to occur are excluded from
consideration when foliage transparency is rated.

Analysis

Individual trees from the 7" and 8" surveys were matched by plot and tree
number and then divided into pre- and post-hurricane data sets. Trees measured
before September 18, 2003 were assigned to the pre-hurricane data set and trees
measured on or after September 18, 2003 were assigned to the post-hurricane
data set. The mean, standard error, and 25, 50, 75 and 90" percentiles were
calculated for both the pre- and post-hurricane data sets. Change in crown
condition was calculated for survivor trees as the difference between the post- and
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pre-hurricane ratings. Trees that died between the first and second assessment
were not included in this analysis. In this report we focus on the change in foliage
transparency (9,).

Paired t-tests were used to test the hypothesis that the mean of 3, equals zero
at the State and FIA unit level for all trees combined, hardwood and softwood
groups, and individual species groups. Scatter plots of 6, by d.b.h. and height, and
average 6, (8 4 ) by crown position were produced to examine the relationship
between 6, and tree dominance. In addition, & s based on only the remeasured
trees was calculated for each plot with three or more live trees and mapped for
visual inspection in relation to the path of Hurricane Isabel (U.S. Department of
Commerce 2008).

Results

Pre- and post-hurricane assessments were matched for 1,492 live trees > 5.0
inches (12.7 cm) d.b.h. on 74 plots. Hardwoods made up the majority of the
trees assessed (67.9 percent). Chestnut oak (Quercus prinus L.), yellow-poplar
(Liriodendron tulipifera L.), and red maple (Acer rubrum L.) were the most
abundant hardwood species. Loblolly pine and Virginia pine (Pinus virginiana
Mill.) were the most abundant softwood species. The time between the pre- and
post-hurricane assessments was 4 years for one plot and 5 years for all other plots.

Across the State, there was a significant (o = 0.05) increase in average foliage
transparency pre- to post-hurricane for all trees combined, the hardwood and
softwood groups, and several of the individual species groups (table 1). The
increase in foliage transparency was greater among the softwoods (8 s =9.6
percent) than among the hardwoods (8 4 = 5.7 percent) and overall was greatest
for sweetgum (& s = 14.4 percent) and loblolly pine (& ¢ = 12.0 percent).

Changes in the percentiles of the foliage transparency frequency distributions
followed the same general patterns as the changes in the average conditions.
Statewide, median foliage transparency was 20 percent for all trees prior to the
hurricane and 25 percent after the hurricane (table 2). Greater increases in the
median were observed for loblolly pine and sweetgum (table 2). Since lower foli-
age transparency values typically indicate healthier trees, increases in the upper
percentiles especially indicate that more trees had poorer conditions after the hur-
ricane than before. Statewide, the 90™ percentile increased from 25 percent to 45
percent for all trees combined and from 30 percent to 50 percent and 25 percent to
35 percent for the softwood and hardwood groups, respectively (table 2).

The main path of Hurricane Isabel passed through four of the five FIA units
in Virginia (figure 1). Therefore, it was useful to examine the changes in foliage
transparency at the unit level to help determine the extent to which Hurricane
Isabel may have been the cause of these changes. For all trees combined, the
greatest increase in average foliage transparency was observed in the Coastal
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Table 1: Mean foliage transparency and other statistics® for all live trees 25.0 inches
d.b.h. measured in Virginia before and after Hurricane Isabel, by species group

Pre-hurricane Post-hurricane t-test

Species group Plots Trees Mean SE Mean SE  p-value®
---number---  percent percent

Softwoods
Virginia pine 16 135 25.7 1.55 34.9 3.95 0.0356
Loblolly pine 17 259 19.9 1.03 31.9 2.75 0.0005
Shortleaf pine 8 19 20.3 — 28.2 — —
Eastern redcedar 7 14 18.6 — 27.9 — —
Other softwoods 8 52 25.9 1.58 25.4 0.99 —

All softwoods 38 479 22.2 1.01 31.8 2.08 0.0002

Hardwoods
Hickory 32 95 18.7 0.79 20.3 0.67 0.1792
Maple 37 156 19.4 0.70 27.5 1.83 0.0003
Tupelo 16 35 20.4 1.94 23.7 1.13 0.1540
Oak 53 386 19.9 0.44 23.3 0.89 0.0028
Sourwood 10 32 18.4 0.87 22.3 2.56 0.2344
Sweetgum 16 65 17.0 1.44 31.4 3.02 0.0001
Yellow-poplar 30 121 16.9 0.47 25.8 1.73 0.0001
Other hardwoods 37 123 19.4 0.76 26.2 1.82 0.0002

All hardwoods 69 1,013 19.1 0.36 24.8 0.98 0.0001
All trees 74 1,492 201 0.41 271 1.16 0.0001
SE = standard error; — = not presented due to insufficient sample.

2The mean and SE calculations consider the cluster of trees on plots. SE not presented for groups
with <20 trees.

® The probability of obtaining a large t-value under the null hypothesis that the difference between
the two means equals 0. T-tests are not performed for species groups with <10 plots.

Table 2: Foliage transparency frequency distribution percentiles for live trees >5.0
inches d.b.h. measured in Virginia before and after Hurricane Isabel, by species group

Pre-hurricane percentiles Post-hurricane percentiles
Species group 25 50 75 90 25 50 75 90
percent

Softwoods
Virginia pine 20 25 30 35 25 30 45 55
Loblolly pine 15 20 20 25 25 30 40 45
Shortleaf pine 20 20 20 25 20 25 30 40
Eastern redcedar 15 18 20 25 20 25 30 50
Other softwoods 20 25 30 35 20 25 30 30
All softwoods 20 20 25 30 25 25 40 50

Hardwoods
Hickory 15 20 20 25 20 20 20 25
Maple 15 20 20 25 20 25 35 40
Tupelo 15 15 20 25 20 20 25 30
Oak 15 20 20 25 20 20 25 30
Sourwood 15 20 20 25 18 20 20 40
Sweetgum 15 15 20 20 20 30 35 45
Yellow-poplar 15 15 20 20 20 25 30 40
Other hardwoods 15 20 25 25 20 25 30 35
All hardwoods 15 20 20 25 20 20 25 35
All trees 15 20 20 25 20 25 30 45
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Plain (3 4 = 15.8 percent) followed by the Southern Piedmont (& 4 =7.1 percent),
Southern Mountains (& ¢ =4.3 percent), Northern Piedmont (8 s =3.6 percent),
and Northern Mountains (8 ; = 1.4 percent) (table 3). The increase in foliage
transparency was significant at the 95 percent confidence level in all units except
the Northern Mountains and was marginally significant in the Southern Piedmont
(p-value = 0.06). Increases in the 90™ percentiles were observed in the Coastal
Plain, Southern Piedmont, and Northern Mountains (table 4).

Scatter plots of 6, by pre-hurricane d.b.h. and height showed no systematic
pattern (figures 2 and 3). That is, increased losses of foliage (higher 8,) were not
associated with larger and taller trees. Likewise, there was not a significant

Table 3: Mean foliage transparency and other statistics® for live trees 25.0 inches d.b.h.
measured in Virginia before and after Hurricane Isabel, by FIA unit and species group

Pre-hurricane Post-hurricane t-test
Unit and species group  Plots  Trees Mean SE Mean SE p-value®
---number---  percent percent
Coastal Plain
Hardwoods 16 165 16.5 0.68 32.8 2.63 0.0001
Softwoods 13 199 19.0 0.88 34.4 3.27 0.0004
All trees 20 364 17.9 0.63 33.6 2.26 0.0001
Southern Piedmont
Hardwoods 16 194 19.4 0.91 24.7 2.97 0.1053
Softwoods 9 145 22.8 1.57 324 5.07 —
All trees 16 339 20.9 0.80 28.0 3.67 0.0646
Northern Piedmont
Hardwoods 11 204 19.1 0.76 231 1.10 0.0063
Softwoods 8 66 26.4 2.59 28.7 1.34 —
All trees 12 270 20.9 1.40 24.5 1.12 0.0122
Northern Mountains
Hardwoods 16 280 20.4 0.62 221 0.85 0.1757
Softwoods 5 43 25.2 1.36 24.9 1.55 —
All trees 16 323 21.0 0.51 22.4 0.80 0.2200
Southern Mountains
Hardwoods 10 170 19.1 0.53 23.9 1.13 0.0049
Softwoods 3 26 26.3 2.80 27.7 0.40 —
All trees 10 196 201 0.88 24 .4 0.91 0.0096
Statewide
Hardwoods 69 1,013 19.1 0.36 24.8 0.98 0.0001
Softwoods 38 479 22.2 1.01 31.8 2.08 0.0002
All trees 74 1,492 201 0.41 271 1.16 0.0001
SE = standard error; — = not presented due to insufficient sample.

@The mean and SE calculations consider the cluster of trees on plots.

®The probability of obtaining a larger t-value under the null hypothesis that the difference between the two
means equals 0. T-tests are not performed for species groups with <10 plots.
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Table 4: Foliage transparency frequency distribution percentiles for live trees 25.0
inches d.b.h. measured in Virginia before and after Hurricane Isabel, by FIA unit

Pre-hurricane percentiles Post-hurricane percentiles
Unit 25 50 75 90 25 50 75 90
percent
Coastal Plain 15 15 20 25 25 30 40 45
Southern Piedmont 15 20 25 30 20 20 35 55
Northern Piedmont 15 20 25 30 20 25 25 30
Northern Mountains 15 20 25 25 20 20 25 30
Southern Mountains 15 20 25 30 20 25 25 30

m-——— - —— — —
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Figure 2: Change in foliage transparency for trees measured before and after Hurricane
Isabel by pre-hurricane diameter at breast height.

difference in the average change in foliage transparency by crown position
(figure 4). Across the State, § s ranged from -6.3 percent to 31.3 percent on
individual plots, with the highest & ; occurring on plots in the eastern half of the
State (figure 5). In the Coastal Plain, & ; was 10 percent or more on 70 percent of
the plots. In the Piedmont units, & ; was 10 percent or more on 18 percent of the
plots. In the Mountain units only three plots (12 percent) had & ; of 10 percent or
more.

Discussion

Even in the absence of a stressor, small changes in crown condition over time
generally are expected due to the natural year-to-year variability in tree crowns.
The significant increase in average foliage transparency for almost all species
groups, along with the sizeable shifts in the 90™ percentiles suggest that more
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Figure 3: Change in foliage transparency for trees measured before and after Hurricane
Isabel by pre-hurricane height.
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Figure 4: Average change in foliage transparency by pre-hurricane crown position,
with standard error bars and sample size.
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Figure 5: Change in percent foliage transparency for trees measured before and after Hurricane
Isabel averaged at the plot level (3x). Only plots with three or more live trees = 5.0 inches (12.7 cm)
d.b.h. are shown. Plot locations are approximate.

than just year-to-year variability was observed between the 7™ and 8™ surveys.
Furthermore, the average change in crown density also indicated a significant loss
in crown biomass at the State level as well as for most survey units and species
groups (unpublished data). Thresholds for biologically significant changes have
not been established for foliage transparency at this point in time. Therefore,
changes in descriptive statistics highlight potential declining conditions.

The greatest changes in foliage transparency were observed in the eastern part
of the State. Given the counter-clockwise rotation of hurricanes in the Northern
Hemisphere and the north-westerly track of Hurricane Isabel, the greatest damage
is expected on the northeast side of the hurricane’s path. From the individual unit
statistics and mapped plot averages, it is clear that this was the case in the Coastal
Plain, though perhaps greater changes in foliage transparency were expected in
the Northern Piedmont.

Boucher and others (2005) investigated the impact of Hurricane Isabel on a
study site in Maryland, where individual trees on a 100 m by 100 m (328 ft by
328 ft) permanent plot were measured just prior to and again immediately after
the hurricane passed through the area. After the hurricane they found a significant
increase in the number of trees with severe damage. They also determined that
trees with larger d.b.h. were more likely to suffer severe damage than smaller
trees, and that for any given d.b.h., taller trees were more likely to be severely
damaged than shorter trees. The present study did not find a significant correlation
between d.b.h., height, crown position, and hurricane damage. However, Boucher
and others (2005) considered damage as uprooting and leaning, and this study did
not take those variables into account.
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An increase in foliage transparency indicates a loss of foliage and hence, a loss
of potential energy capture. The impact of foliage loss on tree growth in Virginia
was not explored in this study; however, trees measured as late as 2006 still had
elevated levels of transparency suggesting that trees experiencing foliage loss
as a result of high winds and rain may take several years to recover. Despite the
potential impact on growth, the loss of leaves may have prevented more serious
damage by significantly reducing wind resistance (Putz and Sharitz 1991).
Hedden and others (1995) reported that a 25 percent crown loss is more effective
in preventing mortality than stem bending or branch streamlining at wind speeds
below category 3 hurricanes, i.e., <111 miles per hour (178 km per hour).

Conclusion

Quite often, studies of forest damage due to storms are limited in scale, with
field measurements taken on subjectively and preferentially selected plots only
after the storm has occurred. This preferential sampling typically emphasizes
forest stands with unique characteristics, such as mature forests, or stands that
have unusual features, such as rare species, making it problematic to determine
the true scope of the damage across the landscape. In contrast, our approach
utilized repeated measures on plots that were systematically distributed across
Virginia. This allowed for the study of a wide range of stands across a variety of
conditions before and after the hurricane.

The location of our study sites across the entire landscape and the observation
that the greatest changes occurred in the Coastal Plain, lends support to the
hypothesis that the changes in foliage transparency were due, at least in part, to
the impacts of Hurricane Isabel. In addition to the crown condition indicators, a
host of other individual-tree and plot-level variables are assessed on each plot.
These include tree length, down woody material, and forest floor thickness. These
data, along with auxiliary weather data (e.g. wind speeds and rainfall) are being
explored to further understand and quantify the potential damage caused by
Hurricane Isabel.
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Estimating fine-scale land use change
dynamics using an expedient
photointerpretation-based method

Tonya Lister', Andrew Lister’, and Eunice Alexander’

Abstract: Population growth and urban expansion have resulted in the loss of forest
land. With growing concerns about this loss and its implications for global processes and
carbon budgets, there is a great need for detailed and reliable land use change data.
Currently, the Northern Research Station uses an Annual Inventory design whereby all
plots are revisited every 5 years and land use change matrices are estimated using a
mapped plot design. These methods have great potential for providing the needed land
use change data; however, for many states in the Northern region, these data will not be
available until 2013 or later and the ability of these methods to capture finer scale
changes, especially those due to urbanization, has not yet been tested. This paper
presents an efficient photointerpretation-based change detection method that automates
the work of gathering and loading images. A grid of photo plots is optimally created and
overlain on the sample area, and land use change is recorded for two points in time by
comparing digital imagery from 1998 and 2007. Results of a pilot test in Maryland show
a net loss of forest land with losses due primarily to urban development and most gains in
forest land coming from agricultural land uses. Forest losses are largely concentrated
around Baltimore and Washington, DC. This pilot study indicates that about 75,000
photo plots would be needed to estimate land use change in Maryland at the county level.
This would require approximately 125 hours, about 1.12 minutes per thousand acres, or
roughly 81,500. The photointerpretation method presented here could be applied to other
states and is well suited for land use change monitoring as the same points could be
resampled when new imagery becomes available.

Keywords: land use change, forest loss, photointerpretation

Introduction

Background

Several recent studies have predicted that urban expansion will continue to be a
significant factor affecting forests in many areas of the country. For example,
Nowak and Walton (2005) predicted that urban land in the United States would
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nearly triple from 2000 to 2050 and that the percent of forest land in urban areas
in Maryland would more than double to 37 percent by 2050. Similarly, Stewart et
al. (2007) documented the current status of forests on the urban fringe, and
highlighted potential impacts that continued urban expansion might have on them.
Data from the National Resources Inventory (NRI) reported that more than 10
million acres of forest land were lost to developed land uses between 1982 and
1997 (U.S. Department of Agriculture 2000). Ecological impacts of urban
expansion vary, but are generally related to loss of forest or other vegetative cover
and increased edge habitat. Loss of forest cover has been shown to lead to loss of
soil by both wind (Whiker et al. 2008) and water (Rice and Lewis 1991). It is
generally accepted that the loss of topsoil not only lowers the productivity of
agriculture and forest ecosystems, but also impacts aquatic ecosystems through
sedimentation, nutrient enrichment, and other factors (Faulkner 2004).

The forests of the Chesapeake Bay watershed, many of which are in Maryland,
provide benefits to wildlife and human populations. For example, they offer
habitat for forest-dwelling species, protect drinking water, serve as buffers for
estuarine species against sedimentation and nutrient enrichment, and provide
economic and other benefits for humans (Sprague et al. 2006). Maryland state
resource agencies are interested in assessing and monitoring land use change in
these areas to understand the potential impacts of forest loss on the Chesapeake
Bay and to generate needed information for urban planners, wildlife biologists,
and other resource managers. Land use change data are also being used in
modeling applications, forest resource projections, and carbon budgets
(Woodbury et al. 2006).

Land cover products created with satellite imagery have been found to be
inappropriate for land use assessments. For example, Irwin et al. (2007) found
discrepancies between the satellite imagery-based National Land Cover Database
(Homer et al. 2007) and a GIS dataset of land use derived from aerial imagery, in
terms of both patterns and amount of developed land. These discrepancies are
generally due to the fundamental difference between what a human interpreter can
identify either on the ground or with photography (land use) and what an
automatic, statistically based classification of satellite imagery can reveal (land
cover) (Irwin et al. 2007).

The U.S. Forest Service’s Forest Inventory and Analysis Program (FIA) conducts
a continuous forest inventory using standardized methods that could be used to
assess land cover dynamics. While recent advances in methodology have made it
more feasible to monitor land use change using the existing FIA plot design, the
data will not become available in Maryland and other states for many years.
Furthermore, it is unclear if the sampling intensity of FIA plots is sufficient to
meet precision requirements at the county level.
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Objectives

To address these challenges, we created a flexible, inexpensive procedure with
which to supplement FIA land use change estimates. The objectives of the study
were to develop and implement a method with which to conduct a photo-based
inventory of land use change in Maryland using FIA definitions. The goal was to
not only obtain information useful to federal and state resource agencies, but also
to convey information that can help practitioners implement this method in other
states or in areas of interest (e.g., watersheds, wildlife areas, ecoregions).

Methods
Sample Design Development

To estimate land use change, we first had to develop a plot design. We decided
the plot would consist of at least one subplot made up of a single point at which a
photointepretation (PI)-based land use category would be assessed. From past
experience, we determined that this type of plot is most amenable to rapid PI
using FIA definitions. The NLCD change product (Homer et al. 2007) was used
to determine the optimal subplot count and configuration and to assess various
subplot arrangements. Although not PI-based, the NLCD data were used because
they are the only spatially explicit and consistent land change data source that
covers large analysis areas. The NLCD change product is a pixel-based GIS
dataset in which each 30-m pixel is assigned a land cover change category based
on comparisons of satellite imagery from circa 1990 and circa 2000. Focusing on
forest loss, we first recoded the NLCD change product such that each pixel was
labeled forest loss (1) or other (0). We then randomly generated 100 plots per
county, with each plot consisting of an array of 25 subplots arranged in a square
grid with 100-m spacing (Fig. 1). These plots sampled the NLCD change product-
derived forest loss data using different numbers of subplots per plot. The
sampling errors were determined for 10 randomly selected configurations of
subplots for each subplot count category up to 10 subplots. Using these results,
we calculated the total cost to achieve an acceptable level of precision (which we
arbitrarily defined as generally having a sampling error no more than 20 percent
of the county-level estimate) using the following equations:

Nrequired = ((ta, n-1 * €V) / E)2 equation 1
and
Cost = a(Nrequired) + 1*b(Nrequired) equation 2

where Nicquired = the sample size required to reach the desired precision, t, .1 = the
critical value of the t distribution associated with a sample size of n at the 1-a
confidence interval, cv=the coefficient of variation, E = the desired precision
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expressed as the desired proportion of the mean that the confidence interval will
represent -- in this case, 0.2, i = the number of subplots in the design, a = the cost
in time required for the photointerpreter to switch between plots -- in this case, 1
second, and b = the time required to complete a single subplot -- in this case, 6
seconds.

Figure 1. The 25-subplot design used in the first part of the
study involving the NLCD change product. The subplots were
arranged in a square grid with 100-m spacing. When subplots
intersected the NLCD change category labeled forest loss (in
red), they were counted, and the proportion of subplots
counted in this manner was assigned to the plot for
estimation purposes.

Pl Methods

After determining which plot design minimized total cost and met precision
requirements, we established a spatially balanced plot network consisting of
50,000 randomly selected plots across Maryland using a fractal-based tessellation
approach described by Lister and Scott (2009). We divided the plots into 10
panels, each consisting of 5000 plots evenly distributed across the State. This
paper discusses the results from one panel (5,000 plots) of data. These data were
then used to reevaluate the number of plots needed for county-level estimates of
land use change in Maryland, using the same methods as described above, only
with the PI data instead of the NLCD change product data.

Land use category was assessed at two points in time (1998 and 2007) on each
subplot by interpreting digital aerial imagery. The 1998 imagery consisted of
panchromatic, leaf-on, 2-m-pixel resolution, digital orthophoto quadrangles
(DOQs) from a state-level imagery dataset stored locally in an ArcGIS raster
catalogue. The later date imagery consisted of color infrared, leaf-on, 1-m-pixel
resolution, digital imagery from the National Agriculture Imagery Program
collected for Maryland in 2007 and served over the Internet using a Web-mapping
service (WMS). Land use categories used were based on an aggregation of more
detailed FIA definitions (U.S. Forest Service 2005) including Forest, Agriculture,
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Developed, and Other Nonforest. A single interpreter was trained and conducted
all PI for this study.

To increase PI efficiency, an automation method was developed whereby an
ArcGIS tool was used to subset imagery from the raster catalogue and the WMS
to areas encompassing and slightly beyond the extent of the footprint of each plot.
In other words, “snapshots” of imagery at a scale of 1:4000 were generated, with
each image centered on the plot and containing sufficient detail for the interpreter
to assess land use change. The two sets (1998 and 2007) of 5,000 images were
stored locally, and displayed using a Microsoft Access form that we developed
(Fig. 2). The form was designed to display the images and allow for data entry in
such a way that the number of mouse clicks, wait time for image to loading, and
data entry were minimized.
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Figure 2. The MS Access form used to enter data and display imagery. Subplots are shown as
dots at each corner of photo and rectangle in center is an acre area used as a reference guide.
Data entry table for each subplot shown on right with all possible combinations of land use classes
displayed.

Data from the 5000 plots were analyzed using the simple random sample
estimator (Zar 1999), and estimates of the total areas of land use change
categories were calculated, along with associated precision estimates. In addition,
equation 1 was used to calculate the number of plots (and subplots) required to
achieve acceptable precision, given a more realistic, optimized PI procedure and
plot and sample design.
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Results and Discussion
Pilot Plot Design Results

Figure 3 presents results of our evaluation of how various combinations of subplot
counts and configurations affect sampling error, based on estimates of forest loss
from the NLCD change product. As subplot count increased, large improvements
in precision were observed until the subplot count reached 5 and then the rate of
improvement was less pronounced. In other words, the change in the precision
level after 5 subplots was not large enough to warrant the additional cost and time
to add additional subplots into the final design. For plots with 3 and 4 subplots,
we also graphed the average sampling error for those plots where the distance
between subplots was maximized. In the best arrangements, subplots were located
at the extremes of the subplot grid, where the intersubplot distances were
maximized. One would expect this to be the case — subplots located farther apart
are more likely to acquire different information about the landscape, making plot
level summaries closer to the sample mean and thus lowering the variance of the
overall estimate.
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Figure 3. The relationship between subplot count (various configurations) and
sampling error of estimates of area of forest loss from a set of plots that were
intersected with an image depicting estimates of forest loss from the NLCD
change product.

We conducted our cost analysis based on these results, using costs associated with
between 1 and 5 subplots. With the cost function we chose, we determined that 3
subplots would be the optimal subplot count (Fig. 4). However, for our PI pilot
study, we decided to use a 4-subplot design so as not to limit analysis
opportunities. Subplots were arranged in the corners of a square pattern with
vertical and horizontal distances of 500 m. This was the greatest practical distance
given the constraints of the photo image resolution and size.
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Figure 4. The relationship between cost and count of subplots. The optimal
count was the point at which the cost was minimized.

Land Use Change Results

Land use change results from the PI pilot study show a net loss of 28,000 acres of
forest land in Maryland from 1998 to 2007, which averages to be more than 3,000
acres per year (Fig. 5). The gross forest loss (66,000 acres) was primarily due to
conversion to development, accounting for 91 percent of the total forest loss.
Most forest gains were from agriculture (91 percent). The loss of forest land to
development is an expected result, as Maryland experienced increases in
population and housing densities during this period.
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Figure 5. Estimates of areas of different land use change categories. Sampling errors are as
follows: A:7.9%; B: 35.3%; C: 32.1%; D: 33.3%; E: 9.9%; F: 44.7%.
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Figure 6 shows the distribution of forest loss in Maryland between 1998 and
2007. There is a high proportion of forest loss plots in the growing suburbs of
Baltimore and Washington D.C., an area of the state that has experienced the
greatest pressure from urban expansion. For example, the highest proportion of
forest loss plots is found in Prince George’s county, which borders Washington
D.C. From 2000 through 2007 more than 22,000 new housing units were
approved for construction, making this one of the fastest growing counties in the
state (Maryland Department of Planning 2007).
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Figure 6. Distribution of land use plots highlighting plots showing forest loss, 1998-2007, Maryland.

Reevaluation of Study Design Using Pilot Results

During this study, we made improvements in image viewing and data entry
methods that substantially lowered the cost (in terms of time) involved in
switching between photos. With these new techniques, the cost of switching
between plots in terms of file opening and image loading time was reduced. As
our initial estimate of one second of time spent switching between photos neared
zero, the time associated with doing a single plot of 4 subplots was not
substantially different from doing 4 single-subplot plots. We therefore determined
that the optimal sampling protocol for future work would be a single subplot plot.

Using results from the pilot study, we reevaluated the number of plots that would
be necessary to estimate land use change at the county level in Maryland with
acceptable precision (having a sampling error no more than 20 percent of the
county-level estimate). Each county has a separate requirement for the number of
plots needed, and there are some important things to consider when determining
what plot density is best. If the end user’s goals are monitoring and regional
analyses, then a uniform density of plots across the state would be preferred. The
plot density needed for each county ranged from one plot per 28 to 333 acres. The
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counties where we would expect the greatest amount of forest land change as
suggested by U.S. Census and Maryland planning data would be sufficiently
sampled with a plot density of one plot per 91 acres, so we decided to use this as
our plot density requirement across the state. Therefore, we estimated that 75,000
plots would be needed in Maryland for county-level estimates of land use change.
Results from the study show that, on average, 10 points can be photointerpreted
per minute. To complete the PI work for the whole state, this translates to
approximately 125 hours—just over 3 weeks of full-time work, or approximately
$1,500.

This method could be applied to other states, and cost could be easily estimated
for a certain level of precision. Because images generated for the PI work are
snapshots, there is no wait-time for new images to load and there is no need for
network connections. More than 5,000 images can easily fit on a single DVD,
making the procedure mobile and efficient. The method is also well suited for
monitoring. When new imagery is flown, the same PI points can be measured
allowing for time series analyses of land use change.
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Development of Issue-relevant State Level
Analyses of Fragmentation and Urbanization

Rachel Riemann*, Tonya Lister?, Andy Lister®, Dacia
Meneguzzo®, Sarah Parks*

Abstract: There has been considerable research concerning the extent and effect of
urbanization and fragmentation and the importance of monitoring current and potential
magnitudes of change is recognized. However, there are limited guidelines for
interpreting fragmentation data or for their application for analysis and statewide
planning efforts. In this study we take a first step toward developing a state-level
analysis of urbanization and fragmentation that addresses three categories of
information. Example maps, tables, and analyses are drawn from New York, Maryland,
and Delaware. Landscape metrics calculated from various regional or national datasets
were chosen for their relevance to issues of interest and other traits such as accuracy and
consistency. Examples of results include maps accompanied by graphic and tabular
analyses addressing several landscape factors that are increasingly impacting forest
resources and the ecosystem services and products they provide. Where published
guidelines are available, results include management-relevant maps in which the metrics
have been translated into impacts on stream water quality, interior bird species
composition, and other processes. From these elements a prototype structure can be
developed for reporting on the status of fragmentation and urbanization in a state and
across the region so that we can better understand our forest resource in the context of
its surrounding landscape and the status of changes in its natural, social, or economic
ecology.

Keywords: Urbanization, forest fragmentation, landscape metrics, state forest
assessments, FIA reports.

Introduction

Forest land is a significant factor in the protection of surface and groundwater
quality and is a major component of many increasingly threatened wildlife
habitats. Forest land is also a resource heavily relied upon by people for
recreation, timber, and nontimber products, and for more intangibles, such as
aesthetics and intrinsic value.

As human population growth continues, many areas of the country are seeing
developed land uses expand, often at the expense of forest land (Hammer et al.

'U.S. Forest Service, Northern Research Station, Troy, NY
2y.S. Forest Service, Northern Research Station, 11 Campus Blvd., Suite 200, Newtown Square, PA 19073
%U.S. Forest Service, Northern Research Station, St. Paul, MN

In: McWilliams, Will; Moisen, Gretchen: Czaplewski, Ray, comps. 2009. 2008 Forest Inventory and
Analysis (FIA) Symposium; October 21-23, 2008; Park City, UT. Proc. RMRS-P-56CD.Fort Collins, CO;
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 1 CD.



USDA Forest Service Proceedings — RMRS-P-56

2007, Nowak and Walton 2005, Robles et al. 2008, Stein et al. 2006). In addition
to losing forest land to development, remaining areas of forest land are currently
under pressure in many regions in terms of both fragmentation — being divided
up into smaller and more disconnected pieces; and urbanization —an increasing
proximity to urban development, population, and other anthropogenic pressures.
Fragmentation causes changes in light, wind, and moisture microclimates, all of
which provide an avenue for the introduction and spread of invasive plant and
animal species. Fragmentation also introduces barriers to the movement of native
species and degradation of native habitats (e.g., Belisle et al. 2001, Burke and Nol
2000, Cam et al. 2000, Herrmann et al. 2005, Rosenberg et al. 2003).

Urban development in or near forests can change local hydrology, increase
recreation pressures, alter native species diversity, provide vehicles for the
introduction of invasive species either by design or by accident, and often bring
significant disturbance to the area (e.g., Airola and Buchholz 1984, Bastin and
Thomas 1999, Heckscher et al. 2000, Iida and Nakashizuka 1995, McDonnell and
Pickett 1990, Rudnicky and McDonnell 1989). Together, fragmentation and
urbanization cause a disruption of the flow of material through the forest
ecosystem, affecting both forest health and sustainability (e.g., Macie and
Hermansen 2002). Researchers have documented varied impacts of forest
fragmentation and urbanization on the probability of commercial forest
management and timber harvesting (Wear et al. 1999, Munn et al. 2002, Kline et
al. 2004), and on water quantity and water quality (e.g. Hunsaker et al. 1992,
McMahon and Cuffney, 2000, Riva-Murray et al. in prep).

Forest fragmentation and urbanization are also inextricably linked to the effects of
climate change. Since the dispersal and movement of forest plants and animals
are disrupted by forest fragmentation, impacts of climate change on species and
diversity losses can be magnified (McDonnell and Pickett 1990, Rodenhouse et

al. 2008). Similarly, systems already under pressure from urbanization and
fragmentation will be less resistant to the additional stresses imposed by climate
change.

With the increasing fragmentation and urbanization of our landscape (Hobbs
and Stoops 2002), interest has grown in the location, type, and magnitude of its
potential impacts. The U.S. Forest Service’s Forest Inventory and Analysis
program (FIA) has begun to address landscape context and change in its reports
containing state-level forest inventory results. Information on forest distribution
and context is crucial for monitoring and assessment efforts like the U.S. Forest
Service State and Private Forestry’s statewide assessments, U.S. Geological
Survey’s national water quality assessments, the U.S. Environmental Protection
Agency’s wadeable streams assessments, and regional forest assessments like
those done in Oregon and Washington.

Metrics and Data Sources

Thus, FIA is being asked to monitor the distribution, urbanization, and
fragmentation characteristics of the forest over time, just as we monitor the
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change in total forest land over time. To do this we must choose both metrics and
the landscape data source(s) carefully.

Of all the fragmentation and urbanization metrics that could be calculated
from the available data, it is important to identify a concise set of relevant, useful
landscape metrics for fragmentation analyses. Avoiding redundant metrics
(Riitters et al. 1995) and metric inconsistency over space and time (De Clercq et
al. 2006) have been identified as useful ways to create a subset of potential
landscape descriptors. When identifying useful metrics, insensitivity to both the
spatial resolution and number of classes in the remotely sensed classification is
desirable where monitoring over time is a goal (De Clercq et al. 2006). However,
as De Clercq et al. (2006) and McAlpine and Eyre (2002) point out that in order
to be truly useful for forest monitoring, individual metrics also need to be
carefully chosen based on the particular questions being asked. In this study, we
are interested in those landscape metrics that add value to the interpretation of
forest inventory data because of their direct relationship to changes in the forest
resource, our utilization of it, or its ability to provide ecosystem services and
products. We have identified from the current literature accurate, consistent
landscape descriptors and classification schemes (thresholds) that are most
consistently related to forest ecological, social, or economic impacts of concern
and can be more accurately and consistently calculated from available data
sources.

The landscape data source used must also be carefully chosen because of its
impact on both resulting values and interpretation of results (e.g., Riva-Murray et
al. unpublished, and Riemann et al. in prep). Several studies have noted the
impact of data source and have addressed this by applying different ‘corrections’
to the landscape dataset to more closely reflect conditions on the ground as they
are typically seen by land managers or planners, or used by wildlife. For
example, Heilman et al. (2002) included roads in their calculation of a forest
intactness metric. Lister et al. (2005) removed patches smaller than a certain area
and width to more closely match FIA definitions of forest land, and used local
road density to relabel those forest or agriculture pixels in the 1992 National Land
Cover Dataset (NLCD) dataset that were likely to be developed based on road
density. In this study we have chosen to keep land cover and land use clearly
separate, utilizing the 2001 NCLD for land cover, and U.S. Census-based datasets
for factors relating to urban land uses, with a clear understanding of the
development and limitations of each of these landscape datasets and any impacts
on interpretation.

The goals of this paper are to:

* Provide a suite of reliable, interpretable, standardized fragmentation

measures to authors and consumers of FIA state inventory reports

* Provide examples of how these measures can be added to state reports to

enhance the interpretation of FIA forest inventory data and the
understanding of the forest resource

* Describe briefly how these were derived from the best available landscape

data sources, and provide links to complete metadata
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The potential additions to state reports include maps, tables, and graphs that
A) describe the current status of fragmentation and urbanization on forest land in
general; B) begin to address its probable or potential impact; and C) combine
landscape context information with data on FIA plots to characterize the forest
affected.

Methods

Identifying Metrics to Use

We were specifically interested in interpretability of results with respect to
impacts on the forest resource or on the forest’s ability to provide ecosystem
services and products. To be able to monitor over time and utilize any known
relationships established in the literature, we have focused on choosing metrics
based on their performance with respect to several criteria: A) consistency over
time — e.g, robust to changes in dataset resolution; B) accuracy in comparison to
what is observed on the ground or interpret as ‘fragmentation’; and (C)
representative of those characteristics of forest fragmentation and/or urbanization
that have been shown in the literature to be relevant to the ecological, social, and
economic impacts of concern.

Data Sources Used

We required the landscape data sources to be spatially continuous, available
over broad areas, and of sufficient spatial resolution to meaningfully describe
landscape processes of interest. The most widely available dataset meeting these
criteria was the 2001 NLCD, a set of satellite image-based products produced by a
consortium of federal agencies, led by the U.S. Geological Survey (Homer et al.
2007). These products are comprised of 30-m pixels, each labeled with a land
cover category, percent impervious surface, and percent canopy cover estimates.
In past studies, we used the U.S. Geological Survey’s GAP datasets, which are
similar to NLCD datasets, but are created with varying methods and slightly
different goals. We chose NLCD over GAP data because they are produced with
reasonably consistent methods and their accuracy and other properties over large
areas are better understood.

With some caveats, particularly regarding impervious surface, NLCD captures
land cover information reasonably well (Riemann et al. in prep). NLCD forest
land was used for calculating forest pattern metrics even though it does not match
the FIA definition of forest land (Ruefenacht et al. 2008). Thus the forest pattern
metrics in this paper reflect the distribution of forest cover, not FIA forest land.
Figure 1 illustrates the unit-level differences in forest area calculated by the two
metrics in New York. It is evident that FIA forest percent is less than that
reported by NLCD across most survey units, with a maximum difference between
the two data sources of ~0.3 million acres (about 10 percent) in the Catskills-
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Lower Hudson survey unit, an area with a substantial amount of residential
development and forest/urban intermix (Radeloff et al. 2005). In the northeastern
United States, NLCD’s forest classification includes trees in residential areas,
which would not fall under the FIA forest definition.

Derivation of urban and land-use data required integration of information
from the U.S. Census Bureau. Road data were derived from the TIGER/Dynamap
2000 dataset (U.S. Census Bureau 2002). Metrics related to the levels and types
of urbanization were drawn from the Wildland Urban Interface (WUI) database
(Univ. of Wisconsin n.d., Radeloff et al. 2005), and from the U.S. Census Bureau
block-level data (2002) on population, housing, and second home density
compiled for the WUI project (Univ. of Wisconsin n.d.). Change in house
density over time also was obtained from WUI database (Univ. of Wisconsin n.d.,
Hammer et al. 2004).

Hydrologic Unit Code (HUC) polygons were developed as part of the national
hydrologic dataset and downloaded from the USDA Geospatial Data Gateway
(USDA Nat. Resour. Conserv. Serv. n.d.). We used the HUC12 scale, which
approximated that scale used in studies identifying the percent impervious
thresholds chosen.

Forest Inventory and Analysis data were accessed from the internal FIA
database (U.S. Forest Service n.d.).

Landcover Mosaic (LCM), Morphological Spatial Pattern Analysis
(MSPA), and Forest Area Density (FDEN) datasets describe A) the mixture of
agricultural/urban/natural land-cover type (Riitters et al. 2009); B) the structural
element of which a forest patch is part (as described at European Commission,
DG-Joint Research Centre, Institute for Environment and Sustainability,
http://forest.jrc.it/biodiversity/Product); and C) the percent forest area,
respectively, in the 15 ha (37 acre) local area surrounding each grid cell.

Graphics showing this information for the continental United States are currently
available at www.forestthreats.org/tools/landcover-maps. Geospatial datasets
containing this information will be available shortly.

In this study we did not apply ‘corrections’ to the landscape data source.
Instead we relied on careful qualification of ‘forest cover’ vs. ‘forest land use’ and
the use of multiple metrics including specifically land use-based metrics. This
approach provides more potential for application, as well as increasing ease of
both calculation and interpretation.
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Figure 1: Relationship of FIA forest area to NLCD2001 forest area in New York, by FIA unit.
Processing

ArcMap software was used to prepare and analyze the input datasets. We
automated most of the processing with ArcMap models to facilitate application of
these processes to other datasets. Most of the spatial datasets shown in this paper
have already been produced for the northeastern quadrant of the United States (the
20 states comprising the U.S. Forest Service’s Northern Research Station).

Complete processing details for each spatial dataset are available at:
http://www.fia.fs.fed.us/symposium/metadata/fragurban_metrics metadata.doc.
In general, data preparation included clipping input datasets to state or region
boundaries and reclassifying the NLCD land cover data into appropriate land-
cover groups (e.g., forest/nonforest, or forest/natural vegetation/water) for further
geospatial analyses. A series of geoprocessing operations were then applied to the
datasets to derive the landscape metrics, including vector-to-raster conversion and
distance calculations (e.g. for distance to nearest road), calculation of patch areas,
shrinking patch edges (for edge/interior calculations), area tabulations and/or
continuous data summaries of the metrics by analysis unit (e.g., county, 10 km x
10 km grid, and watershed), and extraction of pixel values to FIA plots (e.g. patch
size, distance to road, WUI class). For example, one ArcMap model used the
Euclidean distance tool, the census roads, and the NLCD forest dataset for New
York to assign each valid output pixel the distance to the nearest road. Subsequent
steps in the model summarized the output of this step and created a table showing
the frequency distribution of forest cover by distance to road category.

Thresholds to Facilitate Interpretation

Interpretation of the likely impacts of certain configurations of fragmentation
and urbanization requires an understanding of their relationship to the ecological,
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social, or economic response of interest. In addition, ecosystem response to
fragmentation and urbanization does not always occur gradually across all levels
of landscape change intensity. In some cases the observed response indicates a
particular threshold of interest beyond which the rate or level of response is
sharply different. In other cases, crossing artificial thresholds cause an impact,
like in the case of passing legally allowable limits of forest cutting. Some studies
have developed general management guidelines from these observed relationships
between fragmentation measures and an ecosystem response. Where guidelines
were available, we utilized this information to categorize our map and tabular
outputs. In particular, in this paper the following guidelines were utilized in the
interpretation or development of the maps and tables presented in the results:

Patch size and forest proportion: Habitat requirements for wildlife vary
by species. However, for reporting purposes it is often helpful to
summarize forest-patch data using general guidelines. Many wildlife
species prefer contiguous forest patches that are at least 100 acres. This
patch area is often used as a minimum size still containing enough interior
forest to be a source rather than a sink for populations of some wildlife
species. Depending on your geographic region of interest or species of
concern, this threshold could be customized. Some studies have found
that in addition to patch size, the proportion of forest land in an area that
extends beyond the patch can be used to develop habitat thresholds.
Rosenberg et al. (1999) found that forest-patch size information can be
used in relation to the amount of forest land in a surrounding 2500-acre
area to develop habitat suitability models for certain species of interior
forest dwelling birds. Their resulting matrix of ecosystem responses
provides detailed information that can be applied, with some
understanding of the quality of the landscape data source being used.

Forest edge: While edge effects vary somewhat with distance, depending
on the type of effect and species of vegetation or wildlife, (e.g., Chen et al.
2002, Rosenberg et al. 1999, Flaspohler et al. 2001), 100 to 300 ft (~30 to
90 m) is frequently used as a general range for the ‘vanishing distance’ or
the distance into a patch where the edge effect disappears and interior
forest conditions begin.

Impervious surface: The amount of land area within a watershed that is
impervious to water (pavement, buildings, parking lots, etc.) affects water
quality. When water is able to pass through the ground, soil and
vegetation act as a filter and improve water quality. As the proportion of
impervious surface increases, however, many pollutants flow directly into
the waterway. Impervious surface areas of 10 and 25 percent are generally
recognized to be the thresholds above which small watersheds are
impaired and impacted, respectively (Arnold 1996).

Human population density: Population densities are generally
recognized as having a negative effect on the viability and practice of
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commercial forestry (Barlow et al. 1998, Kline et al. 2004, Munn et al.
2002, Wear et al. 1999). In this study we used thresholds identified by
Wear et al. (1999), which showed that the probability of commercial
forestry dropped from 75 to 25 percent as population density increased
from 20 to 70 people per square mile. These thresholds were estimated
based on data from the 2000 U.S. Census and other data from Virginia.
As research results become available that are more timely and region-
specific, these data will be used to create improved commercial forest
probability maps.

o House density: Thresholds of house density used in the wildland-urban
interface (WUI) and intermix definitions come from the Forest and
Wildlife Ecology SILVIS laboratory at the University of Wisconsin-
Madison. The WUI interface is defined as the area where human
development meets rural or wildland areas. These thresholds were
originally established to describe wildland firefighting guidelines
(Radeloff et al. 2005).

The thresholds and guidelines presented are not an exhaustive list of what is
available. Rather they represent examples in several important areas. More
guidelines, including those of regional development and relevance, may be
available now and more will be available in the future.

Results and Discussion

Forest fragmentation and urbanization data analyzed for inclusion in FIA state
reports can be organized into three broad categories of information. The first are
statistics, maps, and/or graphs that describe the landscape character and spatial
pattern of forest land distribution in a state. Wherever possible, legend class
breaks in these maps should be chosen with respect to known or suspected impact
thresholds. The second category identifies the impact of forest fragmentation or
urbanization on a particular ecological, social, or economic issue. These
statistics, maps, and/or graphs frame the data with respect to the specific
threshold(s) and scale(s) identified (and ideally established) in the literature and
can thus be more directly interpreted for their probable impact on these issues.
The third type of information that could be useful is the result of an overlay of the
spatial context and urbanization information with data collected on FIA plots to
assess the impact on different populations of the forest resource.

Table 1 provides a summary of the figures presented, in terms of the category
of information, question addressed, input datasets used, and methods used in its
creation. This is not an exhaustive list of the fragmentation or urbanization
analyses desirable. Rather, the maps and graphs chosen represent some of the
carefully chosen metrics that should be used as a starting point.
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Table 1: Summary of figures presented in this paper.

