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An Alternative View of Some FIA Sample
Design and Analysis Issues

Paul C. Van Deusen1

Abstract.—Sample design and analysis decisions are

the result of compromises and inputs from many

sources. The end result would likely change if different

individuals or groups were involved in the planning

process. Discussed here are some alternatives to the

procedures that are currently being used for the annual

inventory. The purpose is to indicate that alternatives

exist and that reasonable people might prefer approach-

es that differ from the ones selected for the annual

inventory. The topics covered include panel creep,

mapping, the moving average, and data security issues.

The Forest Inventory and Analysis (FIA) program of the USDA

Forest Service is implementing an annual forest inventory

(USDA Forest Service 1999) where a percentage of the plots are

measured each year. Before the 1998 Farm Bill that mandated

the annual inventory, FIA was conducting periodic surveys in

each State. Each survey took 1–4 years, and then the State was

revisited every 10–18 years. The 1998 Farm Bill followed two

Blue Ribbon Panel reports, BRP I and BRP II (American Forest

Council 1992, American Forest and Paper Association 1998).

BRP I called for shortening the period between surveys from 10

to 5 years. This goal was never achieved, and cycles averaged 10

years or more when BRP II convened in 1997. The BRP II

request for more timely data motivated the 1998 Farm Bill leg-

islative mandate for an annual survey. The Farm Bill mandate

implies that it is important to have annual updates and continu-

ous data collection underway in all States. It remains to be seen

whether this goal will be achieved.

Panel Creep

The interpenetrating panel design was selected because it

seemed to best facilitate the intent of the Farm Bill, which was

to have a regular proportion of the plots measured each year.

The Farm Bill also intended that annual updates should be pos-

sible. Presumably, the purpose of annual data collection is to

provide annual estimates. Hence, the original plan was to

measure one panel each year. A panel consists of plots that sys-

tematically cover the State. This means that unbiased estimates

of any quantity are possible from a single panel or from combi-

nations of panels. There are also secondary benefits of the

panel design, such as maintaining equal annual budgets and

work loads.

The initial plan was to create 5 panels in Eastern States and

10 panels in the West. Unfortunately, resources are not available

to measure one panel per year in all States. This leads to panel

creep. Panel creep occurs when a panel has been only partially

measured at the end of the field season. One could differentiate

between planned and unplanned panel creep, but the end result is

the same. A panel can’t be used for a statewide update until all

plots have been measured. One way to avoid panel creep is to

create subpanels, which amounts to dividing a main panel into

smaller panels that each systematically covers the State. The 10

panels out west could be viewed as a 5-panel system with sub-

paneling. A 5-panel system has 20 percent of the plots in each

panel, while a 10-panel system has 10 percent of the plots per

panel. Therefore, panel creep in a 10-panel system results in

fewer plots being unavailable than in a 5-panel system.

A 20-subpanel design seems like a reasonable compro-

mise. Each panel contains 5 percent of the plots, so leaving a

panel uncompleted at the end of the field season is less damag-

ing. At the beginning of the season, the crews could begin

measuring as many panels as they expect to complete, say four.

It might become clear that only three panels can be finished as

the season progresses. A solution is to stop work on one panel

so that three full panels are completed. A 20-subpanel design

works well when the real goal is to measure either 5 or 10 per-

cent of the plots each year. The current plan to complete a State

in 7 years in the East doesn’t fit a 20-subpanel design perfectly,

but it is close. Measuring 3 subpanels out of 20 each year

would be a good approximation.
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Mapping Versus Fuzzing

FIA sample plots will not always fall into a uniform forest condi-

tion and may straddle multiple conditions. At one time, FIA rotat-

ed “straddler” subplots into a uniform forest condition. This

created a bias against forest conditions that were long and narrow,

and procedures to replace plot rotation were developed (Birdsey

et al. 1995). The procedure that FIA has officially adopted is

referred to as “mapping.” This involves mapping the boundary of

each distinct condition class that occurs on a subplot, subject to

certain limitations. An alternative approach, called fuzzing, is to

assign each subplot to a single condition class. 

