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THE IMPROVEMENT OF PRECISION FOR ESTIMATING  
THE ABUNDANCE OF STANDING DEAD TREES  

USING AUXILIARY INFORMATION UNDER THE FIA PLOT DESIGN

Hong Su An, David W. MacFarlane, and Christopher W. Woodall1

Abstract.—Standing dead trees are an important component of forest ecosystems. 
However, reliable estimates of standing dead tree population parameters can be difficult 
to obtain due to their low abundance and spatial and temporal variation. After 1999, the 
Forest Inventory and Analysis (FIA) Program began collecting data for standing dead 
trees at the Phase 2 stage of sampling. However, the estimates have relatively large 
variations compared to the estimates of live trees. The results represent that EZ-Hurdle 
method shows better precision than the FIA method for both spatial patterns and densities 
of standing dead trees.
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INTRODUCTION
Standing dead trees play an important role in forest 
ecosystems such as maintaining biodiversity and 
nutrients, and carbon sequestration. Therefore, reliable 
estimates of standing dead trees are important to 
assess and monitor healthy forest ecosystems (Gray 
2003). Due to high variation in the abundance of 
standing dead trees and their spatial pattern, designing 
sampling schemes for estimating standing dead tree 
abundance can be challenging. According to previous 
studies, relatively larger plot sizes or higher sampling 
intensities than those used for live trees have been 
applied to estimate the abundance of standing dead 
trees (e.g., Ganey 1999, Stephens 2004). While 
intensification of sampling efforts or changing plot 
designs for estimating standing dead tree attributes 
is a straightforward solution, ultimately the cost of 
intensification of sampling must be considered and 
weighed against the value of increased accuracy 
(Curtis and Marshall 2005, Gregoire and Valentine 
2008). 

One major consequence of surveying too-small an 
area (e.g., using plot sizes that are too small) is that 
there may be a large number of zero observations of 
standing dead trees. Excess zero observations, a.k.a. 
zero-inflated data, will increase variation in estimates 
of standing dead tree parameters (Eskelson et al. 
2009, Potts and Elith 2006). Because of the tendency 
for standing dead trees to be aggregated in space and 
a generally lower abundance of standing dead trees 
relative to live ones, the problem of zero-inflated 
data is likely large. The National Forest Inventory 
and Analysis (FIA) Program collects the attributes 
of standing dead trees such as species, diameter, and 
total height, from Phase 2 plots that consist of four 
7.32 m fixed-radius subplots (Bechtold and Patterson 
2005). About 44 percent of FIA plots observed had no 
standing dead trees on them (Woodall et al., in press). 
In a study by An and MacFarlane (N.d.), the Expected-
Zero (EZ)-Hurdle method showed better precision 
than the fixed-area sampling method for estimating the 
abundance of standing dead trees when there are large 
proportions of zero observations in fixed-area plot 
data. 

The main objective of this study was to apply the 
EZ-Hurdle method to the FIA plot design to estimate 
the abundance of standing dead trees using auxiliary 
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information describing the distance from each subplot 
center to the nearest standing dead tree. 

METHODS
Data
A simulation study was performed to generate 
distributions of standing dead trees within a simulated 
area of 900 ha. In order to collect data for standing 
dead trees, the FIA plot design was applied, and the 
number of standing dead trees within 7.32 m (24 ft) 
radius subplots was recorded. For the EZ-Hurdle 
method, the distance from each subplot center to 
the nearest standing dead tree was measured. The 
maximum search radius for the nearest standing 
dead tree was 17.95 m (120 ft). Two spatial patterns, 
random and clustered, and two densities, 30 and 
45 standing dead trees per ha, were applied. The 
number of sample plots in each iteration ranged 
from 30 to 60 plots in 10-plot increments. For each 
sampling scenario (spatial pattern, density of standing 
dead trees, and sampling intensity combination), 
approximately 3,000 iterations were applied. For each 
iteration, the number of standing dead trees per ha was 
calculated. The coefficient variation for the estimated 
density of standing dead trees was compared. 

Estimating Density  
of Standing Dead Trees
First, the density of standing dead trees per ha was 
estimated by the published method of the FIA program 
(see Bechtold and Patterson 2005). Second, the EZ-
Hurdle method was applied to estimate the density 
of standing dead trees. The EZ-Hurdle method (An 
and MacFarlane, N.d.) is a model-based estimation 
method which employs a modified version of the 
Hurdle model (Mullahy 1986) called the EZ-Hurdle 
model. The main difference between the Hurdle and 
EZ-Hurdle models is how the zero-proportion (�) 
is specified in the model. In the case of the Hurdle 
model, � is estimated directly from the count data it is 

being fitted to. The zero-proportion in the EZ-Hurdle 
method is estimated from the detection probability of 
a standing dead tree, which is modeled from auxiliary 
data describing the distance from a plot center to the 
nearest standing dead tree (An and MacFarlane, N.d.). 

With counts of standing dead trees from FIA subplots, 
the EZ-Hurdle method estimates the density of 
standing dead trees in two steps. The first step is 
estimating the expected-zero proportion for the given 
subplot size (radius = r) from the detection probability 
of a standing dead tree given that plot size. The second 
step is estimating the contribution of nonzero counts 
(plots with at least one standing dead tree) to the 
estimate using zero-truncated count distributions such 
as the Poisson distribution. The procedure to model 
the nonzero counts is the same as that in the original 
Hurdle model (Cameron and Trivedi 1998, Mullahy 
1986), and the estimated expected-zero proportion and 
the contribution of nonzero counts are combined. 

When applied to fixed-radius plot sampling yi ,  
Y = {yi , … , yn}, is the number of standing dead 
trees in sample plot i and di , D = {di , … , dn}, is 
the distance from the plot center of i to the nearest 
standing dead tree; n is the number of samples. In 
order to estimate the expected-zero proportion, the 
detection probability of a standing dead tree for the 
given search radius r is modeled from the auxiliary 
data D because the expected-zero proportion for the 
given (fixed) search radius r is: 

P_ez(r) = 1 – P_dt(r)

where P_ez is the expected-zero proportion, P_dt is 
the detection probability of a standing dead tree, and 
r is a fixed search radius to find the nearest standing 
dead trees. A modified Gompertz function was used to 
estimate the detection probability of a standing dead 
tree from the distance data (An and MacFarlane, N.d.).
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The EZ-Hurdle model is specified as follows:

where y is the number of trees, ƒ(Y = y ǀ µ(r)) / 
(1 – (ƒ(Y = 0 ǀ µ(r))) is the zero-truncated count 
distribution with search radius (plot radius) r,  
ƒ(Y = 0 ǀ µ(r)) is the proportion of zero estimated from 
a model, and µ(r) is the estimated expected value from 
zero-truncated count distributions.

For the EZ-Hurdle with a Poisson distribution (EZP) 
model, the expected value and variance for the count 
distribution are:

where P_ez(c,r) is the expected-zero proportion 
estimated by the model for the given search radius r 
and forest condition c, µ(c,r) is the expected value of 
the zero-truncated Poisson distribution for the given 
plot size (radius = r) and forest condition c.

RESULTS
The detection probability increased with increasing 
density of standing dead trees and was greater with 
the random pattern than clustered pattern at the 

same density of standing dead trees. Table 1 shows 
the estimated density of standing dead trees from 
3,000 iterations. The EZ-Hurdle method had smaller 
standard deviations than the FIA method for all 
scenarios indicating that the EZ-Hurdle method had 
better precision than the FIA method. However, the 
EZ-Hurdle method showed a small bias when standing 
dead trees were clustered. 
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