Category of Example
information Question answered Input Datasets Used Summary of methods | figure in
(1,20r3) text
Where is forest land 1) U.S. Census 2000 Block-level choropleth
affected by underlying house density data at the | with 30m raster mask
1 house densities greater block level 2a
than 6 per sq. km (15.54 |2) NLCD2001 for the
per sq. mile) nonforest land cover mask
How much fores tland is | --same as above, plus: Extraction of census
1 affected by underlying 3) FIA unit boundaries block values to 30 m %
house densities greater forest pixels
than 6 per sq. km Data summarization
Where is the forest land | 1) U.S. Census Bureau Per-pixel distance
affected by roads and to | TIGER/Dynamap 2000 calculation
1 what extent dataset [all roads] 3a
2) NLCD2001 for
nonforest land cover
To what extent is forest | --same as above Data summarization
1 land affected by 3b
proximity to roads
Where is a substantial 1) NLCD2001 for forest | Patch area calculation
proportion of the forest pixels Extraction of patch size
1 land occurring in patches |2) 10 km x 10 km grid values to 30 m pixels 4a
less than 100 acres in size |poly coverage Data summarization to
100 sq. km grid cells
How much forest land 1) NLCD2001 for forest | Patch area calculation
occurs in patches less than | pixels Extraction of patch size
1 . 4b
100 acres values to 30 m pixels
Data summarization
What is the probable 1) NLCD2001 impervious | Modeled percent
stream water quality as surface layer impervious values for
predicted by percent 2) U.S. Census 2000 HUCI12 basins
impervious surface alone? | house density data at the | Choropleth mapping of
block level results
) 3) U.S. Census Bureau 5
TIGER/Dynamap 2000
dataset
4) Hydrologic Unit level
12 polygons (HUC12)
from the National
Hydrologic dataset
Where is forest land still | 1) Land Management Patch area calculation
suitable for an interior table from Rosenberg et | Moving window
forest bird species such as | al. 1999. analysis for percent
5 scarlet tanager? 2) NLCD2001 for forest | forest in surrounding 6
pixels 2500 acre area
Application of
Rosenberg et al.
(1999)’s table
What is the probability of | 1) NLCD2001 for forest | Extraction of population
commercial forestry pixels density values to 30 m
5 occurring, and where? 2) U.S. Census 2000 pixel 7
population density data at | Application of Wear et
the block level al.’s (1999) thresholds
3) Thresholds of as the legend
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commercial forestry
probability by population
density from Wear et al.
1999
What is the probability of |--same as above, plus Area tabulation to
) commercial forestry 4) County boundaries counties 3
occurring within each
county
How are species 1) Wildland Urban Extraction of WUI code
distributed with respect to | Interface dataset to FIA plots
3 the Wildland Urban 2) FIA plot-level data Data summarization 9
Interface or Intermix
Areas?

Characterizing forest distribution and context

In these examples, the metrics chosen relate to some aspect of urbanization or
fragmentation that is suspected of, or has been documented to have an effect on
the forest, its management, or on its ability to provide ecosystem services and
products. Figures 2a through 4b provide examples of such maps and related
graphs for New York. For example, figures 2a and 2b illustrate how much forest
land is affected by underlying house densities greater than six houses per sq. km
(15.54 per sq. mile), and where it occurs. Figures 3a and 3b show where and to
what extent forest land is affected by roads. As Riitters and Wickham (2003)
reported, this can be quite extensive. The distribution of forest land occurring in
patches less than 100 acres is portrayed in figures 4a and 4b. One hundred acres
is a threshold identified in the literature as an approximate minimum size for
patches that contain enough interior forest area to be sources rather than sinks for
wildlife populations. Other metrics and data sources providing valuable
information with respect to understanding where fragmentation and urbanization
impacts on forest land are occurring include: forest occurring within the WUI
(Radeloff et al. 2005), changes in housing density over time (Hammer et al. 2004,
Univ. of Wisconsin n.d.), forest land affected by edge conditions, forest
connectivity for species requiring large ranges, and areas of forest where there is a
substantial amount of second home development. The latter two maps can be
depicted at the scale of 30 m pixels (e.g. depicting actual distance class to the
nearest road), or at a summarized scale (e.g. 100 sq. km grid) depicting the
proportion of the forest land in that pixel that is above or below a certain
important threshold. In addition, the land-cover mosaic and spatial pattern
metrics developed by Riitters et al. (2009), while not specific to a particular issue,
do provide easily understandable, complementary, consistent and robust metrics
of land-cover pattern that could also be analyzed with FIA plot data to describe
some of the characteristics of those segments of forest land most under pressure
from urbanization and fragmentation influences. All of the above information can
also be tabulated, describing the proportion of forest land in each county that’s
affected by any one (or more) particular criteria (Table 2).
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Figure 2a: Distribution of forest cover by house density, New York, 2001 (forest), 2000 (house
density).
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Figure 2b: Distribution of forest cover by house density, by FIA unit, New York, 2001 (forest), 2000
(house density).

Within FIA units in New York, between 10 and 73 percent of the forest occurs
intermixed with house densities of >6 per sq. km. This represents the
approximate density at which firefighting switches from ‘wildland’ to ‘structure’
firefighting techniques and costs (Radeloff et al. 2005). Forest intermixed with
houses also represents areas of forest cover more likely to be in nonforest land

-11 -
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use, and/or more likely to be experiencing pressures from recreation, invasives,
and other local human effects.
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Figure 3a: Spatial distribution of forest cover by distance to road, New York, 2001 (forest), 2000
(roads).
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Figure 3b: Frequency distribution of forest cover by distance to road, New York, 2000.
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In New York, nearly 60 percent of the forest is within 400 m of a road.
According to Riitters and Wickham (2003), regions with more than 60 percent of
their total land area within 382 m of a road may be at greatest risk of cumulative
ecological impacts from roads.

Road effects distances range from 100 m for secondary roads (a rough
estimate of a highly variable zone), 305 m for primary roads in forest (assuming
10,000 vehicles per day), and 810 m from roads in urban areas (50,000 vehicles
per day) (Forman 2000). Using currently available road data, these thresholds
could easily be applied state or regionwide to identify more specifically the
location and magnitude of forest area affected by roads.

0510 20 30
Kilemeters

Percent of forest in patches
less than 100 acres
[ =30
[ la20-30
I 0-20
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Figure 4a: Percent of forest cover in patches less than 100 acres, by 100 sq. km grid cell, New
York, 2001.
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Figure 4b: Distribution of forest cover by patch size, by FIA unit, New York, 2001.

Areas with high proportions of forest area in small patches (patches <100
acres) occur along the river valleys in eastern and central New York, along the
shores of Lake Erie and Lake Ontario, and over most of northwestern New Y ork.

Table 2: The distribution of forest land with respect to several urbanization and fragmentation
factors, expressed as a percent of the total land area in each unit.

Forest land
Forest land Egol;e:lt :?unrg Forest land For:g:]:]and I.:J:::::T(E:n:i':ha
. % Forest land with house located in .
FIA unit in unit density > 6 an ag or patches >100 meters pnpullsljtmn
per sq. km® develn;;ed acres in size® frum:l densmes_}
" edgg road 15['.!"5qu

{(390/sgkm)®
Adirondack 72 23 43 71 43 0
Capital District a9 a4 28 a9 24 1
Catskill-Lower Hudson 5] a6 43 [&a] 31 1
Eastern Adirondack a1 19 B0 a1 59 ]
Lake Plain 41 &l 14 41 15 1
South-Central Highlands BS 32 34 E1 27 a
Southwest Highlands b4 35 30 G4 29 0
YWestern Adirondack &5 25 36 [&a] 42 0

* Approximating the forest land potentially affected by underlying development.

® Approximating the forest land undisturbed by edge conditions.

¢ Approximating the forest land with potentially enough core area for sustainable interior species
populations.

4 Approximating the forest land outside the effects of roads.

¢ Approximating the forest land not available for commercial forestry.

Table 2 shows that in the Adirondack unit, which is 72 percent forested, 23
percent of the land area (and 23/72 = 32 percent of the forest) is forest potentially
affected by house densities greater than 6 per sq. km, 43 percent of the land area
is in forest land that is far enough from an edge to be considered interior forest
conditions. Most of that forest is in large patches (>100 acres), but only 60
percent of that forest (43/72) is greater than 300 m from a road (Table 2).

-14 -
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Identifying impact on a particular issue

A second type of analysis that would substantially enhance state reports is the
use of published models or thresholds to depict the impact of forest fragmentation
and/or urbanization on an ecological, social, or economic issue of particular
concern in the state. This can only be done where such management-relevant
information exists and data sources are available at the appropriate scale.
Although few guidelines are definitive, useful information does exist in several
areas so far, including three we have chosen to illustrate in this study: water
quality (e.g. Arnold 1996), probability of occurrence of interior bird species
(Rosenberg et al. 1999 and 2003), and commercial forestry (Wear et al. 1999).
Application of these guidelines provides the user with not just a map of one aspect
of fragmentation or urbanization but one that is already interpreted for probable or
potential impact on a particular issue. Application of the thresholds established in
these guidelines do not represent the final answer, rather they represent the best
available knowledge of the impacts to date. To be most useful, such maps can
and should be qualified for what they are presenting, as in the examples provided
here.

Water Quality: As summarized in Arnold (1996), several thresholds have
been identified for the amount of impervious surface that is correlated to a
stream’s water quality being impacted or nonsupporting. Applying these
thresholds at the same scale as that identified in the literature (approximately
HUC 12 basins), and with an understanding of the accuracy of the data source
used, reveals a map of probable water quality (Fig. 5). In this map, percent
impervious surface values are not calculated directly from the NLCD2001 data
source because of known inaccuracies with percent impervious estimates at this
scale when compared to photo-interpreted data (Riemann et al. in prep). Instead,
basin-level percent impervious values are first modeled for HUC12 basins using
the procedure identified in Riemann et al. (in prep).

-15 -
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Figure 5: Probable stream water quality as predicted by percent impervious surface alone.

Impervious surface is highly correlated with stream water quality. This is due
both to impacts of increased runoff from surfaces that add rather than filter
pollutants, and due to its close relationship to increased levels of urbanization that
are associated with multiple chemical, physical, and hydrologic changes (Arnold
and Gibbons 1996). This example of using impervious surface information
illustrates those watersheds in Maryland that are likely to be suffering from
impaired stream water quality using thresholds fairly well established in the
literature (e.g., Arnold 1996). The map is created by matching as closely as
possible both the scale (watersheds no larger than HUC12) and data source
(photo-intepreted or ground survey) that were used in the studies identifying the
thresholds. Thus, Figure 5 is created using HUC12 watersheds and the
NLCD2001 percent impervious layer modified by the observed relationship
between the percent impervious in NLCD2001 and percent impervious values
from photo-interpreted datasets (Riemann et al. in prep). Though it is an excellent
and quantifiable land-use indicator, impervious surface is only one factor, and
thus this map does not predict stream water quality in each watershed, but rather
depicts the probable water quality absent of other mitigating or exacerbating
factors. For more accurate information and suggestions for water quality
improvement, watersheds in impacted and nonsupporting areas should be
examined for mitigating factors that could be improved (e.g., additional forest
land, additional tree cover in developed areas, additional forested stream buffer,
restoring wetlands). Similarly, watersheds depicted as having very good or
impacted water quality should be examined for any exacerbating factors (point
sources, more grass than trees in developed areas, highly fragmented forests) that
may reflect lower than depicted water quality, or identify landscape factors that
could be addressed (Riva-Murray et al. in prep). Local management, regional
assessment, and strategic planning efforts would all benefit from such
information.
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Probability of interior bird species: Rosenberg et al. (1999 and 2003)
developed region-specific and species-specific guidelines that describe the
probability of finding breeding individuals in a particular forest patch based upon
patch size and the proportion of forest land in the surrounding 2500-acre
landscape. Figure 6 depicts the results of applying the Atlantic Coast guidelines
for scarlet tanager in Maryland and Delaware (Rosenberg et al. 1999). Patches
with high habitat suitability have the same probability of supporting tanagers as a
suitable unfragmented forest. Patches that are predicted to have a 25 percent
lower probability of supporting tanagers are labeled as having moderate
suitability, and patches which are 50 percent less likely to support tanagers
relative to unfragmented forest are labeled as having low habitat suitability.

[ mat sutatle
[ Low habitat suitatsility

[ moderate hahitat suitahility

I Hioh habitat suitabiliy

Kilometers

01020 40 BO 80

Figure 6: Forest land in Maryland/Delaware shaded by degree of habitat suitability for breeding
scarlet tanagers (an interior forest species).

In addition to requirements of forest type, forest habitat suitability depends
upon the configuration of forest land. For an interior bird species such as scarlet
tanager, this suitability can be described as a function of patch size and the
proportion of forest in the surrounding 2500-acre block. Forest type and other
forest characteristics are not considered in Figure 6, but future versions of this
analysis could easily include FIA modeled forest type and structure data. Future
work is needed to study the accuracy of the percent forest and patch size data
derived from NLCD2001.

Probability of Commercial Forestry: From a survey of experts in Virginia,
Wear et al. (1999) developed a relationship between human population density
and the probability that a patch of forest land is used for commercial forestry.
More recent studies have reported this general relationship for other areas
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(Barlow et al. 1998, Kline et al. 2004), however none have identified thresholds
as clearly as Wear et al. (1999).

Probability of Commercial Forestry
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Figure 7: Forest cover by Probability of commercial forestry occurring (based on local population
density effects and thresholds identified by Wear et al. (1999) in Virginia and applied in
Maryland/Delaware).

Figures 7 and 8 show the relationship between local (block-level) population
density and the probability that the forest land in that block will be used for
commercial forestry, as developed by Wear et al. (1999).

Generally, harvesting and commercial forest management decline as forest
landscapes become more populated and more urbanized. Other factors affecting
timber management decisions include proximity to roads, distance to markets,
ownership category, parcel size, and nontimber amenity value (see summary in
Barlow et al. 1998). The base probability that the forest is under commercial use
is 82 percent. Wear et al.’s (1999) study used data from Virginia circa 1991, so
probability levels represent conditions in that state at that time. Actual
probabilities may be different in Maryland/Delaware and will change as both
forest treatments and people’s perspectives evolve over time.

-18 -



USDA Forest Service Proceedings — RMRS-P-56

100 |
90 |
80 -
70
80
50
40

30

| ﬁ
. L

FrscesctseEse EERFLCETSGEEEG

20

Adiron”  Capital South- Lake Plain Catskill-Lower Hudson
Adiron East dack  District Central  Highlands
dack Adiron Highlands

dack

0% prob  25% prob ®m50% prob m75% prcb m82% prob ‘

Figure 8: Percent forest in each county, shaded by the probability of forest being used for
commercial forestry (based on local population density effects and thresholds identified by Wear et
al. (1999) in Virginia and applied in New York, grouped by FIA unit, 2001 (forest), 2000 (population
density).

In Figure 8, the dark green shade identifies that portion of the forest land in
each county where the probability of commercial forestry is not impacted by
human population densities and there is thus roughly an 82 percent probability of
commercial forestry occurring. The height of the blue shade (including the
orange and pale green) identifies that portion of forest land in each county where
there is less than a 50 percent probability of commercial forestry occurring due to
local human population densities.

Combining FIA Data with Geospatial Datasets

When data from FIA plots is overlaid with spatial context, forest pattern, and
urbanization patterns, valuable information can be obtained. In this example, the
forest occurring within the Wildland Urban Interface (WUI) designation
represents one segment of forest land that is potentially impacted by urbanization.
An analysis of FIA plot data (tree species, stand age, size class, invasive species,
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lichens, etc.) against WUI class shows which species are being affected, whether
different stand ages or size classes tend to be associated with forest in the WUI
area, and whether invasive species or other indicators of ecosystem health are
associated with the WUI area (Fig. 9).

Plot-neighborhood-based

proportion of spp basal area (all live), by WUI
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Figure 9: Proportion of species basal area (all live) occurring within the Wildland Urban Interface
(WUI), New York, 2000-2005 (annual FIA plots), 2000 (WUI).

The effects of urbanization on forest land are highly dependent on the time
that urban development has existed, particularly with large biomass systems such
as forested ecosystems. Thus, when looking at a graph of stand size or invasive
species vs. housing density or WUI, we might be looking at a resulting effect of
that urbanization. More likely, we are describing areas where future changes are
expected. Thus an analysis of which species or forest types are most influenced
by WUI status, population density, edge conditions, and patch size, probably
provides the best look at which are most likely to exhibit future change,
experience health problems, suffer a decrease in habitat quality, or be less
sustainable in terms of any of the above criteria.

Conclusions

Informed interpretation of forest inventory data requires information regarding
the spatial pattern and spatial context in which the forest land occurs.
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Characterizing forest land by its landscape context provides information that is
currently absent from most FIA state reports. FIA should begin to consistently
monitor and report those aspects of fragmentation or urbanization that affect the
structure, function, health or sustainability of forests and/or its capacity and value
for providing the ecosystem services and products on which we rely.

Information presented in this paper provides examples of what could be done.
These have been chosen to provide a suite of relevant, consistent, standardized
fragmentation and urbanization measures. Choice of which fragmentation or
urbanization metrics to use in a particular state or region will depend on issue
priorities, intended use, spatial scale of interest, and the accuracy requirements
reflecting the intended use. Wherever both published guidelines and appropriate
datasets are available, these can be used to generate relatively specific
management-relevant maps and issue-focused analyses based on the best and
most current available research. Qualifying statements accompanying the
example maps clarify the assumptions and limits of what is expressed in the map
while allowing a valuable look at our current best interpretation of impacts.

Using satellite imagery-based datasets in fragmentation analyses in
conjunction with FIA data requires an understanding of the difference between
the forest definition used by FIA and that expressed by the classified imagery.
The relationship between FIA and NLCD2001 percent forest (Fig. 1) illustrates
the potential magnitude of these differences. NLCD2001 data provides
information on forest cover distribution largely independent of information on
developed land uses and roads. This independence is sometimes noted in
individual studies as land cover and land use are observed to have separate and
independent effects on wildlife, water, and forest ecosystem processes. Thus
having land cover and land use information separately available for landscape
analyses will likely enable, rather than hinder, more specific application of results.
The only caveat is that for the NLCD impervious cover variable, the land cover
under trees and shadows is generally not included. As this may also be important,
modeling percent total impervious cover to generate values closer to those derived
from photo-interpretation may be necessary.

The metrics presented in this paper are simple to obtain. Their strength is in
the use of multiple metrics simultaneously, in their relevance with respect to
issues of concern, in the use of thresholds identified in the literature to aid
interpretation, and in their analysis with FIA data.
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A Preliminary Investigation of Forest Carbon
Changes Associated with Land-Use Change
in Northern New England

D. Zheng?, L.S. Heath?, M.J. Ducey’, J.E. Smith?

Abstract: Maine (ME), New Hampshire (NH), and Vermont (VT) are three of the four
most heavily forested states in the United States. In these states, we examined how land-
use change, at the Anderson Level | classification, affected regional forest carbon using
the 30-m Multi-Resolution Land Characteristics Consortium 1992/2001 Retrofit Land
Cover Change product coupled with county-level forest carbon stock densities and
changes based on U.S. Forest Service, Forest Inventory and Analysis data during the 9-
year period. Results indicate that about 1,100 km? of forests were newly developed from
other land-cover types during 1992 and 2001 across the region, and about 3,100 km? of
forests were converted to other cover types in the same period, resulting in an apparent
net loss of 2,000 km? of forest. Thirty percent of land-cover changes occurred within 1.5
km of major roads. Forest land converted to nonforest land area change resulted in
apparent carbon (C) loss of 26 million metric tons (10" grams — teragrams (Tg)),
nonforest land becoming forest land sequestered 1 TgC and forest land remaining forest
land sequestered approximately 154 TgC. Consequently, the regional forests functioned
as a carbon sink of 129 TgC over the entire 9-year period. All counties functioned as C
sinks during the period, ranging from 0.07 Tg in Grand Isle, VT, to 12.5 Tg in Aroostook,
ME. Spatially, 8 of the top 10 counties identified as C sinks were in ME and the other
two in NH. In terms of forest carbon loss from deforestation alone, 8 of the top 10
counties were located in ME while the other two were in southeastern NH, where
relatively high deforestation rates were detected.

Keywords: NLCD land-cover maps, land-use change, afforestation, forest land
remaining forest land, change detection.

Introduction

Global forests play a dominant role in the terrestrial carbon (C) cycle. They
contain 86 percent of the earth’s aboveground C and about 73 percent of the C in
the world’s soil (Post et al. 1982, Olson et al. 1983). Changes in land-use patterns
affect C dynamics and balance (Dixon et al. 1994, Houghton 1995). Various
models have predicted that the amount of C released from forest ecosystems
annually to the atmosphere is positively related to the global deforestation rate
(Alcamo et al. 1996, Yamagata and Alexandrov 1999). Turner et al. (1996)
estimated that 45 percent of the potential forest cover of the conterminous United
States had been converted to other land-cover types. Furthermore, spatial and
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temporal dynamics of forest ecosystems can vary substantially with human-
introduced disturbances (such as road accessibility and urbanization). Although
ownership can also affect spatial and temporal dynamics of forest ecosystems, it
is not the focus of this study.

The Forest Inventory and Analysis (FIA) Program has been using systematic
sampling schemes for surveying forest lands across the nation with periodic
updates since the early 1930s before changing the survey method to an annualized
approach in the early 2000s (Bechtold and Patterson 2005). The FIA field data
provide accurate ground measurements for conducting statistical analyses, and for
model development and validation; however, these point-based measurements are
less suitable for conducting spatially explicit analyses across entire landscapes
(Cramer et al. 2001, Zheng et al. 2003). Combining satellite observations with
field-based natural resources inventory data will provide more consistent, reliable,
and comparable analyses across both spatial and temporal dimensions for
national-scale forest and carbon related studies (Nelson et al. 2002, Liknes et al.
2004, McRoberts et al. 2006, Zheng et al. 2008). A previous study demonstrated
how land-cover data from different sources could be used for studying regional
greenhouse gas dynamics (Brown et al. 2007). Recent collaborations among
NASA, FIA, and other Forest Service and university partners indicate that
potential benefits from linking the information have begun to be recognized by
colleagues, scientific communities, and governmental agencies (Healey et al.
2007).

The National Land Cover Database (NLCD) provides national land-cover
maps for 1992 and 2001 using 30-m Landsat Thematic Mapper (TM) and
Enhanced Thematic Mapper Plus (ETM+) satellite data (Vogelmann et al. 2001,
Homer et al. 2004). Although the classification methods and systems were not
identical between the 2 years, one of the guiding principles in the NLCD 2001
map was to ensure that the second generation land-cover product maintained
reasonable compatibility with NLCD 1992 map (Homer et al. 2004). Thus, the
products are the best resources currently available for detecting land-cover
changes between these years at regional and national scales. While direct pixel-
to-pixel comparison between two datasets is not recommended (U.S. EPA 2008),
the U.S. Geological Survey NLCD design team initiated research to devise an
optimal way to compare the products. As a result, the team generated the NLCD
1992/2001 Retrofit Land Cover Change Product using a multistage processing
method on the NLCD 1992 and 2001 datasets (MRLC 2008). We obtained the
retrofit change product at the Anderson Level I (broader classification categories
than those at the Level II used in the original NLCD 1992 and 2001 datasets;
Anderson et al. 1976) for use in our regional study.

The states of Maine (ME), New Hampshire (NH), and Vermont (VT) are three
of the four most heavily forested states in the country, about 73 percent forested
in 1992 and 72 percent in 2001 based on the Retrofit product. While the three
states accounted for 1.7 percent of the total land area in the conterminous United
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States, they contained 4.6 percent of the total forest land. Therefore, the area has
disproportionate importance in the nation’s forest ecosystem carbon estimates.
The overall goal of this study is to establish baseline information for area changes
in land-cover types and forest carbon dynamics in the region. The specific
objectives are to: 1) quantify land-use changes at the Anderson Level I in the
three northern New England states between 1992 and 2001 focusing on the forest
sector; and 2) illustrate how these changes affect countywide and regional forest
area and carbon dynamics, as well as their spatial distributions (that is, related to
distribution of roads).

Methods and Materials

Study area

The study area contains three northern states (ME, NH, and VT) of the New
England area in the United States, with a total land area of 133,100 km®. About
73 percent of the area is forested. The area is characterized by rolling hills,
mountains, and a jagged coastline resulting from retreating ice sheets that shaped
the landscape thousands of years ago. Elevation ranges from sea level to 1,917 m
at Mount Washington in NH. Dominant forest types include: 1) spruce-fir in
northern ME and at high elevation; 2) white/red/jack pine along the coast of
southern ME and southeast of NH; and 3) maple/beech/birch in southwestern NH
and western VT (Irland 1999). The area is classified as humid continental short
and relatively cool summers and long, cold winters. Long-term annual mean
temperature is about 4.4 °C. The average annual rainfall ranges from 500 to 1,000
mm.

Digital maps and data analyses

We downloaded the NLCD 1992/2001 Retrofit Land Cover Change Product
provided by the Multi-Resolution Land Characteristics Consortium (MRLC)
(MRLC 2008), and extracted the data for our study area. We compared our
satellite-based forest area change estimates with those developed from FIA data
during the corresponding period at the state level.

To simplify the calculation in carbon dynamics, we based carbon changes on
area change categories of nonforest land becoming forest land, forest land
remaining forest land, and forest land becoming nonforest land, by county.
Because forest carbon is related to forest type, the most common forest type was
identified for each county for carbon-related calculations. Since there was a 9-
year interval for the area change estimates, we assumed the average age of new
forests was 5 years, but a total of 9 years of growth occurs for the area of forest
land remaining forest land. To calculate C loss for deforestation, we used the
county-level change in forest area, multiplying the county mean forest C densities
obtained from the most recent FIA data by a conversion factor of 0.8. This factor
is based on the assumption that 80 percent of the nonsoil forest C (including live
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tree, stand dead, understory, down dead wood, and forest floor) would be lost
during conversion to nonforest (Smith and Heath 2008).

To examine the relationship between land-cover change and road distribution,
we used the 2004 national major-road map from ESRI (2008). The map
represents interstate, U.S. and state highways, major streets, and other major
thoroughfares within the country. We clipped the roads for our study area and
created a polygon cover identifying buffer zones within a distance of 1.5 km (one
side) from all roads using the GIS function. The buffered roads were overlaid
with the Retrofit change map to quantify the relationship.
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Figure 1. - Relative changes in area between 1992 and 2001 by the seven broad Anderson Level | cover
categories from the Retrofit change product using 1992 values as reference (= 1). G/S = Grass/Shrub.

Results and Discussion

Area dynamics and spatial pattern

The most significant relative changes by land-cover types between 1992 and
2001 were found in barren (increased by 49 percent), followed by grass/shrub (17
percent), agriculture (7 percent), urban (3 percent), and forest (-2 percent) (Fig.

1). Across the region, area of water was estimated to decrease by 0.1 percent of
total land area (Table 1). Percentage of forest land decreased from 73.3 percent in
1992 to 71.8 percent in 2001 by 1.5 percent of the total land area, at an annual rate
of less than -0.2 percent. During the 9-year period, about 3.5 percent of total land
area experienced cover-type change. About 91 percent of the land experiencing
the change was related to forest. Although these changes occurred across the
region and did not exhibit a specific pattern, we found 30 percent of these cover-
type changes occurred within 1.5 km of major roads (Fig. 2). Such information is
useful for future regional resource planning.

10.
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Table 1. - Statistics in 1992 and 2001 for the seven land-cover categories from the Retrofit change
product of MRLC, in terms of percentages of total regional land area.

Cover Type 1992 (%) 2001 (%)
Water 4.5 4.4
Urban 4.4 4.5

Barren 0.3 0.4
Forest 73.3 71.8
Grass/Shrub 4.7 55
Agriculture 5.6 6.0
Wetland 7.3 7.4

During the 9-year period, about 3,100 km? of forest land changed to other
types (Table 2). Most of the type changes, in order of amount of area changed,
were from forest to grass/shrub (G/S), agricultural land, wetland, and urban
(Table 3). About 1,100 km?” of other types were converted to forests (Table 2),
most of these conversions came from G/S, wetland, and agricultural land (Table
3). Other cover types with smaller percentage changes during the period were
wetland (2 percent) and water (-1 percent). Overall, the region experienced an
apparent net loss of 2,000 km?” of forests during the 9-year period, at an annual
rate of 220 km?, which is less than 0.2 percent of total land area including water.
Considering that all these cover types contain vegetation to some degree, potential
uncertainties could be caused by mapping errors in satellite based products. For
example, wetlands have proven difficult to map with satellite data because they
may be rare in occurrence (4.6 percent in the region, (Stehman et al. 2003)) and
their spectral and spatial characteristics are highly context-dependent (Wright and
Gallant 2007). Among the 7 Anderson Level I categories in the 1992 NLCD map,
wetlands have the lowest user accuracies using center pixel and mode agreement
definitions (Stehman et al. 2003).

Spatial heterogeneity in net forest loss across the region between 1992 and
2001 was observed among the states. About 85.9 percent of regional net forest
loss occurred in ME, followed by 8.4 percent in NH, and 5.7 percent in VT; this is
due to relatively higher deforestation rates in ME, as well as its larger area (Fig. 3;
Table 4). On a state basis, forest loss accounted for 2.1 percent, 0.7 percent, and
0.5 percent of the total areas in ME, NH, and VT, respectively, from 1992 to
2001. All counties in ME except Washington and Hancock in eastern ME
exhibited some degree of forest loss, from 1 percent to 7 percent (Fig. 3). The
other three counties in the region gaining forest area during the period were one in
NH (Coos) and two in VT (Caledonia and Essex) (Fig. 3). All five counties
gaining forest area exhibit small percentage gains (less than 1 percent) with the
maximum of 0.7 percent in Washington County of ME. Two counties, Grand Isle
and Lamoille, in VT showed no changes in forest area. Most of the remaining
counties in VT and NH (excluding 3 counties with forest gains) had relatively low
rates of forest loss (between 0 and 1 percent). The exceptions were two counties
in southeastern NH: Hillsborough with 3 percent loss and Rockingham with 5
percent loss (Fig. 3).
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Table 2. - Forest area change and carbon (C) dynamics during a 9-year period (1992-2001) in ME,
NH, and VT by county (sorted by C sum). The numbers for total areas may slightly differ to those
in Table 3 that were derived from regional summary due to rounding.

County State Area Status (km?) C Status (1000 ton) C Sum
Gained Lost Remain Gained® Lost® Remain®
Aroostook ME 224 649 12119 291 5103 17342 12531
Piscataquis ME 153 460 7889 196 3908 15620 11908
Penobscot ME 122 282 6248 156 2148 12371 10379
Somerset ME 162 696 7141 207 5477 14139 8870
Coos NH 12 4 4136 15 34 8189 8170
Oxford ME 25 40 4432 32 378 7339 6993
Franklin ME 28 114 3611 36 995 7150 6190
Washington ME 105 72 4469 137 519 6476 6093
Grafton NH 10 16 3883 13 167 5766 5612
Hancock ME 76 63 2842 99 520 4067 3646

Essex VT 6 2 1517 8 17 3004 2995
Carroll NH 7 9 2091 9 106 2860 2763
York ME 0 38 1655 0 355 2741 2385
Orange VT 3 5 1420 4 49 2352 2306
Rutland VT 6 27 1739 8 298 2582 2292
Windsor VT 4 46 2045 5 518 2798 2284
Merrimack NH 14 32 1886 18 371 2580 2227
Caledonia VT 4 3 1322 5 26 2189 2168
Washington VT 2 5 1456 3 52 2162 2112
Orleans VT 3 6 1278 4 57 2116 2063
Kennebec ME 8 59 1497 10 545 2479 1945
Waldo ME 9 51 1337 12 449 2214 1776
Cheshire NH 8 25 1504 10 299 2057 1768
Cumberland ME 4 37 1429 5 360 2122 1767
Windham VT 3 27 1730 4 342 2086 1748
Bennington VT 4 13 1447 5 168 1745 1582
Addison VT 5 16 1001 6 156 1658 1508
Sullivan NH 4 21 1141 5 226 1694 1474
Hillsborough NH 15 57 1544 19 672 2112 1459
Lamoille VT 1 1 966 1 11 1435 1425
Franklin VT 3 4 943 4 42 1400 1363
Chittenden VT 3 6 853 4 64 1267 1207
Belknap NH 5 8 826 6 81 1227 1152
Androscoggin ME 6 22 761 8 199 1260 1069
Lincoln ME 4 38 812 5 367 1345 983
Rockingham NH 3 59 1017 4 630 1510 885
Strafford NH 0 15 617 0 158 916 758
Knox ME 9 27 484 12 228 693 477
Sagadahoc ME 1 11 383 1 107 569 463
Grand Isle VT 0 0 44 0 0 65 65
Total 1061 3066 93515 1366 26201 153699 128864
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@ Carbon gain was estimated using carbon accumulation tables for afforestation (Smith et al.
2006), assuming the average age of the new forests in this 9-year period was 5 years.

b County-level carbon loss was estimated using average nonsoil forest carbon density by county
from the latest FIA data, assuming that 20 percent of the nonsoil carbon remained after forest land
became nonforest land.

¢ Carbon for forest land remaining forest land was estimated using carbon accumulation tables for
reforestation (Smith et al. 2006) for the most common forest type in the county. The county-level
carbon density was used to estimate the expected carbon growth.

Table 3. - Detected land-cover change (kmz) using the Retrofit change product in three northern
New England states, U.S.A. G/S = grass/shrub.

Water Urban Barren Forest G/S | Agric. Wetland Sum1992
Water 5817 2 16 8 5 4 72 5924
Urban 2 5773 1 16 4 48 14 5858
Barren 0 0 340 0 0 0 0 340
Forest 14 233 143 94470 | 1855 530 326 97571
G/S 1 18 4 695 | 5462 68 62 6310
Agric. 2 12 1 85 10 7284 15 7409
Wetland 3 5 0 266 41 18 9358 9691
Sum2001 5839 6043 505 | 95540 | 7377 7952 9847 133103

We compared our forest area changes detected from NLCD with those
calculated from FIA during the corresponding years. Regional estimates from
these sources were substantially different from each other. While the NLCD
detected a forest net loss of 2,000 km? across the region during the period, FIA
data showed a loss of 22 km? (Table 4). Compared at the state level, the satellite-
based results overestimated the forest net loss by 24 percent in ME while
underestimating the loss by 73 percent in NH, compared to FIA-based losses. For
Vermont, even the sign of the change was opposite. Such a discrepancy may be
caused by differences in forest definition and mapping errors. For example,
forests in NLCD were defined as areas dominated by trees generally greater than
or equal to 5 m tall and greater than or equal to 20 percent of total vegetation
cover (Homer et al. 2004), whereas forest lands defined by the FIA are at least 10
percent stocked by trees of any size (Bechtold and Patterson 2005).
Reconciliation of this issue requires better coordination and integrity between
ground forest inventory and remotely sensed information in future, including 1)
increasing plot density; 2) measuring all cover types; and 3) improving remote
sensing techniques to reduce mapping errors.

Forest carbon dynamics and spatial pattern

During the 9-year period, regional afforestation sequestered a net 1.4 million
metric tons (10'* grams — teragrams (Tg)) of carbon (C) and forest land remaining
forest land sequestered approximately 153.7 TgC. Regional deforestation resulted
in a loss of 26.2 TgC. As a result, the regional forests functioned as a carbon sink
sequestering a total of 128.9 TgC (Table 2).

Spatially, all 40 counties in the region functioned as C sinks during the period
ranging from 12.5 Tg (Aroostook in ME) to 0.07 Tg (Grand Isle in VT). Eight of
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the top 10 counties were in ME and the remaining two were in NH (Table 2). The
top 10 sink counties as a whole accounted for 62.4 percent of regional sequestered
C during the period due to their larger size (on average 2.4 times larger than the
regional mean) and higher forest cover percentages (on average 7 percent higher
than the regional mean).

Major Roads

Il Changed
[ No change
0 200 400 Kilometers
Figure 2. - Relationship of spatial distributions of the Figure 3. - Spatial pattern of regional forest area
lands experiencing changes from one type to another changes (92-01) in percentage (%, round to a whole
(92-01) and the major roads distributions across the number) at county level. Negative percentages (< 0)
region. indicated gains in forest area.

In terms of C loss due to deforestation, 8 of the top 10 counties were located in
ME. The remaining two counties were in southeastern NH where a greater rate of
urbanization occurred. For example, areas used for urbanization and development
in Rockingham County, NH, accounted for 18.9 percent of its total land area in
2001 compared to that of 4.5 percent for the region according to the Retrofit
change product. From the afforestation perspective, 8 of the top 10 counties were
located in ME and the remaining two in NH. Only three of the five counties with
net forest gains during the 9-year period (Fig. 3) were in the top 10 carbon-sink-
county list (Table 2) because 1) all the net gains in area were relatively small; and
2) carbon density for young trees (afforestation) was much smaller than the
carbon density in mature forests lost to deforestation.

At the state level, ME had the leading numbers in all categories, both in area
and C status: forest gained, lost, and forest land remaining forest land (Table 5)
because of its much larger size of forest land than those in the other two states.
Maine accounted for 60.1 percent of total regional sequestered C during the 9-
year period, followed by 20.4 percent for NH and 19.5 percent for VT.
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Table 4. - State-level comparison of forest area changes (kmz) between FIA and NLCD Retrofit
change product based calculations in Maine (ME), New Hampshire (NH), and Vermont (VT): 1992-

2001.
State FIA NLCD
-&;IE“ -1388 -1723
NH -631 -168
VT 1997 -114
Total -22 -2005°

& County level based summary.

Table 5. - State-level statistics of forest area change and carbon (C) dynamics during a 9-year
period (1992-2001) in Maine (ME), New Hampshire (NH), and Vermont (VT). Sums may not match
exactly due to rounding.

State Area Status (kmz) C Status (1000 ton) C Sum
Gained Lost Remain Gained® Lost® Remain®

ME 936 2659 57109 1207 21658 97927 77475

NH 78 246 18645 99 2744 28911 26268

VT 47 161 17761 61 1800 26859 25118

See Table 2 for 3, °, and °.

Conclusions

This study illustrates an approach to associate carbon changes with specific
categories of cover-type changes. Our results could be used as a reference for
monitoring future emissions of CO; and forest removals in the region. Spatial
patterns identified from this study can provide useful information for improving
our existing forest management strategies related to where and how much carbon
could be enhanced or reduced. Future management strategies might also need to
consider the effects of forest accessibility on greenhouse gas emissions. Our
method is simple and straightforward because we used a consistent national land
cover change product. Current limitations of this study are that it included neither
estimates of carbon in harvested wood products, nor carbon changes from the soil
pool. Although further coordination and integrity between field observations and
remotely sensed information are needed to reduce potential uncertainties, this
spatially explicit approach provides a way to associate changes in carbon with
land-cover categories.

Acknowledgments

This study was funded in part by the USDA Forest Service through grant 05-
DG-11242343-074. We are grateful to Rebecca Whitney and Elizabeth LaPoint
for their GIS assistance.



USDA Forest Service Proceedings — RMRS-P-56 10.

Literature Cited

Alcamo, J.; Kreileman, G.J.J.; Bollen, J.C.; Van den Born, G.J.; Gerlagh, R.; Krol, M.S.;
Toet, AM.C.; de Vries; H.J.M. 1996. Baseline scenarios of global environmental
change. Global Environmental Change. 6: 261-303.

Anderson, J.R.; Hardy, E.E.; Roach, J.T.; Witmer, W.E. 1976. A land use and land cover
classification system for use with remote sensing data. USGS Professional Paper
964. Reston, VA: U.S. Geological Survey.

Bechtold, W.A.; Patterson, P.L., eds. 2005. The enhanced Forest Inventory and Analysis
Program--national sampling design and estimation procedures. Gen. Tech. Rep.
SRS-80. Asheville, NC: U.S. Department of Agriculture, Forest Service,
Southern Research Station. 85 p.

Brown, S.; Harris, N.; Grimland, S.; Winsten, J.; Sampson, N.; Sohngen, B. 2007. Report
submitted to the Wisconsin department of natural resources. Arlington, VA:
Winrock International. 30 p.

Cramer, W.; Boudeau, A.; Woodward, F.I.; Prentice, 1.C.; Betts, R.A.; Brovkin, V.; Cox,
P.M.; Fisher, V.; Foley, J.A.; Friend, A.D.; Kucharik, C.; Lomas, M.R.;
Ramankutty, N.; Sitch, S.; Smith, B.; White, A.; Molling, C.Y. 2001. Global
response of terrestrial ecosystem structure and function to CO2 and climate
change: results from six dynamic global vegetation models. Global Change
Biology. 7: 357-373.

Dixon, R.K.; Brown, S.; Houghton, R.A.; Solomon, A.M.; Trexler, M.C.; Wisniewski, J.
1994. Carbon pools and flux of global forest ecosystems. Science. 63: 185-190.

ESRI. 2008. Data: The Raw Materials for Your GIS. http://maps.unomaha.edu/
Workshops/ Career/ESRI/index4.html. [10 October].

Healey, S.; Moisen, G.; Masek, J.; Cohen, W.; Goward, S.; Powell, S.; Nelson, M.;
Jacobs, D.; Lister, A.; Kennedy, R.; Shaw, J. 2007. Measurement of disturbance
and regrowth with Landsat and Forest Inventory and Analysis data: anticipated
benefits from Forest Inventory and Analysis' collaboration with the National
Aeronautics and Space Administration and university partners. In: McRoberts,
R.E.; Reams, G.A.; Van Deusen, P. C.; McWilliams, W.H., eds. Proceedings of
the seventh annual Forest Inventory and Analysis Symposium; 2005 October 3-4;
Portland, ME. Gen. Tech. Report WO-77. Washington, DC: U.S. Department of
Agriculture, Forest Service: 171-178.

Homer, C.; Huang, C.; Yang, L.; Wylie, B.; Coan, M. 2004. Development of a 2001
National Land-cover Database for the United States. Photogrammetric
Engineering and Remote Sensing. 70: 829-840.

Houghton, R.A. 1995. Land-use change and the carbon cycle. Global Change Biology. 1:
275-287.

Irland, L.C. 1999. The Northeast's changing forest. Cambridge, MA: Harvard University
Press.

Liknes, G.C.; Nelson, M.D.; McRoberts, R.E. 2004. Evaluating classified MODIS
satellite imagery as a stratification tool. In: Mowrer, H.T.; McRoberts, R.E.; Van
Deusen, P.C., eds. Joint proceedings of the 15" annual conference of the
International Environmetrics Society and the 6™ international symposium on
spatial accuracy assessment in natural resources and environmental sciences;
2004 June 28 to July 1; Portland, ME. Online at http://www.spatial-
accuracy.org/PDF/Liknes.pdf. [07 December].

10



USDA Forest Service Proceedings — RMRS-P-56 10.

McRoberts, R.E.; Holden, G.R.; Nelson, M.D.; Liknes, G.C.; Gormanson, D.D. 2006.
Using satellite imagery as ancillary data for increasing the precision of estimates
for the Forest Inventory and Analysis program of the United States of America.
Canadian Journal of Forest Research. 36: 2968-2980.

MRLC. 2008. NLCD 1992/2001 Retrofit Land Cover Change Project.
http://www.mrlc.gov/multizone.php. [09 October].

Nelson, M.D.; McRoberts, R.E.; Liknes, G.C.; Holden, G.R. 2005. Comparing
forest/nonforest classifications of Landsat TM imagery for stratifying FIA
estimates of forest area. In: McRoberts, R.E.; Reams, G.A.; Van Deusen, P.C.;
McWilliams,W.H., Cieszewski, C., eds. The fourth annual Forest Inventory and
Analysis Symposium. Gen. Tech. Rep. NC-252. St. Paul, MN: U.S. Department
of Agriculture, Forest Service, North Central Research Station: 121-128.

Olson, J.S.; Watts, J.A.; Allison, L.J. 1983. Carbon in live vegetation of major world
ecosystems. ORNL-5862. Oak Ridge, TN: Oak Ridge National Laboratory.

Post, W.M.; Emanuel, W.R.; Zinke, P.J.; Strangenberger, A.G. 1982. Soil carbon pools
and world life zones. Nature. 298: 156-159.

Smith, J.E.; Heath, L.S.; Skog, K.E.; Birdsey, R.A. 2006. Methods for calculating forest
ecosystem and harvested carbon with standard estimates for forest types of the
United States. Gen. Tech. Rep. NE-343. Newtown Square, PA: U.S. Department
of Agriculture, Forest Service, Northeastern Research Station. 216 p.

Smith, J.E.; Heath, L.S. 2008. Carbon stocks and stock changes in U.S. forests. In: U.S.
agriculture and forestry greenhouse gas inventory: 1990-2005. Tech. Bull. 1921.
Washington, DC: U.S. Department of Agriculture, Office of the Chief
Economist: 65-80, C1-C7.

Stehman, S.V.; Wickham, J.D.; Smith, J.H.; Yang, L. 2003. Thematic accuracy of the
1992 National Land-Cover Data for the eastern United States: Statistical
methodology and regional results. Remote Sensing of Environment. 86: 500-516.

Turner, M.G.; Wear, D.N.; Flamm, R.O. 1996. Land ownership and land cover change in
the Southern Appalachian highlands and Olympic peninsula. Ecological
Applications. 6: 1150-1172.

U.S. Environmental Protection Agency. 2008. NLCD Changes (NLCD 1992 versus
NLCD 2001). http://www.epa.gov/mrlc/change.html [ 14 October].

Vogelmann, J.E.; Howard, S.M.; Yang, L.; Larson, C.R.; Wylie, B.K.; Van Driel, N.
2001. Completion of the 1990s National Land Cover Dataset for the
conterminous United States from Landsat Thematic Mapper data and ancillary
data sources. Photogrammetric Engineering and Remote Sensing. 67: 650-652.

Wright, C.; Gallant, A. 2007. Improved wetland remote sensing in Yellowstone National
Park using classification trees to combine TM imagery and ancillary
environmental data. Remote Sensing of Environment. 107: 582-605.

Yamagata, Y.; Alexandrov, G.A. 1999. Political implications of defining carbon sinks
under the Kyoto Protocol. World Resource Review. 11: 346-359.

Zheng, D.; Heath, L.S.; Ducey, M.J.; Smith, J.E. In press. Quantifying scaling effects on
satellite derived forest area estimates for the conterminous U.S. International
Journal of Remote Sensing.