An FIA plot consists of four 1/24-acre subplots in a fixed

configuration, and there is one plot for every 6,000 acres. The

official justification seems to be that mapping subplots results

in the least amount of bias and variance for estimates of condi-

tion class volume and area, and this may be true when condi-

tion boundaries are well defined. The fuzz method involves

classifying each subplot into a single condition class. There are

advantages and disadvantages of fuzzing versus mapping

(Hahn et al. 1995). A major advantage is that field procedures

are simple for fuzzing, because no decisions about type bound-

aries are required. 

With fuzzing, a subplot is classified into whatever catego-

ry occupies the largest proportion of the subplot. Usually, there

are no more than two classes per subplot. Suppose we are deal-

ing with pine and hardwood classes and there are several sub-

plots that are 50 percent in each class. Presumably, the field

crews would on average call half of these subplots pine and the

other half hardwood, which means the end result is unbiased.

In any event, a subplot is only 1/24 of an acre, and it seems that

splitting it into smaller areas via mapping is unnecessary. The

tradeoff in precision may be worth the savings in field-work

time, and complexity. This could be formally evaluated with

existing mapped data, because the corresponding fuzzed results

can be determined from the more detailed mapped data. Such

an evaluation would require assuming that the mapped bound-

aries are distinct and correctly mapped.

The Moving Average

The data from an interpenetrating panel design can be analyzed

in many ways, which is a strength of the design. FIA has cho-

sen the 5-year moving average (MA) as the default procedure.

A comparison among the MA, a one-panel mean and a mixed

estimator (Van Deusen 2002) indicates that the MA works well

when there is no trend in the data, but can show significant bias

in the presence of a trend. 

A brief review of the 5-year moving average will help

clarify the problem with bias. The MA, as envisioned for use

by FIA, is equivalent to averaging all plot measurements from

the last 5 years in a State. For years t-4 through t, this can be

written as:

where [      ]2 is the average of all plot values measured in year

j, and wj is a weight such that [                   ]3 . The weight, wj,

ensures that each panel is weighted according to the proportion

of the total plots it contains. With an exact 20 percent sample,

[wj=0.2.] When [      ]4 represents a single panel mean for year

t, it is unbiased for the true underlying value, [       ]5 , and we

can write   [                               ]6

where et is a random error term. It follows that the expected

value of the moving average is

Therefore, [MAt-4,t ] estimates the true average over the last 5

years and is a biased estimate of the current value, [       ]8. If a

user wants to estimate the midpoint of a 5-year period, the bias

of the MA would generally be less. Most users likely want to be

able to associate estimates with particular years, which is the rea-

son an annual inventory received so much support from users. 

A comparison using simulated data described elsewhere

(Van Deusen 2002) shows the one-panel mean (M1) and the

MA (fig. 1) for flat, linear and quadratic trends. The figure dis-

plays results from 100 simulations for years 1 through 10. The

MA results can be shown only for years 5 through 10, since
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they require 5 years of data. The MA is clearly superior when

there is no trend. However, it’s not clear that the MA is superi-

or for the linear trend since the bias is so large. The quadratic

trend shows that the sign of the bias of the MA changes after

the trend changes direction. 

It is clear that the moving average can show significant

bias. Other estimators that can follow trends and yield less bias

could be implemented by FIA. The MA also has some weak-

nesses for estimating change. The bias in a linear trend would

be subtracted out when estimating change, but the bias in a

quadratic trend would be amplified. Research exists on alterna-

tive model-based methods and imputation procedures

(McRoberts 2001, Reams and Van Deusen 1999, Roesch and

Reams 1999, Rubin 1987), but this is an area where more

research may be justified. 

Data Security Issues

There is an inherent conflict between making FIA data avail-

able to users and maintaining data confidentiality. Data security

places limits on the use of FIA data that can diminish its value,

but also prevents potential abuses. FIA must consider private

property owners’ concerns about these data. To obtain the data,

FIA field crews must have permission from landowners to

access private land where most FIA plots are located. These

private owners are not obligated to grant access, and in most

cases derive little direct benefit from FIA activities. Owners are

concerned about how the information being collected on their

land is being used and who has access to it. 