Zheng, D.; Prince, S.D.; Wright, R. 2003. Terrestrial net primary production estimates for
0.5° grid cells from field observations--a contribution to global biogeochemical
modeling. Global Change Biology. 9: 46-64.

11



Wildlife Habitat Applications i

Forest Inventory & Analysis Symposium
2 S o) 8
Climate Chang

, Fire & Other Hot Topics



USDA Forest Service Proceedings — RMRS-P-56

Quantification of Lewis’s Woodpecker habitat
using Forest Inventory and Analysis data

Chris Witt!

ABSTRACT: The Utah Department of Natural Resources’ Division of Wildlife Resources
(UDWR) placed Lewis’s Woodpecker (Melanerpes lewis) on their Sensitive Species Tier
I1 list due to declining populations and suspected local extirpations throughout the state.
It is thought that the decline in burned coniferous forest has reduced the amount of
suitable habitat for these birds, which are known to be closely tied to disturbed
landscapes. The UDWR has identified several key components of Lewis Woodpecker
habitat using an Ecological Integrity Table (EIT). An EIT identifies “‘key ecological
attributes™ such as breeding habitat, food, and their acceptable range of variation as
measured by selected indicators. The main indicators for Lewis’s Woodpecker breeding
habitat were identified as plant association (i.e. forest type), tree canopy cover, and
number of suitably-sized snags per hectare of habitat. Each of these indicators is
measured in some fashion by FIA crews on every visited phase 2 forested plot. The
indicators and their FIA surrogates were used in this analysis to quantify breeding
habitat that occurs within and outside of Lewis’s Woodpecker’s preferred habitat of
burned coniferous forests in Utah. We produced area estimates for each indicator
thought to be important to Lewis’s Woodpecker as well as estimates of forest land that
provide all of the structural components in concert. We demonstrated the utility of FIA
data for large scale habitat evaluation, identifying limiting attributes, and as a
monitoring tool for habitats of sensitive species that use forested landscapes at some
point of their life history.

KEYWORDS: Lewis’s Woodpecker, Melanerpes lewis, breeding habitat, FIA,
monitoring, ecological integrity table

Introduction

Lewis’s Woodpecker (Melanerpes lewis) occurs throughout western North
America where open “park-like” forest stands or recent burns predominate and
provide structure that facilitates the bird’s mating and foraging strategies (Bock
1970, Sousa 1983, Tobalske 1997). A preference for burned areas has resulted in
the species being categorized as a “burn specialist” (Bock 1970, Raphael and
White 1984, Block and Brennan 1987, Saab and Vierling 2001). Large numbers
of dead and decaying trees, presence of woody ground cover, and open canopy
and sub-canopy found in burned pine forests are ideal for this species (Linder and
Anderson 1998, Russell et al 2007, Saab et al 2007). Fire suppression policies
over the past century have reduced the extent of burned forest landscapes in the

1 . . . . . .
United States Forest Service; Rocky Mountain Research Station; Interior West Forest Inventory and Analysis, 507 25"
Street, Ogden, Utah 84401

In: McWilliams, Will; Moisen, Gretchen; Czaplewski, Ray, comps. 2009. 2008 Forest Inventory and Analysis (FIA)
Symposium; October 21-23, 2008: Park City, UT. Proc. RMRS-P-56CD. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 1 CD.
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Intermountain West. This has resulted in a decline in preferred habitats of Lewis’s
Woodpecker. However, some unburned ponderosa pine, cottonwood, and aspen
stands have been found to provide suitable structure and are used successfully by
the bird (Medin and Clary 1991, Tobalske 1997, Vierling 1997, Linder and
Anderson 1998, Saab and Vierling 2001). While the use of burned areas by this
species has been well documented in some forest types, the qualitative nature of
undisturbed forest structure used by Lewis’s Woodpecker is still largely
unknown, particularly in aspen stands. Although use of ponderosa pine is not
uncommon, use of aspen habitats has not been well documented in Utah. From
management and census perspectives it is important to know the potential of
alternate habitats to provide suitable breeding sites for these birds, given the
relative scarcity of recently burned forests in Utah (Figure 1).

The Utah Department of Natural Resources’ Division of Wildlife Resources
(UDWR) placed Lewis’s Woodpecker on the Utah Sensitive Species Tier II List
due to declining populations throughout the state as well as suspected local
extirpations (Behle et al 1985, Sorenson 1986, Parrish et al, 1999, UDWR 2007).
Herein we explore the utility of the Forest Inventory and Analysis (FIA) program
of the U.S. Department of Agriculture Forest Service as an accounting and
monitoring tool for forest species habitat in Utah. We use potential breeding and
foraging habitat in undisturbed (not burned or cut) forests for Lewis’s
Woodpecker as a test case.

11.
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Figure 1: Estimated burned and unburned area of various forest types in Utah. Plots classified as
burned have done so within five years of the field crew visit.
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Forest Inventory and Analysis Data

FIA is responsible for assessing the status and trends of all forested lands in the
U.S. (Gillespie 1999). FIA conducts inventory on all forested lands of the U.S.
using a nationally standardized plot design at an intensity of approximately 1 field
plot per 2,388 hectares (USDA 2007). The Interior West region of FIA (IW-FIA)
is responsible for data collection and analysis in Arizona, Colorado, Idaho,
Montana, Nevada, New Mexico, Utah, and Wyoming.

In 2000, IW-FIA implemented a continuous annual inventory system
(Gillespie 1997). Under annual inventory, approximately 10 percent of plots from
the full sample set in a state are measured each year. Plots belonging to an annual
panel are distributed evenly across each state so as to be free of geographic bias.
States have been gradually phased into the annual system (Utah, 2000; Arizona,
2001; Colorado, 2002; Idaho, 2003; Montana, 2003; New Mexico, 2008),
increasing geographic coverage of the Interior West over the past 8 years. Nevada
partially employed the annual plot system in 2004 and 2005.

IW-FIA field crews measure and document well over one-hundred plot,
condition and tree variables on forested plots. Many of these variables are
“national core” variables and are collected in a consistent manner across all
regions of the United States. IW-FIA also has several variables that are collected
using protocols specific to IW-FIA in order to serve local needs and interests.
Some of these variables are used in our analysis as well. For this analysis we used
data gathered using annual inventory protocols in Utah during 2000-2006.

Methods

The UDWR has identified several key habitat components of Lewis’s
Woodpecker in Utah using an Ecological Integrity Table (EIT) (Oliver 2009). An
EIT identifies “key ecological attributes”, such as breeding habitat and food, and
their acceptable range of variation as measured by selected indicators (Parrish et
al 2003, UDWR 2005).These tables have been compiled for each species listed in
the Utah Comprehensive Wildlife Conservation Strategy (Sutter et al. 2005). The
primary indicators for Lewis’s Woodpecker breeding habitat were identified as
plant association (Bock 1970, Tobalske 1997, Saab and Vierling 2001), tree
canopy cover, and number of suitably-sized snags per hectare of habitat (Sousa
1983). The primary indicator for Lewis’s Woodpecker foraging habitat was
percent cover of woody understory (Sousa 1983, Tobalske 1997). Each of these
indicators is measured in some fashion by FIA crews on every visited forested
plot. The indicators and their FIA surrogates used in this analysis are listed along
with a brief description of methodologies used to acquire the data in table 1. In
addition to the IW-FIA variables used to quantify habitat for Lewis’s
Woodpecker, data collected on land ownership are analyzed for the purposes of
discussing where potential Lewis’s Woodpecker habitat occurs in Utah and what
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management potential exists. A detailed description of IW-FIA field protocols
and definitions can be found in USDA (2007).

TABLE 1: Name and definition of habitat indicators from UDWR Ecological Integrity Table for
Lewis’s Woodpecker, along with their associated FIA variables and a basic description of how they
are collected on the plot. Detailed protocols for collecting IW-FIA field data can be found in USDA

2007.
Key Description FIA How measured
Ecological surrogate
Attribute
Plant Major vegetation class. The two Forest Type  Calculated by algorithms using
Association  best rankings include ponderosa the plurality of stocking of all live
pine, aspen, cottonwood, trees tallied on the plot.
disturbed pine, and pine or fir
types that can provide open
areas between the canopy and
understory for foraging. Oak
woodlands are identified as
preferred winter habitat but not
included in breeding habitat.
% Tree Percent of ground shaded by Crown Measures crown intercept of live
Canopy vertical projection of canopies of  Cover trees 2.54 cm or greater
Cover woody vegetation > 5 min diameter at breast height (DBH)
height. on every foot of four 7.62 meter
long transects originating from
the center of each subplot and
running in each of the four
cardinal directions.
% Shrub Percent of ground shaded by Tree Cover-  Ocular estimate to the nearest
Crown vertical projection of canopies of  Aerial View 1% of the total canopy cover of
Cover woody vegetation <5 m in and Shrub trees < 2.54 cm DBH on each
height. Cover-Aerial  subplot. The same is done with
View shrub cover, and then the total
cover of small trees and shrubs
is added and averaged over the
entire plot.
Number of Number of standing dead trees Status Code, Status Code records whether
Snags Per at least 30.48 cm DBH and 9.14 Lean Code, the tree is alive or dead, Lean
Hectare meters tall per hectare of Actual Code records whether the snag
otherwise suitable habitat. Height, and is standing at an angle <> 45%,
Diameter Actual Height records the

physical height of the tree, and
Diameter records the diameter
of the snag at "breast height"
(1.37 meters).

11.
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The range of each EIT variable is divided into four “Indicator Ratings” ranging
from “poor” to “very good”. The breaks between each rating are based on
available published and professional knowledge of the species. The Lewis’s
Woodpecker EIT documents some disagreement in the literature concerning the
amount of woody understory that is needed to be considered optimal habitat. We
report on both of the proposed ratings here. The EIT also acknowledges that
although good crown cover for Lewis’s Woodpecker is thought to be less than 53
percent, extremely low or the absence of crown cover may not be ideal for the
species. Given this ambiguity and the fact that IW-FIA collects the majority of
their data on plots with 5 percent or greater canopy cover, we defined a crown
cover of 5-52 percent to represent suitable habitat. In consideration of the plant
association indicator, those lands described as “non-stocked” by FIA standards
were included in the area estimates as long as the field-derived forest type agreed
with the EIT definition. Non-stocked lands are those that formerly supported
forests but do not have the requisite cover or stocking to be classified to a forest
type using the FIA algorithm. More often than not, these lands have been subject
to fire, harvest, disease, or other disturbance(s) and likely will re-develop into the
field-identified forest type at some point in the future through natural regeneration
or plantings. While Figure 1 illustrates the estimated hectares of burned forests in
Utah, all estimates provided hereafter will contain all non-stocked hectares
regardless of disturbance type.

For this analysis, we considered variable measurements that fell within the two
best ratings for each indicator to represent suitable habitat for Lewis’s
Woodpecker. These indicator rankings are shown in Table 2. An exception to this
was snag densities, where IW-FIA methodologies only describe densities equal to
or greater than about 2.4 snags per hectare. In order to account for the estimated
area with snag densities from .2 - 2.3 snags per hectare, a model,

(y = 1/(a + bx°)

was fit to a scatter plot of number of plots in a given forest type versus number of
snags recorded on the plot. In this model y is the number of conditions that were
estimated to have between .2 and 2.3 snags per hectare, a, b, and ¢ were estimated
parameters of the curve, and x was the number of snags tallied on the condition.

The extension of the curve below 2.4 snags per hectare gave a good fit (r* =
0.766) and resulted in an upward adjustment of 14 percent for all softwoods and a
nine percent adjustment for the aspen forest type. These adjustments are reflected
in the final estimates of area satisfying snag density thresholds.

The IW-FIA data for Utah collected in 2000-2006 were queried and plots
identified that met each of the rating thresholds. Expansion factors were assigned
to each plot and by summing the plots that met each criterion, a state-wide
estimate of hectares was produced. All data compilations and summary statistics

11.
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were performed using SAS software (Ver. 8.02, SAS Institute, Cary, NC). All
estimates expressed in percentages were rounded to the nearest whole percent.

TABLE 2: Indicators of “Key Ecological Attributes” and their qualitative ratings from the Utah
Division of Wildlife Resources' Ecological Integrity Table for Lewis’s Woodpecker. Oak woodlands
and nut and fruit orchards are not considered important breeding habitat and were excluded from

this analysis.
Indicator “Good" and "Very Good" Rating
plant association oak woodland, nut and fruit orchards, pine-fir, ponderosa pine,
cottonwood or aspen riparian, logged or burned forest

% tree canopy cover <52%

% shrub crown cover <5 m in >25%
height

% shrub crown cover <5 min >13%
height

number of snags > 30.5 cm DBH >1.25

and > 9.1 m tall per ha

Results
Forest type

The amount of forest land in Utah potentially suitable for Lewis’s Woodpecker
was estimated at 1,504,111 hectares, or almost 19 percent of all forested lands in
Utah (Figure 2). Of the forest types included in the highest indicator rating for
this Key Ecological Attribute, aspen contributed the most acreage, with estimates
exceeding 672,000 hectares. This accounts for approximately 45 percent of the
total estimated suitable acreage in this indicator. The next highest contribution
was from Douglas-fir, which approached 18 percent of the acreage at 266,253
hectares.

Crown cover

An estimated 867,343 hectares met both the requisite crown cover and stocked
forest type criteria for Lewis’s Woodpecker (Figure 3). This accounted for
roughly 57 percent of the land estimated to be suitable for Lewis’s Woodpecker in
terms of stocked forest type. Aspen contributed more to this acreage than any two
other forest types combined at approximately 323,543 hectares or roughly 38
percent of the total (Figure 4).
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Woody Cover

The amount of suitable stocked forest with adequate crown cover that meets or
exceeds the woody cover greater than 25 percent woody understory threshold was
estimated to be 417,979 hectares (Figure 5). Aspen accounted for nearly half of
this total with an estimated 206,018 hectares. Douglas-fir was the second-most
abundant forest type meeting the 25 percent woody cover threshold at 76,987
hectares. The estimate of otherwise suitable habitat that only meets the woody
cover greater than 13 percent threshold for woody understory was 686,905
hectares. Aspen forests again provided the bulk of this estimate at 269,442
hectares. Douglas-fir was the next biggest contributor when the woody understory
threshold was dropped to 13 percent, providing approximately 123,536 hectares.

Snag Densities

An estimated 122,927 hectares in Utah have adequate snag densities while also
meeting the requirements of forest type, crown cover, and woody cover greater
than 25 percent (Figure 6). This estimate increased to 222,242 hectares when
woody cover greater than13 percent was considered. The aspen forest type
provided the majority of the acreage with 44,731 hectares at a woody cover
greater than 25 percent threshold and 64,936 hectares at the woody cover greater
than13 percent break. Lodgepole pine was the second greatest contributor when
woody cover greater than25 percent was considered, while White fir got this
distinction when the woody cover greater than13 percent criteria is applied.

Ownership

Figure 7 shows distribution of area that met forest type, crown cover, and
woody cover greater than 13 percent thresholds for Lewis’s Woodpecker by
major ownership groups. Based on our assessment, the Forest Service manages
roughly 71 percent of the potential breeding habitat of Lewis’s Woodpecker in
Utah. The bulk of remaining area is under private ownership, including almost 30
percent of the aspen predicted to be suitable habitat.
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Figure 2: Estimated area of forest land in Utah by FIA forest types thought to be potentially useful
to Lewis’s Woodpecker for breeding and nesting purposes. Error bars represent the ninety-five

percent confidence interval for the estimate.
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Figure 5: Estimated area of forest land in Utah that meets forest type, crown cover, and woody
understory cover thresholds thought to be useful to Lewis’s Woodpecker for breeding and nesting
purposes. Error bars represent the ninety-five percent confidence interval for the estimate.
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Discussion

The EIT for Lewis’s Woodpecker was assembled using the best available
published research and local knowledge of the species’ ecology. However,
research on the species in non-disturbed forests is relatively scarce, and peer-
reviewed literature on the species in Utah is very sparse. Consequently, the EIT
documents some disagreement in the literature concerning the amount of woody
understory that is needed to be considered optimal habitat in Utah. It is not fully
known whether Lewis’s Woodpecker use Utah’s landscape in the same manner as
in other parts of their range where they have been observed or studied more
intensely. The IW- FIA data presented here suggest that suitable habitat in Utah
may be provided by forest types not strongly linked to Lewis’s Woodpecker in the
literature (Bock 1970, Diem and Zeveloff 1980, Sousa 1983, Vierling 1997,
although see Medin and Clary 1991, Neel 1999 and Newlon 2005), although more
study may be needed to verify this. In addition, how often Lewis’s Woodpecker
uses lodgepole pine stands for nesting sites is not well known. FIA data suggest
the potential exists for this type to provide the structure these birds are thought to
prefer. If they do utilize this resource, the lodgepole pine forests of the Uinta
Mountains could provide approximately 99,134 hectares of potential habitat,
giving it local importance if not statewide value. Additionally, there are several
Douglas-fir stands that co-occur in the Uinta Mountains that scored high in the
indicator ratings. These two forest types make up 64 percent of the potential
habitat in the Uinta Mountains yet are not strongly associated with Lewis’s
Woodpecker in the literature.

The results indicate that when both canopy cover and woody understory cover
are considered, aspen and Douglas-fir forest types provide the bulk of the
preferred structure thought to be important for Lewis’s Woodpecker for nesting
and feeding activities outside of winter. Ponderosa pine, thought to be the most
important forest type other than burned pine forests and cottonwood for these
birds during the breeding season (Tobalske 1997), provides less than half the
potential habitat that aspen does. When snag densities are considered much of the
aspen acreage appears to be unsuitable. However, snag presence should not be as
important in aspen types because of the ease of excavation of live aspen trees, the
abundance of live trees with diseased portions of the bole, and the number of
other excavating bird species that use aspen regularly and create new cavities
annually (Dobkin et al, 1995, Daily 1993, Flack 1976). For these reasons, any
aspen forest that meets the crown cover and woody cover requirements could be
considered potentially suitable habitat.

Tobalske (1997) attributes declining Lewis’s Woodpecker populations to the
loss of burned stands and riparian cottonwood habitats. This conclusion is
supported by the paucity of estimated burned forest land and cottonwood that has
the present or future potential to support Lewis’s Woodpecker in Utah. However,
if the structural preferences of Lewis’s Woodpecker are accurately reflected in the
EIT, suitable habitat for this species may abound in Utah’s unburned aspen
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forests. Newlon (2005) showed high reproductive success and survivorship in
riparian aspen communities in Idaho and suggested that these communities may
provide better overall nesting habitat than do cottonwood forests. This is an
important consideration as many land managers and researchers are concerned
about the state of aspen throughout the Intermountain West. The same fire
suppression activities that have been implicated in reducing availability of
traditional habitats for this species may be the inadvertent architect of new
habitats in aspen stands as lack of fire in aspen may result in dense canopies, less
sub-canopy structure, and a shrubby understory where canopy breaks exist.
Current and proposed efforts to convert aspen to younger stands/earlier seral
stages in Utah could have both positive and negative effects to Lewis’s
Woodpecker breeding habitat. Treatments in stands with little or no understory
could increase shrub and seedling cover, making it more productive for breeding
birds. However, treatments in stands already providing sufficient habitat
components would have negative consequences for Lewis’s Woodpecker,
especially if ponderosa pine and other traditional habitats are not managed in
conjunction with aspen “restoration” efforts. It is also important to note that while
aspen contributes relatively little to the total forested landscape in the
Intermountain West, it is the fourth most common forest type in Utah, trailing
only the pinyon-juniper, juniper woodland, and oak woodland types, respectively
(USDA, unpublished data). These three woodland forest types are thought to
provide very little breeding habitat for Lewis’s Woodpecker because they lack the
structure that provides good flycatching opportunities, and in the case of the
pinyon-juniper and juniper woodland types, they often lack the desired woody
understory component (Bock 1970).

There is some uncertainty regarding how much understory vegetation is
required to meet the needs of Lewis’s Woodpecker (Block and Brennan 1987,
Tobalske 1997). It has been suggested that a certain amount of woody cover is
required to support the invertebrate communities these birds depend on during
breeding season (Bock 1970, Sousa 1983). However, the amount of woody
understory necessary may vary by the general forest type selected and its
association with riparian systems, agricultural fields, and oak stands. One could
also argue that because of the ephemeral nature of insect availability in general,
the understory structure directly surrounding the nest tree may not be as important
as the nest’s proximity to the aforementioned resources. The amount of
understory the species requires is an important consideration in Utah, especially
as it pertains to ponderosa pine. If woody cover of at least 25 percent is indeed
what is required, the estimated amount of predicted suitable ponderosa pine
habitat is reduced by roughly 76 percent. Estimates for suitable lodgepole pine are
reduced by approximately 59 percent.

No information could be found documenting the foraging range of Lewis’s
Woodpecker around its nest. Block and Brennan (1987) suggest unburned stands
of Jeffrey pine and Douglas-fir in California adjacent to burned areas are used for
foraging after nesting season (e.g. after August 1). No nests or individuals were
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observed in unburned stands prior to that time period. In addition, while the mean
shrub cover of unburned areas used for nesting was 13.4 percent, unburned sites
averaged 26.5 percent. These results conflict with the recommendations in Sousa
(1983) and agree more closely with other published reports of successful breeding
in areas with woody understory cover ranging from as low as 6.7 percent up to 13
percent 13 percent (Medin and Clary 1991, Linder and Anderson 1998).

The extent of the effects of temporal availability of resources between burned
and unburned sites on foraging behavior has not been studied. There also may be
behavioral traits that restrict adults to foraging in close proximity to their nests
until their young have fledged. If insects and other food resources were available
in both burned and unburned areas concurrently, nests constructed near the edge
of these cover types would have facilitated adult foraging in the unburned areas
while maintaining a close proximity to their unfledged young. The fact that no
individuals were observed in the unburned stands while the nesting season was in
process suggests some behavioral reluctance to venture into these areas. However,
distance from nest tree to unburned stands was not reported by Block and
Brennan (1987).

Although beyond the scope of this analysis, several FIA variables such as
quadratic mean diameter, stand density index, and basal area may prove useful in
refining the physical and spatial description of a plot such that other important
components could be identified and quantified. The EIT assumes that all “pine-
fir” forests have potential to provide habitat to the species, but it is doubtful that
all of the types that could be considered pine-fir would provide such structure. In
Utah it appears to be rare in the subalpine fir and spruce-fir forest types if
anecdotal information reflects the general condition. Regardless of the potential of
certain types to exhibit the sub-canopy space needed for flycatching, having
variables that actually reflect this spatial arrangement and allow for area estimates
of this habitat component within each forest type would be valuable for
management purposes and model refinement.

Management Implications

The land area identified as suitable for Lewis’s Woodpecker in terms of forest
type, crown cover, and woody understory greater than 13 percent is mostly
managed by the federal government. An estimated 489,350 hectares of these lands
are managed by the United States Forest Service. This represents about 71 percent
of the total estimated acreage for Lewis’s Woodpecker potential breeding habitat
in Utah. As such, an opportunity exists for broad-scale management for the
benefit of Lewis’s Woodpecker and other birds with similar needs. Site
occupancy information would go far to refine and/or reinforce the assumptions
made in the EIT and this type of analysis.

Sampling efforts for Lewis’s Woodpecker using protocols described in Welsh
et al (2006) and Zielinski et al (2006) could increase the utility of FIA data in
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modeling wildlife habitats as well. All of these methodologies accommodate the
use of FIA data as an estimator of existing habitat and as a monitoring tool of the
physical environments important to many forest-dwelling species. FIA data can
be useful in tracking trends in one or many important attributes, showing
predicted future resource availability with and without a given management
prescription, a continuing management policy, or as a result of natural
disturbances. The nuances of how FIA data are collected and complied need to be
fully understood before being applied to a particular question, but the potential for
increased data quality and quantity along with substantial reduction in data
collection costs should encourage researchers to explore the utility of using FIA
data in their wildlife habitat research.

Conclusion

The information gleaned from this analysis is useful in several ways. The land
area identified as suitable for Lewis’s Woodpecker in terms of forest type, crown
cover, and woody understory > 13 percent is mostly managed by the federal
government. An estimated 489,350 hectares of these lands are managed by the
United States Forest Service. This represents about 71 percent of the total
estimated acreage for Lewis’s Woodpecker potential breeding habitat in Utah. As
such, an opportunity exists for broad-scale management for the benefit of Lewis’s
Woodpecker and other birds with similar needs. Site occupancy information
would go far to refine and/or reinforce the assumptions made in the EIT and this
type of analysis.
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Abstract: Landsat images have been widely used for assessing forest characteristics and
dynamics. Recently, significant progress has been made towards indepth exploration of the
rich Landsat archive kept by the U.S. Geological Survey to improve our understanding of
forest disturbance and recovery processes. In this study, we used Landsat images to map
forest disturbances at biennial intervals from 1984 to 2007 for the State of Mississippi.
Forest Inventory and Analysis plot data were used to characterize and validate the
mapped disturbances. These products were used to produce multi-county forest assess-
ments, which were compared with those derived from inventory data. We conducted our
study, in part, to support a larger conterminous U.S.-level LANDFIRE effort.

Keywords: Disturbance, FIA, LANDFIRE, Landsat, Mississippi.
Introduction

Foresters have long combined remotely sensed data, such as aerial photo-
graphy, with field-collected data to aid in estimating population means and totals,
develop regression equations, and study forest characteristics over varying spatial
scales. Remotely sensed data provide a low-cost means for evaluating large areas
when compared with increasing costs of plot-based surveys. This is particularly
true now that the U.S. Geological Survey has begun providing free user access to
historical Landsat data via the Internet.
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The Landsat program has been in operation since 1972, and imagery from the
program has been used for multiple purposes in the fields of forestry, geology,
agriculture, and even sociology, among others. The number of scientific articles
referencing the Landsat program and its data exceeds 3,200, according to NASA
(NASA http://landsat.gsfc.nasa.gov/about/appl.html). This unique time-series
imagery, coupled with increasingly sophisticated imagery analysis software,
provides scientists with a wide array of information related to vegetation change
over time, which previously was possible only through the collection of field data
(Cohen and Goward 2004).

The USDA Forest Service, Forest Inventory and Analysis (FIA) program
has been collecting data in the field since the mid-1930s. Data collected by FTA
includes plot and tree characteristics that may be used to evaluate changes in
vegetation characteristics, including data specifically related to plot-level and tree-
level disturbances. Field crews attempt to revisit the same plots through time so
that trend analysis is possible. While some changes to the FIA plot design have
occurred, and some changes in plot locations have been unavoidable, the FIA
program still provides one of the best records of field-collected forest inventory
data, worldwide.

In this study, we used Landsat images to map forest disturbances at biennial
intervals from 1984 to 2007 in the State of Mississippi. FIA plot data were used
to characterize and validate the mapped disturbances in a five-county area for
disturbance year 2006. These products were used to produce multi-county forest
assessments, which were compared with those derived from inventory data.

We conducted our study in part to support a larger, conterminous U.S.-level
LANDFIRE effort.

Methods

Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+)
images constituting a nominal temporal interval of 2 years per acquisition were
used to map forest disturbances using the vegetation change tracker (VCT)
method (Huang and others in press). The VCT process creates two attributes
per detected disturbance: disturbance year and disturbance magnitude. For our
study’s purposes, we focused solely on disturbance year. Disturbance year was
defined by the acquisition year of the earliest available Landsat image acquired
after the disturbance. For each acquisition year, the VCT algorithm creates a map
consisting of 7 categories: 0 = background (nonsampled); 1 = persisting nonforest
(nonforest); 2 = persisting forest (forest); 4 = persisting water; 5 = previously
disturbed (forest); 6 = current disturbed (nonforest); 7 = prior disturbance
(nonforest). In this study, the map acquisition year assessed was 2006.

Five counties were selected for analysis based on the availability of 2006
Landsat thematic imagery for counties in southern Mississippi and those analyses
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were based on a prior knowledge of disturbances that occurred in 2005 as a result
of Hurricane Katrina. The five counties considered were Hancock, Pearl River,
Lamar, Marion, and Forrest Counties along the Mississippi River (figure 1).

Output from the VCT from 2006 was converted from ENVI format to ESRI
GRID format then tiled using tools in ArcMap™ Version 9.2. The raster mosaic
was then clipped by the five-county polygon layer using Hawth’s Tools. We
imported Forest Service FIA plots into ArcMap™ and projected them to match
the raster mosaic. Forest Inventory plots were located using actual (not fuzzed and
swapped) latitudes and longitudes. Hawth’s Analysis Tools 3.2 was used to assign

a raster category to each forest inventory plot. We then exported FIA plot data and
the corresponding disturbance category into comma-delimited files and imported

them into SAS® (version 8) for summarization with additional FIA characteristics
(e.g. condition and tree records on each plot).

We examined the agreement between FIA field-based classification and the
Landsat-based classification using a standard confusion matrix (a tabulation

of agreement and disagreement). For this assessment, four categories were
considered: forest (VCT categories 2 and 5), nonforest (VCT categories 1, 6, and
7), water (VCT category 4), and nonsampled. In addition to examining agreement,
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Figure 1: Five-county study area in Mississippi with number of sample plots and
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commission errors, and omission errors, we also performed a Kappa analysis.
Kappa analysis is a multivariate technique that takes into account both diagonal
and off-diagonal elements of the confusion matrix and provides an index of the
agreement improvement between the classified image and reference data over that
obtained by chance (Congalton and Mead 1983).

We also examined forested plots within each disturbance category for differ-
ences in forest structure. The disturbance categories used were persisting forest,
post disturbance, and current year (2006) disturbance (categories 2, 5, and 6).
Generally, we would expect tree density to be higher in post-disturbance forest
and lowest in current year. We used mixed models analysis of variance and least
square means to test the null hypothesis of no difference in the average number
of trees per acre among VCT disturbance categories, controlling for diameter
class, and to test the null hypothesis of no differences in average trees per acre by
hardwood and softwood among disturbance categories.

Traditional FIA protocols for recording condition-level disturbances specify
minimum impacted areas of at least 1 acre, and mortality and/or damage to at
least 25 percent of all trees in a stand or 50 percent of an individual species’
count (U.S. Department of Agriculture 2005). The Southern Research Station FIA
program added regional protocols for collecting wind-related damage on plots in
Mississippi following Hurricane Katrina in 2005 (U.S. Department of Agriculture
2005). The wind damage protocols do specify a minimum area of impact or
minimum number of trees. Therefore, if any tree in any condition has been
damaged, that condition receives a designation of damaged. Additional variables
allow cruisers to indicate the degree of damage that occurred to each tree. We
also compared plot level disturbance rates with the VCT-derived disturbance
categories.

Results and Discussion
Forest-Nonforest Classification Agreement

We evaluated the agreement of 300 FIA plots in five counties with VCT
classification in four categories: forest, nonforest, water, and nonsampled. The
overall agreement across categories was 62.7 percent (table 1). With respect to the
forest category, 91.9 percent of the pixels classified as forest by VCT also were
identified as forest based on the FIA plots. However, the VCT classification had
an omission error of 43.7 percent for the forest category. Based on the confusion
matrix, 97 plots identified as forest by FIA were classified as nonforest based on
the VCT classification. This led to a relatively high commission error rate for the
nonforest category (63.3 percent). Disagreements between forest and nonforest
classification led to a moderately low Kappa (Khat) value of 31.5. However, about
80 percent of the commission errors likely are due to differences in the definition
of forest between FIA and the VCT algorithm (table 1).
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Table 1: Forest Inventory and Analysis versus vegetation change tracker forest/nonforest confusion
matrix with Khat value

Vegetation change tracker classification

Field-based Non- Commission
classification Forest Nonforest Water sampled Total Agreement error
----percent----
Forest 125 97 222 56.3 43.7
Nonforest 10 58 68 85.3 14.7
Water 2 5 1 8 62.5 37.5
Nonsampled 1 1 2 0.0 100.0
Total 136 158 5 1 300
Overall
Agreement 91.9% 36.7% 1 0 agreement 62.7
Omission
error 8.1% 63.3% 0 1 Khat 31.5

The national FIA program defines forest land as “land at least 10 percent
stocked with forest trees of any size, or formerly having had such tree cover,
and not currently developed for nonforest use,” (Bechtold and Patterson 2005).
Although the area studied is not a naturally sparse forest ecosystem, regenerating
forests typically have sparse canopy cover during the first years following disturb-
ance. VCT does not use a specific definition of forest, but it likely maps young,
regenerating forest land as post-disturbance nonforest (class 7), even though
it meets the FIA definition of forest land and is classified as forest in the FIA
database. Remaining commission errors may be attributable to the effects of
forest edges on the VCT sample. Because VCT uses tens of images to produce
disturbance maps, forest edges are more likely to be classified as nonforest due to
residual registration errors in the satellite images.

Characteristics of Landsat Categories based on FIA Plot Data

The average density of trees (trees per acre) was similar among all VCT
categories when diameter class was controlled (p = 0.27), and there were no
notable interactions between diameter and VCT category (p = 0.37). Hardwood
trees had the highest density among all classifications in the five-county area
studied (p = 0.0083). When species group was controlled, trees per acre did not
differ among VCT category (p = 0.9).

Average per-acre basal area was similar between persisting forest and post-
disturbance forest classifications (p = 0.99). Average per-acre basal area was also
similar between the persisting nonforest and nonforest disturbed in the year of
measurement (p = 0.99). Persisting forest basal area (mean = 90.4) was higher
than post-disturbance nonforest (p = 0.006; mean = 61.9). Post-disturbance
forest basal area (mean = 87.0) was also higher than post-disturbance nonforest
(p = 0.03). Category 7 post-disturbance nonforest was least like any of the
groups, with the lowest average per-acre basal area. Category 6 post-disturbance
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nonforest, though not significantly different from the other categories, had the
next lowest average per-acre basal area.

Recorded Hurricane Katrina Disturbances

Ninety percent of FIA plots classified as persisting forest had experienced
wind damage from Hurricane Katrina in 2005. Ninety-one percent of FIA plots
classified as post-disturbance forest had experienced damage from Hurricane
Katrina.

Although most plots showed some degree of damage, the proportion of trees
on FIA plots that received damage was low, as shown in previous studies (Oswalt
and Oswalt 2008). The proportion of trees damaged on plots was similar across
all Landsat classifications. Sixteen percent of trees on plots classified as persisting
forest had recorded damage, and 22 percent of trees on plots classified as post-
disturbance forest were recorded as having had damage, while 20 percent of trees
on plots classified as either post-disturbance nonforest or persisting nonforest
were recorded as damaged.

Traditional FIA Disturbance Variables

Major disturbances were recorded on 125 of 222 forested FIA plots in the
five-county area we studied. VCT detected about 58 percent of the disturbances
noted by FIA cruisers (table 2). Weather-related events accounted for 36 percent
of the disturbances noted. The majority (89 percent) of those weather events were
wind-related, presumably a result of Hurricane Katrina. Sixty percent of FIA plots
classified by VCT as persisting forest experienced major disturbances (primarily
weather-related, but some fire and disease damage was recorded, as well).
Forty-seven percent of plots classified as post-disturbance forest experienced
major disturbance, while 49 percent of plots classified as post-disturbance
nonforest and 12 percent of plots classified as persisting nonforest experienced
major disturbances.

Table 2: Forest Inventory and Analysis versus vegetation change tracker disturbance confusion
matrix with Khat value

Vegetation change tracker classification

Field-based No Commission

classification  disturbance Disturbance Total Agreement error
----- percent - - - - -

Disturbance 52 73 125 58.4 41.6

No disturbance 38 59 97 39.2 60.8

Total 90 132 222
Agreement 42.2% 55.3%  Overall agreement 50.0
Omission error 57.8% 44.7%  Khat -2.4
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Conclusions

Landsat TM images analyzed using VCT algorithms require further study
before they will be useful to the FIA program in a production mode. Several
things preclude the ability to incorporate the VCT data into typical FIA outlets
at this time. First, the file storage space and processor memory required to join
and analyze FIA data in the spatial context of the imagery is larger than many
laptops or standard personal computer towers may be able to handle without
overloading systems and causing delays, particularly if users attempt to study
State-level or larger areas. For example, analyses repeatedly caused system errors
while conducting this study using a USDA Forest Service Lenovo model T7400
laptop equipped with an Intel® Core™?2 processor, 100GB hard drive, and 2GB
of random access memory running on Windows XP Service Pack 2. Landsat VCT
images were stored remotely on an external 250GB hard drive. To avoid system
errors, we chose to subset the State-level datasets to a more manageable five-
county area.

A second potential challenge to using the VCT product in FIA production
reports is the learning curve necessary to understand the imagery, merge the
imagery with FIA data, and analyze the two datasets simultaneously. Many of the
computer programs used to analyze remotely sensed data (e.g. ERDAS, ENVI,
ARCGIS) require advanced knowledge of the software that extend beyond the
expertise of scientists who do not work with geospatial data on a daily basis. As
a result, the process of learning the programs while concurrently learning the
product capabilities takes a long time, something that is not suitable for reports
that require a quick turnaround.

More work will also be necessary to study the agreement rates between FIA
field data and the VCT algorithms. In our study, images analyzed using VCT
algorithms detected a little over one-half of the disturbances recorded by cruisers
on FIA plots. Some of the disagreement between the image detection and the
FIA field call probably can be explained by further examination of change
magnitude maps in the context of FIA definitions of disturbance. For example,
the VCT algorithm does a better job of detecting stand-clearing disturbances than
relatively minor disturbances. Therefore, some disturbances that result in minor
defoliation or crown dieback on a large enough scale to meet the FIA definition of
disturbance may not cause enough of a change in spectral signature for algorithm
detection. Thus, the VCT algorithm may be more useful for detecting harvests,
land-use change (reversions and diversions), or massive natural disasters than for
detecting other disturbance components.

In addition to disagreement between field-recorded disturbance and VCT-
detected disturbance, there was disagreement in terms of field classifications of
forest versus nonforest and VCT algorithm forest versus nonforest. Some of the
disagreement can be explained by a known weakness in the imagery analysis,
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whereby forest edge is assigned to the nonforest category. For example, the

fact that basal area values are significantly lower for post-disturbance nonforest
VCT categories suggests that either forest definitions differ (e.g. VCT is missing
regeneration plots—a known phenomenon) or many of the plots were forest edge
and were therefore classified by VCT as nonforest. Therefore, either the FIA data
or the VCT algorithm could be further analyzed to try and isolate cases where
forest and nonforest conditions exist on FIA plots; and/or pixels obviously are

on a forest edge; to evaluate how much forest edge contributed to the agreement
issue.

Additionally, forest/nonforest values were extracted from VCT imagery at
FIA plot center, while FIA plots actually cover a 3 by 3 pixel square. In the
future, it may be best to work with an average of the 3 by 3 area because of
pixel-level spatial variation. Another potential explanation for disagreements is
simply whether or not forest, as defined by FIA, is equivalent to forest as defined
by the VCT algorithm. Finally, Global Positioning System receivers are prone to
some error, particularly under a closed canopy. Therefore, FIA plot locations are
generally, but not always, within 15m of a plot, introducing another, unavoidable,
source of error.

The FIA program strives to quantify both the current status and the change in
forest conditions in the United States. Estimators used by FIA require the stratifi-
cation of forest inventory plots into approximately 4-6 strata. The purpose of
stratification is to group like plots together, in order to reduce the variance of
estimates. Currently, stratification schemes vary among FIA regions. However,
they are all based on geospatial data at any single time. For example, the
Southern FIA unit uses the National Land Cover Database to group inventory
plots into the following stratum: forest, forest edge, nonforest, and nonforest
edge. This stratification scheme does reduce the variance of current estimates of,
for example, forest area but it likely does not decrease the variance of change
estimates. The VCT data provides an excellent opportunity to stratify field
inventory plots for estimating the components of change. We recommend that the
VCT data be examined for its use in stratified estimation.

The change detection imagery produced using the VCT algorithm has the
potential to be a tremendously useful product when coupled with FIA data,
particularly for long-term land-use change analysis, in depth looks at harvest
levels, and ecosystem-level analyses. The imagery has the potential to be particu-
larly useful in cases where FIA data may not be sufficient (e.g. fine scales) or
where data collection is particularly difficult (e.g. in Alaska). VCT products need
to be improved and better characterized before they can be used as production-
level products. More studies comparing and contrasting FIA field data with the
VCT algorithm results are necessary, as well, to refine the VCT product and to
understand how the two relate.
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Analyzing Landsat Time-series Data Across
Adjacent Path/Rows and Across Multiple
Cycles of FIA: Lessons Learned in Southern
Missouri
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ABSTRACT: The North American Forest Dynamics (NAFD) Program is assessing
disturbance and regrowth in the forests of the continent. These forest dynamics are
interpreted from per-pixel estimates of forest biomass, which are produced for a time
series of Landsat 5 Thematic Mapper (TM) and Landsat 7 Enhanced TM Plus images.
Image data are combined with sample plot data from the Forest Inventory and Analysis
(FIA) program using Random Forests, a tree-based estimation method implemented here
in the R statistical environment. The NAFD approach is based on a sample of image
Path/Rows, resulting in most images being disjunct from and independent of other
images in the sample. Increases in sample intensity and needs for assessing forest
dynamics over geographic extents larger than a single image are leading to increased
frequency of adjacent, overlapping images in the sample. We assessed the consistency of
estimates of forest biomass and classification of forest/nonforest in southern Missouri,
USA, across space and time, for adjacent images in Path 25/Row 34 and Path 24/Row
34, and for coincident images in Path 25/Row 34 acquired in 2000 and 2007. Results
were consistent across space and time, implying consistency of both Landsat and FIA
data, and supporting the NAFD image sample strategy and subsequent augmentation
with overlapping images.
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Introduction

The North American Forest Dynamics (NAFD) project is an effort to map
forest disturbance and regrowth across the continent (Goward et al. 2008). The
Forest Inventory and Analysis (FIA) program of the U.S. Department of
Agriculture Forest Service recently entered into close collaboration with NAFD,
which is funded through the North American Carbon Program.

For NAFD, satellite image time-series data are carefully cross-normalised via
state-of-the-art radiometric and geometric image processing procedures (Canty et
al. 2004, Masek et al. 2008). The normalised image data are combined with forest
inventory data, and a “state model differencing” approach is used to create a
spectral model of a biophysical variable, e.g., forest biomass. The model is date-
independent because images are selected for near anniversary dates and are cross-
normalised; thus, relationships observed between the inventory data and
contemporaneous imagery are assumed to hold throughout the time series. A
single model is applied to every image in the time series, and estimates of change
are obtained as differences in predictions between years. Relatively low
prediction errors for state model differencing have been reported in Healey et al.
(2006).

NAFD was designed for producing estimates from a sample of Landsat 5
Thematic Mapper (TM) and Landsat 7 Enhanced Thematic Mapper Plus (ETM+)
Path/Rows. This approach results in many images multi-temporal image stacks
being disjunct and independent from other images in the sample. However,
augmentation of the sample and needs for assessing forest dynamics over
geographic extents larger than a single image are leading to more and more
situations where newly added Path/Rows overlap pre-existing images in the
sample.

Classification consistency, determined by comparing overlapping portions of
individual Landsat Path/Row scenes, can be used as an indicator of classification
quality (Cihlar et al. 2003). Relative accuracy assessments, or ‘confidence
overlays’ complement conventional accuracy assessments that use "ground truth"
data (Guindon and Edmonds 2002). In addition to assessing classification
consistency, image overlap regions have been used to characterize the accuracy of
landscape metrics (Brown et al.2000) and systematic surface reflectance and leaf
area index (Butson and Fernandes 2004).

The question is, how consistent are independently modelled NAFD predictions
of forest biomass within overlapping portions of adjacent Path/Rows, or between
years within the same Path/Row? This study attempts to answer this question for
an area of interest in southern Missouri, USA. We created predictive models using
NAFD image data and assessed their performance using as prediction and
validation input, imagery from: 1) The same image as the original model; 2) An
adjacent, overlapping Path/Row image from the same year, e.g., performance
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across space; and 3) The same Path/Row, but from a different year, having a
similar anniversary date, e.g., performance across time.

Methods
Study Area

We evaluated relationships in three areas of interest within south-central
Missouri, USA, generally encompassing the Mark Twain National Forest and
surrounding forest land (Fig. 1): 1) The western, nonoverlapping portion of
Landsat World Reference System (WRS2) Path 25, Row 34 (P25R34), labeled
"A"; 2) The eastern, nonoverlapping portion of Path 24, Row 34 (P24R34),
labeled "B"; and 3) The area of overlap between P25R34 and P24R34, labeled
"O" (Fig. 2). The geographic extent of overlap in O contains image pixels from
both P25R34 and P24R34, labeled “AO” and “BO”, respectively. For FIA plots
AO=0=BO0.
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Figure 2: Study areas: A — western, nonoverlapping portion of P25R34, B — eastern, non-
overlapping portion of P24R34, and O — extent of overlap between P25R34 and P24R34, southern
Missouri, USA.

Data

FIA: FIA defines forest land as lands currently or formerly supporting a
minimum level of tree stocking (10 percent) and not developed for a nonforest use
such as agriculture, residential, or industrial use. Forest land includes commercial
timberland, some pastured land with trees, forest plantations, unproductive
forested land, and reserved, noncommercial forested land. FIA’s definition of
forest land also requires a minimum area of 1 acre and minimum continuous
canopy width of 120 ft (U.S. Forest Service 2003). FIA sample plots follow a
nationally consistent design comprised of four fixed-radius circular subplots,
selected from a nationally consistent hexagonal sampling frame with at least one
plot selected for each 6,000-acre hexagon (Bechtold and Scott 2005, Reams et al.
2005). On each FIA plot, land use (e.g., proportion forest cover), tree (e.g.,
species, height, and diameter) and other site variables are collected.

The FIA database was queried to obtain inventory field plot data collected
between 1999 and 2007 within all Missouri counties intersecting P25R34 and
P24R34. Geographic information system (GIS) data layers of inventory plot
center locations were created based on global positioning system (GPS)
coordinates obtained during field data collection. GPS coordinates were collected
and maintained in North American Datum of 1983. The sample of FIA plots was
further constrained to retain only those plots located within the geographic extent
of P25R34 or P24R34. FIA plots measured during Missouri cycle 5 (1999-2003)
were used for analyses across space (n = 2320), with 751 plots within A, 1278
plots within B and 291 plots within O (Figure 2). P25R34 plots measured during
cycle 5 and remeasured during cycle 6 (2004-2007) were used for analyses across
time (n=735). Per-plot estimates were produced for 1) Proportion forest land; and
2) Total gross biomass oven dry weight (pounds per acre) on forest land, based on
trees 1.0 inch or larger, including all tops and limbs, but excluding foliage
(DRYBIOT in FIA database, hereinafter: ‘biomass’).

Satellite Imagery: For comparisons across space, a TM image was obtained
for P25R34, dated 29 August 2000; and an ETM+ image was obtained for
P24R34, dated 30 August 2000 (Fig. 3). Comparisons across time were conducted
within P25R34, using the 29 August 2000 TM image and a TM image from 2
September 2007. All three images were converted to surface reflectance by the
NAFD Program (Goward et al. 2008) using NASA’s Landsat Ecosystem
Disturbance Adaptive Processing System (LEDAPS) (Masek et al. 2008).
However, the cross-normalization procedure was omitted for this particular study.
Resulting images had 28.5-m spatial resolution and UTM projection, with North
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American Datum of 1983. Clouds and shadows, which covered a minimal fraction
of the study area, were excluded from further analyses.

Figure 3: Landsat images of P25R34 (left) and P24R34 (right), late August 2000, southern
Missouri, USA.

Modeling

NAFD protocols include methods for making spatially explicit (map-based)
estimates of changes in aboveground forest biomass (Healey et al. 2007). Per-
pixel predictions of biomass and forest probability were modeled using Random
Forests. This work was done with R statistical software (R Development Core
Team 2008) using an implementation of Random Forests developed by Liaw and
Wiener (2002) and adapted by Freeman and Frescino (2008). For this approach,
2000 trees were created, with each tree using a different bootstrap sample of the
data, and the best among a random subset of predictors selected for splitting each
node. These trees were assembled into a ‘forest’ and each tree provides a ‘vote’
on the final, composite tree. Pixels with predictions of forest probability of 0.5 or
greater were labeled forest class; all other pixels were labeled nonforest.

Across Space (within year 2000): To ensure an adequate number of validation
plots in O, which is smaller in area than A or B, we chose a lower density of
training plots and thus a higher density of validation plots. This ratio was reversed
for A and B, where geographic extent and numbers of FIA plots were larger. Sixty
percent of the FIA plots within A and 40 percent of the FIA plots within O were
selected at random as model data for training P25R34. The remaining 40 percent
of plots within A and 60 percent of plots within O were retained for validation
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analyses. A model for P25R34 was applied to: 1) Spectral data from AO (i.e.,
image pixels from the same image for which the model was developed); and 2)
Spectral data from BO (i.e., image pixels from the adjacent image - P24R34). The
same set of FIA validation plots from O were used to assess both applications of
the model.

The procedure was duplicated exactly with data from scene B to create
predicted maps of biomass and forest proportion in area O using imagery from
both A and B, thus allowing for comparison of predictions over the same area
made with 2 different imagery sources. Within O, the same model and validation
plots were used for both P25R34 and P24R34 models and validation tests.

Trading Space for Time (within P25R34): For the year 2000 model, 60
percent of the FIA plots from Missouri cycle 5 (1999-2003) were selected at
random for model development and the remaining 40 percent of plots (n ~ 300)
were retained for model validation. Similarly, for the year 2007 model, 60 percent
of the FIA plots from Missouri cycle 6 (2004-2007) were selected at random for
model development and the remaining 40 percent of plots (n ~ 300) were retained
for model validation.

A model based on 2000 imagery was applied to: 1) Spectral data from 2000
(i.e., image pixels from the same image for which the model was developed); and
2) Spectral data from 2007. Similarly, a model based on 2007 imagery was
applied to: 1) Spectral data from 2007 (i.e., image pixels from the same image for
which the model was developed); and 2) Spectral data from 2000.

Validation

Site-specific (per-pixel) validation tests were conducted to assess overall
classification accuracy of forest/nonforest (f/nf) classes, and root mean square
error (RMSE) and coefficient of determination (R-squared) for predictions of
biomass. Results of these tests were compared to determine effects on model
performance of substituting model image input across space and across time.

When comparing models across space and across time, a naming convention is
employed whereby the first term refers to the image source for model
development, and the second term refers to the imagery for which models are
implemented. Across-space comparisons are termed A-B or B-A, and across-time
comparisons are termed 2000-2007, or 2007-2000. Model validation is termed A-
A, B-B, 2000-2000, or 2007-2007 when using the same image source for model
development and testing.



USDA Forest Service Proceedings — RMRS-P-56

Results

Across Space

Overall accuracy of the f/nf models ranged from 92 to 94 percent (Fig. 4).
Biomass predictions had R-squared values of 0.72 to 0.74, and RMSE (percent of
mean) values of 0.56 to 0.60 (Fig. 5). In some cases, substituting imagery across

space resulted in slightly higher accuracies (Figs. 4 and 5).
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Figure 4: Overall classification accuracy of forest/nonforest classifications, 2000, southern
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Across Time

Overall accuracies of forest/nonforest classifications ranged from 88 to 90
percent (Figure 6). Biomass predictions had R-squared values of 0.74 to 0.79, and
RMSE (percent of mean) values of 0.64 to 0.72 (Figure 7). Differences between
the models built in 2000 and 2007 were negligible when it came to predicting the
2000 and 2007 test data. In some cases, the "off year" gave fractionally better
predictions than models produced in the same year (Figs. 6 and 7).
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Figure 6: Overall classification accuracy of forest/nonforest classifications, P25R34, southern

Missouri, USA.
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Figure 7: Error metrics for predictions of forest biomass, P25R34, southern Missouri, USA.
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Discussion

Using NAFD procedures, forest/nonforest classifications and biomass
predictions exhibited minimal effects across space (i.e., WRS Path/Row [Path 25
vs. Path 24]), or across time (i.e., FIA inventory cycle [cycle 5 vs. cycle 6]).
While satellite sensor effects were not tested explicitly, results from Landsat 5
TM and Landsat 7 ETM+ images were consistent with each other. Consistency of
results implies a consistency of both Landsat and FIA data across space and time.

The images used in this study had almost exact anniversary dates (within 2
days). Thus, sun angle effects, which usually introduce a major source of error,
were minimized. Phenology, which can vary from year to year, was assumed to be
similar for image anniversary dates from 2000 and 2007. Image cross-
normalization, which typically is conducted during LEDAPS processing, was not
performed for this study. The minimal differences across space and time observed
in this study suggest that cross-normalization may be unnecessary under some
circumstances.

At least a portion of the small differences observed in this study may be
explainable as mostly random, since the Random Forests modeling process makes
a certain number of trees (2000, in this case) from random bootstrap samples and
random subsets of predictors.

A companion paper in these proceedings (Moser et al. 2008) discusses utility
of NAFD products for assessing increasing eastern redcedar forest area in
southern Missouri between 1985 and 2007. Assumptions of across-time
consistency in Moser et al. (2008) are supported by this study.
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Trends in afforestation in southern Missouri
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Abstract: Past studies of forest disturbance traditionally have focused on biomass loss,
e.g., blowdown in the Boundary Waters Canoe Area Wilderness, gypsy moth infestation,
the impacts of Hurricanes Hugo and Katrina. Using FIA data and satellite imagery, this
study examined a region of the country that is simultaneously experiencing biomass loss
due to oak decline and biomass gain from afforestation of agricultural lands by eastern
redcedar, following change to nonagricultural land use. This paper examines the
increase in eastern redcedar in southwestern Missouri between 1985 and 2007. After
converting stacks of Landsat imagery to delineations of forest and nonforest categories,
we looked at changes between succeeding images. We observed a small increase in forest
land area, particularly in the first 10 years of the analysis. Image-based estimates of
forest land area did not differ significantly from estimates derived from FIA sample plot
data. Differences in definition of forest may explain any real variations in the estimates.
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Introduction

Past forest disturbance studies traditionally have focused on biomass loss, e.g.,
impacts of hurricane and blowdown, insect infestation, wildfire, and harvest
activities. Little attention has been paid to biomass accretion in disturbance-
dependent ecosystems, such as the ecotone between the grasslands and forests in
the Upper Midwest. A combination of changing economics of agriculture and
human-influenced disturbance patterns in this region have resulted in a
substantially different landscape than in past decades. One tree species taking
advantage of the reduction in disturbance events in Missouri woodlands and
rangelands is eastern redcedar (Juniperus virginiana L.). The suppression of fire
and the reduction in grazing on pastureland have resulted in an unprecedented
expansion of eastern redcedar in Missouri. The overall study, of which this paper
reports some early analyses, intends to document the pattern and extent of
redcedar expansion.
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Figure 1: Eastern redcedar cubic foot volume on Missouri forest land, by county, 2007.

Eastern redcedar is a coniferous tree species common to the eastern United States
(Lawson 1990). Historically limited to areas with infrequent fires, the species has
long been known as a vigorous invader of old fields (Arend 1950, Lawson 1985).
The two chief disturbances that suppress redcedar are grazing and fires — natural
or prescribed (Beilmann and Brenner 1951, Buehring et al. 1970, Briggs and
Gibson 1992). The species exhibits classic invasive behavior by producing
prolific seed crops every 2 or 3 years. The seed are not light enough to disperse by
wind, so dispersion depends heavily on birds and small mammals, which ingest
and later defecate the seeds (Arend 1950, Parker 1951). The species can begin
producing seeds at 10 years old, although it is most prolific as a seed producer
between the ages of 25 to 75 years. Most seeds germinate in the spring of the
second year after dispersal; those that germinated during the first year likely
passed through an animal’s digestive tract (Schopmeyer 1974). Seedling
establishment is improved by exposure to bare soil, but intensive site preparation
is not necessary (Ferguson et al. 1968). Since it is very shade intolerant (Baker
1949), eastern redcedar has higher survival rates under more open canopies
(Parker 1952). Stands formed through invasion of old fields may start to break up
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at around 60 years of age as hardwoods or other competing species become
established.

Eastern redcedar has the potential to dramatically alter the structural
characteristics of an ecosystem it enters. Dense redcedar stands not only change
the character of pasture, range, or woodland to forest, but can also severely impact
ground flora biomass and diversity, simultaneously creating a monolayer canopy
and a monoculture. In native prairie ecosystems, encroaching redcedar is viewed
as an undesirable invasive species. As previously mentioned, redcedar is
suppressed by fire, as the stands are highly flammable and any established fires
are extremely intense and usually stand-replacing.

This project provides several benefits to state agencies, resource managers,
and others interested in trends in ecological succession along the prairie-woodland
ecotone of the Upper Midwest. Gaining a better understanding of the relationship
between satellite imagery and forest inventory data in this rapidly changing
landscape will allow us to make better estimates of the resource. With an
improved understanding of landscape change, we have the possibility to refine our
post-sampling stratification. Our analysis of resource trends will improve as we
can go back to times between periodic inventories and “fill in the gaps” on
resource estimation. By obtaining a relatively intensive set of imagery (at 2-year
intervals), we can simulate the effects of various image-sampling intensities to
identify the most efficient and least expensive strategy for meeting the production
needs of the U.S. Department of Agriculture, Forest Service’s Forest Inventory
and Analysis (FIA) program. This is accomplished by comparing the value of
intensive data for growth (a relatively continuous process) vs. mortality and
harvesting (examples of discrete events). Finally, this study will provide baseline
data for analysis of carbon storage in the forest-woodland-prairie ecotone. To
achieve these goals, this study had two objectives: 1) Assess the relationship
between satellite image data and FIA field sample data, specific to forest biomass
change processes; and 2) Document the timing and amount of forest biomass
change over time using a combination of remote sensing imagery and FIA data.

Methodology

In 2007, we published an analysis of the Boundary Waters Canoe Area
Wilderness (BWCAW) after the 1999 windstorm (Moser et al. 2007a). One of
the challenges of that study was estimating the intensity and extent of the damage
from the storm. A sketch map of forest blowdown was produced by U.S. Forest
Service Forest Health Protection staff, who flew over the area in fixed-wing
aircraft following the blowdown event, ‘sketched” damage site locations on maps,
and visually interpreted severity of blowdown damage. Reasonable estimates of
the blowdown damage area were produced from sketch maps, but the coarse
resolution of sketch map polygons limited their utility for site-specific
assessments or linkage to inventory plot data and satellite image pixels.
Therefore, we developed and employed alternative methodologies to estimate
damage extent (Nelson et al. 2007).
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The North American Forest Dynamics Program (NAFD) utilizes stacks of
imagery from Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper
plus (ETM+) satellite sensors to estimate loss and regrowth of forest biomass
following fire, windstorms, harvesting, and other disturbances (Goward et al.
2008). Image dates are constrained to the growing season and have similar
anniversary dates. A sample of Landsat Path/Row images was selected to produce
estimates. NAFD is a cooperative effort between the University of Maryland,
FIA, NASA, and the Forest Service’s Pacific Northwest Research Station.
Because NAFD addresses recovery and regrowth following disturbance, it has
potential for estimating biomass increase resulting from afforestation of former
agricultural lands.

o ¥ § 723 U, "i i 2%, I:I Landsat PathiRow
N1 i 5 [ mark Twain nF

: |: Nenforest

- Forest

Figure 2: Map of Missouri with location of the two Landsat scenes 25034 and 24034, county
boundaries, and the Mark Twain National Forest.

For this study, we selected a series of images acquired between 1985 and 2007,
covering Path 25, Row 34 (25034) and Path 24, Row 34 (24034) (Fig. 2). This
imagery was not part of the existing NAFD sample, but was purchased by the
Forest Service’s Northern Research Station, FIA program. For this paper, we will
confine our analysis to Scene 25034. NAFD provided much of the processing
supporting this work, which included the following steps (Nelson et al. 2008):

e Atmospheric correction of imagery, conducted by the Landsat Ecosystem
Disturbance Adaptive Processing System (LEDAPS) at NASA

¢ Download of additional free imagery and cloud masking at UMD

e Modeling of forest probability with Random Forest models and FIA data at
FIA. These models were applied to all images in the time series.

e Application of an algorithm to reduce inter-annual spectral noise and to
identify pixels showing steady increases in probability of forest.



USDA Forest Service Proceedings — RMRS-P-56

Modeling and Mapping Forests over
Time
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Figure 3: Schematic of the image processing effort.

A model predicting probability of forest (0-100%) was built based upon
radiometrically corrected Landsat satellite imagery (Fig. 3) (Nelson et al. 2008).
Because all of the imagery in the time series is similarly corrected, the model can
be applied to all images to give an idea of how forest cover is changing over both
space and time.

The algorithm to reduce inter-annual noise and identify trends has two primary
steps: segmenting a pixel’s temporal trajectory into discrete periods (usually
punctuated by disturbance or, in our case, field abandonment), and fitting lines to
the values in each period (Kennedy et al. 2007). The Y-axis in Figure 4 (Band 5
reflectance) is different from our Y-axis (probability of forest), but the process is
the same. Our analysis is based on these fitted trajectories (i.e., the black lines).
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Disturbance and revegetation
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Figure 4: Methodology for reducing inter-annual noise. P(0) year of disturbance, P(1) pre-
disturbance state, P(2) intensity of disturbance, P(3) period of recovery, and P(4) projected future
state.
Figure 5 presents an example of an agricultural field (pink) gradually becoming
forested (green) during a span of two decades.
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Figure 5: Example of an agricultural field gradually becoming forested.

Figure 6 is a graphical presentation of the process visualized in Figure 5. The
series of blue symbols represents a pixel’s change over time. For our study, we
chose a 50 percent threshold. This minimum threshold was chosen as a reasonable
cutoff to characterize a pixel as “forest” versus “nonforest”. The series of pink
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symbols represents a pixel that, while possibly revegating, did not cross the 50
percent threshold and thus is not considered (re)forested at any time. In a more
open-canopy situation, such as a longleaf pine forest or a more woodland
condition, pixels evaluated at a higher threshold (line A in the diagram) might
better correspond with a definition of forest land. In situations with a vigorous
shrub understory or a more dense canopy with a high leaf area index (LAI), a
lower threshold (line B) might be appropriate.
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Figure 6: Example trajectories of increasing probability of a pixel representing a forested state and
the selection of threshold values. The blue diamonds represent a pixel transitioning from open land
to forest. The pink squares represent a pixel that remains classified as open land.

Pixel-based estimates of “probability of forest” (used here as an index of forest
cover) can be tracked over time using NAFD data. Once a pixel exceeds the 50
percent forest-probability minimum threshold, it gets counted as forest area, e.g.,
for county-by-county analysis. However, definitional differences between land
use and land cover mean that more trees do not always mean more forest. The
algorithm predicts increases in forest probability in housing developments as trees
are planted and irrigated. Obviously, new developments initially cause forest
probability to go down.
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Figure 7: Example views from 1985 and 2007, and a transitional graphic illustrating forest vs.
nonforest progression.

Using image reflectance data and the threshold level illustrated in Figure 6, we
categorized each pixel as “forest” or “nonforest”. By comparing scenes at time 1
and time 2, we then constructed a transition image dataset that predicted whether
a pixel category remained constant, or changed to another category (Fig. 7). The
temporal increment between time 1 and time 2 typically represents the number of
years between successive images in the NAFD image stack — 2 years on average.
However multiple increments can be combined such that intervals between time 1
and time 2 can span more than two decades.

We tracked four possible scenarios between succeeding images: Nonforest at both
time 1 and time 2 (NFOR — NC), forest at both time 1 and time 2 (FOR-NC),
change from nonforest at time 1 to forest at time 2 (toFOR), and change from
forest at time 1 to nonforest at time 2 (toNFOR). We then produced estimates for
each of the categories by summing image pixel areas for each year and county,
for the 11 counties that are wholly within scene 25034.

FIA estimates

Estimates of forest land area were produced from FIA field sample data, using
FIA data from the 1989 periodic inventory (Spencer et al. 1992), and the 1999-
2003 (Moser et al. 2007¢c) and 2004-2006 (Moser 2007b) annual inventories.
These three estimates were compared to image-based estimates of forest land area
from similar time periods.
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Results

Area estimates of FOR-NC, NFOR-NC, toFOR, and toNFOR are reported for
Scene 25034, for each pair of successive image dates (Fig. 8). Most land within
the study area exhibited almost no change between successive periods, both for
forest and nonforest classes. A small but gradual decrease in nonforest and a
corresponding increase in forest area were revealed by examining trends over
multiple time increments. The two change categories, toFOR and toNFOR,
portray more variability between successive time increments and reveal shorter
term trends. A notable increase in area of toFOR occurred during earlier years of
the study, peaking in the year 1993, and declining markedly thereafter. A
corresponding decrease in toNFOR occurred during the earlier years, reaching a
low in year 1988, then showing a gradual increase thereafter.
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Figure 8: Image to image category transitions, in hectares of land in all counties of scene 25034,
Missouri, 1985 to 2007.

This study examined trends in the total scene and in each of the 11 counties
within the scene. Two counties — Pulaski (Fig. 9) and Camden (Fig. 10) — were
chosen to represent typical predominantly forested and nonforested counties,
respectively. Figure 11 portrays an example image of modeling results for
Camden County, Missouri, over a time frame of 22 years. In Pulaski County (Fig.
9), there was a net increase in forested area through 1996, then a slight decline
afterwards. In Camden County (Fig. 10), a county with a higher overall
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proportion of nonforest, there was a more dramatic change to forested land
through 1993; subsequent changes to forested land were smaller but always
exceeded changes to nonforested land until the final interval (2004 to 2007). In
Figure 11, a map comparing forest and nonforest landscapes in Camden County
shows the likely urban-influenced change to nonforest in the southern and eastern
parts of the county and changes to forest occurring more in the north and west.
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Figure 9: Image-to-image category transitions, in hectares of land, Pulaski County, Missouri, 1985
to 2007.
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Carnden County
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Figure 10: Image-to-image category transitions, in hectares of land, Camden County, Missouri,

1985 to 2007.
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Figure 11: Example transition graphic for forest and nonforest conditions, Camden County,

Missouri, 1985 to 2007.
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Imagery analysis vs. FIA data

Because of FIA’s forest definitional requirements, our initial expectations were
that FIA data would have lower estimates of forest land than the estimates from
the imagery. But FIA estimates were significantly higher, in some years markedly
so (Fig. 12). There was a definitional change in forest land in the 1990s, which
might explain the larger difference between the satellite estimates and the FIA
estimates in the second half of our study period. There might have been sites
where the forest was harvested, which FIA would have classified as forest land
but the satellite imagery would not. Preliminary analysis (Moser, unpublished
data) did not find any conclusive relationship between harvested area and the gap
between the two estimates.
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Figure 12: Estimates of forest land area using imagery (black) and FIA inventories (blue), 1985
through 2007. FIA inventories were conducted in 1989, 1999-2003, and 2004-2006.

Results were more variable at the county level (Fig. 13). In some counties, FIA
estimates exceeded image-based estimates. In other counties, the opposite was
true. Because the variance of FIA estimates at the county level was quite high, we
did not observe any significant difference between the image-based estimates and
the inventory-based estimates for any county, i.e., the image-based estimates of
forest land area are within the confidence intervals of FIA plot-based estimates.
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Figure 13: Estimates of forest land area, in hectares, of the 11 Missouri counties in Landsat scene
25034, 1985 though 2007 (symbols and lines), and estimates of forest land area using FIA data
(stars).

Conclusion

This study examined patterns of afforestation in southwestern Missouri by
processing a stack of Landsat TM imagery from Scene 25034 from 1985 through
2007, using NAFD procedures. Overall, we observed a slight but gradual net
increase in forest land area over the period, with the bulk of the increase in the
first half of the study period. We compared image-based estimates with estimates
from FIA inventories conducted in 1989, 1999-2003, and 2004-2006. Although
the FIA estimates of forest land area over the entire study area was significantly
larger, the differences at the county level were not significant. While there were
some counties with significant patterns of harvesting activity, we could not
conclusively make the connection between harvested area and differences in the
two forest land estimates at the county level. Continuing analyses from this study
will extend to an adjacent image and further assess afforestation and resulting
biomass changes resulting from eastern redcedar encroachment of abandoned
agricultural lands.
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Overview of the National Inventory and
Monitoring Applications Center (NIMAC)

Charles T. Scott '

Abstract: The National Inventory and Monitoring Applications Center (NIMAC) was
created by the Forest Inventory and Analysis (FIA) program in 2006. NIMAC addresses
a growing need, expressed by FIA partners, for technical assistance in designing and
implementing monitoring plans for forests at scales finer than that provided by the FIA
standard inventory. NIMAC’s goal is to develop leading-edge forest ecosystem
monitoring methods and tools to help FIA and other organizations monitor forests,
resulting in comparable results across the landscape. Methods and software tools are
designed for use by land managers and across ownerships at landscape to national
scales. To date, NIMAC has helped six states develop more specific inventories on their
lands and is working with several National Forests on developing forest monitoring
plans.

NIMAC is developing a monitoring toolkit composed of a design tool, field data
collection software, data storage and compilation tools, and spatial/tabular analysis
tools. The toolkit will be applicable to a wide range of customers including the National
Forest System, states, and FIA itself. Honduras is funding the development of a Spanish
version of the toolkit. NIMAC is being funded to work with National Forest System
monitoring coordinators and planners to develop the question-driven monitoring design
and analysis tools to help ensure that data are collected and analyzed efficiently and in a
scientifically defensible manner. NIMAC’s software enhancements also will provide
added flexibility to FIA customers.

Keywords: Forest, inventory, monitoring, FIA, sampling design, software.

Introduction

As a result of the 2006 combination of the North Central and Northeastern
Research Stations of the U.S. Forest Service Research and Development branch,
the Station’s Forest Inventory and Analysis (FIA) units also were combined. This
provided the opportunity to create a group dedicated to serving the forest
inventory and monitoring needs of other organizations, such as states, the
National Forest System, and other countries. The expertise of FIA has long been

''U.S. Forest Service, Northern Research Station, FIA, 11 Campus Blvd., Suite 200, Newtown
Square, PA 19073 USA; ctscott@fs.fed.us; http://nrs.fs.fed.us/people/Scott
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sought after, but FIA did not have the capacity to meet that need until the National
Inventory and Monitoring Applications Center (NIMAC) was formed.

NIMAC’s Mission

The mission of NIMAC is to develop leading-edge forest ecosystem inventory
and monitoring methods and tools to help FIA and other organizations monitor
forests, resulting in comparable results across the landscape. The emphasis is on
providing expertise (consultation and training) and the tools needed for the
partner organization to monitor its forests on its own in a way that is compatible
with FIA estimates. NIMAC also develops new monitoring methods as problems
are identified.

NIMAC’s Assignments

To accomplish its mission, NIMAC works in several areas. We develop or
enhance methods to make existing monitoring techniques more efficient, such as
spatially balanced sampling methods (Lister and Scott 2008) and optimal plot
design (Scott 1993). Similarly, we can develop new metrics or apply others’
research and make their measures operational, such as for monitoring Montreal
Criteria and Indicators. We also develop techniques to bridge the gap between the
regional FIA survey and mid-scale planning needs, such as for developing forest
plans, and even between mid-scale monitoring and stand-level inventory, such as
small area estimation methods or ways to prioritize stand exams.

How NIMAC Can Help

NIMAC benefits customers in a number of ways. Forest managers benefit by
having more efficient and effective forest monitoring plans. While these initially
will focus on vegetation-related objectives, we hope to expand to other plot-based
natural resource monitoring. The resulting methods are scientifically defensible
in a court of law. The data are compatible and consistent with existing
inventories, allowing comparisons with the forest matrix (context) and
aggregation to ecoregion, regional, and national levels. Efficiency is also gained
by building on existing FIA data and techniques. NIMAC provides the tools to
implement the methods and to generate reports. NIMAC charges for its services —
re-investing those funds in FIA’s toolkit to speed up its development and to add
new features, so everyone benefits.

NIMAC Projects

Much of the focus is on serving NIMAC customers. Most are traditional FIA
partners: states, State & Private Forestry, and the National Forest System. We
also work with other countries in cooperation with the International Forestry
program of the U.S. Forest Service, and with nongovernmental organizations.
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States

Wisconsin Continuous Forest Inventory: The Wisconsin Department of
Natural Resources asked FIA to help conduct a continuous forest inventory (CFI)
on 518,650 ac of State Forest lands so that they could monitor invasive plants and
address the requirements for forest certification. NIMAC took this on as its first
project. Wisconsin provided funds for NIMAC’s technical guidance to help
determine the objectives, monitoring questions, attributes to observe, precision,
sampling and plot design, and plot locations. We modified the regional FIA field
manual and data recorder program to meet their needs. Since the sampling
intensity was increased to one plot per 166 ac, the number of 1/24-ac subplots was
reduced to two so that multiple plots could be visited in a day. The proportion of
Phase 3 (forest health) plots was increased from 1/16™ to 1/3™. Contractors were
used to collect the data and to modify the FIA compilation program (NIMS) and
the web-based analytical tool (FIDO). Some of the first season’s data are
available at: http://131.216.27.117/fido/mastf/index.html. = The monitoring tools
developed for Wisconsin are now being used to help other customers plan,
conduct, process and analyze their own surveys, to the extent that they choose.

Indiana Continuous Forest Inventory: Based on the Wisconsin CFI
experience, the Indiana Department of Natural Resources (DNR) asked NIMAC
to help with a similar effort on their 157,211 ac of State Forests. Because the
emphasis was on forest certification, only Phase 2 (tree) plots were selected.
Another objective was to provide results at the analysis unit level — roughly 6,000
ac. Thus the sampling was increased to a single subplot every 40 ac. One
concern with this design is the small number of sample trees on a plot with which
to classify forest type. After considering different options, it was decided to rely
only on the field crew classification. James Westfall conducted a study of the
implications of reducing the number of subplots on the consistency of
classification (Westfall 2008, this publication). Indiana DNR contracted the
fieldwork to the same contractor currently measuring the statewide FIA plots.
The first field season was completed in the fall of 2008. Indiana DNR staff will
process the data using PC-based tools developed by NIMAC and funded by
Indiana DNR.

Great Plains Initiative: The four states with the highest proportion of ash
trees, relative to the total number of trees in the state, are North and South Dakota,
Nebraska, and Kansas. Out of concern for the threat posed by the emerald ash
borer, these States partnered with State & Private Forestry to fund a study of the
potential ecological and economic impacts of this pest. As part of that study, they
asked NIMAC for assistance in conducting a one-time inventory of trees outside
of forests, including shelterbelts, riparian areas, scattered trees, and urban areas.
In order to focus the field sampling effort, NIMAC developed a stratified two
phase sampling system that used a percent tree cover layer from satellite imagery,
a large subsample of aerial photographs, and ground samples. The allocation of
samples to strata was optimized to efficiently sample plots with tree cover in areas
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outside of what FIA calls forestland. Using PC-based tools, NIMAC will process
the data, and provide the states with an analysis tool. The urban data will be
processed by the urban forestry unit of the Northern Research Station.

National Forest System

NIMAC’s assistance to the National Forest System started with a pilot project
on the Mark Twain National Forest in 2006. We collaboratively identified the
vegetation-related objectives, monitoring questions, metrics, and precision
requirements. NIMAC then developed the sample size alternatives and resulting
costs. The optimal solution was to continue doubling the intensity of the Phase 2
sample and to increase Phase 3 by seven times — much less than expected. Both
Region 8 and 9 were encouraged by the pilot, so they asked NIMAC to work with
several more National Forests. The ultimate objective is to apply NIMAC’s 15
monitoring steps to all 30+ National Forests and Grasslands in the east over the
next few years. The end result will be adequate forest-level information to
monitor the vegetation-related aspects of their forest plans and to fulfill annual
and 5-year reporting requirements under the 2008 Planning Rule. NIMAC is also
providing assistance to the Spring Mountain National Recreation Area in Nevada
(Region 4).

International

At the request of International Programs of the U.S. Forest Service, NIMAC is
providing technical assistance to Honduras and Russia. For more than 75 years,
Russia has been inventorying managed stands across the country. However, these
stand data are difficult to roll up to national estimates and are representative of
only managed forests. They have asked the United States and other countries for
assistance in developing a national forest inventory (NFI). During several visits
NIMAC has provided advice on NIMAC’s monitoring steps and on the methods
that FIA uses. The NFI will be critically important for sustainable forest
management of these climate-sensitive areas which represent roughly 25 percent
of the world’s forests.

As aresult of NIMAC’s efforts, Honduras now has a monitoring system for its
national forests in their highly productive pine regions. Initial work has begun on
monitoring mahogany and other broadleaves. A high proportion of the harvests in
these forests are illegal, so efforts are being made to foster sustainable forest
management in cooperation with local communities. With funding from
Honduras, NIMAC also is collaborating on the development of a Spanish version
of the monitoring toolkit. These tools should then be useful in other Spanish-
speaking countries.

Inventory and Monitoring Toolkit

The genesis of the development for a monitoring toolkit was the result of a
meeting between FIA and The Nature Conservancy, NatureServe, the National

15.



USDA Forest Service Proceedings — RMRS-P-56

Park Service, and the state of New York, focused on how to more consistently
monitor the forests of New York. The concept of a monitoring toolkit originated
as a means of developing and fostering the use of consistent methods, based on a
suite of tools that had been developed by the author. The vision was to first create
a monitoring design tool for identifying consistent and efficient sampling
methods. Then, develop data recorder, data compilation, and data analysis tools
that all rely on those methods to integrate all steps and help foster consistency.
Each of the tools would allow some flexibility, but would provide a common
framework and a starting point that was consistent with FIA.

NIMAC has built upon that initial idea by adding functionality to the
monitoring toolkit as needed for each new customer. The toolkit is applicable to a
wide range of customers, including the National Forest System, states, and FIA
itself. NIMAC is being funded to work with National Forest System monitoring
coordinators and planners to develop question-driven monitoring design and
analysis tools. The ultimate objective is to help ensure that data are collected and
analyzed efficiently and in a scientifically defensible manner.

Design Tool

The Design Tool for Inventory and Monitoring (DTIM) is being developed to
assist those who plan forest monitoring to work through the first 9 of the 15
monitoring steps. NIMAC has developed a working prototype to help:

1. Identify users and broad objectives of the monitoring.

2. Identify the monitoring questions to be asked.

3. Identify the tables of estimates (and their metrics and attributes) needed to
answer the questions.

4. Assess whether existing data are sufficient to answer the questions, or to

assess their variability if they are not adequate.

Set cost and/or precision constraints for collecting additional data

6. Develop an efficient plot and sampling design to balance cost and
precision in order to address monitoring questions.

7. Select the plot locations in a spatially balanced way.

8. Generate field manual text for selected attributes

9. Generate training materials for selected attributes.

e

Based on a knowledge base from monitoring experts, users will be presented
with lists of choices to guide the development of the monitoring system that best
suits their needs. These steps are largely done within a spreadsheet. The version
NIMAC is developing for the National Forest System will be more complete and
will link with the other monitoring tools, especially the analytical tool (step 4
above).
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Portable Data Recorder Tool

The use of portable data recorders with data collection software provides
several important benefits. By not re-entering the data in the office, the data are
available sooner and transcription errors are avoided. The data can be checked for
completeness, for valid codes, and for cross checks between data elements in the
field, where the data are most easily and accurately corrected.

Since late 2006, NIMAC customers have been using the Field Data Manager
(FDM) system developed by the FIA unit in the North Central states. The new
national system, Mobile Integrated Data Acquisition System (MIDAS), will soon
replace FDM. It is highly flexible and more closely integrated with other FIA
data processing software.

Data Storage and Compilation Tool

The data recorder software transfers the field data to servers via the Internet.
These field data must then be loaded into the database and error checked again,
including some checks that cannot be done on the data recorder. Once the data
are determined to be clean and complete, then the data can be loaded into the
main database and calculated fields added, such as volume per tree and forest-
type class. In addition, the estimation methods used by FIA (Bechtold and
Patterson 2005) require additional information about the stratification and
population sizes. This information must be loaded into the various “population”
tables.

FIA developed and uses the National Information Management System —
Compilation System (NIMS-CS) to store and compile the data. NIMAC members
have adapted the system for use in Wisconsin, since NIMAC is processing the
data for this State. NIMAC has funded the development of the protocol sample
design, which includes detailed metadata about each FIA or NIMAC inventory,
the attributes collected, and their protocols. Once fully developed and integrated
into NIMS, this will add the flexibility needed for NIMAC customers and for FIA
to load past survey data into NIMS.

Since NIMS is designed for internal use, NIMAC chose not to try to transfer it
to other NIMAC customers for their use yet. Instead, the Formatter program was
written to transfer the data from the field tables (Oracle) to a Microsoft Access
database that is an enhanced version of the FIADB (FIA Data Base) version
available on the FIA website (http://fiatools.fs.fed.us/fiadb-
downloads/fiadb3.html “Microsoft Access Database file ready for loading all of
the FIADB data”). Currently, Formatter has no editing capabilities and limited
ability to compute calculated fields. Enhancements will be added based on
customer needs.

Spatial and Tabular Analysis Tools

Once the data are ready in the FIADB format (fia.fs.fed.us/library/database-
documentation/FIADB_user_manual v3-0.pdf, Forest Inventory and Analysis
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2008), the data analysis can begin. FIA’s primary analytical tool is Forest
Inventory Data Online, or FIDO, (Wilson and Ibes 2005) and can be accessed at:
http://www.fia.fs.fed.us/tools-data/. With it, the user can select the area of
interest (state and counties), the survey years, the summary metric (e.g., area,
volume, and biomass), the row and column categories, and apply data filters, if
any. The results are presented as tables with associated sampling errors. Some
results can also be displayed as maps.

NIMAC modified FIDO somewhat to analyze the Wisconsin inventory (as
noted above). The Indiana DNR and Great Plains data will be analyzed using the
EVALIDatorPC reporting tool (http://fiatools.fs.fed.us/fiadb-
downloads/fiadb3.html). EVALIDatorPC uses the Microsoft Access database
mentioned above to compute tables using the same estimation methods used by
FIDO. NIMAC is enhancing EVALIDatorPC in order to provide some of the
features, such as ratio estimation, included in NIMAC’s TabGen analytical tool
(Scott and Klopfer 1999).

NIMAC is also cooperating with Wisconsin on the development of a spatial
intersection tool to select subsets of plots based on the mapped location. Analysts
can use a geographic information system (GIS) to identify areas (polygons) of
interest, such as broad buffer zones along streams or roads. These areas are then
intersected with the plot locations to identify all the sample plots within those
zones. Note that there are locational errors for both plots and map features, so
this needs to be factored in when defining the polygon of interest. The plot list is
then submitted along with the polygon area to FIDO for analysis. The tool will
also be able to associate mapped categories with each plot so that these categories
can be used in making the tables of estimates. If available, information on
stratification for variance reduction can also be sent to FIDO.

The National Forest System has funded NIMAC to develop the Analytical
Tool for Inventory and Monitoring (ATIM). ATIM will build on the strength of
FIDO, focus on NFS inventory data, add GIS capabilities for input and output,
and will add data query functionality. It will also give the user the flexibility to
apply their own algorithms for calculated fields, such as volume equations.

Conclusions

NIMAC has been working on two primary areas: providing technical
assistance to a variety of customers and developing inventory and monitoring
software.

Technical Assistance

NIMAC continues to work with several states on intensifying their inventories
on state-owned lands (IN and WI) or more targeted, specialized inventories (Great
Plains). The work with the National Forest System is expanding, especially in the
east. With the increasing emphasis on forest certification, carbon monitoring and
on local estimates, the demand for NIMAC’s assistance will likely increase both
within and outside the United States.
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Inventory and Monitoring Tools

While continuing to enhance the PC-based tools, Formater and
EVALIDatorPC, much of NIMAC’s focus will be on the development of the
Design and Analytical Tools for Inventory and Monitoring. Although originally
designed to meet the needs of National Forest System, many of the new features
added will also be applicable to FIDO, thus enhancing FIDO’s capabilities for all
FIA customers.

It is the goal of NIMAC to assist customers (who are often already
cooperators with FIA) in meeting their needs. This collaboration further
strengthens the partnerships. In addition, the enhancements that NIMAC
customers fund are then made available for use by FIA and other NIMAC
customers. NIMAC’s goal is to make more efficient and comparable estimates
across the landscape, contributing to the sustainable use of our forest resources.
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Design Tool for Inventory and Monitoring
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Abstract: Forest survey planning typically begins by determining the area to be
sampled and the attributes to be measured. All too often the data are collected but
underutilized because they did not address the critical management questions. The
Design Tool for Inventory and Monitoring (DTIM) is being developed by the National
Inventory and Monitoring Applications Center in collaboration with the National Forest
System (NFS) and the Remote Sensing Applications Center. DTIM will assist inventory
planners by stepping them through the monitoring process: 1) identifying key customers
and broad objectives, 2) identifying monitoring questions, 3) identifying attributes needed
to answer the questions, 4) evaluating existing data; then if additional data are needed,
5) setting precision and cost constraints, 6) selecting the sampling and plot designs and
sample sizes; and, 7) selecting the sample locations. A prototype was successfully used
on the Mark Twain National Forest and is being applied on several other National
Forests. A team of NFS representatives is identifying the requirements for developing
DTIM to help establish monitoring plans on National Forests as well as for use by other
Forest Inventory and Analysis partners.

Keywords: FIA, sampling design, plot design, software.

Introduction

Information on natural resources is important to any land management
organization. The U.S. Forest Service spends at least $200 million annually on
resource monitoring, and the expenditure could be more than $500 million. There
are concerns that some of the monitoring is not statistically sound, defensible in
court, efficient, consistent over time and space, well integrated across resources,
or well utilized once data are collected. The 2008 National Forest Management
Act Planning Rule requires that forest plans have an associated monitoring
program to ensure that each national forest is progressing toward its desired
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59807

3 United States Forest Service, Remote Sensing Applications Center, 2222 W 2300 S, Salt Lake
City, UT 84119

In: McWilliams, Will; Moisen, Gretchen; Czaplewski, Ray, comps. 2009. 2008 Forest Inventory and Analysis (FIA)
Symposium; October 21-23, 2008: Park City, UT. Proc. RMRS-P-56CD. Fort Collins, CO: U.S. Department of
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conditions and objectives. An inventory and monitoring toolkit is being
developed to address these needs. A brief overview of the toolkit is presented
followed by a more detailed description of the Design Tool for Inventory and
Monitoring (DTIM).

Overview of Toolkit

Inventory and monitoring of natural resources is an involved and expensive
process. The National Inventory and Monitoring Applications Center (NIMAC),
part of Forest Inventory and Analysis (FIA) Program within the U.S. Forest
Service, is focused on this issue. NIMAC has identified 15 inventory and
monitoring steps from the initial identification of the information needs through
the analysis and decision process. While the data collection process is familiar to
many, most of the steps are not. Initial steps to identify measurable objectives
and questions that can be answered are often overlooked or given little attention.
Existing inventories are often used to answer questions after the fact without
consideration for changes or managing costs in inventories. While analysis and
reporting steps will be repeated after each remeasurement, the planning (design)
steps are done once, thus land managers have little or no experience at initiating
an inventory and monitoring system. Based upon experience gained with FIA,
NIMAC provides technical assistance to others so that they can develop inventory
and monitoring systems that are compatible with FIA data which are collected on
all lands across the United States.

An inventory and monitoring toolkit is being built to help with most of the 15
steps. The toolkit has four main tools. The Design Tool for Inventory and
Monitoring (DTIM) is used to identify monitoring needs, to evaluate existing
data, and, if necessary, to specify the sampling design to balance cost and
precision in order to address the monitoring questions. The Portable Data
Recorder (PDR) Tool is software on PDRs and personal computers to collect,
validate, and transfer field data. The Database and Compilation Tool is used to
store the data and to compute calculated fields, such as tree volumes, biomass,
and species richness. NIMAC and FIA are developing several spatial and tabular
Analytical Tools for Inventory and Monitoring (ATIM) to estimate tables and
produce maps. The tabular tools produce estimates with associated sampling
errors based on the data. The spatial tool selects subsets of the data for estimation
based on spatial layers, such as ownership, cover-type maps, and ecological
classification maps. The vision for the completed set of tools, the relationships
between the tools, and their roles are shown in Figure 1.

The Design Tool will play a major role in linking the tools. DTIM will
provide the analytical tool, ATIM, with a list of tables to estimate. If existing data
are insufficient, it also will provide metadata to the protocol sample design on
data collection methods, the attributes to measure and variables to compute.
DTIM computes the sample size and can create a list of plots which is then input
to the data recorder software. DTIM also could be used to create portions of
forest plan monitoring guides for national forests.
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Figure 1: Diagram of the inventory and monitoring toolkit, its linkages, and its outputs.

Design Tool for Inventory and Monitoring (DTIM)

The Design Tool for Inventory and Monitoring is being developed to assist
with the first 9 of the 15 monitoring steps. Using a knowledge base from

monitoring experts, users will be presented with lists of choices

to guide the

development of the monitoring system that best suits their needs. These steps are

done largely within a Microsoft Excel spreadsheet.

1. Identify customers and set broad objectives. — Pick from a list of broad
objectives based on desired conditions or outcomes. Examples of broad
objectives are: forest production, biodiversity, and ecosystem restoration.

2. Select monitoring questions. — Pick from list of generic questions based on
the chosen objectives. Many of the questions relate to more than one

broad objective.

3. Select attributes. — Pick from list of metrics for the questions chosen, then
select from list of categorical attributes used to make tables to answer the
questions. For example, to answer the question, “Are forests replacing
themselves?”, the chosen metric could be the number of seedlings and
saplings by species (rows) and forest type (columns). Once the list of all
attributes needed for tables is developed, then the attributes that were not

selected should be evaluated to see if any should be included.

4. Assess existing data. — Use the Analytical Tool on FIA or other existing
data to determine whether they are sufficient to answer the questions, in
terms of precision of the estimates or whether the attributes have been
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collected (data gaps). If so, then stop. If not, then use the ATIM to assess
their variability for the next steps.

5. Set time/cost and precision constraints. — If existing data are imprecise or
have gaps, then identify the costs of each component of monitoring.
Specify the upper limit of funding. Specify precision requirements and the
scale of analysis (e.g., forest or ecoregions) for key metrics, such as forest
area, volume, or carbon.

6. Select sampling and plot designs. — Based on the selected attributes,
specify which portions of the FIA plot need to be measured, or what
components need to be added. DTIM can then be used to evaluate plot
design options: FIA’s Phase 2 (trees only), Phase 3 (forest health), or
simplifications of them, including 1, 2 or 3 subplots or eliminating some
of the components such as lichens, soils, downed woody material, or
crowns. Based on the plot design chosen, determine sample size.

7. Select plots. — Based on the sample size chosen, select plot locations in a
spatially balanced manner across the population.

8. Plan field work. — Since most attributes are chosen from the list provided
in DTIM (so that they are compatible across the landscape), existing FIA
field guides could supply the text for a field guide for the selected
attributes.

9. Train field crews. — Since most attributes are chosen from the list provided
in DTIM, existing FIA training materials could be accessed to provide
training materials for the selected attributes.

This provides a quick overview of the nine steps that precede data collection,
processing, analysis, and decisionmaking. The sample selection steps (steps 6 and
7) merit additional discussion.