The long-term viability of the FIA program depends on

striking a balance between adequate security and providing

access to users. FIA access refusal rates are somewhat less than

2 percent nationally. If owners lose confidence in FIA data

security, refusal rates will go up. At worst, the FIA program

could become ineffective. Likewise, FIA will lose political sup-

port if users have too little access to the data.

Data security issues were less important before data

became easily accessible in digital form. This situation has

changed dramatically over the past two decades with the rise of

personal computers and the Internet. The first official indica-

tion of this trend may have been in section 1770 of the 1985

Food Security Act (FSA), which creates a legal mandate for

USDA employees to protect the identity of individuals who

provide data. The 1985 FSA had no immediate impact on FIA

data confidentiality procedures, but in 1989 FIA made it a poli-

cy to release only fuzzed coordinates to the general public. The

fuzzed coordinates were adjusted to be within ±1 mile of the

true location. The 1985 FSA became applicable to FIA data fol-

lowing a 1999 amendment (H.R. 3423) that inserted a new

paragraph including the Forest and Rangeland Renewable

Resources Act.

The 1989 system of fuzzed coordinates was deemed to be

inadequate in 2001 due to H.R. 3423, and FIA stopped releas-

ing coordinates to the public. Before this, there were publicly

available Eastwide and Westwide databases containing fuzzed

coordinates. In the future, data released to the public will be

aggregated, fuzzed, or rearranged so that it will not be possible

to determine who owns the land that contains a particular plot

Figure 1.—Comparison of the one-panel mean and the 5-year
moving average with three trends. Estimates made with simu-
lated data and 100 repetitions are shown for years 1-10 for the
one-panel mean and years 5-10 for the moving average. The
trends are (A) flat, ( B) linear, (C) quadratic. 
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or group of plots. These new restrictions may hinder some tra-

ditional industry uses of the data, such as mill supply or loca-

tion surveys. They will certainly hinder research uses of FIA

data that require owner and land use information. FIA needs to

develop a policy that will protect private owners’ rights while

not alienating traditional users by unnecessarily limiting access

to the data. It remains to be seen if FIA can accomplish such a

difficult compromise.

Summary

FIA is still in the process of replacing the periodic inventory

with an annual inventory, and many decisions must be made

regarding implementation details. It is often true that an organi-

zational decision involves considering competing options with

no clearly superior choice. Regardless, the attributes of each

option are weighed and a decision is made. It is clear that

another group or decisionmaker might have reached a different

conclusion. This paper is written in the spirit of acknowledging

that reasonable people can reach different conclusions.

Likewise, some of the initial decisions made when implement-

ing the annual inventory could change as new information and

viewpoints become available. The issues discussed here were

panel creep, mapping versus fuzzing, the moving average, and

FIA data security.

Panel creep will almost certainly occur within the annual

inventory system. The discussion of panel creep should be

about minimizing the impact of not being able to use plot data

until a panel is completed. FIA chose to implement 5 panels in

the East and 10 in the West, even though few Eastern States

would be able to measure 1 panel per year. This ensures that up

to 20 percent of already measured plots may be unavailable in

the current year. One solution would be to create additional

subpanels to decrease the number of unusable, measured plots.

Mapping is a fix for the bias caused by plot rotation. The

issue here is that mapping might be unnecessarily detailed and

time consuming and that a method known as fuzzing could be

sufficient. Fuzzing might result in more bias than mapping, but

it would simplify field work and analysis.

The moving average was chosen as the default estimator

because it is easy to use. The issue here is that ease of use

comes at the expense of bias. In this case, we see FIA accept-

ing bias as a tradeoff for ease of use, whereas bias associated

with fuzzing was not accepted. This seems to demonstrate the

contention that different groups can reach different conclusions.

The final decisions related to the issue of data security had

not been made as this paper was being written. Whatever they

turn out to be, there is little doubt that reasonable people will

disagree about them. Some will feel they went too far and pre-

vented legitimate uses of the data and others will feel they were

too lenient. 
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