Sampling Design Alternatives

Considerable research on forest inventory has resulted in a wealth of efficient
alternatives for one-time surveys. However, when monitoring over time, many of
these alternatives result in changing probabilities of selection over time, which
can be difficult to handle. Hence, the standard sampling design alternative that
DTIM evaluates is an intensification of FIA Phase 2 and/or Phase 3 plots (e.g., 2X
for Phase 2 and 7X for Phase 3). This makes maximum use of the existing FIA
plots which are permanent, fixed-area plots. If a higher intensity is required for
certain areas, such as rare habitat, old growth, or other key management areas,
then additional samples can be located within them. It is strongly recommended
that this two-step process be used rather than partitioning the target areas first,
then allocating the samples to each. This could create estimation problems for the
whole population over time as those boundaries change. For this reason, pre-
stratification with other than proportional allocation should only be used if it is a
one-time inventory or when the strata boundaries are “permanent” (e.g., political
boundaries rather than forest cover).
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In general, NIMAC recommends intensifying using the standard FIA plot
design (Bechtold and Patterson 2005). However, when high levels of
intensification are used, then other plot designs may prove more efficient (e.g.,
using fewer or larger subplots). This is because the FIA design was chosen to be
efficient when travel to and from the plot requires about half a day, thus the on-
plot time should take much of the other half. If plots are located close to one
another (within a mile or so), then sampling smaller plots allows the crew to
sample more than one per day. However, smaller plots are more variable, so there
is a tradeoff. Scott (1993) describes these tradeoffs by first identifying the
different subplot types: overstory, understory, soils, etc. For each type of
subplot, the survey planner can specify the size, the number of subplots, and their
spatial arrangement (distance). By knowing the time it takes to do each and the
resulting precision of the key metrics, an optimal plot design can be chosen. For
FIA, the optimal design chosen has four subplots (Fig. 2) but for the much higher
sampling intensities (less than 1 km apart), a single set of nested subplots can be
more efficient (i.e., using only the center set of subplots).

Subpilot (trees and understory)
—24.0 ft (7.32 m) radius

o Microplot (seedlings, saplings,
& fuels) — 6.8 ft (2.07 m)
radius

*™* Macroplot (large trees, misc.)
vas’ —58.9 ft (17.95 m) radius

-~y P3Lichens plot—120.0 ft
\_" (36.60 m) radius

, o P3 Vegetation plot - 3.2 ft?
(1.0 m") area

P P3 Soil sampling (point
sample)

~ Down woody material — 58.9 ft
* (17.95 m) transects

Figure 2: FIA plot design including both Phase 2 and Phase 3 subplots.

Optimization of the plot design features attempts to avoid over-sampling one
attribute while under-sampling another. For example, if the regeneration sample
is too variable relative to the overstory sample, then the regeneration subplot size
or the number of regeneration subplots could be increased. Since the time
required to sample the plot would thus increase, it might be necessary to decrease
the overstory subplot size. DTIM will allow the user to evaluate these
alternatives. Another alternative is to consider using a subsample for precise,
expensive, or seasonal attributes, such as Phase 3 plots. In this case, not all
attributes are measured on all plots, thus two (or more) plot kinds could be
identified. DTIM helps evaluate tradeoffs between time on plot versus traveling
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(increasing plot size versus increasing sample size). DTIM also attempts to
efficiently use the available time in a day (no partial plots that require a second
visit). Once the cost and precision relationships are developed, then the
optimization can be performed in one of two ways: optimize precision for fixed
cost, or minimize cost for fixed precision.

Select Plot Locations

FIA uses a hexagonal grid across the nation to spatially balance the plot
locations (Bechtold and Patterson 2005). While this meets FIA’s needs, it is
difficult to achieve a fixed sample size when intensifying for a given area.
NIMAC developed an alternative method which also is spatially balanced but
results in the desired sample size (n) for the target population (Lister and Scott
2008). The approach is to use a geographic information system (GIS) to divide
the population area into pixels, and use the GIS to aggregate the pixels into n
equal area groups (clumps). Then randomly sample a point (or pixel) within each
clump (Fig. 3).

Figure 3: Example of spatially balanced sample using pixel groups from Lister and Scott (2008).

Space-filling curves are a mathematical means of creating a string of plots by
connecting adjoining plots until all sample plots are included. A systematic
sample of this string (e.g., every fifth plot) also is spatially balanced, thus the
sample can be divided into annual panels (one for each measurement year) or into
subsamples, such as Phase 3. Another approach to creating annual panels is to
first group plots within compartments or other subpopulation of interest for which
it would be helpful to have all plots completed in a single year. These groups can
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then be formed into a space-filling curve and then divided into annual panels.
This approach was used to monitor state forests in Indiana. It also could be
applied to wilderness areas or other remote areas. The groups would be sized so
that a crew could do an entire group during a single entry into the area (e.g., a 2-
week sampling trip). For estimation purposes, the groups become the primary
sampling units, thus variances would be computed using the group means.

Current Status and Path Forward

Early versions of DTIM were applied on the Mark Twain, Cherokee,
Mississippi, Superior, Texas and Humboldt-Toiyabe National Forests, as well as
to state forests in Wisconsin and Indiana. The Mark Twain collected the first
season of data based on the intensified design in 2008. The other forests are in
various stages of planning based on DTIM results.

The current version of this spreadsheet tool assists with steps 1-3, 5, and part
of 6 (only evaluates sample size based on one to four subplots). A team of
National Forest System (NFS) representatives is identifying the requirements for
developing the Design Tool to help establish monitoring plans on National
Forests as well as for use by other Forest Inventory and Analysis partners.
Iterative use of DTIM has assisted in developing desired condition and objectives
statements that are both meaningful and measurable. We will refine and complete
DTIM so that it handles all 9 steps (with the help of ATIM). We also will include
more questions and attributes with hope of extending beyond vegetation sampling
to other resources that can be sampled with plots. We plan to expand DTIM’s
ability to evaluate sampling design alternatives and to optimize plot designs for
customers who need to do so. DTIM will include a module to generate a spatially
balanced list of plot locations. While designed to meet the needs of NFS, many of
the new features also will be applicable to other NIMAC customers, such as
states. NIMAC’s goal is to make more efficient and comparable estimates across
the landscape resulting in the sustainable use of our forest resources.
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Inventory of Trees in Nonforest Areas in the
Great Plains States

Andrew Lister’
Charles Scott?
Steven Rasmussen®

ABSTRACT: The U.S. Forest Service’s Forest Inventory and Analysis (FIA) program
collects information on trees in areas that meet its definition of forest. However, the
inventory excludes trees in areas that do not meet this definition, such as those found in
isolated patches, in areas with sparse or predominantly herbaceous vegetation, in
narrow strips (e.g., shelterbelts), or in riparian areas. In the Plains States, little is known
about the tree resource in these noninventoried, nonforest areas, and there is a great deal
of concern about the potential impact that invasive pests, such as the emerald ash borer,
might have. To address this knowledge gap, the National Inventory and Monitoring
Applications Center (NIMAC) has partnered with state cooperators to design and
implement an inventory of trees in nonforest areas. The goal of the inventory is to
characterize the tree resource using methods compatible with those of FIA so a holistic
understanding of the resource can be obtained by integrating the two surveys. The goal
of this paper is to give an overview of the goals and objectives of the inventory and to
describe the plot and sample designs. Key findings related to the planning and
establishment of the inventory are also provided.

KEYWORDS: Trees outside of forest, nonforest tree inventory, emerald ash borer,
isolated trees, Great Plains forest inventory, multiphase sample.

Introduction

The U.S. Forest Service’s Forest Inventory and Analysis (FIA) program conducts
an inventory of trees in areas meeting its definition of forested land use. This
definition includes areas that are at least 1 acre in size, with certain geometric
properties (e.g., at least 120 feet wide), of a current or former stocking level of at
least 10 percent, and that are not subject to activities like mowing or understory
clearing that would prevent normal regeneration (U.S. Forest Service 2007). FIA
produces estimates of several forest parameters and creates statistical and
analytical reports that are used by many customers including local, state, national

"' U.S. Forest Service, Northern Research Station, FIA, 11 Campus Blvd., Suite 200, Newtown
Square, PA 19073 USA; alister@fs.fed.us; http://nrs.fs.fed.us/people/alister

* U.S. Forest Service, Northern Research Station, FIA, 11 Campus Blvd., Suite 200, Newtown
Square, PA 19073 USA

3 Nebraska Forest Service, 510 North Pearl ST, Wayne, NE 68787 USA

In: McWilliams, Will; Moisen, Gretchen; Czaplewski, Ray, comps. 2009. 2008 Forest Inventory and Analysis (FIA)
Symposium; October 21-23, 2008: Park City, UT. Proc. RMRS-P-56CD. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 1 CD.
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and international scientists, land managers and other decision makers (Gillespie
1999).

North Dakota, South Dakota, Nebraska, and Kansas (hereafter referred to as the
Plains States) are approximately 97 percent nonforest (Smith et al. 2004), and
consist mostly of agricultural and grassland vegetation communities. Plains State
resource agencies have recognized the lack of available information on the
nonforest tree (NFT) resource, and how this knowledge gap might hinder wise
management of these areas. Of particular concern is the spread of the emerald ash
borer (EAB) (Agrilus planipennis Fairmaire), which, since being identified in
2002 near Detroit, M1, has been found in nine other Midwest and eastern states
and into Canada. Although EAB has yet to be confirmed in the Plains States (as
of January, 2009), this region has some of the highest relative density of EAB
hosts (Fraxinus spp.), with mostly green ash (Fraxinus pennsylvanica) found
along riparian areas, in conservation tree plantings and as a common tree in the
communities across the plains (Figure 1). State forestry agencies in the Plains
States, with funding assistance from the U.S. Forest Service’s State & Private
Forestry division, have undertaken an assessment of the potential economic and
ecological impacts of EAB-induced ash mortality. The National Inventory and
Monitoring Applications Center (NIMAC) was asked to assist with an inventory
of the NFT resource to supplement the information that FIA collects on the tree
resource in forested areas.

The goals of the inventory included obtaining state-level estimates of NFT
parameters including area of land with different classes of NFT land use and
estimates of total amounts of several continuous variables (e.g., basal area,
volume, and biomass by species). An additional component of the inventory, not
reported here, focused on NFTs in urban areas, with results serving as input to the
Urban Forests Effects (UFORE) model, which, among other things, assigns
estimates of value to urban forest components (Nowak and Crane 2000). Results
from both inventories will be used by Plains States’ resource agencies to gauge
the economic and ecological impacts of potential ash species mortality, explore
NFT utilization potential, develop educational materials, and to help formulate
EAB mitigation strategies".

NIMAC helped incorporate FIA methodology into the design of the inventory to
make NFT parameter estimates compatible with those obtained by the FIA
program. In addition, the FIA data collection and processing infrastructure lends
itself to being used in other, similar resource inventories. This paper describes
how NIMAC extended traditional FIA plot and sample design methodology to the
nontraditional Plains States NFT inventory.

* Nebraska Forest Service. 2007. Great Plains Tree and Forest Invasives Initiative; A multi-state
cooperative effort for education, mitigation and utilization. Grant proposal. Unpublished
document, on file at the Nebraska Forest Service, Lincoln, Nebraska.
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Emerald Ash Borer Susceptibility - Known Host

USDA Forest Service Mortheastemn Research Station, Syracuse, Ny

Figure 1. Map of relative density of species susceptible to the Emerald Ash Borer (from
http://www.fs.fed.us/ne/syracuse/Data/Nation/data_list eab.htm, accessed 11/15/2008).

Methods

NIMAC and Plains States forestry officials undertook a planning process that
identified desired outcomes, precision requirements of NFT parameter estimates,
existing FIA data sources, and new variables that were required to meet goals.
The result of this process was the choice of a plot design that represents a tradeoff
between a desire for compatibility with FIA methodology and cost effectiveness
in the field. The field plot consisted of a single, 1/6-acre circular plot on which a
variety of FIA, UFORE, and other site and tree-level attributes were recorded’.
The FIA field guide, data recorder software program, and database storage system
were adapted to accommodate the Plains States variables.

An assessment of the field data collection budget for the summer months of 2008
(the first year of data collection) revealed that 100 plots per state could be
measured with the existing funding, which was divided equally among the states.
This small number of plots compounded the concern that the attributes of interest,

> Great Plains Initiative Inventory Project, Data Collection Procedures. Version
1.0. Unpublished report on file at U.S. Forest Service, FIA Program, 11 Campus
Blvd, Ste. 200, Newtown Square, PA 19073.
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which are associated with NFT land use, occurred in only approximately 1
percent of the overall land area of the four states based on FIA estimates. In
situations where there is potential to collect less costly information on a large
number of elements in the population and to collect more costly, direct
measurements of the attribute of interest on a subset, multi-phase sampling is
suggested (Cochran 1977). For example, Holmgren et al. (1994) performed a
study in which multi-phase sampling was found to be effective at characterizing
the NFT resource in Africa. We chose a stratified, two-phase sample design for
the NFT survey of the Plains States.

The first step was to stratify the four-state area into two strata (canopy and no
canopy) using a derivative of the National Land Cover Dataset (NLCD). NLCD is
a set of satellite image-based products produced by a consortium of federal
agencies, led by the U.S. Geological Survey (Homer et al. 2007). These products
are comprised of 30-m pixels, each labeled with a land cover category, percent
impervious surface, and percent canopy cover estimates. To create the strata, a
spatial filtering approach was applied to the percent canopy cover map. For each 3
x 3 block of pixels in the image (the focal window), the count of pixels with any
estimated canopy cover in them was assigned to the center pixel of the block. The
focal window was then shifted over one pixel, and the process was repeated for
each pixel in the image. This resulted in an image containing pixel values of 0 (no
canopy cover in the focal window) to 9 (all 9 input pixels contained canopy
cover). This image was then recoded into the final stratum map: values of 0 were
assigned to stratum 1, and all other values were assigned to stratum 2. For the
four-state area, approximately 90 percent of the area fell into stratum 1, which we
considered more likely to be devoid of trees.

The next step was to select elements within each stratum for the first phase of the
two-phase sample. Phase 1 consisted of a large number of photo-interpretation
(PI) plots overlaid on circa 2006 National Aerial Imagery Program (NAIP)
imagery. Each plot consisted of 21 uniformly spaced points located within the
footprint of potential ground plots — a 1/6-ac circle. Twenty-one points were
chosen based on prior experience and a tradeoff between time cost per plot and
completeness of area coverage for NFT assessment. The land use (using FIA
definitions [U.S. Forest Service 2007]) of each of the 21 points was assessed and
the count of points falling in the NFT land use category was recorded for each PI
plot.

Based on consultation with PI specialists and a pilot assessment of the PI
methodology, it was determined that the project budget allowed for 18,000 PI
plots to be completed for each state. The number of PI plots per stratum was
determined by optimal allocation because it was relatively inexpensive to perform
the PI, and the population size and variability within some of these strata were
large (Cochran 1977). To determine these optima, existing FIA ground plots were
first assigned a stratum by intersecting them with the stratum map in a GIS. The
variance of the binary-coded land-use category (NFT/non-NFT) of the center of
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the center FIA subplots was then calculated for each stratum. These variances
were used to proportionally allocate PI points to each stratum.

Phase 2 of the two-phase sample was established by assigning ground plots into
substrata created from the PI results. Within each stratum, subsamples of PI plots
were randomly chosen in a spatially balanced manner (Lister and Scott 2008) for
ground visits based on a second stratification of the PI plots using NFT land use
counts. The 0-21 range of potential NFT land-use count values was collapsed into
three substrata within each primary stratum using information from FIA plot data
as a guide. FIA plots all have a “percent forest” value assigned to them based on a
ground mapping of land-use categories found on the plot. We assumed that the
percent forest estimate on FIA plots is analogous to the proportion (out of 21)
NFT land use estimate found on a PI plot. By making that assumption, we
heuristically assessed how collapsing the FIA percent forest value into various
configurations of three strata served to lower the variance of estimates of total
number of trees and cubic foot volume from the FIA plots. We chose a count of
three strata subjectively, guided by our desire to have an adequate number of
sample plots in each stratum.

Once we arrived at a configuration of the FIA percent forest strata generally
yielding the lowest variance for both tree density and total cubic foot volume
(given an acceptable number of plots per stratum), we translated the stratum
boundaries from the FIA percent forest scale (0-100 percent forest land use) to PI
plot scale (0-21 NFT points/plot). We then used the resulting PI plot stratum
boundaries and associated stratum areas to optimally allocate ground plots (phase
2) into each substratum. No ground plots were sampled in the first substratum of
each stratum (the substrata with 0 NFT points). These substrata were assumed to
have no NFT because of the high quality of the imagery and the cost of sampling
the substratum. For example, Table 1 lists the area percentage in each primary
stratum and the number of PI and ground plots by substrata for Kansas. The
optimal allocation clearly shifts PI plots into stratum 2, eliminates substratum 0,
and emphasizes substratum 2 versus 1.

TABLE 1: Example of allocation of photo-interpretation plots and ground plots by stratum and
substratum for Kansas.

Photo-
KANSAS 0-21 interpretation | Ground
splits Area (%) Plots Plots
Stratum 1: 86.8% 10156 63
Substratum 0 0 9658 0
Substratum 1 1-6 300 25
Substratum 2 7-21 198 38
Stratum 2: 13.2% 7874 37
Substratum 0 0 6798 0
Substratum 1 1-8 630 16
Substratum 2 9-21 446 21
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Conclusions

We learned much from the process of planning and establishing the Plains States
NFT inventory. The process of setting inventory goals and choosing variables to
meet these goals was a time-consuming, iterative process. Frequent meetings with
all interested parties, as well as establishing expectations in light of the available
budget, helped to ensure that the inventory would efficiently provide the answers
to management questions.

Another finding was that photo-interpretation of nearly 80,000 plots (1,680,000
individual points to assess) required a great deal of effort to develop an efficient
procedure, construct a manual, and manage and train analysts. We discovered a
GIS procedure that vastly increased our productivity level and lowered costs.
Furthermore, photo-interpreting plots in the Plains States was less complex
because the vast majority of the plots assessed were completely devoid of trees.
The experience we gained in this work will speed up future photo studies we
conduct.

Finally, we learned that some of the existing FIA infrastructure, including the
field guide and data recorder software, is adaptable for use in other, FIA-like
resource inventories. By going through the process of adapting the FIA
methodology to fit the NFT inventory, the project not only benefits from using
pre-existing infrastructure, but also from the potential for integration of NFT
results with those from FIA. Since the 800 urban plots and the 400 rural plots
were collected with nearly identical, FIA-compatible methods, we plan to
generate state-level estimates of tree parameters across all lands. The FIA
program will benefit from this study by gaining additional information on the tree
resource in these states for use in analytical reporting. It also will acquire new
institutional knowledge related to its own inventory methodology as well as new
techniques that can be implemented to address emerging resource issues.

Ground data from the 400 plot subsample of the PI plots, and more than 800
urban plots, were collected from the rural portions of the Plains States in the
summer of 2008. As of December 2008, we are beginning data analysis. Results
will be reported in future work.
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Effects of Plot Size on
Forest-Type Algorithm Accuracy

James A. Westfall*

Abstract: The Forest Inventory and Analysis (FIA) program utilizes an algorithm to
consistently deter mine the forest type for forested conditions on sample plots. Forest type
is determined from tree size and species information. Thus, the accuracy of resultsis
often dependent on the number of trees present, which is highly correlated with plot area.
This research examines the sensitivity of a forest-type algorithmto changes in amounts
and types of input data that result from altering the sample plot area. Logistic regression
was used to deter mine which plot metrics have the most influence on algorithm outpui.
Rel ationships between plot area and key variables such as number of species, number of
trees, and total basal area were established and applied to the regression models. The
results allow for assessment of algorithm accuracy over a range of plot sizes. The
algorithmwas generally robust to changes in area for loblolly/shortleaf, oak/hickory,
and oak/gunmycypress type groups. Algorithm accuracy was mediocre for other type
groups, with oak/pine having the poorest performance. A comparison between field-
observed forest type and al gorithm output showed aver age agreement rates of near 90
percent when computed types were conifer. However, agreement rates were lower for
hardwood groups, especially when the computed type was aspen/birch. Better alignment
between the field- and algorithm-based determinations may be achieved by providing
real-time algorithm output to field crews.

Keywords: forest inventory, logistic regression, species diversifissification
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Introduction

Eyre (1980) describes forest type as a “descriptive classification of forestland
based on present occupancy of an area by tree species”. The contributions to site
occupancy are often determined via the numbers and sizes (e.g., diameter at breast
height [dbh]) of trees for each species (Hansen and Hahn 1992). The relative
occupancies among species (or groups of species) are used to establish the forest-
type classification. Due to the relatively large number of described forest types
and pronounced similarities among a number of types, forest-type groups are
often created. This allows a number of related forest types to be classified under a
single designation, which is often useful for broader analytical summarizations.

In many forest inventories, the forest type may be assessed by the field crew at
the time the sample data are collected, determined at a later time by applying a
computer algorithm to the sample plot condition data, or both. The Forest
Inventory and Analysis (FIA) program of the U.S. Forest Service uses both field-
(USDA 2007) and algorithm-based (Arner et al. 2003) forest-type information.
Generally, the algorithm-based forest type is used in estimation. However, if a
forested condition is less than one subplot in area (~0.0415 ac) the field-based
forest type is used. It is assumed the algorithm cannot accurately determine the
forest type when the area is relatively small, because often few trees are present
on which to make a determination. As area and numbers of trees are highly
correlated, the question that arises is what affect does sampled-area size have on
an algorithm-based determination of forest-type. An understanding of the
accuracy of algorithm-determined forest type in relation to area sampled will
allow forest managers to make informed decisions regarding the appropriate
method of forest-type classification for particular forest inventory designs.

Data

Evaluation of algorithm classifications at various sampled-area sizes was
accomplished using FIA data from Indiana (1999-2003), South Carolina (2002-
2006), and Maine (1999-2003). The states were chosen so that many of the forest
types encountered in the eastern United States. would be represented. The data
were collected under the annual inventory design outlined by Bechtold and
Patterson (2005). Sample plots are composed of four subplots, each having a 24-ft
radius. Within each subplot is a microplot having 6.8-ft radius. Trees having 5.0
in. or larger dbh were tallied on the subplots. Sapling (1.0-4.9 in. dbh) and
seedling (< 1.0 in. dbh with minimum height criteria) data were recorded on the
microplots. To facilitate the analysis, only single-condition plots were retained. In
order to have a large number of possible plot combinations for repeated
simulations, only forest-type groups having more than 100 plots were evaluated.
There were 3,712 plots in the study data representing 55 forest types within eight
forest-type groups. Table 1 provides a summary of the data by forest-type group
and forest type.
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Methods

The forest-type algorithm used in this study is described by Arner et al. (2003).
This algorithm uses relative stocking to assess the site occupancy of sample trees.
Individual-tree stocking values are computed from species-specific equations
using tree dbh. Further adjustments (e.g., weighting) may be made based on tree-
size classification and social position. The individual-tree values are aggregated
into initial type assemblages and the stocking totals of these initial groups are
evaluated via decision rules to determine the final forest type. Forest types are
hierarchically assigned to a more generic forest-type group, so forest-type group
determination is straightforward once the forest type is established.

The accuracy of the algorithm-based classifications was examined for forest-
type groups, which are assemblages of similar forest types. The analysis consisted
of two phases: 1) combining a number of plots with the same forest-type group
and then systematically reducing the area of the combined plots and re-evaluating
the forest-type group to see if the classification changes; and 2) using the results
of (1), perform logistic regression to evaluate which plot attributes are correlated
with the classification changes and predict probabilities of correct classification.

In the first phase, a Monte-Carlo simulation (Metropolis and Ulam 1949) was
performed by combining 30 randomly selected plots (without replacement)
having identical forest-type group classification into a ‘population’ of 5 acres in
size (30 x 1/6 ac = 5 ac). Forest-type group was determined for this combination
of plots. The area was then reduced by 1/24 ac by removing a randomly selected
subplot and the forest-type group was re-evaluated. This area reduction method
was carried out until only a single subplot remained (1/24 ac). This allowed for
evaluation of potential forest inventory plot sizes ranging from 1/24 ac to 5 ac.
The resultant output for the 120 different plot sizes included a binary variable that
indicated whether the classification had changed from the original type and also
summary variables such as numbers of species and numbers of stems for
seedlings, saplings (1.0-4.9 in. dbh), and trees (5.0+ in. dbh), and basal area for
saplings and trees. This process was repeated 500 times for each forest-type
group; results were quite stable after 300 iterations.

These data were then used in a logistic regression analysis where the binary
response variable was whether or not the type classification had changed at any
given reduced area. Independent model variables considered were the summary
variables described above (with two-way and three-way interactions). A stepwise
variable-selection procedure was used to identify variables having significant (o =
0.10) predictive ability. The a level of 0.10 was chosen to promote inclusion of
more variables that may help explain the classification changes. These logistic
regression models provided the basis for predicting the probability that forest-type
group would be correctly identified at a specified plot size.
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Regression models relating the summary variables to plot area were developed
to describe average plot attributes at the various plot sizes. The relationships in
the data suggested linear relationships between plot area and numbers of stems as
well as plot area and basal area. Nonlinear relationships existed between area and
numbers of species. The model forms were:

Sjk =B1jkAj+8jk [1]
SPP, =B, xA ™ +¢, 2]
BAjk = B4jkAj +Ey (3]

where: j = tree size class (seedling, sapling, and tree)
k = forest-type group
Six = number of stems tallied for tree size class j, forest type k
SPP;j. = number of species tallied for tree size class j, forest type k
BAj; = basal area of stems tallied for tree size class j, forest type k
A; = sampled plot area (ac) for tree size class j
gjx = random error component for tree size class j, forest type k
Biik — Paj = estimated coefficients for tree size class j, forest type k

The estimated coefficients are presented in Table 2. The predicted values from
models [1] through [3] were used as inputs into the logistic regression model to
predict the probability of misclassification for a given plot area. This analytical
approach was carried out separately for each forest-type group.

Results

The logistic regression analyses were conducted for the eight forest-type
groups. The general form of the model was:

P, (Correct) = (S, ,BA , ,SPP, x2,x3)+¢, [4]

where: Py(Correct) = Probability of correct classification for forest-type group k
x2 = all two-way interactions of the predictor variables
x3 = all three-way interactions of the predictor variables
&k = random error component for forest-type group k
all others as defined above

The variables chosen by the stepwise selection procedure varied considerably
among the groups. Across all eight type groups analyzed, there were 34 different
significant predictor variables related to the probability of correct classification of
forest-type group (the detailed information is not provided here due to size limits).
The models fit the data reasonably well with R values ranging from 0.43 to 0.64
(Table 3). The AIC (Akaike 1974) statistics also showed that the addition of

18.
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covariates to the model substantially improved the prediction when compared to
an intercept-only model.

The probability of correct classification of the white/red/jack pine and
spruce/fir groups was influenced primarily by numbers of stems, numbers of
different species, and basal area for saplings and trees. The classification accuracy
of the loblolly/shortleaf pine group was affected mostly by numbers of stems,
numbers of different species, and basal area for trees only. Conversely, the
hardwood-type groups were more complex due to increased numbers of
significant predictor variables, such numbers of stems and numbers of species for
seedlings and various two-way interactions between these variables and the
sapling and tree covariates. The oak/pine group had the most intricate model, with
numerous three-way interactions being significant explanatory variables.

Inputs into the logistic regression model for each forest-type group were
generated using models [1] through [3] for plot sizes ranging from 1/24 to 5 ac.
The sensitivity of the algorithm to changes in forest parameters due to sample plot
size was dependent upon the type group of interest. Within conifer types, the
loblolly/shortleaf pine forest-type group was the most robust, as the probability of
classification error was only 0.15 for 1/24 ac plot size (Figure 1c). The
white/red/jack pine and spruce/fir type groups were more sensitive to area
sampled, with the probability of misclassification being 0.3 - 0.4 at a plot area of
only 1/24 ac (Figure la, 1b). A sampled area of roughly 0.2 ac. was needed to
attain a nearly zero misclassification probability for loblolly/shortleaf, while the
other two conifer types required about 0.5 ac.

For hardwood forest-type groups, the most stable classifications across the
various plot sizes were in the oak/hickory and oak/gum/cypress groups (Figure le,
11). For these groups, the probability of misclassification was near 0.1 at the
smallest plot size evaluated (1/24 ac). Near-zero probabilities were achieved at a
plot size of roughly 0.25 ac for oak/gum/cypress and nearly 0.5 ac for
oak/hickory. The oak/pine group required plot sizes of over 2.5 ac to attain near-
zero misclassification rates (Figure 1d). At a 1/24 ac plot size, the oak/pine group
had misclassification probability of 0.62 and was 0.24 for the maple/beech/birch
group. The maple/beech/birch group required a plot size of about 0.45 ac to obtain
a misclassification probability less than 0.001 (Figure 1g). For the aspen/birch
group, the maximum misclassification probability was near 0.29 (at 1/24™ ac plot
size) and near-zero probabilities occurred at about 0.9 ac (Figure 1h).

The forest-type algorithm always provides the same forest-type group for a
given set of input data from the sample plot. However, the field crews have the
advantage of viewing the entire area — their determination is not limited to only
trees within the sample plot. Also, a certain amount of subjectivity is introduced
based on the field crew’s perception of the area. These factors can result in
differing outcomes between the field-based and algorithm-based forest-type
group. Table 4 quantifies the agreement/disagreement proportions for the forest-
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type groups analyzed in this study. Agreement was relatively high for softwoods,
with red/white/jack pine having ~81 percent agreement and both spruce/fir and
loblolly/shortleaf having agreement rates exceeding 90 percent. The conformity
for hardwoods was poorer, as both aspen/birch and oak/pine had agreement rates
less than 50 percent. When the algorithm determined the type was aspen/birch, the
field call was spruce/fir for nearly 40 percent of the plots. The best agreement
between algorithm and field hardwood type groups was for oak/gum/cypress,
which had identical results for roughly 88 percent of the plots. Overall, agreement
between field crew and algorithm occurred for ~ 75 percent of the plots.

Discussion/Conclusion

For the red/white/jack pine, spruce/fir, and maple/beech/birch groups, the
algorithm classification accuracies decreased relatively quickly at plot sizes below
1/4 ac. This outcome is a reflection of the algorithm threshold for information
needed to accurately classify these type groups. A review of the description for
each type group indicates a wide range of species occur within these type groups
(Eyre 1980). For example, spruce and fir species occur in areas where aspen,
birch, and maple are also present. As plot size is reduced below 1/4 ac, the
dominance of the spruce/fir species becomes more ambiguous, and the decision
rules employed in the algorithm may produce a classification outside the
spruce/fir group. The most common classification error for both red/white/jack
pine and spruce/fir groups was maple/beech/birch. Similarly, a common
misclassification of maple/beech/birch was spruce/fir type.

In contrast, there should be much less concern regarding misclassification of
the loblolly/shortleaf pine group. These plots often come from planted areas
where other species (primarily hardwoods) occur in the understory, which makes
the preeminence of the primary species more apparent for smaller plots. In cases
where loblolly/shortleaf was misclassified, oak/pine was by far the most common
outcome.

A notable characteristic for the oak/pine and (to a lesser extent) aspen/birch
groups was a relatively slow improvement in classification accuracy as plot sizes
increased. For oak/pine, numbers of species, numbers of stems, and basal area
among the three tree size classes all contributed to the misclassification rate. The
confusion within aspen/birch was due primarily to species, stems, and basal area
of trees having dbh 5.0 in. or larger. The oak/pine group required over 2.5 ac plot
size to attain near-zero misclassification probabilities, while the aspen/birch group
needed slightly less than 1 ac. In addition, the oak/pine group had the worst
classification accuracy of all groups evaluated, with a probability of
misclassification exceeding 0.6 when plot size was 1/24 ac. This gives further
support to the argument given above related to species mixes. On plots where
there is a wide range of species, it is difficult to determine the dominant type and
relatively small shifts in the tree list can sway the classification in a different
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direction. Common misclassifications of oak/pine were loblolly/shortleaf and
oak/hickory groups. The aspen/birch group was most often mistaken with
spruce/fir and while maple/beech/birch, owing to the primary species of this
group often being replaced by more shade-tolerant species, resulting in relatively
high numbers of species and differing tree sizes.

The relationships between area sampled and misclassification probability for
the oak/hickory and oak/gum/cypress groups were similar to those for
loblolly/shortleaf pine. This is presumably attributable to the tendency for these
species groups to be fairly well defined, such that the dominant species are likely
to survive and flourish relative to species that are primary to other type groups.
The oak/gum/cypress sites also tend to be undisturbed and have large diameter
trees. These large trees provide high stocking values that are very influential in
the computations, especially at the smaller plot sizes. Misclassifications were due
primarily to confusion with the oak/pine and either maple/beech/birch or
elm/ash/red maple groups.

There are two primary differences between field observation and algorithm-
based forest-type group determination. The field crews have the advantage of
viewing the broader area, not just the area within the plot. However, there is also
an element of subjectivity such that different crews may resolve different forest
types when assessing the same area. A feature of the algorithm is that the same
forest type will be computed for a given tree list, removing any subjectivity. The
drawback of the algorithm is that performance is suspect when there are not many
trees. These differences can result in conflicting determinations of forest-type
group. It is shown in Table 4 that when a computed type group is either
oak/hickory or oak/pine, a wide range of different types are recorded by the field
crew. It is also shown that a computed aspen/birch type is seen as spruce/fir for
almost 40 percent of the plots and is judged to be maple/beech/birch for 14
percent of the plots. This suggests that 1) the tree species and size composition
over the broader area differs somewhat from that within the sample plot area only;
and/or 2) the relative importance afforded to the various tree sizes and species
differ between the field crew and the algorithm.

This leads to another point regarding species composition. One would expect
that increases in species diversity occur in transition zones near the edges of
stands of differing type groups and more generally near the indistinct boundaries
of natural ranges of type groups. In these zones, the increased diversity may lead
to higher levels of classification error, as well as additional disparity between the
field determination and algorithm output. Such analyses are beyond the scope of
this paper, but the concept is worth highlighting as a future research topic.

A dilemma for analysts is whether to use an algorithm or the field-observed
forest-type group. This choice could result in large shifts in estimated area for
certain forest-type groups. There is a need to better align the field forest-type
group with that computed by the algorithm. Given that crews collect data with
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electronic data recorders, improved consistency may be obtained by having the
algorithm provide real-time feedback on the computed forest-type group. This
would allow the field crews to see when there is disagreement. This may 1) allow
the field crews to calibrate their observations to be more consistent with algorithm
output; and 2) provide feedback that sheds light on needed modifications to
improve algorithm accuracy.

In summary, the algorithm was generally robust to changes in plot size for
loblolly/shortleaf, oak/hickory, and oak/gum/cypress groups. For classification of
other forest-type groups, the recommended plot size should reflect the relative
proportions of occurring type groups and be consistent with levels of
misclassification that are considered tolerable. For example, if the area is
composed primarily of aspen/birch then a larger plot size should be considered
than if the area is mostly oak/gum/cypress. Ultimately, it would be desirable to
refine the algorithm such that all forest-type groups had similar (small)
misclassification probabilities. This paper provides an analytical framework for
evaluating whether changes to the algorithm provide improved classification
consistency.
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Figure 1: Misclassification probability vs. plot area for a) red/white/jack pine; b) spruceffir; c)
loblolly/shortleaf; d) oak/pine; €) oak/hickory; f) oak/gum/cypress; g) maple/beech/birch; and h)

aspen/birch type groups.
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Table 1: Data summary statistics by forest type and forest-type group.

No. stems/plot”

No. species/plot

Forest type group Forest type # plots Min. Mean Max. Min. Mean Max.
White/red/jack pine Jack pine 1 55 55 55 5 5 5
White/red/jack pine Red pine 7 41 86 113 6 10 14
White/red/jack pine Eastern white pine 58 30 74 154 3 8 15
White/red/jack pine White pine/hemlock 28 36 74 119 6 8 14
White/red/jack pine Eastern hemlock 30 43 93 135 4 9 13

124 30 79 154 3 9 15

Spruceffir Balsam fir 269 7 95 194 2 8 15
Spruceffir White spruce 14 12 53 103 1 5 9
Spruceffir Red spruce 151 32 104 187 1 8 13
Spruceffir Red spruce/balsam fir 137 25 97 177 3 8 13
Spruceffir Black spruce 73 4 73 141 1 5 13
Spruceffir Tamarack 5 31 72 122 5 7 10
Spruceffir Northern white-cedar 119 38 116 177 3 9 16
768 4 97 194 1 8 16

Loblolly/shortleaf pine Loblolly pine 512 4 65 308 1 7 17
Loblolly/shortleaf pine Shortleaf pine 7 3 89 167 1 13 19
Loblolly/shortleaf pine Virginia pine 9 32 76 114 10 14 19
Loblolly/shortleaf pine Pond pine 9 33 59 106 2 7 10
537 3 66 308 1 7 19

Oak/pine White pine/red oak/white ash 37 12 66 103 3 9 14
Oak/pine Eastern redcedar/hardwood 14 7 68 124 6 13 20
Oak/pine Longleaf pine/oak 13 20 41 70 4 7 12
Oak/pine Shortleaf pine/oak 9 31 72 97 6 11 18
Oak/pine Virginia pine/southern red oak 6 28 60 92 3 13 22
Oak/pine Loblolly pine/hardwood 80 12 62 147 3 9 19
Oak/pine Slash pine/hardwood 4 31 44 60 9 10 12
Oak/pine Other pine/hardwood 6 42 65 92 3 6 8
169 7 62 147 3 10 22

Oak/hickory Post oak/blackjack oak 12 20 68 116 8 12 18
Oak/hickory Chestnut oak 12 24 55 115 4 8 15
Oak/hickory White oak/red oak/hickory 190 15 63 283 5 12 24
Oak/hickory White oak 30 20 66 138 4 12 18
Oak/hickory Northern red oak 19 34 65 84 5 8 14
Oak/hickory Yellow-poplar/white oak/red oak 35 21 67 158 6 14 26
Oak/hickory Sassafras/persimmon 19 1 54 101 1 9 18
Oak/hickory Sweetgum/yellow-poplar 50 27 59 122 3 10 18
Oak/hickory Bur oak 1 24 24 24 3 3 3
Oak/hickory Scarlet oak 3 57 63 72 8 11 14
Oak/hickory Yellow-poplar 9 33 71 152 9 12 16
Oak/hickory Black walnut 2 27 33 38 7 8 9
Oak/hickory Black locust 1 68 68 68 10 10 10
Oak/hickory Southern scrub oak 10 19 35 73 1 6 1
Oak/hickory Chestnut oak/black oak/scarlet oak 15 18 47 87 3 11 21
Oak/hickory Red maple/oak 11 2 59 143 1 8 12
Oak/hickory Mixed upland hardwoods 103 2 62 380 2 10 21
522 1 62 380 1 11 26

Oak/gum/cypress Swamp chestnut oak/cherrybark oak 7 33 46 64 8 11 15
Oak/gum/cypress Sweetgum/Nuttall oak/willow oak 84 3 47 97 1 9 17
Oak/gum/cypress Overcup oak/water hickory 4 13 27 46 6 10 14
Oak/gum/cypress Baldcypress/water tupelo 33 25 54 92 1 7 15
Oak/gum/cypress Sweetbay/swamp tupelo/red maple 77 19 56 145 3 8 21
205 3 51 145 1 8 21

Maple/beech/birch Sugar maple/beech/yellow birch 978 20 92 172 4 9 19
Maple/beech/birch Black cherry 2 17 32 47 4 6 7
Maple/beech/birch Cherry/ash/yellow-poplar 33 22 72 156 4 10 20
Maple/beech/birch Hard maple/basswood 9 33 60 119 5 10 14
Maple/beech/birch Elm/ash/locust 1 22 22 22 6 6 6
Maple/beech/birch Red maple/upland 66 10 87 147 2 9 14
1089 10 91 172 2 9 20

Aspen/birch Aspen 114 3 90 151 1 9 17
Aspen/birch Paper birch 173 4 89 185 1 8 17
Aspen/birch Balsam poplar 11 57 97 162 6 10 15
298 3 90 185 1 9 17

# Includes all tallied seedlings, saplings, and trees.
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Table 3: Fit statistics by forest-type group for model [4].

AIC

Intercept + % reduction

Forest type group R?® Intercept only covariates (covariates)
White/red/jack pine 0.57 4419.4 1975.7 55.3%
Spruceffir 0.50 2952.0 1525.5 48.3%
Loblolly/shortleaf pine 0.64 1389.9 519.6 62.6%
Oak/pine 0.46 25862.0 15441.7 40.3%
Oak/hickory 0.43 2657.6 1536.3 42.2%
Oak/gum/cypress 0.51 2025.0 1010.3 50.1%
Maple/beech/birch 0.58 4854.6 2090.3 56.9%
Aspen/birch 0.49 7717.3 4054.7 47.5%

3 Max. rescaled R?
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Table 4: Frequency of agreement between field forest-type group and computed forest-type group
for 3,712 FIA plots.

Field Forest Type Group®

Frequency
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Total 17 53 1 14 543 §12 122 423 223 3 182 1083 anz

" AR = Aspen/Birch, EAR = Elm/Ash/Red WMaple, ES = Exotic Softwood, LLS = Longleaf/3lash FPine,
LS = Loblolly/Shortleaf Fine, MBE = Maple/Beech/Birch, 0OGC = Oak/Gum/Cypress, OH = Oak/Hickary,
OF = Oak/Pine, PJ = Finyon/Juniper, WRJ = White/Rfed/Jack Pine, 5F = Spruce/fir.
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Wisconsin State Forests Continuous Forest
Inventory: A Look at the First Year

Randall S. Morin'
Teague Prichard?
Vern Everson®
Jim Westfall*
Charles Scott®

Abstract: The demand for timely, consistent, and reliable forest inventory and monitoring
information for Wisconsin’s state forests has increased significantly. A wide range of
publics and partners, including businesses, organizations, and citizens alike are well
aware of the benefits of sustainable forestry and are working together to increase
knowledge through an annual comprehensive forest inventory and monitoring program.
In response, the Wisconsin Department of Natural Resources (WDNR) and the National
Inventory and Monitoring Applications Center (NIMAC) of the U.S. Forest Service,
Forest Inventory and Analysis (FIA) program have developed a Wisconsin State Forest
Continuous Forest Inventory (WisCFI) program for the 518,680 acres of land distributed
across 10 state forests. To accomplish the monitoring objectives of the WDNR, NIMAC
designed a survey of approximately 3,145 FIA-like plots to be measured over 5 years (1
plot per 165 acres). A limited suite of summer only variables (soils, understory
vegetation, down woody materials, and crowns) will be measured on one-third of the
plots. The first panel of data was collected in 2007. We used this first panel to describe
the benefits of the intensification on the precision of forest-level estimates for state forest
land. Additionally, estimates of species richness were compared for plots where
introduced species were present versus those where they were absent.

Keywords: continuous forest inventory, intensification, forest health, introduced species,
species richness
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The demand for timely, consistent, and reliable forest inventory and
monitoring information for Wisconsin’s state forests has increased significantly.
A wide range of publics and partners, including businesses, organizations, and
citizens alike are well aware of the benefits of sustainable forestry and are
working together to increase knowledge through an annual comprehensive forest
inventory and monitory program. The Wisconsin Department of Natural
Resources (WDNR) is directed to protect and sustainably manage state forests to
provide ecological, economic, and social benefits for current and future benefits
(Wisconsin State Stature 28.04). Forest certification on state forest lands makes a
continuous forest inventory an even more critical need. Additionally, managers
face an increasing number and type of issues.

The WDNR and the National Inventory and Monitoring Applications Center
(NIMAC) of the U.S. Department of Agriculture, Forest Service’s Forest
Inventory and Analysis (FIA) program have developed a Wisconsin State Forest
Continuous Forest Inventory (WisCFI) program for the 518,680 acres of land
distributed across 10 state forests (Table 1 and Fig. 1). The primary purpose of
the WisCFl is to collect and report on the condition of the forest in a statistically
sound manner on an annual basis for each state forest. The information will be
used to track the status and trends in forest extent, cover, growth, mortality,
habitat, and overall health. The WisCFI will provide unbiased, reliable
information at the property level that will assist in planning, management, and
monitoring. Because the method is parallel to FIA methods, the inventory will be
able to address regional trends. Other goals of the WisCFI include providing
information on the condition and health of the forest and tracking changes over
time; integrating data, methods, and tools in the planning and decision-making
processes; developing and maintaining data input, models, and methods for
forestry analysis and planning; and developing up-to-date and easy-to-use
information products and services for land managers and the public.

Table 1: Name and area of each Wisconsin state forest

State Forest Property Acres

Black River State Forest 67,809
Brule River State Forest 40,881
Coulee Experimental Forest 2,972
Flambeau River State Forest 90,281
Governor Knowles State Forest 19,910
Northern Highland American Legion State Forest 223,294
Kettle Moraine State Forest - Northern Unit 29,275
Kettle Moraine State Forest - Southern Unit 20,939
Peshtigo River State Forest 5,871
Point Beach State Forest 2,902
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Figure 1: Map of Wisconsin’s state forests.

The purpose of this study was to analyze the first year of data collected in the
WisCFI to describe the benefits of the increased plot intensity (as compared to the
FIA plot sample) on the precision of selected coarse forest-level estimates for
state forest land. Additionally, estimates of understory species richness were
compared among plots stratified by the presence of introduced vegetation species.
Because these analyses are based on only one year of field data, the results are
preliminary and incomplete. They are meant to illustrate the potential utility of
the WisCFL.

Methods

The WDNR is using methods similar to the Forest Inventory and Analysis
(FTIA) program to conduct the WisCFI (U.S. Forest Service 2006 a, b). The FIA
program of the U.S. Forest Service, the only congressionally mandated national
inventory of U.S. forests, conducts a three-phase inventory of forest attributes of
the country (Bechtold and Patterson 2005). The FIA sampling design is based on
a tessellation of the United States into hexagons approximately 2,428 ha in size
with at least one permanent plot established in each hexagon. In phase 1, the
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population of interest is stratified and plots are assigned to strata to increase the
precision of estimates. In phase 2 (P2), tree and site attributes are measured for
forested plots established in each hexagon. Phase 2 plots consist of four 24-ft
fixed-radius subplots on which standing trees are inventoried, and phase 3 (P3)
plots include an extended suite of forest health measurements. The WDNR
elected to reduce the number of subplots from four to two to maximize field
efficiency and precision of estimates.

To accomplish the monitoring objectives of the WDNR, NIMAC designed a
survey of approximately 3,145 FIA-like plots to be measured over 5 years (1 plot
per 165 acres). A limited suite of summer only P3 variables (soils, understory
vegetation, down woody materials, and crowns) will be measured on one-third of
the plots. This results in a 36x intensification of P2 plots and a 193x
intensification of P3 plots.

The WisCFI surveyed 628 P2 plots in 2007. Estimates and sampling errors
were generated separately for forest area (acres), net volume of all live trees on
forest land (ft’), and net volume of white pine on forest land (ft’) using both the
WisCFI plots (measured in 2007), the standard FIA P2 plots (measured in 2007
only), and the standard FIA P2 plots (measured in 2003-2007). The resulting
estimates and sampling errors were evaluated.

The origin of each understory species sampled in the 200 P3 plots measured in
2007 was identified using the Natural Resources Conversation Service (NRCS)
PLANTS database (USDA 2008). Total species richness, native species richness,
and introduced species richness per plot were calculated for each state forest in
Wisconsin, and the mean richness values were examined for spatial trends.
Additionally, the mean native species richness values were compared for plots
where introduced species were present versus those where they were absent for all
state forest land.

Results
Forest Area and Volume Estimation

The state forests in Wisconsin cover 518,650 acres. In 2007, the WisCFI
surveyed 628 P2 plots (of 3,145 projected for the complete 5-year inventory
cycle), and the FIA program visited 19 plots on state forest-owned land as a part
of the standard annual inventory system. When the entire 5-year annual inventory
of Wisconsin (2003-2007) is included, the number of plots increases to 189. The
single-year FIA estimate of forest land is within 10 percent of the WisCFI
estimate, but the sampling error is nine times higher (Table 2). When the full
cycle of FIA plots is used the estimate rises to within five percent of the WisCFI
1-year estimate, and the sampling error is reduced to 2.4 times the sampling error
on the WisCFI 1-year estimate (Table 2).

The single-year FIA estimate of net volume of all live trees is only 1 percent
higher than the WisCFI 1-year estimate, but the sampling error is more than five
times higher (Table 2). When the full cycle of FIA plots is used the estimate
decreases to 3.5 percent below the WisCFI 1-year estimate, but the sampling error

19.
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is reduced to only two times the sampling error associated with the WisCFI 1-year
estimate (Table 2).

The single-year FIA estimate of net volume of white pine is 83 percent lower
than the WisCFI 1-year estimate, and the sampling error is nearly six times higher
(Table 2). When the full cycle of FIA plots is used the estimate matches the
WisCFI 1-year estimate, and the sampling error is only 1.3 times larger than the
FIA sampling error (Table 2).

Table 2: Estimates and sampling errors of forest characteristics on State Forests in
Wisconsin from WisCFI and FIA surveys

Variable Survey Estimate Sampling Error
Acres of forest land WisCFI (2007) 471,668 acres 1.1%
FIA (2007) 422,730 acres 10.3%
FIA (2003-2007) 450,238 acres 2.6%
Net volume of all live WisCFI (2007) 654 million ft.> 3.6%
FIA (2007) 662 million ft.> 18.6%
FIA (2003-2007) 631 million ft.> 6.3%
Net volume of white pine WisCFI (2007) 98 million ft.? 13.1%
FIA (2007) 17 million ft.2 75.9%
FIA (2003-2007) 98 million ft.° 17.5%

Understory Vegetation

The mean total species richness of vegetation plots is similar among most of
Wisconsin’s state forests (Fig. 2). A spatial trend is not evident, but there were
some differences among the forests. The Black River, Point Beach, and Northern
Highland-American Legion State Forests are the only forests that average fewer
than 50 total species per plot.

STATE FOREST
KETTLE MORAINE STATE FOR NU-IANS —
GOVERNOR KNOWLES STATE FOREST i
FLAMBEAL RIVER STATE FOREST -
PESHTIGO RIVER STATE FOREST e

COULEE EXFERIMENTAL FOREST

KETTLE MORAINE STATE FOREST SU —

BRULE RIWER STATE FOREST —

POINT BEACH STATE FOREST

BLACK RIWER STATE FOREST -

MORTHERHN HIGHLAND-AMERICAN LEGIO L]

T !
a 0 20 30 40 50 BO FO o &0
MEAN TOTAL SPECIES RICHNESS

Figure 2: Mean total species richness per plot of understory vegetation by Wisconsin state forest,
2007.



USDA Forest Service Proceedings — RMRS-P-56 19.

Similarly, the mean native species richness of vegetation plots is similar
among most of Wisconsin’s state forests (Fig. 3). A spatial trend is not apparent,
but the Black River, Point Beach, Kettle Moraine Southern Unit, and Northern
Highland-American Legion State Forests are the only forests that average fewer
than 42 native species per plot.
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Figure 3: Mean native species richness per plot of understory vegetation by Wisconsin state
forest, 2007.

By contrast, there are larger differences in the mean introduced species
richness of vegetation plots in Wisconsin’s state forests (Fig. 4). The mean
introduced species richness on the northern and southern units of the Kettle
Moraine State Forest is nearly double that on any of the other forests. There
appears to be a spatial trend where state forests in the southern half of Wisconsin
generally have higher mean introduced species richness values. The most
common introduced species encountered were Japanese honeysuckle (Lonicera
Jjaponica), garlic mustard (Alliaria petiolata), Japanese barberry (Berberis
thunbergii), and several buckthorn species (Rhamnus spp. and Frangula spp.).
Native species richness was higher on average when introduced species were
present on plots (Fig. 5).



USDA Forest Service Proceedings — RMRS-P-56

STATE FOREST

KETTLE MORAIME STATE FOREST SU

KETTLE MORAINE STATE FOR HU-lANS H

COULEE EXFERIMENTAL FOREST

POINT BEACH STATE FOREST

GOWERMOR KNOWLES STATE FOREST

FESHTIZO RIWER STATE FOREST

BLACK RIWER STATE FOREST

FLAMBEAL RIWER STATE FOREST

BRULE RI'WER STATE FOREST

NORTHERM HIGHLAND-AMERICAN LEGIO

uuuuyuwu

!
a 2 4 a] = m 12 14 1B
MEAN INTRODUCED SPECIES RICHNESS

Figure 4: Mean introduced species richness per plot of understory vegetation by Wisconsin state
forest, 2007.
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Figure 5: Mean native species richness per plot of understory vegetation by presence/absence of
introduced species, Wisconsin state forests, 2007.
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Discussion

The results of the estimation portion of the study indicate that a single year of
WisCFl-intensified data yields more precise estimates that those generated from
I-year or a full 5-year cycle of FIA data (Table 2). Because the WisCFI is also on
a 5-year cycle, year-to-year comparisons have the same sampling intensity as the
two full 5-year cycles that will be achieved when the WisCFI is complete.
Differences in sampling errors ranged from five times for net volume of live trees
to nine times for forest land area. The precision of these estimates will improve
as more data become available. In time, the WisCFI will allow for estimates of
forest land, volume, and other important forest characteristics at the individual
state forest level that would not be reasonable using the standard FIA grid because
the sample is too limited.

Many introduced plant species have escaped and now exist in natural
ecosystems in the United States, and some of those have displaced native plant
species (Morse et al. 1995, Pimentel et al. 2000). To determine if the presence of
introduced species is correlated with native species richness in the state forests of
Wisconsin, we compared the average number of native species per plot. The plots
were stratified by the presence and absence of introduced species. Total species
richness and native species richness are similar among the Wisconsin state forests
(Figs. 3, 4) and no spatial patterns are apparent. By contrast, there are differences
in the mean introduced species richness of vegetation plots in Wisconsin’s state
forests (Fig. 4). There appears to be a spatial trend where state forests in the
southern half of Wisconsin generally have higher mean introduced species
richness values.

A widely recognized hypothesis that exotic species might more easily invade
areas of low species diversity than areas of high species diversity has been
supported by several studies (Case 1990, Stohlgren et al. 1999, Tilman 1997,
Vitousek et al. 1996). Somewhat surprisingly, native species richness in our
study was higher on average when introduced species were present on plots (Fig.
5). Other studies have yielded similar results where introduced species were more
prevalent in areas of high native species richness (Huston and DeAngelis 1994,
Stohlgren et al. 1999). In fact, Huebner et al. (2009) found a similar relationship
between native species richness and presence of exotic species on the Allegheny
National Forest in Pennsylvania using intensive FIA P3 plot data. However,
disturbance may be a more important factor in invasibility than native species
richness (Robinson et al. 1995; Ross et al. 2002).

Once completed, the WisCFI will provide more than 1,000 understory
vegetation plots for analysis. Due to its high spatial intensity, this dataset will be
statistically powerful and could be used for many purposes. A few suggestions
are to re-visit the native species richness analysis with the full cycle of data (e.g.,
by forest type, stand size, disturbance, site quality, and/or forest fragmentation
metrics), to study the effect of non-native invasive species on the distribution of
native species, and to develop distribution maps of important, rare, and/or
invasive plants for each state forest.
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Combining Forest Inventory, Satellite Remote
Sensing, and Geospatial Data for Mapping
Forest Attributes of the Conterminous United
States

Mark Nelson', Greg Liknes?, and Charles Perry*

Abstract: Analysis and display of forest composition, structure, and pattern provides
information for a variety of assessments and management decision support. The objective
of this study was to produce geospatial datasets and maps of conterminous United States
forest land ownership, forest site productivity, timberland, and reserved forest land.
Satellite image-based maps of forest land cover, geospatial datasets of land protection
and ownership, and data from the U.S. Department of Agriculture Forest Service’s
Forest Inventory and Analysis (FIA) program were integrated to produce forest land
maps. Forest land cover was derived from the U.S. Forest Service Forest Types Map;
land ownership and protection is derived from the Conservation Biology Institute’s
Protected Areas Database, and forest attributes are derived from FIA, summarized by a
hexagon sampling array from the Environmental Protection Agency Environmental
Monitoring and Assessment Program. This approach provides a technique for efficiently
producing forest resource maps over large geographic extents.

Key words: Forest, inventory, FIA, mapping, CONUS

Introduction

The U.S. Department of Agriculture Forest Service’s Forest Inventory and
Analysis (FIA) program produces estimates of United States forest land
composition and structure across all classes of land ownership. These estimates
provide information about the amount, condition, health, and change in forest
resources. As a sample-based inventory, FIA reports estimates for defined
estimation units, typically states and counties.
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Spatial analysis and map display of forest information provides support for a
variety of assessments and management decisions of natural resources. Displaying
FIA attributes spatially across typical estimation units is a straightforward
procedure, however, many natural resource practitioners desire maps with more
spatial specificity and better integration with supporting geospatial datasets than
are available from traditional FIA estimates.

This paper describes one approach to combine data from FIA, satellite remote
sensing, and other geospatial products for mapping forest attributes across the
conterminous United States (CONUS). We produced geospatial datasets and maps
of CONUS forest land ownership, forest site productivity, timberland, and
reserved forest land by integrating satellite image-based maps of forest land
cover, geospatial datasets of land protection and ownership, and FIA data.
Previous mapping efforts (Stein et al. 2006, Nelson and Liknes 2007, Nelson and
Vissage 2007) provide the basis for this approach.

Data
FIA data

FIA conducts inventories across land of all ownership categories, using a
nationally consistent plot with four fixed-radius subplots, and a systematic
national sampling design based on a hexagonal grid. At least one FIA plot is
established within each hexagon, representing approximately 6,000 acres each.

Forest land is defined by FIA as “land that is at least 10 percent stocked by
forest trees of any size, or land formerly having such tree cover, and not currently
developed for a nonforest use.” (Bechtold and Patterson 2005, glossary).
Additional requirements include minimum forest patch size (1 acre) and minimum
forest patch width (120 ft).

Three subcategories of FIA forest land include reserved forest land,
timberland, and other forest land. Reserved forest land is defined as “land
permanently reserved from wood products utilization through statute or
administrative designation.” Timberland is defined as “forest land that is capable
of producing in excess of 20 cubic feet/acre/year of wood at culmination of mean
annual increment (MAI)”, excluding reserved forest lands. Other forest land
comprises the remainder of forest land, being neither timberland nor reserved
forest land (Bechtold and Patterson 2005, glossary).

FIA plot data from each state are aggregated to form a nationwide database
U.S. Forest Service 2008) for producing forest resource assessments of the United
States as mandated by the Forest and Rangeland Renewable Resources Planning
Act of 1974 (RPA), P.L. 93-378, 99 Stat. 4765.

RPA 2007 data (Smith et al., in press) on forest site productivity are assigned
to one of seven categories, based on the culmination of mean annual increment of
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fully stocked natural stands, recorded in units of cubic feet/acre/year. Plots were
assigned the approximate midpoints of their productivity class, with one
exception (Table 1).

Table 1: Forest site productivity.

SITECLCD Class range Midpoint
(cubic feet/acrel/year)

1 225+ 225

2 165-224 195

3 120-164 142

4 85-119 102

5 50-84 68

6 20-49 35

7 0-19 10

RPA 2007 data on forest land ownership differentiates public vs. private,
corporate vs. noncorporate, and various other ownership classes. Corporate
owners include “forest industry and forest management companies, timber
investment management organizations, and other companies that may or may not
have forest management as a primary ownership objective” (Smith et al., in
press).

EMAP hexagons

A hexagon sampling array from the Environmental Protection Agency’s
Environmental Monitoring and Assessment Program (EMAP) was used for
summarizing RPA plot data (White et al. 2005). The original EMAP grid of
hexagons provide a CONUS sampling grid with each hexagon measuring
approximately 648 square kilometers (160,000 acres) in area (U.S. Environmental
Protection Agency 2002). Unlike states and counties, EMAP hexagons are equal-
sized estimation units, and therefore are likely to contain similar numbers of plots.
A number of natural resource monitoring activities are based on the EMAP
sampling array and EMAP hexagon IDs have been assigned to each plot in the
FIA database. Because the vast majority of EMAP hexagons in CONUS contain
multiple RPA plots, per-hexagon estimates of forest attributes can be produced for
each hexagon. These hexagons allow information to be analyzed and mapped at a
finer spatial resolution than is available from typical FIA estimation units. RPA
mean forest site productivity and percent corporate ownership of private forest
land was calculated within each EMAP hexagon.

Land cover

We employed a raster geospatial dataset of 2001 CONUS and Alaska forest
types for portraying forest and nonforest classes. This map of forest types was
produced by the U.S. Forest Service at 250 m pixel resolution from Moderate-
resolution Imaging Spectroradiometer satellite image data, ancillary geospatial
data, and FIA plot data (Ruefenacht et al. 2008).
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Land ownership

Land ownership data was derived from the Conservation Biology Institute’s
Protected Areas Database (PAD), version 4.6 (DellaSala et al. 2001), with
revisions by FIA. To match FIA definitions, PAD polygons having International
Union for Conservation of Nature (IUCN) protection classes I through V were
defined as ‘reserved’ land, and areas not labeled as public were assumed to be in
private ownership.

Mapping

A geographic information system (GIS) was used to prepare and manage
geospatial datasets in Albers Conic Equal Area projection with standard U.S.
Geologic Survey (USGS) parameters, North American Datum of 1983, and
converted to raster format with 250 m pixel resolution. Figure 1 illustrates the
spatial pattern of attributes from the four categories of data described above. For
all maps, geographic base data are from the USDA National Agricultural
Statistics Service
(http://www.nass.usda.gov/census/census02/atlas02/CoGenAll_D02>) and the
National Atlas of the United States
(http://www .nationalatlas.gov/maplayers.html).

Figure 1: Geospatial datasets used for mapping forest attributes in CONUS, from left to right:
approximate locations of forested FIA plots (U.S. Forest Service 2008), EMAP hexagon sampling
array (U.S. Environmental Protection Agency 2002), forest land cover (Ruefenacht et al. 2008), and
delineation of protected areas and land ownership (DellaSala et al. 2001).

Forest land ownership
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Land ownership was mapped for all pixels labeled forest in the forest type
map. Forest pixels were labeled as public or private ownership based on PAD.
The percentage of private forest land in corporate ownership (FIA data) within
each EMAP hexagon was assigned to each private forest pixel (Fig. 2).

Forest ownership

B Fubiic

Percent private corporate

76 - 100
51-75

26 - 50
25 or less

D No data

500 miles (‘.‘
Albers Equal-Aréa Conic Projection 1 -

Figure 2: Public, private, and corporate forest land ownership in CONUS.

Forest site productivity

A map of net forest site productivity was produced by classifying mean site
productivity within each hexagon into standard RPA classes, and assigning this
class to all forest pixels (Fig. 3).

Forest site productivity
Cubic feet/acre/year

165+
120 - 164
B 85- 119
50 -84
20-49
L 0-19
500 miles : I:l Forest with no data

Albers Equak-Area Conie Projection

Figure 3: Net primary forest site productivity in CONUS.

Timberland, reserved forest land, and other forest land
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Three subcategories of forest land were mapped: reserved forest land,
timberland, and other forest land. Forest pixels in IUCN protection categories I
through V were classified as reserved forest land. These lands are managed
primarily for science, protection, conservation, or recreation. Nonreserved forest
pixels were combined with the preceding forest site productivity map to identify
pixels meeting the minimum timberland productivity threshold. All remaining
forest pixels, i.e., not timberland and not reserved, were classified as other forest
land (Fig. 4).

Forest land use

Timberland
Reserved forest
Other forest land
Mo data

500 miles N
Albers Equak-Area Conie Projection 1

Figure 4: Timberland, reserved forest land, and other forest land in CONUS.

The maps depicted in Figures 3 and 4 were combined to further differentiate
timberland into three general productivity classes (Fig. 5), selected to portray
geographic variability:

e Low productivity — 20 to 50 cubic feet/acre/year,

e Medium productivity —50 to 85 cubic feet/acre/year,

e High productivity — 85+ cubic feet/acre /year

. This map (Fig. 5) reveals that timberland comprises most forest land in the East,
with highest productivity occurring in the Pacific Northwest and in the South.
Reserved forest land is most prevalent in the West where large national parks and
wilderness areas are most common, but also is present in the East. Low
productivity timberland and other forest land are most noticeable in the arid
Southwest.
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Albers Equal-Area Conic Projection K \
—— :

500 km i

Forest land

- Timberland - high productivity
- Timberland - medium productivity
]:] Timberland - low productivity
- Reserved forest land

I:] Other forest land

]:] No data or non-US

Figure 5: Reserved forest land, other forest land, and forest site productivity on timberland in
CONUS.

Summary

We presented an approach for integrating satellite image-based maps of forest
land cover, geospatial datasets of land protection and ownership, and forest
inventory statistics to produce geospatial datasets and maps of CONUS forest
land ownership, forest site productivity, timberland, and reserved forest land. This
approach has been employed to produce and publish maps for the ESRI Mapbook,
ESRI “Mapping Forestry” book, U.S. Forest Service’s “Forests On The Edge”
(FOTE) reports, RPA 2007 report, and other products.

20.
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An Assessment of the Relationship Between
Emerald Ash Borer Presence and Landscape
Pattern

Susan J. Crocker and Dacia M. Meneguzzo'

ABSTRACT: Six years after its 2002 detection near Detroit, MI, the emerald ash borer
(EAB) (Agrilus planipennis Fairmaire) has spread hundreds of miles across the Upper
Midwest and Mid-Atlantic regions of the United States. Human-assisted transportation of
infested ash materials is the primary mechanism of EAB dispersal over long distances.
Natural spread occurs locally and is influenced by factors, such as host availability,
meteorological conditions, and landscape configuration. This study looks at the effects of
ash density and landscape pattern on current EAB distribution. Forest Inventory and
Analysis (FIA) data were used to calculate plot-level landscape metrics (total edge
length, edge density, and forest proportion) in Ohio, Indiana, Illinois, and Wisconsin.
Initial results indicate that while EAB is primarily found in areas with a low proportion
of forest land, it is also found in areas with a relatively high concentration of ash.
Counties containing EAB infestations were also found to have high relative edge
densities.

Keywords: Emerald ash borer, landscape metrics, forest inventory.

Introduction

The emerald ash borer (EAB) (4Agrilus planipennis Fairmaire, Coleoptera:
Buprestidae) is a wood-boring beetle that is believed to have been introduced to
the United States from Asia during the early 1990s (McCullough and Katovich
2004, Siegert et al. 2008). Undetected until 2002, EAB was initially found near
Detroit, MI, and in adjacent Windsor, Ontario, Canada. Since that time, EAB has
killed tens of millions of ash trees (Fraxinus spp.) across the Upper Midwest and
along the East Coast, causing it to become one of the leading threats to the
nation’s forest resource (de Groot et al. 2008). EAB is currently (as of October
2008) found in 10 U.S. states (Michigan, Ohio, Indiana, Maryland, Illinois,
Pennsylvania, West Virginia, Virginia, Missouri, and Wisconsin) and two
Canadian provinces (Ontario and Québec) (USDA APHIS 2008).

Natural spread of EAB has been facilitated by human transportation of
infested ash materials, such as movement of firewood and nursery stock. This
form of artificial spread has been the source of many localized, outlier infestations
(Cappaert et al. 2005). Once an outlier infestation has been established, the
gradual, natural spread of EAB becomes paramount. Natural dispersal is
influenced by many factors, including host availability, meteorological
conditions, insect flight ability, and the configuration of the landscape (Cappaert
et al. 2005). Additional research on natural spread from outlier infestations is

In: McWilliams, Will; Moisen, Gretchen; Czaplewski, Ray, comps. 2009. 2008 Forest Inventory and Analysis (FIA)
Symposium; October 21-23, 2008: Park City, UT. Proc. RMRS-P-56CD. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 1 CD.
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needed to help identify specific conditions which influence the direction and rate
of natural dispersal of EAB. This information will enhance detection methods and
aid in making management decisions.

Alterations in landscape pattern affect the quantity and suitability of the
habitat that is available to organisms. Human activities, such as urban sprawl,
land-use conversion, and commercial and residential development are the leading
cause of landscape change. The most important outcome of changing landscape
pattern is that it often leads to increases in forest fragmentation, i.e., the break up
of large, contiguous forest parcels into small, isolated patches (Forman 1995).

The purpose of this study is to investigate the effects of ash density and
landscape pattern on current EAB distribution. Results will provide insight on
specific landscape conditions that may influence dispersal, or increase habitat
suitability and thereby increase the risk of EAB invasion.

Methods

Study Area

Data from Ohio, Indiana, Illinois, and Wisconsin were examined in this study.
EAB has been positively identified in each of the four states within the study area;
however, infestations have not been found in every county. The study area was
chosen to reflect the variation in the length of time that a known EAB infestation
has been present within a state. Ohio (2003) and Indiana (2004) represented long
infestation periods, while Illinois (2006) and Wisconsin (2008) represented short
infestation periods. Michigan was not included in the study as the Lower
Peninsula is considered generally infested.

Mapping Current EAB Distribution

Using quarantine and available EAB-positive location data (Ohio Dept. of Ag.
2008, Indiana Dept. of Nat. Res. 2008, Illinois Dept. of Ag. 2008, Wisconsin
Dept. of Nat. Res. 2008), a map of the current distribution of EAB (i.e., EAB
presence/absence) and state quarantine boundaries was constructed using ArcMap
9.2 (Fig. 1).

21.
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Figure 1: EAB presence and state quarantine boundaries in Ohio, Indiana, lllinois, and Wisconsin

Estimating Ash Density

Basal area was used as a measurement of ash density. Estimates of ash basal
area (as a percentage of total live tree species basal area) were calculated using
FIA plot data for all counties in the study area.

Landscape Metrics

Forest fragmentation that occurs as the result of natural disturbance events has
a greater impact on the landscape than fragmentation that results from human
activities, such as urban development. Human-caused fragmentation occurs more
often, is less random, and has long-lasting effects that occur over a larger area
(Haynes 2003). The process of fragmentation greatly alters the shape and pattern
of continuous forest, leaving behind a collection of patches that vary in size and
shape and that contain an increased amount of edge habitat. This increase in edge
habitat has many negative effects on the remaining vegetation, including
increased susceptibility to pest outbreaks. Therefore, it is important that the
resulting landscape pattern be quantified for management and monitoring

21.
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purposes. Landscape pattern can be quantified using landscape metrics, i.e.,
“measurements designed to quantify and capture aspects of landscape pattern and
include such measures as fragmentation indices” (Griffith et al. 2000). FIA plot
data were used to calculate several landscape metrics in order to describe the
landscape pattern within the study area. Calculated metrics included forest
proportion, total edge length, and edge density. Total edge length was required to
calculate edge density; however, measurements of total edge length are not
reported.

Forest Proportion: Forest proportion represents the percentage of forest land
area relative to the total land area, including noncensus water. These estimates
were obtained by applying two algorithms that expanded plot condition level data
(i.e., accessible forest, nonforest, and noncensus water) from the FIA database to
county-level estimates for each state. The first algorithm was used to calculate
area (acres) of accessible forest land, while the second was used to calculate the
total area of all land and noncensus water. Forest land area was then divided by
total land area to find the proportion (%) of forest land in each county.

Total Edge Length: The requirement to map different condition classes on
FIA subplots allows the boundary, or edge length, between the conditions to be
obtained. However, for this study, edge length was only obtained between forest
and nonforest condition classes. Edge length may be measured as a straight line or
as two lines that meet at a corner. When two different conditions are encountered
on a subplot and the edge is a straight line, the right and left azimuths are
recorded from subplot center, where the differing conditions intersect the subplot
circumference. Given that the radius of the subplot is fixed at 24 feet, edge length
has a maximum length of 48 feet. If the edge between the two conditions is not a
straight line and contains a corner, a corner azimuth and a corner distance (from
subplot center) are also recorded. When this occurs, the total edge length may be
longer than 48 feet. Using azimuth, radius, and/or corner distance information, the
total edge length for both types of edges was calculated using the law of cosines:

a’ =b>+c* —2bc*cos A

where a is the edge length, and b and c are the length of the radii, or when a
corner is present, the length of the segments from the corner to the subplot
circumference. Angle A represents the corner angle, opposite the straight-line
edge, at subplot center. If a corner was present, two angles were recorded and the
law of cosines was used to find two edge lengths, which were then summed to
find the total edge length. After edge lengths were obtained for each subplot, they
were summed to find the plot-level edge length total (only if there was more than
one subplot containing a forest/non-forest edge), which was then multiplied by the
plot expansion factor. Finally, these expanded plot estimates were summed to find
the total edge length for each county and state (as a whole) in the study area.
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Edge Density: To make edge length estimates comparable across different
levels of forestation, total edge length was converted to edge density equivalent to
miles of edge per square mile of forest land. This was calculated by converting
forest land area estimates from the FIA database from acres to square miles. The
total edge length, in miles, was then divided by the forest land area, in square
miles, to obtain edge density in miles per square mile. Similar to total edge length,
edge density was calculated at the county and state level. Measures of relative
edge density were then calculated for each county as the ratio of its estimate to the
state-level estimate; this was done to determine how levels of edge density in each
county compared to edge density in the state overall.

Results

Forest Proportion and Ash Basal Area

As of October 2008, EAB has been positively identified in 67 counties, or 18
percent of the study area (Fig. 1). EAB was predominantly found in counties
where the land area was less than 25 percent forested (Fig. 2). While EAB-
positive counties generally had a low percentage of forest, many of these counties
also had a significant ash component (Fig. 2, Fig. 3). In these counties, the
percentage of ash basal area ranged from zero to 60 percent of the total basal area
of all live tree species (or the total live-tree basal area) (Fig. 3). On average, ash
made up 13 percent of total live-tree basal area in counties containing EAB.
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Figure 2: Forest proportion by county in Ohio, Indiana, lllinois, and Wisconsin
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Figure 3: Ash basal area, as a percentage of total live tree species basal area, by county in Ohio,
Indiana, lllinois, and Wisconsin
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Edge Density

Counties with high proportions of forest land (Fig. 2) generally had low
relative edge densities (Fig. 4). Not surprisingly, edge density was higher in
counties containing EAB than in counties where EAB was absent (Fig. 5). Sixty-
nine percent of EAB-positive counties had relative edge densities of 1.1 or
greater. Conversely, 43 percent of counties where EAB has not been found had
relative edge densities of 1.0 or less.

4

00-05
05-1.0
1.1-15

more than 1.5
/77| no data

I:I Quarantine county

Figure 4: Relative edge density by county in Ohio, Indiana, lllinois, and Wisconsin (counties that
did not contain accessible forest land and/or a forest/nonforest edge appear as ‘no data’)
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Figure 5: Relative edge density inside and outside of quarantine boundaries in Ohio, Indiana,
lllinois, and Wisconsin

Discussion

In this study, we explored the relationship between EAB distribution, relative
host abundance, and landscape pattern. We calculated county-level landscape
metrics and compared them based on EAB presence or absence. Presence of EAB
within a county was generally associated with low forest proportion, a high
percentage of ash basal area, and high relative edge density. This is indicative of
available habitats that consist of smaller parcels of fragmented forest that contain
large amounts of ash.

Because EAB is found predominantly in areas with a relatively high
percentage of ash, there is greater potential for damage and mortality of ash trees.
A higher density of ash and therefore, more available phloem area increases EAB
reproductive capacity. As a result of these factors, insect populations are more
capable of rapid build up; therefore, smaller parcels of habitat may be quickly
exhausted and spread of EAB may occur at a higher rate.

Initial results indicate a relationship between EAB presence and landscape
pattern. Future work will involve the use of additional metrics, such as those
derived from land cover imagery, to further characterize the landscape. These
metrics will include road density, mean patch size, inter-patch distance, and
connectivity. Furthermore, surrounding land uses will be examined in relation to
EAB-positive locations and host abundance as a means of investigating the
potential effects of changing landscape pattern on EAB dispersal.

21.
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Mountain Pine Beetle Infestations and
Sudden Aspen Decline in Colorado: Can the
Forest Inventory and Analysis Annual
Inventory System Address the Issues?

Michael T. Thompson*

Abstract.: There are two events occurring in Colorado that are concerning forest
managers in Colorado. There is severe and widespread mortality of lodgepole pine due to
the mountain pine beetle and aspen forests in some areas of the state have experienced
widespread, severe, and rapid crown deterioration leading to mortality. Implementation of
the Forest Inventory and Analysis annual inventory coincided with the two mortality
events, providing an opportunity to test the utility of the annual inventory system.
Preliminary analysis suggests that annual inventory data can quantify status and trends.

Keywords: forest inventory, FIA, conifer, mortality, bark beetles

In the mid-1990’s, the U.S. Department of Agriculture (USDA) Forest Service
Forest Inventory and Analysis (FIA) program began a transition from periodic to
annual inventories (Gillisepie 1999). Under the periodic system, the entire sample
grid of plots was measured in a given State over a period of 1 to several years.
Subsequent periodic inventories occurred anywhere from 5 to 20 years. Users of
FIA data and reports became concerned about the time lag between periodic
inventories and suggested ways be explored to produce more timely information.
In response, the FIA program began implementation of an annual inventory
system that would provide inventory estimates on a yearly basis (Gillisepie 1999).
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The same systematic sample grid that was used for periodic inventories was
also used for the annual inventory grid. The difference in an annual inventory is
that each plot in a state is assigned to one 6000-acre hexagon. These hexagons are
then systematically formed into groups that are referred to as panels. Panels are
selected for measurement on an annual rotating basis, and measurement of all
accessible plots in one panel is completed before measurement of plots in a
subsequent panel is initiated (Reams and Van Deusen 1999). Therefore,
theoretically, annual panels of data are free from geographic bias. In the western
United States, one panel represents approximately one-tenth of all plots in a State
with the objective being that all plots will be measured in ten years. The
advantage of the annual inventory system is that data are available every year
which provides researchers with more timely data across the landscape. This
system results in data being collected and compiled every year, which allows for
more flexible analysis options and provides opportunities to monitor forest change
in ways that were not possible using periodic inventory data.

The Interior West FIA (IW-FIA) program operates in Arizona, Colorado,
Idaho, Montana, Nevada, New Mexico, Utah, and Wyoming. The annual
inventory system was implemented in Utah in 2000 and in most of the other IW-
FIA states since then. The annual inventory began in Colorado in 2002, and as of
2007, six panels have been completed in the State. About the same time that
annual inventories were implemented in the Interior West, forest managers began
noticing significant increases in the incidence of insects and disease for certain
tree species. Some of these incidents were attributed to drought that began in the
late 1990°s. Others are attributed to stand conditions, stand dynamics, and unusual
weather patterns.

Two events, in particular, are considered significant issues in Colorado. There
is severe and widespread mortality of lodgepole pine (Pinus contorta) due to
mountain pine beetle (Dendroctonus ponderosae). The current mountain pine
beetle epidemic is currently considered to be catastrophic and unprecedented.
Aspen forests in some areas of Colorado and other regions have experienced
widespread, severe, and rapid crown deterioration leading to mortality. This
phenomenon is now being referred to as Sudden Aspen Decline (SAD). These
two events can be considered an opportunistic test of the ability of the FIA annual
inventory system for quantifying rapid change over a State. Analysis of the event
may test some assumptions that have been made about the FIA annual inventory
system.

This article describes mortality of lodgepole pine and aspen from the FIA
annual inventory in Colorado, preliminary analysis of the results, and how the
design of the annual inventory may influence the final analysis.
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The FIA Annual Inventory Design

There are more analysis options for monitoring forest change under the annual
inventory system than the periodic inventory system. One option is to simply
compile the data as if it were a periodic inventory, ignoring the fact that some
panels are several years older when compared to previous periodic inventories.
This may be referred to as the traditional periodic option (Reams and Van Deusan
1999). Another analysis option considers the fact that the annual inventory is an
interpenetrating design. This may be referred to as the independent panel option.
Under this approach, each annual panel is analyzed independently and estimates
are produced on a yearly basis. The independent panel option is a design where
the n units (FIA sample plots) are divided into k£ = 10 panels, each panel
containing m = n/k units. Panel 1 plots are measured in year 1, panel 2 in year 2,
etc., such that all plots have been visited by the end of year 10. The panel cycle is
repeated into perpetuity (Reams and Van Deusan 1999).

When FIA began implementation of annual inventories in the mid 1990’s,
questions immediately arose regarding the inventory design. The most
fundamental question was, are there enough plots in one annual panel to detect the
progression of events such as tree mortality due to natural disturbance? A
systematic grid of plots serves as the base for annual inventories where one field
plot represents approximately 6000 acres. Therefore, under the annual inventory
in the Interior West, one plot in an annual panel represents about 60,000 acres
(1/10™ of the periodic grid). Table 1 illustrates the number of plots that sample
forest land in Colorado by measurement year and panel number. An average of
about 394 plots is scheduled to be visited in any given year in Colorado.

Since each panel represents about 1/10™ of all plots in Colorado, the smaller
number of plots results in a higher variance around the individual panel estimate.
Mortality estimates, in particular, are subject to high variances since tree mortality
is relatively infrequent. Tree mortality does not always occur on every plot. For
situations like insect and disease outbreaks where mortality may be spatially
spotty, the signature of the event may not be adequately captured with a limited
sample size. Caution must also be exercised when screening data for single panels
by certain attributes such as forest type or analyzing data for very small domains
since the small number of plots may result in an unacceptably high variance.
Therefore, there is a tradeoff between variance and temporal currency. Does
having current inventory estimates with a high level of statistical variance
outweigh having more dated data with lower variance?
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Estimating Tree Mortality

The IWFIA program defines a mortality tree as one determined to have died
within 5 years of the plot measurement date (USDA 2007). Therefore, field crews
make a distinction between trees that have recently died and long-standing dead
trees on all plots that sample forest land. For this analysis, population estimates of
the number of all formerly live lodgepole pine and aspen trees with a minimum
diameter at breast height of 5.0 inches that qualify as mortality on forest land are
used for comparisons. All trees that qualify as mortality on FIA plots are assigned
a cause of death code that estimates the primary agent that caused the tree’s death.
Only lodgepole pines that were assigned a cause of death of insects were used in
mortality estimates. All aspen trees, regardless of cause of death, were used in
mortality estimates. The annual number of mortality trees is the number of
mortality trees expanded to a population level averaged over a 5-year period and
reported as an average annual number. For example, the mortality tree estimate
for the year 2002 represents the average number of trees that died each year
during the period 1998-2002. This period is termed mortality period in this paper
(Table 1). The reason behind this mortality estimation procedure in Colorado,
along with several other IW regions, is the inventory data was limited to initial
plot measurements. Complete remeasurement data for the State, where the status
of the plot and all trees on the plot are known at two points in time, will not be
available in Colorado until all ten panels of data are completed and
remeasurement begins in the eleventh year.

Table 1: Number of Inventory Plots That Sampled Forest Land in Colorado by
Mortality Period, Measurement Year, and Panel Number.

Measurement Year Mortality Period = Panel Number Number of Plots

2002 1997-2002 1 362
2003 1998-2003 2 387
2004 1999-2004 3 409
2005 2000-2005 4 407
2006 2001-2006 5 391
2007 2002-2007 6 411
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The Mountain Pine Beetle Epidemic

The USDA Forest Service Region 2 Forest Health Management Group began
statewide aerial surveys of mountain pine beetle infestations in 1996. This
monitoring effort has recorded significant increases in the area of lodgepole pine
forests affected by the mountain pine beetle since 1996 and as of 2007, the
epidemic is believed to be catastrophic and unprecedented. Mountain pine beetle
outbreaks are occurring at greater intensity and at locations where they have not
previously occurred (Logan and Powell 2001, Caroll et al. 2004). These
epidemics are not unique to Colorado—much of western North American and
Canadian lodgepole pine forests are also suffering from mountain pine beetle
infestations.

The mountain pine beetle is a native insect to western pine forests in North
America and innocuous populations are almost always present in forests.
Transition to epidemic populations is a function of the beetle’s capacity to locate,
colonize and reproduce within suitable host trees in a weather pattern conducive
to overwintering survival, emergence, and dispersal (Caroll et al. 2004). The
current epidemic in Colorado is of major concern because lodgepole pine, the
primary host of the insect in the state, is an important tree for timber production,
recreation, and wildlife.

Sudden Aspen Decline

Rapid mortality of trembling aspen has been reported from multiple locales in
southwestern Colorado by varied observers since 2004 (Worrel et. al. 2008). The
suddenness of the phenomenon is in striking contrast to the stand-level mortality
processes typically observed in aspen stands. Adding to the concern, there appears
to be a lack of regeneration occurring in stands were the overstory mortality is
unusually high.

Evidence to date suggests that it is a decline disease incited by acute, warm
drought. Predisposing factors include low elevation, south and southwest aspects,
droughty soils, open stands, and physiological maturity. Contributing factors,
which kill the stressed trees, include Cytospora canker, two bark beetle species,
poplar borer, and bronze poplar borer.

What is happening to aspen in Colorado? Unlike mountain pine beetle
infestations, an event that has been extensively researched, there is no recorded
precedent for this phenomenon and the aspen mortality appears to be function of
several agents. Aspen forests are dynamic and have always changed in response
to climate, frequency and intensity of disturbance, and natural succession. There
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is no conclusive evidence to date that indicates that this event will continue into
the future nor what the eventual impact on the aspen resource will be.

What the Data Show

Annual inventory data indicate an upward progression of lodgepole pine
mortality caused by bark beetles in Colorado. The average annual number of
lodgepole pine trees killed by insects in the 2002-2007 mortality period is over 10
times that recorded in the 1997-2002 mortality period (Figure 1). The annual
average of lodgepole pine mortality indicated an increase with each successive
mortality period over the six years of measurement with the largest increase
occurring after the 2000-2005 mortality period. Average annual mortality rates of
beetle-killed lodgepole pine progressed upward from .22 percent during the 1997-
2002 mortality period to 2.6 percent in the 2002-2007 mortality period.
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Figure 1: Average annual number of lodgepole pine trees killed by insects by mortality period in
Colorado. Error bars represent 95% confidence interval.

Statistical analysis of the mortality data was performed in two steps. First, an
analysis of variance was done to detect mortality period effect using the ANOVA
procedure version 8.02, of the SAS system for Windows Version 5.0.2195 (SAS,
2001). The difference in the mean number of lodgepole pine mortality trees per
acre among mortality periods panels was significant (P=0.0130). Second, all
combinations of mortality periods were tested against each other using the
Bonferroni correction factor for multiple tests. Comparisons among panels
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identified two combinations of mortality periods significant at the 0.05 level;
1997-2002 compared to 2002-2007, and 1998-2003 compared to 2002-2007.

Trends in number of aspen mortality trees do not indicate the same distinctive
upward trend as lodgepole pine beetle-killed mortality over the same period in
Colorado (Figure 2). The highest level of aspen mortality occurred in the 2002-
2007 period where the average annual number of trees was nearly 15 million
trees. A test for mortality period effect indicated no significant difference
(P=0.5387).
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Figure 2: Average annual number of aspen trees classified as mortality by mortality period in
Colorado. Error bars represent 95% confidence interval.

Discussion

The current high rate of lodgepole pine mortality due to the mountain pine
beetle event has forest managers very concerned about the future of this species in
Colorado. There is concern that the high rate of mortality will continue and could
possibly deplete the supply of large-diameter trees in as little as five years. Trends
revealed by annual data of other forest estimates agree with the progression of
lodgepole pine mortality. For example, examination of the percentage of live
lodgepole pine trees damaged by bark beetles by individual year indicates similar
trends (Figure 3). Bark beetle damage rates jumped from 4 percent in 2005 to
over 12 percent in 2006 and continued upward to 15 percent in 2007. If the 2007
mortality and damage rates continue to increase, assuming that most of the
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damaged trees will die in the near future, the impact of the remaining living
lodgepole pines in Colorado could be dramatic.
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Measurement year
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Figure 3: Percentage of live lodgepole pines damaged by bark beetles by measurement year in
Colorado.

Unlike lodgepole pine, trends in aspen mortality over the annual inventory
period do not indicate an immediate serious threat to the statewide inventory of
aspen. There are several reasons why SAD is not reflected in Colorado’s annual
inventory. First, the rapid mortality associated with this phenomenon is relatively
recent—it was first observed by researchers in 2004 (Worrel et. al. 2008). Second,
it may be more of a localized event that will impact aspen in domains too small to
be adequately captured in a broad-scale inventory. Third, the diverse factors
associated with the decline make it difficult to assess cause of death and
damaging agents that are specific to SAD. Fourth, aspen stand dynamics are
complex. It is a relatively short lived species susceptible to a host of pathological
organisms. Aspen is also a clonal tree species showing a variety of characteristics
between individual clones.

Is there additional data from the annual inventory that might shed light on
aspen decline? Figure 4 illustrates the percentage of live aspen trees that had
evidence of damage. Disease was identified as predominate damaging agent of
this species in Colorado and the highest disease damage rate of nearly 11 percent
was recorded in 2007. As the annual inventory progresses in Colorado, and more
temporal data is collected, the eventual impact that Sudden Aspen Decline may
have on the aspen resource can be assessed with more confidence.



USDA Forest Service Proceedings — RMRS-P-56

12.00%

O Disease —

10.00%
M Other causes

8.00% -

6.00% -

Damage rate

4.00% -

2.00% -

0.00% -

2002 2003 2004 2005 2006 2007
Measurement year

Figure 4: Percentage of live aspen trees that have evidence of damage by cause and
measurement year in Colorado.
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Harmonizing Estimates of Forest Land Area
from National-Level Forest Inventory and
Satellite Imagery

Bonnie Ruefenacht!, Mark D. Nelson?, Mark Finco!,
Ken Brewer!

Abstract: Estimates of forest land area are derived both from national-level forest
inventories and satellite image-based map products. These estimates can differ substan-
tially within subregional extents (e.g., states or provinces) primarily due to differences
in definitions of forest land between inventory- and image-based approaches. We pres-
ent a geospatial modeling approach for redefining satellite image-based pixels to meet
inventory definitions. We compare resulting estimates of forest land area for six test
states — Arizona, Minnesota, Montana, New York, North Carolina, and Oregon — using
image estimates based on Moderate Resolution Imaging Spectroradiometer (MODIS)
and inventory estimates from the U.S. Department of Agriculture Forest Service's Forest
Inventory and Analysis Program (FIA). Our geospatial model utilizes several ancillary
geospatial datasets to simulate conditions required by FIA'S definition of forest land,
including minimum forest patch area and width, minimum tree stocking or canopy cover,
and exclusion of lands not used primarily as forest land.

Keywords: forest, inventory, land use, land cover, dasymetric mapping, FIA

Introduction

Forest Inventory and Analysis

The mission of the USDA Forest Service Forest Inventory and Analysis
Program (FIA) is to inventory the renewable forest and rangeland resources of
the US. To inventory these resources, FIA has established field sample plots
throughout the US at an intensity of approximately one plot per 2,400 ha (6,000
acres) (USDA Forest Inventory and Analysis 2007). FIA uses an annual rotating
panel system whereby between 10 to 20 percent of each state’s plots are sampled
every year. From this plot data, FIA produces annual estimates of forest land
area, reported in the form of tabular data at the county and state level. FIA defines
forest land as land that meets at least one of the two following criteria:

" USDA Forest Service Remote Sensing Applications Center, 2222 West 2300 South, Salt Lake City, UT 84119
2 USDA Forest Service Northern Research Station, 1992 Folwell Avenue, St. Paul, MN 55108

In: McWilliams, Will; Moisen, Gretchen; Czaplewski, Ray, comps. 2009. 2008 Forest Inventory and Analysis (FIA)
Symposium; October 21-23, 2008: Park City, UT. Proc. RMRS-P-56CD. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 1 CD.
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1. The land is at least ten percent stocked by trees of any size or has been at
least ten percent stocked in the past. It is not subject to non-forest use(s)
that prevent normal tree regeneration and succession such as regular
mowing, grazing, or recreation activities. The area stocked by trees is at
least one acre in size and at least 120 feet wide.

2. The land is a western woodland type where stocking cannot be determined,
and has at least five percent crown cover by trees of any size, or has had at
least five percent cover in the past. Additionally, the land is not subject to
non-forest use(s) that prevent normal regeneration and succession such as
regular mowing, grazing, or recreation activities. The area stocked by trees
or with five percent crown cover is at least one acre in size and at least 120
feet wide.

Conversely, non-forest land is defined by FIA as land that does not support,
or has never supported forests, and lands formerly forested where use for timber
management is precluded by development for other uses. Non-forest land includes
areas used for crops, improved pasture, residential areas, city parks, improved
roads of any width and adjoining rights-of-way, power line clearings of any
width, and non-census water. If intermingled in forest areas, unimproved roads
and non-forest clearings must be more than 120 ft wide or more than one acre
in size to qualify as non-forest land. Structures such as houses and cabins are
considered non-forest land regardless of the size of the housing unit.

Although FIA forest land and non-forest land often are referred to in terms of
“land use”, FIA definitions reveal components of both land use and land cover.
Requirements for minimum tree stocking or crown cover, minimum patch size,
and minimum patch width all refer to land cover characteristics. Presence or
absence of specific human activities (e.g., clearing of power line rights-of-way,
or mowing of city parks) refers to land use characteristics. In addition, a temporal
component is inherent within FIA’s definitions: previously forested lands continue
to be defined as forest following removal of tree canopy (e.g., from harvest, fire,
or windstorm) if those lands have not been converted to another use and future
tree regeneration is expected to achieve minimum thresholds of stocking or
crown cover. FIA forest land is further differentiated into three sub-components:
timberland, reserved forest land, and other forest land, which are defined by forest
productivity and protection status.

Satellite Image-Based Land Cover Classification

Satellite imagery incorporates large geographic extents and commonly is
used for mapping land cover. Land cover classifications typically include all
landscape entities such as urban areas, forests, shrublands, grasslands, open
water, etc. Usually these map products are defined in terms of land cover such as
the National Land Cover Database (NLCD) of 2001 (Homer and others 2007).
However, a seminal classification system for remotely sensed data (Anderson

2
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and others 1976) refers to both land use and land cover, as do many current
assessments of “land use/land cover” change and trends.

Nelson and others (2005) explored the efficacy of satellite image-derived maps
for estimating forest land area by comparing estimates obtained from FIA, the
USDA Natural Resources Conservation Service’s (NRCS) National Resources
Inventory (NRI), and four satellite image-derived data sets: 1991 Forest Cover
Types, 1992-93 Land Cover Characteristics, 2001 Vegetation Continuous Fields,
and the 1992 NLCD. The four satellite image-derived land cover maps, differing
in date of image acquisition, classification scheme, and spatial resolution, showed
varying degrees of similarity with inventory estimates of forest land across the
conterminous United States (CONUY).

Forest Land Cover and Land Use

Both FIA and satellite image-based classifications may include components
of land cover and land use but the importance of cover vs. use differs between
these approaches. Therefore, a mapping approach for differentiating forest land
use versus forest land cover would provide a more consistent basis for comparing
classified satellite imagery with FIA estimates of forest land area. This topic
comprises components of a broader research project being conducted by FIA and
the Forest Service Remote Sensing Applications Center to produce a “four-in-
one” geospatial dataset of pixel predictions for percent 1) tree canopy cover, 2)
forest cover, 3) forest use, and 4) subcomponents of FIA forest land.

Nelson and others (2004) addressed the first component — tree canopy cover —
by calibrating satellite image-based per-pixel predictions of percent tree canopy
cover such that resulting estimates of forest land area were comparable to FIA
estimates. Canopy cover is defined as “the proportion of the forest floor covered
by the vertical projection of the tree crowns” and canopy closure is defined as “the
proportion of the sky hemisphere obscured by vegetation when viewed from a
single point” (Jennings and others 1999). Although terms such as crown closure,
crown cover, and canopy closure sometimes are used interchangeably, (e.g.,
Avery and Burkhart 1994), we use the term canopy cover as defined in Jennings
and others (1999). Although per-state estimates of forest land area derived from
tree canopy cover data were strongly and positively correlated with FIA estimates,
the two were not equivalent, due in part to definitional differences in land cover
and land use.

The fourth component — differentiating timberland, reserved forest land, and
other forest land — has been addressed by combining geospatial datasets of forest
inventory attributes, forest land cover, and land ownership and protection (Nelson
and Vissage 2007).

The focus of this study is to address the second and third components of the

3
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“four-in-one” project — forest cover vs. forest use — by using existing geographic
information systems (GIS) / remote sensing data layers to produce a map of
forest land for the conterminous United States (CONUS), corresponding to FIA’s
definition of forest land. The initial map product is designed to have spatial
resolution of 250 m, although the modeling procedure was designed to allow for
production of forest maps having other spatial resolutions. Six states were chosen
to develop and test the methodology: Arizona, Minnesota, Montana, New York,
North Carolina, and Oregon. The subject of this paper is the development of the
forest land use product for these six states.

Methods

An overview of the geospatial modeling process is presented below, and is
diagrammed in the flowchart in figure 1. Following this overview is a more in-
depth description of the methodology for specific land cover components.

FIA forest land is characterized by minimum tree stocking or crown cover,
minimum patch area and width, and absence of non-forest uses. Non-forest land
is defined in terms of agriculture lands, roads, urban areas, water, and small
patch area or width. GIS and remote sensing data layers that characterize non-
forest land cover classes already exist for CONUS. Therefore, forest land can be
characterized and mapped by eliminating everything that is not non-forest land.

A raster tree canopy cover data layer was filtered to serve as a surrogate for
FIA tree stocking/crown cover. Because the tree canopy dataset used in this study
had coarser spatial resolution (250 m) than the other land cover datasets (30 m), a
dasymetric mapping procedure was employed to spatially reallocate tree canopy
cover to only areas with potential tree cover within the 250 m pixels so that
accurate percent tree canopy cover estimates could be made.

The first step involved selection of land cover pixels where trees could
potentially grow; trees cannot grow or are prohibited from growing on several
land cover types (e.g., roads, water, and agricultural lands). GIS and remote
sensing data layers of these land cover classes were combined and labeled as non-
forest; everything else was labeled as potential forest.

Within each canopy cover pixel, non-forest cover pixels were labeled as non-
tree cover; remaining areas were labeled as potential tree cover. The percent tree
canopy cover attributed to the coarser pixel was reallocated to represent a more
spatially explicit distribution of tree canopy cover within each pixel. This “true”
“canopy cover layer was used to eliminate areas of potential forest that did not
meet the minimum threshold. Initial GIS processing was conducted in a vector file
format. This procedure was compared with a raster-based approach, which was
used thereafter.
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Non-Forest Land Use

Agriculture Lands: The database used to delineate agriculture lands was the
2001 NLCD (Homer and others 2007), which categorizes the entire U.S. at a
spatial resolution of 30 m into 29 land cover classes (http://landcover.usgs.gov).
The classes of interest to this project were 81 (pasture/hay), 82 (cultivated crops),
and 31 (barren). Overall classification accuracies reported for 2001 NLCD ranged
from 70 to 98 percent across mapping zones, with a nationwide average accuracy
of 83.9 percent (Homer and others 2007). To create an agriculture/bare land mask,
pixels with codes 31, 81, or 82 were recoded to a value of “1”; everything else
was recoded to value of “0”. The agriculture/bare land mask was converted to a
polygon coverage.

Roads: The roads database, which is a line coverage at a scale of 1:100,000,
was obtained from the Bureau of Transportation Statistics (http://www.bts.gov).
Roads are attributed as indicated in the first two columns of table 1. According to
FIA’s non-forest land definition, unimproved roads that are intermingled in forest
areas and less than 120 feet wide are considered forest land. Four-wheel-drive
(4WD) trails generally are narrow and unimproved, meaning that they are not
typically defined as non-forest. Therefore, these roads, with FCC codes AS - A53,
were deleted from the roads database. Since roads in the database are represented
as centerlines that have no inherent width, the lines were buffered according to the
road widths shown in table 1. These road widths were either derived from federal
road standards or from general accepted standards of road widths.

Table 1: Road Attributes and assigned widths

FCC Road Type Total Road Width
A1-A18 Interstate Highways 86 ft
A2 — A29 State Highways 44 1t
A3 - A38 City Main Thoroughfares 30 ft
A4 — A48 Local Roads 20 ft
A5 —A53 4WD Trails 10 ft
A6G1 Cul-de-Sac 120 ft
AB2 Traffic Circle 120 ft
A60, A63 Access Ramps 26 ft
A64 Service Road 10 ft
A7 —A73 Other 10 ft

Water: The water data layer was extracted from the Wildland-Urban Interface
(WUI) database (http://silvis.forest.wisc.edu/projects/ WUI_Main.asp), which is
based on the U.S. Census Bureau TIGER line files. The scale of the water data
layer is 1:100,000.

23.
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Urban Areas/Structures: The smallest geographic entity for which the U.S.
Census Bureau tabulates decennial data is the census block (http://www.census.
gov). Aggregations of blocks are termed block groups. Blocks and block groups
are irregular in shape and vary in size. Urbanized areas (UA) and urban clusters
(UC) portray aggregations of core blocks or block groups that have a population
density of at least 1,000 people per square mile, and surrounding blocks or block
groups that have an overall density of at least 500 people per square mile. The UA
and UC areas were considered to be non-forest. Census UA/UC data layers
address population centers, but do not include rural areas. In addition, houses
rarely are evenly distributed within census blocks or block groups. Normally,
houses are located close to roads and are not located on steep slopes. Using the
roads database described above, roads were buffered by 300 feet to capture a zone
of proximity in which most housing structures are expected to be located.

A data layer of topographic slope from the USGS Elevation Derivatives for
National Applications (EDNA) (http://edna.usgs.gov/) was used to produce a
slope mask, where a value of “1” indicated areas less than 15 degrees of slope and
a value of “2” indicated areas greater than or equal to 15 degrees of slope.

The slope mask and the road buffer data layers were joined together to predict
locations of housing structures for areas outside the urban areas and urban
clusters. Using a housing density attribute in the WUI database, the number of
houses in each census block was redistributed to a geographic subset of each
block occurring within the zone of road buffers, where slopes were less than 15
degrees. This dasymetric mapping approach was used to recalculate housing
density within non-steep road buffers. Raster cells then were assigned their
corresponding housing density value. If the resulting housing density was less
than one house per ten acres, then the area was considered to be undeveloped.
Otherwise, the area was considered to be developed and defined as non-forest.

The non-forest land use products described above are used in the development
of the potential tree cover data layer discussed in the next section.

Tree Cover

Potential Tree Cover: A data layer representing non-treed lands was created
by combining data layers for agriculture lands, road buffers, and water, described
above. Remaining areas were assumed to have potential for growing trees. The
potential tree cover data layer is used in the development of the potential forest
data layer described in the next section.

Percent Potential Tree Cover: The next step was to calculate the areal extent
of potential tree cover within each 250 m x 250 m cell, using the Moderate
Resolution Imaging Spectroradiometer (MODIS) 250 m Vegetation Continuous
Fields (VCF) percent tree canopy cover dataset. The VCF dataset consists of
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per-pixel predictions of woody vegetation, herbaceous vegetation, and bare
ground, which together sum to a total of 100 percent cover for each pixel. The
VCF data layer of interest to this project is woody vegetation, i.e., tree canopy
cover, which will be referred to simply as VCF for the remainder of this
document.

Using VCF and the PIXELX and PIXELY functions in the ERDAS Imagine
software package, a raster product was created where each pixel had a unique
value based on the spatial location of the cell. This raster product was converted
to a polygon coverage consisting of 250 m x 250 m squares. This polygon
coverage was joined with the potential tree cover data layer making possible the
calculation of area of potential tree cover occurring within each square polygon.
This product was converted to a raster with a spatial resolution of 250 m. The area
values were converted to percentages, thereby creating a percent potential tree
cover data layer.

Area-Weighted Canopy Cover: VCF percent tree canopy cover values
represent per-pixel predictions. However, canopy cover can vary substantially
within each pixel because source MODIS pixels are coarse in spatial resolution
relative to patterns of forest structure. For example, a VCF cell value might be
30% but this does not imply that woody vegetation is evenly distributed, at a
density of 30%, throughout the cell.

To calculate the “true” canopy cover of the cell, the VCF per-pixel prediction
of percent tree canopy cover was divided by the percent potential tree cover. If the
percent potential tree cover was 100% and the VCF value was 30%, the woody
vegetation was assumed to be evenly distributed throughout the cell and the “true’
canopy cover is also 30%. If, however, only 50% of the cell has potential tree
cover and the VCF value was 30%, then the VCF value is reallocated to the half
of the cell with potential tree cover and the area-weighted prediction of canopy
cover for that cell is 60% (i.e., 30/50).

b

Forest Cover Mask: A minimum threshold of tree stocking (or crown cover)
must be present to meet FIA’s definition of forest land. Because no geospatial
dataset of tree stocking was available, the area-weighted canopy cover dataset was
used as a surrogate. To satisfy the stocking requirement, a 25% minimum
threshold of canopy cover was employed. If the area-weighted canopy cover for a
pixel was below the threshold, the pixel was assigned a “0”. Otherwise, the pixel
was assigned a “1”. This forest cover mask dataset was used to remove areas of
non-forest land from the forest land in the next section.
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Forest Land

Potential Forest: Potential forest was modeled by combining the potential
tree cover data layer with the urban areas/structures data layer. Pixels were labeled
as potential forest if they had potential tree cover and were not labeled as
developed.

Minimum Acreage and Width: The next step was to eliminate areas from the
potential forest data layer that were too small or too narrow, according to FIA’s
definition. All forest polygons smaller than one acre were relabeled as non-forest.
Forested areas that were less than 120 feet wide were relabeled as non-forest.
Because of coverage processing limitations, all procedures were performed on
geographic subsets of data that measured 150 km x 150 km in extent.

FIA Forest Land: The resulting data layer produced from the steps above was
joined with the 250 m x 250 m polygon grid created previously making possible
the calculation of area of potential forest land occurring within each square
polygon. This product was converted to a raster with a spatial resolution of 250 m
and the area values were converted to percentages. The forest cover mask
described above was used to remove pixels with less than 25% area-weighted
canopy cover. These steps created a percent forest use or percent forest land data
layer. The percent forest use data layers for Arizona, Minnesota, Montana, New
York, North Carolina, and Oregon are displayed in Figures 2 — 7.

FIA produces tabular county summaries for various forest attributes which are
estimated using sample plot measurements. These estimates are made available to
the public as published reports and via web-based estimation tools such as Forest
Inventory Data Online, EVALIDator, and FIA MapMaker (http://www.fia.fs.fed.
us/tools-data/). FIA forest land area estimates were compiled for the states and
counties for each of the six states included in this study. Corresponding estimates
of sampling errors were used to construct 95 percent confidence intervals
surrounding per-state estimates.
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Figure 2: Percent forest use at 250 m spatial resolution of Arizona.
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Figure 3: Percent forest use at 250 m spatial resolution of Minnesota.
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GIS Processing Effects

A major technical question is: can a geospatial forest map product be produced
using a raster GIS file format, rather than the vector GIS file format employed
in this study? Due to improved processing efficiency, working in a raster
environment would eliminate the need to subset databases and could greatly
reduce computer processing time. However, some vector processes cannot be
replicated in a raster environment, or may produce different results (Wade and
others 2003). For example, the reallocation of WUI housing density to different
size polygons is a vector operation and raster data do not have polygons. Also,
the elimination of areas less than 120 feet wide would be difficult to perform in a
raster environment, unless pixel spatial resolution was small, which would negate
some of the gains in processing efficiency. The end products of this project are at
250 m spatial resolution. The effects of simply eliminating the minimum width
and area processes on the overall forest land area estimates were not investigated
as part of this study.

For comparison, the vector methodology described in this paper was adapted
for a raster environment, with one process altered and another process omitted.
The process altered was the elimination of areas less than 120 feet wide. Instead,
a minimum mapping size criterion was applied, which partially dealt with the
120 foot width requirement. The process omitted was the reallocation of housing
density. All the data layers used in the vector-based approach were converted to
a raster file format with spatial resolution of 30 m. The same basic procedures
described above were followed, using the ERDAS Imagine software package.

Comparisons

Forest Land Area: Estimates of forest land area derived from this study’s
geospatial datasets were compared with FIA’s plot-based estimates. Additional
comparisons were made with estimates of forest land area derived from the 2001
NLCD (Homer and others 2007), the 2001 Forest Types Map (Ruefenacht and
others 2008), and with FIA estimates of timberland — a major sub-component of
FIA forest land.

For each state, countywide FIA estimates of forest land area were compared
with modeled geospatial estimates to produce area weighted root mean square
deviations (RMSD) using methods derived from Héame and others (2001):

RSD, = [T, - 7, 0

where q; is the area of the i county, A is the total area within a state (sum of a;s
for all counties in that state), and p and p_ denote the estimated proportion of
forest land in the i state obtained from the FIA sample plots (r) and modeled
geospatial dataset (s) estimates.

16
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Results

Differences in results derived from the raster and vector products were
insignificant (table 2), but raster processing took only two days per state, as
opposed to seven days for vector processing. These results support those of
Wade and others (2003) who reported faster processing time with raster data, and
ecologically insignificant differences in results. Subsequent results are reported
only for modeling of raster geospatial file formats.

Table 2: Comparison of forest land area estimates (acres) derived using vector and raster GIS file
formats.

Difference

State Raster Vector (I\Q/:z’:i:)— (I:T'ig) (Il?)l:‘IIOSpI.J) (Pi?csea 1)
Arizona 5,076,039 5106296  -30,257 11,209  0.0017 0.17
Minnesota 17,442,442 17,502,500  -60,058 21,082  0.0010 0.10
Montana 19,001,504 19,688,044  -596,540 33,000  0.0009 0.09
New York 18,300,622 16,839,980 1,469,642 33,880  0.0022 0.22
'c\l:gg;ina 17,187,758 16,634,397 553,361 10,791 0.0006 0.06
Oregon 22,731,634 24,130,448 -15398,814 79867  0.0014 0.14

Figure 8 shows the per-state FIA estimates of forest land (FIA forest land)
and timberland (FIA timberland) area compared to estimates derived from raster
geospatial modeling of this study (GIS raster model), 2001 NLCD (NLCDO1),
and 2001 Forest Type Groups (ForTypGrp Map) datasets. Forest land area
estimates from the raster model were substantially lower than FIA forest land area
estimates for three western states (Arizona, Montana, Oregon), but were more
similar for three eastern states (Minnesota, New York, North Carolina). However,
all estimates were outside the lower and upper error bounds of the FIA forest land
area estimate 95 percent confidence intervals. Modeled estimates were lower than
2001 NLCD estimates for all states, and lower than 2001 Forest Types estimates
for all states except Minnesota, where the two were similar. By definition,
timberland comprises a sub-component of FIA forest land area. For all states
except North Carolina, FIA area estimates of timberland were significantly lower
than estimates of forest land.

17
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Figure 8: Estimates (in acres) of forest land area derived from the GIS raster
model, FIA forest land, 2001 Forest Type Groups Map, 2001 NLCD; and FIA
timberland area. Error bars for FIA forest land and FIA timberland show the 95
percent confidence intervals.

Figure 9 shows the RMSD between FIA estimates and raster GIS model-based
estimates of countywide forest land area for each of six states included in this
study. FIA forest land area estimates were in agreement with the forest land area
estimates produced in this study. Arizona shows the largest RMSD, exceeding 3
percent, while Minnesota, New York, and North Carolina all had RMSD values
below 0.5 percent. Montana and Oregon showed RMSD values between those of
Arizona and the three eastern states.

Forest land area estimates (counties):
GIS-raster model vs. FIA
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Figure 9: Area-weighted RMSD between FIA-based and GIS raster model-
based countywide estimates of forest land area.
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Discussion

Figure 8 reveals disappointing results in the raster GIS model-based estimates
of forest land area for all states, with the possible exception of New York. One
processing step in particular — applying a minimum canopy cover threshold of
25% — likely was a major cause of the discrepancy in estimates between FIA
and the raster GIS model. A change in this threshold would greatly influence the
resulting forest land area estimates. Nelson and others (2004) reported that mean
VCF percent canopy cover varies substantially among states. Thus, considerable
improvement in estimates is expected to result from optimizing the tree canopy
cover dataset.

One of the goals of this project was to design an operational modeling
framework where interchangeable pieces could be taken out and replaced with
newer or more current data, or used for other spatial resolutions. Because the
geospatial modeling procedure is now established and documented, it is possible
to rerun the models with alternate data sources, and recalculate forest land area
estimates, with resulting improvement in estimates of forest land area.

One of the major challenges with the methodology was the amount of
time involved in processing geospatial databases in the GIS. For example, the
computer processing time for each state spanned a minimum of seven days, which
did not include analyst time required to obtain and transfer files, manage datasets,
set up processes, etc. To process one state might require a total of two to three
weeks. One of the reasons why the processing takes a considerable amount of
time is due to the necessity of sub-setting the data layers into small subsets. This
made it necessary to keep track of neighboring subsets, which was challenging.
Extra processes needed to be incorporated to handle border issues, which
significantly increased the processing time. Based upon our results, it is strongly
recommended that future processing be performed in a raster environment, with
modeling steps modified accordingly.
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Investigation into Calculating Tree Biomass
and Carbon in the FIADB Using a Biomass
Expansion Factor Approach

Linda S. Heath', Mark H. Hansen?, James E. Smith', W. Brad
Smith®, and Patrick D. Miles®

Abstract: The official U.S. forest carbon inventories (U.S. EPA 2008) have relied on tree
biomass estimates that utilize diameter based prediction equations from Jenkins and
others (2003), coupled with U.S. Forest Service, Forest Inventory and Analysis (FIA)
sample tree measurements and forest area estimates. However, these biomass prediction
equations are not the equations used in the current public national FIA dataset
(FIADB3), which utilizes regionally specific prediction equations, nor are they based on
current FIA volume estimates. We describe and investigate an approach that is proposed
for biomass estimates in the FIADB version 4 (FIADB4), due to be released in April,
2009, and that would produce national-level biomass and carbon estimates consistent
with FIA volume estimates at the tree-level. The approach, called the component ratio
method (CRM), is based on: 1) converting the sound volume of wood in the bole to
biomass using a compiled set of wood specific gravities; 2) calculating the biomass of
bark on the bole using a compiled set of percent bark and bark specific gravities; 3)
calculating the biomass of tops and limbs as a proportion of the bole biomass based on
component proportions from Jenkins and others (2003); 4) calculating the biomass of the
stump based on equations in Raile (1982); and 5) summing the parts to obtain a total
aboveground live biomass. Root biomass is also available as a proportion of the bole
biomass based on component proportions from Jenkins and others (2003). The CRM
approach is based on assumptions that the definition of bole in the volume prediction
equations is equivalent to the bole in Jenkins and others (2003), and that the Jenkins and
others (2003) component ratios accurately apply.

We compare results between estimates calculated using equations in Jenkins and
others (2003), current regional FIA equations, and this approach. The CRM approach is
promising because the estimates are congruent with FIA volumes and compiled specific
gravities. However, because FIA units currently use different volume equations the
resulting estimates are not nationally consistent (that is, biomass of the same diameter
and species tree will differ between regions). Because a number of volume equations are
currently used by FIA, this approach can be complex for those wanting to take their own
tree data and estimate biomass with FIA prediction equations especially when data cross
regional boundaries. In the long-term, a planned and coordinated research study, as
well as an accompanying operational implementation plan, for volume and biomass
estimation methods would greatly add to the credibility of these estimates in the publicly
available national FIA dataset.

Keywords: biomass equation, forest inventory, greenhouse gas inventory, FIA
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Introduction

The U.S. Forest Service, Forest Inventory and Analysis (FIA) program is
receiving an ever-increasing number of requests for forest biomass and carbon
estimates, in addition to the traditional volume estimates that have been central to
the FIA program. Because the carbon content of wood and bark is about 50
percent of dry biomass (Houghton and others 1997), carbon estimates are
obtained by multiplying dry biomass estimates by 0.5, and all discussion of
carbon estimation focuses on the estimation of dry biomass. Previous analysis of
the data in FIA’s national database revealed inconsistencies in the biomass
estimation approaches and resulting estimates in the FIA regions (for example,
see Hansen 2002) suggesting that FIA needs a national approach to biomass
estimation. More importantly, the standard prediction equations used nationally in
conjunction with FIA tree measurement data to produce the official forest
greenhouse gas (GHG) inventories of the United States (U.S. EPA 2008) are the
biomass prediction equations developed by Jenkins and others (2003). Note that
we use the phrase “biomass prediction equation” to indicate the equations are
fitted models; the word “equation” alone implies an equality.

In addition to a relationship between biomass and carbon, it is logical to
assume there should be a relationship between volume and biomass. This
relationship is implicit in the biomass expansion factor (BEF) approach (Brown
and others 1989, Houghton and others 1997, Somogyi and others 2007). The FIA
program for years has developed and maintained a statistically sound, sample
based inventory of forests of the United States, including estimated volumes of
individual sample trees based on tree measurements applied to volume prediction
equations. These prediction equations used by FIA, such as those described in
Hahn and Hansen (1991) and Flewelling and Rayner (1993) have been developed
specifically to obtain the best possible estimates of individual tree volumes on a
regional basis, have received scientific peer review, and are being used
extensively for volume estimation purposes. FIA volume estimation procedures
take into account major species, diameter, and height, or other factors that help
predict a tree’s volume, as well as taking deductions for atypical tree form.
Traditionally, FIA has focused on the estimation and reporting of net volume of
wood in the bole (net means deductions for nonmerchantable portions of the bole
are made); however, in recent years the focus has shifted to the estimation of
sound volume where only deductions for missing and rotten portions of the bole
are made. Tying biomass to sound volume, and then multiplying biomass by a
carbon conversion factor, provides not only consistent volume and biomass
estimates, but also ‘matching’ carbon estimates.

One way for FIA to calculate carbon estimates at this time in the national FIA
databases is to simply adopt the Jenkins and others (2003) equations, arguably the
current standard for carbon estimates in the United States (for example, see Smith
and others 2006, U.S. Dept. of Energy 2006, U.S. EPA 2008). This would make
the FIA database consistent with past national carbon reporting. It would not
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provide direct linkage between biomass and carbon estimates and the volume
estimates.

The objective of this study is to conduct a preliminary analysis of a biomass
expansion factor approach to investigate its potential to be a nationally consistent
biomass computation procedure to calculate dry weight biomass in the publicly
available national-level Forest Inventory & Analysis database, the FIADB (U.S.
Forest Service 2008). Because “biomass expansion factor” is often used
generically and consequently is ambiguous, we use the phrase “component ratio
method” (CRM) to describe our BEF approach. We present the CRM approach in
detail and apply it to a specific example as well as to all data from annualized
surveys in the FIADB.

Background and Current Status

BEF and Forest GHG Inventories

FIA conducts statistically sound forest surveys over large areas (Bechtold and
Patterson 2005). Measurements are taken, and prediction equations applied to
calculate volume or biomass. Biomass may be calculated from measured tree
attributes using biomass prediction equations, or calculated indirectly by
multiplying the volume estimates by biomass factors that expand or convert the
volume estimates to biomass. In the latter case, these factors are called ‘“biomass
expansion factors,” originally applied only to expand stand-level volumes or
volume growth. However, this phrase now has been applied generically at the
tree level and has been used to mean a number of things, including converting
units rather than factors that expand. See Somogyi and others (2007) for an
extensive discussion of various definitions and facets of BEF approaches. A BEF
approach is listed as the preferred method for some of the tiers in the
Intergovernmental Panel on Climate Change guidance for national greenhouse gas
inventories (Penman and others 2003). However, the higher tier methods call for
greater specificity, such as country-level factors and factors specific to species. It
is generally recognized that when individual tree data is available, biomass
estimates based on individual trees are preferred.

A Standard Way to Develop Equations

The standard empirical way of developing credible biomass prediction
equations is to collect data from a sample of trees across the range of sizes, from
species and the area of interest. This approach was taken in Canada by Lambert
and others (2005) and Ung and others (2008) using data from thousands of trees
collected under the Energy from the FORest (ENFOR) project in the early 1980s.
With these data, the authors could truly develop an internally consistent set of
national allometric equations, including validation and testing. Two sets of
equations were developed: one based on diameter at breast height (d.b.h) only and
the other based on d.b.h and height. Such an approach provides not only
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predictions of individual tree biomass but also estimates of the bias and random
error associated with these prediction equations.

A second credible approach is to collect unrelated datasets for a wide-ranging,
well studied species without having to collect additional samples, and reanalyze
the data. For instance, Wirth and others (2004) studied Norway spruce using this
approach. Out of 688 trees, only 78 were completely sampled for biomass, and
young trees especially were under-represented. In spite of this limitation, this
study features important points to consider when designing a study to derive
biomass equations. The credibility of the equations and estimates are
strengthened by setting evaluation criteria on the process and resulting equations.
This is discussed below.

Evaluation Criteria

Quality, science-based information for land management, at the strategic to
applied level, is needed (USDA FS 2007). “Science-based” typically implies
some type of peer-review, either as peer-review in journal publications or as a
review by a designated panel of experts. The most stringent criteria for choosing
participants in peer-review are for highly influential scientific assessments (OMB
2004), but even this document notes that different types of peer review are
appropriate for different information. The Forest Survey Handbook” calls for
“high quality, consistent and reliable data” in FIA databases, but provides little
guidance on how to do that. More detailed guidance is given within the Forest
Service Research and Development quality assurance program. Acceptance and
publication in a peer-reviewed research journal is often an acceptable standard,
but for highly influential work or in which the turnaround time is critical, expert
panels are often preferred.

In the past, for individual studies, evaluation criteria for carbon accounting
studies focused on criteria of accuracy, precision, consistency over time, and
transparency, yet would also be cost-effective and usable by other scientists and
managers and. Having a consistent approach over time is absolutely critical
because it is the change in carbon over time, not just carbon stocks, which is of
most interest in the terms of the carbon issue. Inconsistent approaches over time
can affect the amount claimed to be sequestered. In this preliminary
investigation, we do not formally evaluate the equations, but note issues and
results to consider.

As new information needs and science results become available, it is important
to re-evaluate existing systems, in this instance, equations, and consider adopting
new approaches. To maintain consistency over time when implementing an
“improved prediction equation” it is important to be able to apply the new method
to not only current data but also to all previous data that form the historical
record, to recode all tools that use the method being updated, and to work with

* Forest Service Handbook 4809.11 Amendment No. 4809.11-2001-1, approved 12/28/2008.
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users to again develop credibility in the methods. Thus, changing estimation
techniques is costly in many ways, and therefore changes are not undertaken
without clear benefits.

Carbon Estimation in Forest GHG Inventories of the United States

The Jenkins and others (2003) biomass prediction equations are one of the
pillars of the carbon estimates used for forests in the official greenhouse gas
inventories of the United States (U.S. EPA 2008), which have arguably served as
the “gold standard” for carbon. Scientific studies (for example, Potter and others
2008) compare their carbon results to carbon estimates based on the application of
Jenkins and others (2003) to the FIA data, or use the estimates to calibrate their
models. Virtually all the policy-relevant carbon estimates and carbon tools, such
as the U.S. Greenhouse Gas Inventories (for example, U.S. EPA 2008, USDA
2008), Heinz Center carbon storage indicators (Heinz Center 2002, 2005, 2008),
carbon indicators for the 2010 Sustainable Forests, the updated 1605b Voluntary
Reporting Program of the United States (Smith and others 2006, Pearson and
others 2008, U.S. Dept of Energy 2006, NCASI 2008); Carbon Calculation Tool
(Smith and others 2007); Hoover and Rebain 2008 (FVS-Carbon) in the United
States are based to at least some degree on FIA data and the biomass equations
from Jenkins and others (2003). There are a number of studies that have used FIA
regional biomass estimates for carbon (such as Schroeder and others 1997), but
these studies only covered only a part of the conterminous United States.

Carbon estimates for trees based on databases of older plot-level FIA data are
based on Smith and others (2003), which were developed based on biomass from
Jenkins and others (2003). The Jenkins and others (2003) equations were
developed at the time specifically because 1) large differences in tree biomass
carbon between FIA units® for the same species and size tree sometimes occurred;
2) documentation for existing equations was scattered and uneven in its quality so
it was difficult to check the data or know the source of the estimate; and 3)
databases at the time did not include mass for standing dead trees. Some of these
items are still true. Perhaps most importantly, forest carbon inventories were still
viewed with some suspicion by many communities as highly uncertain, and
having a method based on a peer-reviewed publication provided credibility,
especially with carbon becoming a commodity in the marketplace.

Jenkins and others (2003) features 10 equations covering all tree species in the
conterminous United States, based on a meta-analysis of a thorough compilation
of all biomass equations (Jenkins and others 2004) found in the literature. These
equations are based on diameter only because the databases available at that time
included tree diameter in all tree records, but only occasionally included measured
height (that is, not estimated from diameter). A similar approach was also

> The FIA units are designated by Northern Research Station (NRS), Pacific Northwest Research
Station (PNWRS), Rocky Mountain Research Station (RMRS), and Southern Research Station
(SRS).
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adopted by Muukkonen (2007) to develop generalized allometric volume and
biomass equations for some species in Europe for regional analyses, also based on
diameter. Moreover, Muukkonen (2007) included equations with height in the
underlying compilation of equations by using diameter-height equations, which is
usually a strong relationship.

Some users of Jenkins and others (2003) equations have reported the equations
estimate greater biomass than they expect at large diameters because height is not
included, that the form of the equation forces biomass to continue to increase as
diameter increases (see Figure 1). Users expect the rate of increase at larger
diameters to be smaller with total biomass in a tree approaching some maximum
upper limit rather than continuing to increase at an increasing rate. This issue
may be worth revisiting.

—e— maple/oak/hickory/beech
8000 - — soft maple/birch
Douglas fir
7000 - mixed hardwood |
—_ firfhemlock
~ 6000 | - —e— true fir/hemlocl .-
'g —«— aspen/alder/cottonwood/willow
3 5000 P _spruce |
o .
Tn’ 4000 +~-| — —pRE
@ cedar/larch
g 3000 & woodland [T 8 == e
R e~
1000 - D VT VEE VI L e
0 t T T T 1
5 10 15 20 25
Diameter (inches)

Figure 1: Total aboveground biomass from Jenkins and others (2003) estimated for each of the
species groups. Note the diameter of woodland species may be measured at diameter root collar
because some woodland species are multi-stemmed; this woodland equation is based on d.b.h.

FIA Biomass and Volume Estimation for Forests of the United States

There is currently no single publication that lists the tree biomass estimation
approaches for all the FIA units. Current FIA biomass and volume equations
have different forms for the regional FIA units, and were developed at different
times from different datasets (Hansen 2002). Hansen (2002) documented the
different volume and biomass estimation procedures in the eastern FIA units,
which, due to historical reasons, included three sets of approaches for the current
Northern Research Station (NRS) FIA alone. Methods were compared for 67
species that cross regional boundaries. Based on the results, Hansen cautioned
users of FIA data from making regional comparisons of volume or biomass
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estimates for small diameter trees. He suggested that FIA needs to move to a
consistent method to estimate tree volume and biomass nationwide that uses
common measurement data. However, he also noted that consistency over time is
an important consideration in revising equations because these will affect the
calculation of changes over time.

Methods

Our approach entails compiling species-level wood densities (dry mass per unit
green volume) to multiply by green bole volume for a dry biomass estimate per
bole. This approach makes the biomass estimate for the bole portion of the tree
equivalent to the FIA volume of that portion; adopting the Jenkins and others
(2003) equations would not. In addition to tree biomass prediction equations,
Jenkins and others (2003) presents equations to predict the proportion of the
biomass in foliage; tops, limbs, and stumps; bark of bole; bole wood; and coarse
roots; to the total aboveground biomass, respectively, for hardwood and softwood
species by d.b.h. We use ratios developed from the component equations in
Jenkins and others (2003) for a consistent approach to predicting biomass in other
components of the tree besides the bole. We calculate the component ratio
estimates based on the equation sets from Jenkins and others (2003), and produce
proportions of tops and limbs, and root components in terms of bole wood
biomass. The calculation of stump and bark components that the ratios are built
from are based on different methods described below. We multiply these ratios in
terms of bole biomass by our calculated bole biomass to calculate the biomass in
each component pool.

Understanding the concepts underlying the current approaches is necessary to
devise a method to calculate biomass from volume. First we define types of
volumes and biomass used by FIA. We then briefly discuss current regional
biomass computation. Finally, we describe the steps we used to calculate biomass
from sound volume.

Definitions

Definitions of the various volume, biomass, and carbon components are key.
FIA volumes are green wood basis—that is, they represent the volume of wood as
standing or freshly cut, not the volume of dry wood, and bark is not included.

The unit of measure of interest for this study is cubic feet, although other units of
volume, such as board foot, are available from FIA. Volume is defined for trees
greater than 5 inches diameter, and only includes the central bole of the tree from
1 foot aboveground to the point where the central stem has a diameter outside
bark of 4 inches (or the point where the tree forks into branches all of which are
less than 4 inches). This is the standard volume that has been used historically in
most volume studies in the United States for more than 100 years. Trees less than
5 inches d.b.h., called saplings, are assumed to have zero volume.

24.
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Users of biomass equations and estimates in general need to aware that these
may be on a dry or green weight basis; may include or exclude bark, foliage,
stump and root portions of trees; may include seedlings (trees < 1 inch diameter);
or may include species that FIA considers to be shrubs rather then trees. Also the
units of measure for reporting biomass include pounds, tons and kilograms.
Biomass in this study is on an oven-dry basis and includes bark, but excludes
foliage. The unit of measure is pounds unless otherwise noted and FIA biomass is
defined only for trees greater than 1-inch diameter. FIA biomass estimates
typically include only the aboveground portion, however, with the introduction of
FIADB4 a prediction of the biomass in the coarse roots portion of all trees greater
than 1-inch diameter has been added.

Volume

FIA defines and calculates gross, sound, and net bole volumes, of all live trees
at least 5 inches d.b.h (USDA FS 2008b) (Fig. 2). These volumes are estimated
for the central stem (bole) from a 1-foot stump to a minimum 4-inch top diameter
outside bark, or to a point where the central stem breaks into limbs. The only
time there are differences between these three volume estimates for a tree is when
the estimated rotten or missing parts of the tree are nonzero, or when the tree has
poor form. Gross volume is the total potential volume; rotten or missing parts of
the tree and poor form effects on tree volume have not been deducted from gross
volumes. Sound volume is gross volume with missing and rotten volumes of the
tree deducted. Net volume is gross volume minus deductions for rot, roughness,
and poor form. Depending on the FIA unit, either gross volume or net volume
will be calculated first, as well as the missing and rotten, or volume affected by
form, and then sound volume is calculated by adding or subtracting the
appropriate portion. Many of the gross volume prediction equations used by the
Pacific Northwest Research Station FIA unit are based on the integration of taper
equations that predict the diameter of the bole at any height, such as those in
Flewelling and Rayner (1993). The Northern Research Station FIA unit is in the
process of converting its volume estimation to a taper equation-based system.
These taper-based systems are capable of predicting the bole volume in any
portion of the bole from the ground to the top of the tree.

Biomass

FIADB3 (version 3 of FIADB) includes two biomass variables: total gross
(named DRYBIOT in the database) and merchantable stem (DRYBIOM)
biomass. Total gross aboveground biomass includes main stem, bark, tops, limbs
and stump of all live trees 1 inch in diameter or larger, but excludes foliage and
roots. Merchantable stem biomass includes only trees greater than or equal to 5
inches d.b.h from a 1-foot stump to a minimum 4-inch top outside bark of the
central stem. All trees less than 5 inches d.b.h have total biomass, but they have a
merchantable biomass of zero. Gross biomass minus merchantable biomass
produces the amount of biomass in tops, limbs, and stumps, as well as all the
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biomass in trees less than 5 inches diameter. See Figure 3 for an illustration of
the differences between these types of biomass.

— T— T—

Rotten or Trees < 5"

missing have

cull zero

volume

Form cull
or sound
defect

Gross volume Sound volume Net volume
(VOLCFGRS) >= (VOLCFSND) >= (VOLCFNET)

Figure 2: lllustration of gross, sound, and net volume at the tree-level.

Rotten or Trees <5
o have

missing

cull zero

DRYBIOM

Form cull

or sound

defect

Total gross Merchantable Tops, limbs,
biomass minus biomass equals 5.4 stumps
(DRYBIOT) (DRYBIOM)

Figure 3: The difference between gross and merchantable biomass as stored in FIADB3.

The components of biomass in this approach are illustrated in Figure 4. The
biomass components for top and limbs (labeled DRYBIO TOP) are broken out
from the stumps (DRYBIO STUMP) and the merchantable (bole) biomass has
been labeled DRYBIO BOLE because it is not the same value as in previous FIA
datasets. These three variables are computed for all species where FIA measured
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d.b.h., and are defined to be zero for woodland tree species (because diameter is
measured at root collar) and for trees less than 5 inches d.b.h. To avoid
confusion, the attributes DRYBIO SAPLING (total aboveground biomass in trees
1 to 5 inches d.b.h) and DRYBIO WDLD_ SPP (total aboveground biomass in
woodland species) have been added. Belowground biomass estimates in coarse
roots are not part of FIADB3; however, these estimates are of interest and are
shown in the illustration as DRYBIO BG.

DRYBIO_TOP
Trees 1-4.9
inches dbh
\ \ \ DRYBIO_SAPLING

Rotten or
missing cull

Form cull or
sound defect

N LN AR

DRYBIO_BOLE DRYBIO_STUMP DRYBIO_WDLD_SPP
---------------- Trees > 5 inches dbh-----=-------- Trees >drc 1 inch
DRYBIO_BG
All trees >1 inch
dbh or drc

Figure 4: Biomass variables needed to implement this method in the FIADB.

Inconsistencies in estimation of component biomass

FIA biomass estimation procedures have shown unexpected differences in the
average amount of biomass in tops, limbs, and stumps. Table 1 shows an example
of the differences between eastern FIA units using select red oak trees of 10
inches d.b.h and 60-70 feet in height from all trees measured over the period
1999-2006, using regional equations and the Jenkins and others (2003) equations.
The percent in tops, limbs, and stumps varies from approximately 10 to 30
percent in the eastern units, based on the current biomass calculation procedures.
The pounds of wood per cubic foot of sound wood vary from 40 Ibs/cu ft to
almost 54 lbs/cu ft. The region with the higher Ibs/cu ft has the lowest percentage
in tops, limbs, and stumps. A revised approach should result in these components
being similar between regions.

10
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Table 1: Biomass statistics for all 10-inch diameter at breast height, select red oak growing
stock trees, 60-70 feet tall, from all FIADB3 observations, 1999-2006.

FIA Region® DRYBIOM/VOLCFSND DR&DBT(\)(S;;I))]I;YBIOT
--Pounds wood and bark --Percent of total biomass
per cu ft sound wood-- in tops, limbs, and stumps--
Using regional equations:
NRS-East 53.5 11.3
NRS-West 40.9 29.8
SRS 41.4 21.8
Using Jenkins and others (2003):
NRS-East 40.7 26.5
NRS-West 47.7 26.5
SRS 38.3 26.5

#NRS-East: the eastern portion of the Northern Research Station which is the area covered by the former
Northeastern Research Station, NRS-West: the western portion of the Northern Research Station which is
the area covered by the former North Central Research Station, and SRS: Southern Research Station..

Component Ratio Method (CRM)

For trees 5 inches in diameter and greater, total aboveground biomass is
computed as the sum of three components: bole of the tree, tops and limbs, and
the stump. Bole biomass is the largest portion of aboveground biomass. Stumps,
tops and limbs, and saplings are a significant yet much smaller portion of the total
aboveground biomass in most forests. The biomass of saplings, that is, trees less
than 5 inches in diameter but greater than or equal to 1-inch diameter, are based
on an adjustment of Jenkins and others (2003) equations because they have zero
volume. Belowground biomass, that is, biomass of coarse roots, is predicted as a
ratio of aboveground tree biomass. We present the details of these calculations by
section below.

Aboveground Biomass of Trees > 5 inches d.b.h., Dry Weight: Total
aboveground biomass (dry weight) of trees greater than or equal to 5 inches d.b.h.
is calculated as the sum of three components of the tree:

AGBIOTS = DRYBIO BOLE + DRYBIO STUMP + DRYBIO TOP [1]

where AGBIOTS (lbs) = total aboveground biomass (dry weight), including bark
but excluding foliage, of a tree > 5 inches d.b.h.,

DRYBIO BOLE (lbs) = biomass (dry weight, including wood and bark)
of the main stem of tree that also defines sound volume,

DRYBIO TOP (Ibs) = biomass of top and limbs (dry weight, excluding
foliage but including bark) of trees > 5 inches d.b.h., and,

DRYBIO _STUMP (lbs) = biomass (dry weight) of wood and bark from
ground level to 1 foot stump.

Biomass of the Bole: Biomass of the bole of a particular species is calculated by

multiplying green volume (cu ft) by the weight of one cubic foot of water (62.4
Ibs/cu ft) to convert to a weight basis, and then multiplying by the specific gravity

11
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of the component, including wood and bark, separately, for that species. Specific
gravities are obtained by laboratory studies, and the results compiled by species
where available, or assigned to similar species. Here, specific gravities in terms
of dry weight per unit of green volume are used. Because the specific gravity is
different for bark and wood, these two components are calculated separately and
then summed. The calculation for bark has an additional term, bark as a
proportion of wood volume. Bark volume in terms of percentage is given in
Table 2; proportions are equal to percent divided by 100. Specific gravities used
in this study are from Miles and Smith,® which build on the compilations by
Smith (1991) and Jenkins and others (2004).

DRYBIO BOLE (lbs) = (VOLCFSND x 62.4 x SG_ BARK x BRK_VOL_PROP)
+ (VOLCFSND x 62.4 X SG_WOOD) [2]

with DRYBIO BOLE (Ibs) = biomass (dry weight, including wood and bark) of
the main stem of tree that also defines sound green volume (VOLCFSND),
VOLCFSND (cu ft) = sound green wood volume of a tree > 5 inches d.b.h.,
SG BARK = dry weight specific gravity of green bark volume of tree bole,
BRK VOL PROP =ratio of green volume of bark to green volume of sound
wood (see Table 2), and,
SG_WOOD = dry weight specific gravity of green wood volume of tree bole.

Table 2: Bark as a percent of wood volume by Jenkins and others (2003) species groups.

Jenkins groups® (Bark as % of Jenkins groups® (Bark as % of
wood volume) wood volume)

Aspen/alder/ 20 Cedar/larch 15

cottonwood/willow

Soft maple/birch 14 Douglas-fir 14

Mixed hardwood 18 Pine 18

Hard maple/oak/ 19 Spruce 12

hickory/beech

Woodland 12 True fir/hemlock 15

“Exceptions to these species groups are coastal redwood, giant sequoia, baldcypress,
eastern, western, and Carolina hemlock — 25%; beech, sycamore — 7%

Factors for Calculating Top & Limbs and Stump Biomass: The biomass in the
stumps and tops and limbs of large trees make up the next largest components of
aboveground biomass in most forests. Jenkins and others (2003) provide
equations that calculate total aboveground biomass, and also a set of equations
that estimate the proportion of biomass in the tops and limbs as well as other tree
components. The CRM uses the component equations from Jenkins and others
(2003) to compute the ratio of the component to Jenkins total aboveground
biomass. These ratios are then multiplied by the bole biomass calculated in [2]
using the CRM approach to produce the biomass in tops and limbs
(DRYBIO_TOP), and biomass of the stump (DRYBIO_STUMP). We cannot
apply those equations directly because the value of our biomass bole is not the
same.

® Miles, Patrick, and W.B Smith. In review. Wood and bark specific gravity for tree species in the
continental United States. USDA Forest Service, Northern Research Station. Research Note.
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Applying these component ratios to biomass equations other than Jenkins and
others (2003) results in different absolute biomass estimates than would be
produced by Jenkins and others (2003). However, we assume that the proportions
are the same, and thus we calculate these factors to multiply by our bole biomass.
Equation 3 shows the formula for calculating the proportion in tops and limbs.
Stump biomass in Jenkins and others (2003) is based on stump volume equations
from Raile (1982). Equations 4 and 5, respectively, show the computations for
factors related to stumps.

TPLMB PROP = ((BIO_TOP_JENKINS)/(DRYBIO BOLE JENKINS)) [3]

where TPLMB_PROP = proportion of bole biomass that is biomass in top and
limbs,
BIO _TOP_JENKINS (kg) = biomass in top and limbs using Jenkins, and,
DRYBIO BOLE JENKINS (kg) = biomass of the bole based on Jenkins.

DRYBIO STUMP RAILE (kg) = d.b.h (inch)*d.b.h (inch)*ParameterB  [4]
where DRYBIO STUMP_ RAILE (kg) = stump biomass, and,
Parameter B = coefficient from Table 1 in Raile (1982).

STUMP_PROP = (DRYBIO_STUMP_ RAILE(kg))
/(DRYBIO BOLE JENKINS(kg))) [5]
where STUMP_PROP = proportion of bole that is stump biomass,
DRYBIO STUMP RAILE (kg) = biomass in stump, and,
DRYBIO BOLE JENKINS (kg) = biomass of the bole using Jenkins.

Top and Limb Biomass: Equation 6 shows the computation for estimating
biomass in the top and limbs.

DRYBIO TOP =DRYBIO BOLE x TPLMB_ PROP [6]

where DRYBIO_TOP (Ibs) = biomass of top and limbs (dry weight, excluding
foliage but including bark) of trees > 5 inches d.b.h., and,
DRYBIO BOLE (lbs) = biomass (dry weight, including wood and bark) of
the main stem of tree that also defines sound volume (VOLCFSND), and,
TPLMB_ PROP = proportion of bole biomass that is biomass in top-limbs.

Stump Biomass: Equation 7 shows the computation for stump biomass.

DRYBIO STUMP =DRYBIO BOLE x STUMP_PROP [7]
where DRYBIO_STUMP (lbs) = biomass (dry weight) of wood and bark from
ground to 1 foot stump,

DRYBIO BOLE (lbs) = biomass (dry weight, including wood and bark)
of the main stem of tree that also defines sound volume, and,
STUMP_PROP = proportion of bole that is stump biomass, see above.
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As FIA converts to a taper-based system to predict sound volume, it will be
possible to directly calculate the sound wood volume in any section of the bole,
including the stump. Thus, the separate stump calculation based on Raile (1982)
will not be needed.

Aboveground Saplings: The biomass of saplings is based on biomass computed
from Jenkins and others (2003) on the observed diameter multiplied by an
adjustment factor. For the purposes of this preliminary investigation, the
adjustment factor was computed as a national average ratio of the CRM total
biomass divided by the Jenkins total biomass for all 5-inch trees, which is the size
at which biomass based on volume begins. Each species group has an adjustment
factor, which is given in Table 3. Computations are shown in Equation 8.

DRYBIO SAPLING = (BIO_SAP JENKINS - FOLIAGE) X (1-
JENKINS SAPLING ADJUSTMENT)) [8]

with DRYBIO SAPLING (Ibs) = aboveground biomass of trees < 5 inches d.b.h
and > 1.0 inch d.b.h., including wood, bark, and stump, but excluding foliage,

BIO _SAP JENKINS (Ibs) = aboveground biomass calculated using Jenkins
and others (2003), converted to pounds

FOLIAGE (Ibs) = dry weight of foliage from Jenkins and others (2003)
converted to pounds, needed to subtract off foliage,

JENKINS SAPLING ADJUSTMENT = factor that adjusts Jenkins biomass
for trees < 5 inches d.b.h for a smooth transition at 5-inch trees (see Table 3).

As with the stump biomass (DRYBIO_STUMP), when taper equations are
available for volume estimation in all FIA units, it will be possible to calculate the
central stem component of sapling biomass if the taper equations have been fit to
datasets that include an adequate sample of smaller trees. This may prove to
provide a better prediction of biomass in sapling size trees.

Belowground (Root) Biomass: Equation 9 shows the computation for coarse
root biomass.

DRYBIO BG =DRYBIO BOLE x ROOT PROP [9]

where DRYBIO_BG (Ibs) = biomass of coarse roots,
DRYBIO BOLE (Ibs) = as above,
ROOT_PROP = ((ROOT JENKINS)/(DRYBIO BOLE JENKINYS)),
which is the proportion of bole biomass to biomass in coarse roots,
ROOT JENKINS (kg) = biomass in roots calculated using Jenkins, and,
DRYBIO BOLE JENKINS (kg) = biomass of the bole based on Jenkins.

14
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Table 3: Adjustment factors applied to Jenkins and others (2003) sapling equations for the

component ratio method.

FIA species codes

Jenkins sapling

Common name

adjustment
58-60,62,63,65,66,69,106,133,134,140,141,143 0.352 Juniper, pinyon
745,747-749 0.378 Cottonwood
211 0.410 Redwood
116,122,135 0.434 Ponderosa pine
92,93,96 0.442 Spruce
41,42,50-55,64,72,101-104, 109,112-114,118, Pines, other conifers
120,124, 127,137-139,142,201,212, 231,251, 0.458
264, 299
98 0.463 Sitka spruce
202 0.526 Douglas-fir
117 0.557 Sugar pine
119 0.574 Western white
81 0.588 Incense-cedar
11,14,15,17-22 0.602 Fir
10,12,90,94,95,97 0.608 Balsam fir, spruce
260-262 0.628 Eastern hemlocks
16,40,43,56,57,61,67,68,70,71,91,100,136,144, 0631 Various conifers
200, 220, 230,232,240,241,252 )
531 0.632 American beech
105 0.643 Jack pine
300,321,322,475,755-758, 0.651 Variety, woodland
803,810,814,829,843,846, 847,850,81,902,990 ) species
263 0.671 Western hemlock
950-953 0.672 Basswood
740-744, 746,752,753 0.691 Cottonwood
242 0.705 Western redcedar
822,832,835,836,838,840, 841,844 0.722 Oaks
125,129 0.729 Red pine, white pine
400-413,316,317 0.744 Hickory, misc. maples
611 0.749 Sweetgum
351 0.750 Red alder
110,131 0.763 Shortleaf, loblolly pine
802,804,808,823,825,826 0.770 White oaks
801,805,807,811,815,818, 821,839 0.774 Western oaks
806,809,812,817,820,824,827,828,830,831,837 0.780 Black oaks
371 0.789 Yellow birch
313,331,332,334,337,350,355,370,373,375,377, Mixed hardwoods
379,422,452,460-463,555,580-583,600,601,605, 0792
650-653, 655,657,658,712,729,731,762,911, )
912,915,922,924,927,928,929,931,970-976,992
73 0.800 Western larch
813,833,834 0.811 Oaks
All other species not listed elsewhere 0.840 All other species
310,311,314,318,320,323, 690, 691,693, 694 0.841 Maples, tupelo
621 0.852 Yellow-poplar
602 0.872 Black walnut
108 0.883 Lodgepole pine
111,121 0.922 Slash, longleaf pine
372,450,491,510,513,521, 550, 551,552, 0932 Various hardwoods
571,591,680- 683,800,858,901,977 ’
541,543-546,548,549 0.936 Ash
221-223 0.952 Taxodium
312,330,333,352,353,361- Various hardwoods
363,374,378,431,492,511, 0.964
542,547,603,604,606,631, 661,730,732,768,981
107,115,123,126,128,130, 132 1.011 Various pines
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Example

We present an example for using Jenkins and others (2003) and CRM for
estimating biomass for a 4-inch tree and 25-inch tree, red oaks in the NRS-East
region. For the 25-inch CRM, we use the volume calculated in the FIADB
because we do not have the volume equations readily available. Mass is in terms
of dry weight.

Information needed for the Jenkins estimates:

e The species and d.b.h for the individual tree.

e Red oak, species code 833, is in the “hard maple/oak/hickory/beech”
group (mo). Therefore the paired coefficients (b0,b1) needed for estimates
are: (-2.0127, 2.4342) for total aboveground biomass, (-4.0813, 5.8816)
for foliage, and (-1.6911, 0.816) for the coarse root component.

e Metric-English conversions for length and mass: 1 inch equals 2.54
centimeters, and 1 kilogram equals 2.2046 pounds.

For a 25-inch d.b.h tree excluding foliage, aboveground biomass is based on
deducting foliage from the aboveground-biomass equation:

e Total aboveground biomass = exp(b0 + b1 x In(d.b.h)) = exp(-2.0127 +
2.4342 x In(25%2.54)) = 3267.4 kg dry weight = 3267.7 x 2.2046 =
7203.4 pounds.

e Foliage component ratio = exp(b0 + b1/d.b.h) = exp(-4.0813 +
5.8816/(25%2.54) ) = 0.01852. Thus, foliage biomass (total X component)
=7203.4 x 0.01852 = 133.4 pounds.

e Therefore, the aboveground biomass excluding foliage for a 25-inch d.b.h
tree is the difference: 7203.4 - 133.4 = 7070 pounds.

Similarly, for a 4-inch d.b.h tree

e Total aboveground biomass = exp(b0 + b1l x In(d.b.h)) =exp(-2.0127 +
2.4342 x In(4x2.54)) = 37.75 kg = 37.75 % 2.2046 = 83.22 pounds.

e Foliage component ratio = exp(b0 + b1/d.b.h) = exp(-4.0813 +
5.8816/(4%2.54) ) = 0.03013. Thus, foliage biomass (total X component) =
83.22 x 0. 03013 =2.507 pounds.

e Therefore, the aboveground biomass excluding foliage for a 4-inch d.b.h
tree is the difference: 83.22 - 2.507 = 80.71 pounds.

Belowground, or coarse root, biomass for the 25- and 4-inch d.b.h trees are based
on total aboveground biomass and the coarse root component:

e Coarse root component = exp(b0 + bl/d.b.h) = exp(-1.6911 +
0.816/(25%2.54) =0.1867 for a 25-inch d.b.h tree and exp(-1.6911 +
0.816/(4%2.54) =0.1997 for a 4-inch d.b.h tree.

e Therefore, the belowground biomass for a 25-inch d.b.h tree is the
product: 7203.4 x 0.1867 = 1345 pounds.

e Therefore, the belowground dry weight for a 4-inch d.b.h tree is the
product: 83.22 x 0.1997 = 16.62 pounds.
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Information needed for the CRM estimates:

The species and volume of sound wood (VOLCFSND) from the FIADB.
The set of Jenkins biomass and component coefficients for red oak, as
provided above plus the additional paired coefficients (b0,b1): (-2.0129, -
1.6805) for the stem bark component, (-0.3065, -5.424) for the stem wood
component, and (-1.6911, 0.816) for the coarse root component.

Five additional species-specific factors: (1) the ratio of volume of bark to
volume of wood (aka BARK VOLUME PROP); (2) specific gravity of
wood (aka SG_ WOOD); (3) specific gravity of bark (aka SG_ BARK); (4)
a factor for estimating stump biomass based on Raile (1982, aka

RAILE STUMP_BI1); (5) an adjustment factor applicable to trees less
than 5 inches d.b.h (JENKINS SAPLING ADJUSTMENT).

Most calculations are in English units. However, the metric-to-English
conversion of 1 kg equals 2.2046 pounds may be necessary if stump
biomass units are in pounds. The density of water is 62.4 pounds per
cubic foot.

For a 25-inch d.b.h tree excluding foliage, aboveground biomass is based on
determining merchantable biomass and then expanding according to the top and
stump component ratios:

Merchantable biomass, or biomass of the bole = VOLCFSND x

(BARK _VOLUME PROP x SG_BARK x density of water) +

VOLCFSND x (SG_WOOD x density of water) = 103.04 x (0.19 x 0.65 x

62.4) +103.04 x (0.56 x 62.4) = 794.07 + 3600.63 = 4394.8 pounds.

Note that volume equations are needed, as well as information on defects

and form to calculate sound volume; we do not include that here as this

information is not readily available.

Top component ratio = (Jenkins total aboveground — Jenkins merchantable

— Raile stump — Jenkins foliage) / (Jenkins merchantable) = (7203.4 -

5805.0 - 176.3 - 133.4) / (5805.0) = 0.1875.

o Where Jenkins merchantable = (Jenkins total aboveground) x (Jenkins
stem bark component + Jenkins wood component) = (7203.4) x (exp(-
2.0129 + -1.6805/(25%2.54)) + exp(-0.3065 + -5.424/(25%2.54))) =
7203.4 x (0.1301 + 0.6758) = 7203.4 x 0.8059 = 5805.0 pounds.

o Where Raile stump = DIA x DIA x RAILE STUMP B1 =25x25 x
0.12798 =79.99 kg x 2.2046 Ibs/kg = 176.3 pounds.

Stump component ratio = Raile stump / Jenkins merchantable = 80.0 /

5805.0 = 0.03038.

Therefore, the aboveground biomass excluding foliage for a 25-inch d.b.h

tree i1s = 4394.8 x (1 + top component ratio + stump component ratio) =

4394.8 x (1 +0.1875 4+ 0.03038) = 5352.3 pounds.

Aboveground biomass, excluding foliage, for a 4-inch d.b.h tree = Jenkins
aboveground biomass without foliage x JENKINS SAPLING ADJUSTMENT =
80.71 % 0.81068 = 65.43 pounds.
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Belowground, or coarse root, biomass for the 25-inch d.b.h tree is based on
merchantable biomass and the coarse root component ratio:
e Coarse root component ratio = (Jenkins coarse root) / (Jenkins
merchantable) = 1344.9 / 5805.0 = 0.2317.
e Therefore, the belowground biomass for a 25-inch d.b.h tree is the
product: 4394.8 x 0.2317 = 1018 pounds.

Belowground, or coarse root, biomass for a 4-inch d.b.h tree = Jenkins
belowground biomass x JENKINS SAPLING ADJUSTMENT = 16.62 x
0.81068 = 13.47 pounds.

Results and Discussion

This approach was applied to all trees in all the annualized surveys in the
FIABD3, using a preliminary set of specific gravities by species. In terms of
merchantable biomass and percent in tops, limbs, and stumps, results in Table 4
indicate that the larger differences in Table 1 have been resolved. Figure 5 also
indicates that other problems with tops, limbs, and stump can be resolved using
the CRM approach. In particular, the regional percentages for PNWRS-softwoods
and NRS-East hardwoods are quite different compared to the other regions, but
the CRM-based results are more similar among units. The range in average top,
limbs, and stump by unit is about 10 to 33 percent using the regional approaches,
but the range is 16 (PNWRS-softwoods) to 27 (RMRS — hardwoods) percent
using CRM. These results conform to what is expected given the nature of the
predicted tops and limbs proportions (TPLMB_PROP) from Jenkins and others
(2003) which predict the smallest proportions for large diameter softwoods and
the largest proportions for small diameter hardwoods. The PNWRS has the
largest average diameter of softwoods and the RMRS region has the smallest
average diameter of hardwoods.

Table 4: Select red oak, 10-inch d.b.h., 60-70’ height, growing stock trees,—CRM

equations.
FIA region® DRYBIOM/VOLCFSND DRYBIOT-
DRYBIOM/DRYBIOT
--Pounds wood and bark --Percent of total biomass in
per cubic feet of sound wood-- tops, limbs, and stumps--
NRS-East 42.7 26.5
NRS-West 42.7 26.5
SRS 43.6 26.5

* NRS-East: the eastern portion of the Northern Research Station which is the area covered by
the former Northeastern Research Station, NRS-West: the western portion of the Northern
Research Station which is the area covered by the former North Central Research Station, and
SRS: Southern Research Station.
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Figure 5: Percent of live tree biomass of all forest land trees > 5 inches d.b.h. in tops, limbs, and
stumps for the current regional approach and the proposed CRM, by softwood/hardwood and FIA
unit. Abbreviations for unit designations are: SRS = Southern Research Station, RMRS = Rocky
Mountain Research Station, PNWRS = Pacific Northwest Research Station, NRS = Northern
Research Station where NRS-East = the former Northeastern Research Station and NRS-West =
the former North Central Research Station. Note: This figure currently includes component ratios of
woodland species; however, woodland species were not included in the Jenkins and others (2003)
calculation of component ratios.

Figure 6 shows the overall effect that implementing either the CRM or Jenkins
and others (2003) on a national basis would have on the total estimated biomass in
trees 5 inches diameter and larger within each of the regions. Aboveground
biomass estimates for trees > 5 inches d.b.h on a tons per acre basis from Jenkins
and others (2003) tend to be greater than estimates from the other approaches.
The current regional approach for NRS-East is a compilation of biomass
equations, including some that were used in the development of Jenkins and
others (2003). The biomass prediction methods in NRS-West, RMRS and for
many species in PNWRS’ are based on volume predictions and are therefore very
similar to the CRM. Thus, the CRM estimates in these regions are quite close to
the regional estimates. The CRM approach reduces biomass densities even
further compared to the current regional equations, with the exception of

’ For example, for PNWRS, bole wood volume is predicted based on species, diameter, and height
measurements, and a library of volume equations specific to the species or species groups and
portion of region. These equations take on different forms, but many are based on the integration
of taper equations such as Flewelling and Raynes (1993). Bole bark volume is computed from a
variety of sources including methods that calculate inside bark and outside bark volume using
equations from Pillsbury and Kirkley (1984). These are then multiplied by wood weight to get
bark mass. These bole wood and bole bark volume predictions are converted to biomass using
specific gravity estimates, many of which are in Table 3. Branch, top, and stump mass calculations
come from a variety of sources, such as Snell and others (1983), Gholz and others (1979), and
Cochran and others (1994). These components are added to obtain predictions of total
aboveground biomass.
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estimates for RMRS which are only slightly greater on a per acre basis. Note we
are not presenting any validation evidence to prove that the CRM-based estimates
are any more accurate than the regional estimates or Jenkins and others (2003).

[
SRS 0 JENKINS
B CRM
RMRS 0O REGIONAL
PNWRS
NRS-West
NRS-East
0 10 20 30 40 50 60 70 80
Tons per acre of forest land

Figure 6: Aboveground live tree biomass per acre by approach by FIA unit, all trees = 5 inch,
conterminous United States.

In this preliminary investigation, we have not examined how the different
equations affect change in biomass over time. If the older estimates are not
updated, we will be comparing a smaller estimate based on the CRM method to a
larger estimate from an older method. Even if the tree did not change in size, the
trees would show a notable artificial loss in biomass if a new method were
adopted before the older estimates could be updated.

The measurement of change in volume over time and the breakdown of this
change into various components of change such as growth, removals and
mortality has been a central part of FIA estimation. To produce these estimates it
is vital that both old and new observations are based on the same prediction
methods. Whenever a new volume estimation procedure is implemented in FIA,
there has been a need to recalculate previous inventory methods. A volume based
system such as CRM facilitates recalculations of biomass and the computation of
biomass change into the standard FIA data processing system. Similarly, carbon
change has been central in the GHG inventory estimates and the use of Jenkins
and others (2003) equations. It is absolutely crucial to recalculate all the biomass
data going back in time to ensure the change over time for biomass and carbon
sequestration calculations is not simply due to a change in equations.

Figure 7 shows a comparison of Jenkins and others (2003) in terms of average
total aboveground biomass by d.b.h. with both the FIA regional and CRM
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methods for only one species group, alder/aspen/willow/cottonwood. This is
probably the most wide-ranging group, growing throughout the conterminous
United States. In the NRS-West, PNWRS, and RMRS regions the CRM and
regional methods produce very similar results to the CRM. In those regions the
regional method is based on bole volume, rather than on independent biomass
equations as it is in NRS-East and SRS. The results from various FIA units
bound the results from the Jenkins and others (2003) equations, illustrating how
those equations effectively yield an average estimate composited from published
equations across the United States. Note that differences in these results could be
due to different equations used in the different regions, tree size, number of trees,
and different species mix.

12000
Jenkins
__ 10000 - NRS-EastCRM |~~~ -~~~ "~ "~~~ ~----------- -~
§ NRS-East-Regional
E 6000 11 NRS-WestCRM |
= = = = NRS-West-Regional
g PNWRS-CRM
@ 6000 - - - PNWRS-Regional
£ RMRS-CRM
._g RMRS-Regional
g 4000 + SRS-CRM
© SRS-Regional
§
2000 F - - """ - --Z
. — r-‘—“"
0 +—=—"—" :
4 6 8 10 12
Diameter (inches)

Figure 7: Average aboveground tree biomass for each FIA region based on both the current FIA
regional and CRM methods by diameter, and the aboveground tree biomass from the Jenkins and
others (2003) equation for the alder/aspen/willow/cottonwood species group. For the regional and
CRM methods, all tree data of alder/aspen/willow cottonwood species from 137,701 trees (NRS-
EAST 10,507 trees, NRS-WEST 81,812 trees, PNWRS 9,558, RMRS 31,498, and SRS 4,326) in
FIADB3 from annualized surveys are used (biomass in Ibs; diameter in inches)

Comparing Jenkins and others (2003) with the CRM approach, as shown in
Figure 7, estimates from all the units are less than those from Jenkins and others
(2003). Note that differences in these results could be due to different volume
equations, which are the basis for the CRM, used in the different regions, tree
size, number of trees, and different species mix. Although densities of wood and
bark do not change at FIA unit boundaries, volume equations do (Hansen 2002),
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and since biomass based on CRM is based on volume equations, biomass
estimation still changes at FIA unit boundaries.

Several items in the CRM were identified in this preliminary investigation as
needing further work to meet the Forest Survey Handbook standard of “high
quality, consistent and reliable data.” Component ratios for woodland species
need to be derived. Stump equations need to be reworked to match specific
gravity and bark estimates from the tables. The adjustment process to the Jenkins
and others (2003) biomass predictions for use in CRM for diameters less than 5
inches needs further consideration. The implementation of a well designed
national system for bole volume prediction that is based on taper equations would
address these issues. Datasets for validation should be compiled, at least for
major species to test the accuracy of the equations. For transparency, a full well-
documented compilation of volume equations is needed for all FIA units and
species. A complete set of specific gravities by species, well-documented and
consistent with existing estimates in the published literature is needed. Such
documentation will also meet the needs of users of FIA data, who sometimes
collect their own inventory data, and would like to apply the same compilation
procedures as FIA so they can compare their biomass and carbon results to FIA-
plot results either for planning, double-checking, or verification. This is
especially important if FIA data are used for carbon monitoring.

The CRM is based on the assumption that component ratios calculated in
Jenkins and others (2003) can be accurately adopted and applied to the predictions
of sound bole volume. That is, it is assumed the merchantability standards for a
tree bole in Jenkins and others (2003) are the same merchantability standards for a
bole measured for FIA volume. (For instance, top height is a standard, such as
height to a 4-inch top.) This method allows the user to plug in any volume and
convert it to a biomass estimate. An interesting hypothesis to test is whether it
would be more accurate to predict aboveground biomass and then estimate
volume as a proportion of biomass. Merchantability standards of volume have
continued to change, but the definition of total biomass is has always included all
biomass of the tree.

The urban tree biomass scientific community also has biomass equations for
their estimates, and these equations and estimates should also be taken into
consideration when adopting methods for forest biomass estimates. Biomass
estimates for forest land that recently converted to urban land without loss of trees
should be similar to urban forest biomass estimates. Otherwise, artificial changes
will be induced. One example set of biomass equations created for urban tree
biomass estimates is presented in Nowak and others (2002).

Conclusions and Recommendations

The CRM produced biomass estimates that feature nationally consistent
specific gravities, and biomass consistent with volumes. However, because CRM
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is based on volume equations which still differ by FIA unit, biomass estimates for
the same species and diameter can differ by unit. If we had a consistent national
volume approach, biomass based on volumes would be nationally consistent also.
Additional items were identified as work that was needed to be done before
biomass equations based on CRM were completed. A key assumption of this
approach is that merchantable bole in Jenkins and others (2003) is equivalent in
definition to the bole in the volume equations. The validity of this assumption
should be further investigated. Biomass estimates in terms of tons per acre based
on this approach were almost always less than the regionally based estimates and
the Jenkins and others (2003) estimates. This is a curious result that may be
worth investigating further.

There were additional research questions identified as a result of this
preliminary analysis. Did the perceived over-prediction of biomass in the Jenkins
and others (2003) biomass equations for larger trees, and lack of a deduction for
damaged and standing dead trees, over-estimate total biomass? Are the small tree
adjustments in CRM under-predicting biomass? Are there problems with the
specific gravities used in the CRM? Would the biomass estimates be significantly
different if specific gravity was based on samples from the field rather than using
average compiled specific gravities?

The Jenkins and others (2003) biomass equations were developed and adopted for
producing tree biomass carbon estimates because of regional differences in
approaches by FIA units and database limitations. Adopting CRM immediately
will hinder use of current U.S. Forest Service carbon estimates and tools based on
the Jenkins and others (2003) equations, because consistency across time is
critical. Because CRM is fundamentally based on volume, when volume
estimates change, then biomass and carbon estimates based on the CRM will
change. Since volume updates are planned in the near future in some regions,
adopting CRM now means carbon estimates will change as the volume estimates
are updated.

Adopting new approaches that are an improvement to existing protocols is
inevitable and underway. A planned, coordinated, supported and funded national
effort across FIA units and with other interested scientific experts to develop tree
level volume, biomass, and carbon equations would increase the credibility and
usefulness of the resulting biomass estimates, providing “high-quality, consistent,
and reliable data.” Ideally, for the long term, a several-year effort involving a
team of scientists that allows for data mining of existing studies and data
collection for validation data, sets selection criteria, works through
inconsistencies, and garners support of our users will be well worth the
investment. Equations for calculating tree biomass for carbon in urban forests,
agroforestry systems, and perhaps subtropical and tropical forests of U.S.
territories and biomass for bioenergy plantations could also be considered for
inclusion in such a study.
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Estimating Diesel Fuel Consumption and
Carbon Dioxide Emissions from Forest Road
Construction

Dan Loeffler', Greg Jones?, Nikolaus Vonessen®, Sean Healey*,
Woodam Chung®

Abstract: Forest access road construction is a necessary component of many on-the-
ground forest vegetation treatment projects. However, the fuel energy requirements and
associated carbon dioxide emissions from forest road construction are unknown. We
present a method for estimating diesel fuel consumed and related carbon dioxide
emissions from constructing forest roads using published results from a study designed to
measure road construction costs together with machine productivity and fuel
consumption rates. Our resulting estimate of diesel fuel required per mile of road
constructed on slopes up to 50% using a cut-fill construction method is 590 gallons, with
13,400 pounds of carbon dioxide emitted per mile of road built. Using a full bench road
construction method on slopes greater than 50% where volume of material handled and
moved is very sensitive to hill slope and soil type, we estimated between 3,265 and 8,000
gallons of diesel fuel are required per mile of road emitting between 74,400 to 182,700
pounds of carbon dioxide.

Keywords: forest roads, carbon, carbon accounting, forest management, road
construction, forest products, diesel emissions

Introduction

In 2007 the Chief of the US Forest Service outlined three ways in which
forests, including national forest system lands, can be used to address climate
change. The first is to manage forests in ways that make them more resistant to
fires, insects, and disease resulting in more resilient forest stands. Second, the
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Forest Service should reduce its own carbon footprint, which includes generating
more heat from woody biomass, a renewable source of energy that offsets the use
of non-renewable fossil fuels. And third is to use the nation’s forests to reduce
the buildup of greenhouse gases, with support for carbon markets that ultimately
convert forests into a carbon sink (Kimball 2007). All three of these proposals
share a common theme, as stated by the Chief: ““...protecting the existing carbon
sink through forest conservation and increasing carbon sequestration through
reforesting degraded land, improving forest health, and supporting sustainable
forest management” (Kimball 2007). Accomplishing almost any aspect of this
agenda will require some form of on-the-ground wood fiber removal.

While carbon storage in forest products is viewed as a means to defer
disturbance-related emissions (Skog and Nicholson, 2000), the forest operations
enabling this deferral almost always involve the release of fossil carbon, including
harvesting and hauling products, and constructing the forest roads, either
temporary or permanent, over which raw products are initially hauled. Healey
and others (this volume) used historical harvest records and some assumptions
about product carbon dynamics to calculate the magnitude and timing of carbon
sequestration related to harvesting in Ravalli County, Montana. Healey and
others also digitized a county-wide visual assessment of new roads apparent in
sequential Landsat satellite imagery. These new-road maps, used together with
spatially co-registered slope data, will in the future provide an application for the
forest road construction emission factors discussed here. While forest operations
release fossil carbon, little attention has been devoted to measuring carbon
emissions associated with the various aspects of forest operations and forest
products procurement.

The literature discussing carbon accounting methods and guidelines for
harvested wood product flows between carbon pools is well established (Birdsey
2006; IPCC 2003, 2006). The Consortium for Research on Renewable Industrial
Materials modeled fossil fuel consumption for stump-to-truck harvesting of wood
products in the US Northwest and Southeast (CORRIM 2006) and Markewitz
(2006) provides a detailed methodology for tracking fossil fuel consumption
during silvicultural activities. However, the literature directly discussing the
fossil fuel requirements and related emissions to construct the forest roads over
which forest operations equipment travel is extremely sparse. A small portion of
the forest road construction literature is financially-based, but contains little or no
information about the fuel consumption underlying road construction costs
(Balcom 1988; Layton and others 1992; Erickson and others 1992; USFS 2007).

Because forest access road construction is a necessary and critical component
of many forest vegetation treatment projects, the range of fuel energy
requirements and associated emissions from road construction are needed for an
accurate carbon accounting of forest vegetation treatments. Here we present a
methodology for estimating diesel fuel consumption and corresponding carbon
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dioxide emissions associated with building forest roads, and discuss its benefits
and limitations.

Methods and Results

There are two common ways to construct a forest road in mountainous terrain
— the cut-fill method and the full bench method. The cut-fill method is used on
gentle to moderate hill slopes ranging from approximately 0% — 50% and the full
bench method is employed for steeper slopes. Using the cut-fill method, the
builder would cut into hillside approximately half of the total road width, and then
use the material removed by that cut as fil/ to construct the remaining half of the
road on the downhill slope (Figure 1). When the full bench method is employed,
the builder cuts into the hillside the entire width of the road, essentially creating a
bench in the hill serving as the base of the road (Figure 2). Historically bulldozers
have been the primary equipment used to construct forest roads. However,
according to Forest Service Northern Region engineers most forest road building
contractors switched to using hydraulic excavators in the mid to late 1980’s (pers.
comm. Rich Raines 3 October 2008; pers. comm. Marcia Hughey 15 October
2008). Excavators were found to be much more versatile and efficient for
building forest roads, able to incorporate all aspects of road building into one
single pass (Balcom 1988).

Figure 1: Cross sectional view of hill slope on which an eighteen feet wide road base would be
constructed with the cut-fill method.

In this paper we have derived estimates of fuel consumption and resulting
carbon dioxide emissions from building forest roads using information from
Balcom (1988) and the Caterpillar Performance Handbook (CAT 1989, 2007).
We estimate fuel consumption and emissions for each of the following major road
building activities for both the cut-fill and full bench methods: 1) pioneering, 2)
clearing and grubbing, and 3) sub-grade excavation. However, the following
methodology is not limited to using the results from our selected sources. Rather,
we have conceptualized a framework for estimating fuel consumption and
emissions that is not limited to our selected sources.
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———14 feet wide road base ———|

Figure 2: Cross sectional view of hill slope on which a fourteen feet wide road base would be
constructed with the full bench method.

Cut-Fill Road Construction

Balcom (1988) conducted a time-motion study of forest road construction costs
in Oregon using both crawler tractors and hydraulic excavators. This time-motion
study provides results of feet per hour for building roads using the cut-fill method
on hill slopes up to 50%. Although several types of machines were analyzed by
Balcom, we isolated the results from the Caterpillar 235 hydraulic excavator and
acquired that machine’s fuel consumption rate of 8 gallons per hour from the
1989 Caterpillar Performance Handbook (CAT 1989) assuming 72% utilization,
the midpoint in the utilization range listed for forestry operations. Average
construction rates in linear feet per hour reported by Balcom were used to
estimate pioneering, clearing and grubbing, and sub-grade excavation. Table 1
displays the average production per hour and fuel consumption per linear foot of
road constructed for each of the three major road building activities listed above.
Our estimates show that using a hydraulic excavator to construct forest roads with
the cut-fill method on gentle slopes consumes approximately 0.11140 gallon of
diesel per linear foot of road constructed, or approximately 590 gallons per mile.

We then combined the diesel fuel consumption estimate with emissions data
for internal combustion diesel engines reported by the US Environmental
Protection Agency (EPA 1995) and diesel energy content reported by the US
Energy Information Administration (EIA 2008), which resulted in a carbon
dioxide emission factor of 22.796 pounds per gallon of diesel. Combining this
with molecular weights for carbon (12) and oxygen (16) yields the carbon dioxide
and carbon equivalent results displayed in Table 2.
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Table 1: Diesel fuel consumption per linear foot of forest road construction using the cut-fill method
on slopes less than 50% for eighteen feet wide roads.

Road construction activity | Production (feet/hour)® Diesel consumption Diesel consurpptlon
(gallon/foot) (gallons/mile)
Pioneering 582 0.01375 73
Clearing and grubbing 129.5 0.06178 326
S.ub-graqe excavation with 223 003587 189
sidecasting
Total of all activities 0.11140 588

? From Balcom (1988)

Approximately 2.5 pounds of carbon dioxide are emitted from diesel fuel
burned per linear foot of forest road constructed on slopes less than 50%, or
13,400 pounds per mile. The carbon equivalent using the carbon-to-carbon
dioxide ratio of 12/44 equals roughly 0.7 pound of carbon per linear foot of road
construction, or 3,650 pounds of carbon per mile.

Table 2: Carbon dioxide emissions per linear foot of forest road construction using the cut-fill
method on slopes less than 50% for eighteen feet wide roads.

Carbon dioxide Carbon dioxide . .
. - L. L. Carbon equivalent Carbon equivalent
Road construction activity emissions emissions (poundfoot) (pounds/mile)
(pounds/foot) (pounds/mile) p P
Pioneering 0.31345 1,655 0.08548 451
Clearing and grubbing 1.40834 7,436 0.38409 2,028
Sub-grade excavation 0.81769 4,317 0.22301 1177
Total of all activities 2.53947 13,408 0.69258 3,657

Full Bench Road Construction

Contrary to gentle slopes for which the cut-fill method would be appropriate,
the amount of material that needs to be handled and moved to construct a full
bench road in steep terrain is very sensitive to percent hill slope and soil type.
Because of this, measuring the amount of cubic material handled and moved is
critically important. To estimate the amount of cubic material for any given hill
slope and cut slope, we multiply the cross sectional area that would be cut into the
hill by the linear distance of road constructed (Douglas 1999). The cross sectional
area of the hill cut out to build the road (bold area in Figure 3) is calculated with
the following equation (see Appendix A):

Area = L-w .
200

2

c—S

[Equation 1]
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In this equation, Area is the cross sectional area in square feet, w denotes the
width of the road base in feet, and s and ¢ denote the percent hill slope and percent
cut slope, respectively, where 0 < s < ¢. Note that for a slope of, for example,
35%, s =35; more notably s # .35 (the same condition also holds for c¢).

w z

Figure 3: Triangle used to estimate cut material to build forest roads.

Next, to calculate total cubic feet volume of material handled and moved, we
multiply the results from Equation 1 by the linear road distance measured in
feet(d)and a material swell factor (sf'), which accounts for the percent increase

in material volume due to air voids introduced into the material when disturbed:

TotalVolume = d * sf * Area [Equation 2]

Appendix B presents an approach for calculating total volume of material to be
handled and moved for constructing roads having varying percent hill slopes.

To estimate fuel consumption and emissions for handling and moving the
material calculated with the above equations, we used average production rates of
cubic material moved per hour with a hydraulic excavator and two dump trucks
from Balcom (1988). We assumed the same fuel consumption and utilization rate
as above for the excavator. To estimate fuel consumption for endhauling the cut
material (T otal Volume), we used the average dump truck production rates reported

by Balcom and assumed the use of two Caterpillar D25D articulated dump trucks
requiring 4.7 gallons of diesel per hour each (CAT 1989). Additionally,
according to a US Forest Service transportation planner, spreading the endhauled
material at a waste site is also a necessary component of full bench road
construction (pers. comm. Fred Bower, 13 January 2009). For this we assumed a
Caterpillar D7 track type dozer is used 4 hours daily (pers. comm. Bob Greil, road
construction contractor, 29 January 2009) requiring 8 gallons of diesel per hour
(CAT 1989). We further assumed a material swell factor of 1.3.

The resulting fuel consumption and emissions estimates per cubic foot of
handled material from road construction on slopes greater than 50% are displayed

% If material swell is 30% then the swell factor is s/= 1+.30 = 1.3.
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in Table 3. The estimates are based upon the same diesel fuel emissions and
energy content as with the cut-fill method. The estimates show approximately
0.007 gallon of diesel fuel is required per cubic foot handled and moved to
construct a forest road using the full bench method. Carbon dioxide emissions are
about 0.17 pounds per cubic foot and the carbon equivalent is roughly 0.05 pound
per cubic foot.

Table 3: Diesel fuel consumption and carbon dioxide emissions per cubic foot of handled material
with full bench method on slopes greater than 50%.

Carbon dioxide
emissions
(pound/cubic foot)

Road construction Production (cubic | Diesel consumption
activity feet/hour) (gallon/cubic foot)

Carbon equivalent
(pound/cubic foot)

Pioneering, Clearing and
grubbing, Sub-grade 2926.8° 0.00273 0.06223 0.01697
excavating (excavator)

Endhauling (2 dump trucks) 2948.4° 0.00319 0.07272 0.01983
Waste site spreading 5896.8" 0.00136 0.03100 0.00846
(dozer)

Total of all activities 0.00728 0.16595 0.04526

“From Balcom (1988)
®Assumes dozer operation is half the time as the other equipment (pers. comm. Bob Greil, road
construction contractor 29 January 2009)

Tables 4 and 5 display diesel fuel consumption and carbon dioxide emissions
by incremental hill slopes. The values are derived from total cubic feet of
material to handle and move from Equations 1 and 2 and the estimate of diesel
consumed per cubic foot from Table 3. We also assumed a fourteen foot wide
road and 200% cut slope (pers. comm. Bob Greil, road construction contractor, 29
January 2009). Our estimates of total diesel fuel consumption for building forest
roads on hill slopes greater than 50% range from approximately .62 — 1.5 gallons
per linear road foot, and roughly 3,260 — 8,000 gallons per mile. Carbon dioxide
emissions range from approximately 74,400 pounds per mile at 50% hill slope to
182,700 pounds per mile at an extreme hill slope of 90%. The carbon equivalent
ranges from 20,300 — 49,800 pounds per mile.

Table 4: Diesel fuel consumption estimates by percent hill slope greater than or equal to 50%
assuming a cut slope of 200% and fourteen feet wide roads.

Road Material to move per Diesel fuel consumption per linear road foot
. Hill slope linear road foot (gallons) Gallons per
construction (percent) mile
method (cubic yards)| (cubic feet) | Excavator |Dump trucks Dozer Total
50 3.15 84.93 0.23187 0.27094 0.11551 0.61831 3,265
55 3.58 96.65 0.26385 0.30831 0.13144 0.70360 3,715
60 4.04 109.20 0.29812 0.34835 0.14851 0.79498 4,197
65 4.54 122.68 0.33492 0.39135 0.16685 0.89312 4,716
Full-bench 70 5.08 137.20 0.37456 0.43767 0.18659 0.99882 5,274
75 5.66 152.88 0.41736 0.48769 0.20792 1.11297 5,876
80 6.29 169.87 0.46374 0.54187 0.23102 1.23663 6,529
85 6.98 188.33 0.51414 0.60077 0.25613 1.37105 7,239
90 7.72 208.47 0.56913 0.66503 0.28352 1.51768 8,013
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Table 5: Diesel fuel consumption, carbon dioxide emissions and carbon equivalent estimates by
percent hill slope greater than or equal to 50% assuming a cut slope of 200% and fourteen feet

wide roads.
Road . Total diesel | Total diesel Tota.l c.arbon Tote?l c.arbon Total carbon | Total carbon
. Hill slope fuel fuel dioxide dioxide . R
construction . . - . equivalent equivalent
method (percent) | consumption | consumption | emissions emissions (pounds/foot) | (pounds/mile)
(gallons/foot) | (gallons/mile) | (pounds/foot) | (pounds/mile)
50 0.61831 3,265 14.10 74,422 3.84 20,297
55 0.70360 3,715 16.04 84,687 4.37 23,097
60 0.79498 4,197 18.12 95,686 4.94 26,096
65 0.89312 4,716 20.36 107,499 5.55 29,318
Full-bench 70 0.99882 5,274 22.77 120,220 6.21 32,787
75 1.11297 5,876 25.37 133,960 6.92 36,535
80 1.23663 6,529 28.19 148,844 7.69 40,594
85 1.37105 7,239 31.25 165,023 8.52 45,006
90 1.51768 8,013 34.60 182,673 9.44 49,820
Discussion

It is common practice for road engineers to use published machine productivity
equations to estimate costs or other related information. Here we have combined
mathematical estimates with published production information to estimate fuel
consumption and carbon dioxide emissions from building forest access roads.
However, the results presented above rely on published studies designed to
estimate forest road construction costs. While such studies are based upon field
collected data, and general machine production rates were presented, machine fuel
consumption during road construction was not investigated. Here we have
estimated fuel consumption and emissions from forest road construction by
combining computed average production estimates with estimates of machine-
specific fuel consumption rates.

We recognize that our estimates have limitations. First, as Erickson (1992)
described, forest road construction costs are difficult to estimate due to site-
specific variations; therefore it is logical that fuel consumption would also be
difficult to estimate due to similar variations. Second, applying the limited
information provided by Balcom should be with caution, as conditions such as
soil type can significantly impact the necessary cut slope and overall production.
Third, there is no way to account for operator experience and production, or
control for job-specific variations, such as culvert installment, turnout
construction, seeding and stabilization, rolling dip construction, etc. We also
cannot reasonably account for machine positioning and re-positioning, idling or
other down time exclusive of the basic utilization rate used in our estimation
process. Here we assumed that the amount of cut material equals the fill needed
to build the road base with the cut-fill method, requiring no relocation of fill
material. However, actual hill slope angles are not linear as displayed in Figure 3
and thus can require moving either more or less material for any given hill slope
percent.
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Additionally, in this analysis we have not included estimates of fuel
consumption or emissions for road reconstruction, grading and maintenance,
prism obliteration, employee commute to and from the job site, equipment
mobilization via a lowboy tractor trailer, or delivery of supplies. We have limited
our estimates to the basic elements of road construction, and suggest much more
effort be devoted to this and other aspects of forest management as they relate to
carbon accounting.
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