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Abstract—Dr. Paul Van Deusen’s recent passing concluded a rich 30+-year research
career dedicated to development and implementation of quantitative methods for forestry
and natural resources. Since the early part of his career as a biometrician with the USDA
Forest Service Southern Research Station in the 1980s-1990s and continuing with his
later employment at NCASI, Dr. Van Deusen has made many research contributions that
have been directly or indirectly important for the implementation of FIA data collection
methods and for the analysis and interpretation of FIA data. We have attempted to
summarize highlights of Dr. Van Deusen’s contributions to FIA and to forestry, as well as

natural resources in general.

On August 21, 2015 the forestry profession lost Dr.
Paul Van Deusen, a generational science leader in
applying quantitative sciences to the contemporary
issues of each decade of his career. Paul’s knowledge
and practical applications of forest biometrics were
uniquely multi-dimensional as this paper chronicles.
In the mid-to-late 1990s Paul worked with the Forest
Service’s Forest Inventory and Analysis (FIA)
program, and inventory experts and users of FIA’s
partner and user community in defining the statistical
design and estimation techniques for FIA’s annual
forest inventory. Paul was a rare combination of theory
and practicality and an ardent student of Occam’s
razor or ‘law of parsimony’ and the current annual FIA
panel design is a direct reflection of this principle. Dr.
Van Deusen was a founding member of the first FIA
science symposium held in November of 1999 in San
Antonio, Texas. He continued to work closely with the
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FIA science and user community and was a member
of the planning committee for this symposium, the 12
FIA science symposium. He also worked tirelessly
with the organizing committee of each and every
Annual National FIA User’s Group Meeting sponsored
by the Society of American Foresters over the last two
decades. We dedicate this symposium to Dr. Paul Van
Deusen and invite you to read this tribute to Paul’s
research contributions.

EARLY YEARS AND THE
SOUTHERN STATION

Dr. Paul Van Deusen received his Ph.D. from the
University of California, Berkeley under the direction
of Dr. Gregory Biging, where he also interacted

with Dr. Lee Wensel who was then developing the
CACTOS growth model for California forests. Paul’s
doctoral work contributed to the stand generator for
CACTOS (Van Deusen 1984; Van Deusen and Biging
1984; Biging et al. 1994). Previously, he received

an M.S. from Mississippi State University working
with Drs. Thomas Matney and Al Sullivan, where
among other projects they published early south-wide
individual tree volume equations for loblolly pine
(Van Deusen et al. 1981) and a system of equations
for predicting volume and diameter of sweetgum
trees to any height (Van Deusen et al. 1982). Prior to
his M.S., Paul earned a B.S. in forest management
from the University of Massachusetts. After leaving
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Berkeley, Paul was employed by the Institute of
Quantitative Studies unit in the USDA Forest Service
Southern Research Station at New Orleans, LA
headed by Project Leader Dr. Tommy Dell. The unit
in those days had responsibility for technical aspects
of the southern FIA (then termed Forest Survey) and
Dr. Van Deusen developed a keen interest in forest
sampling problems.

Dr. Van Deusen was one of the early contributors to
the application of Monte Carlo Integration to forest
sampling problems. With Dr. Walter Meerschaert,

he published a paper proving that critical height
sampling was unbiased for any tree taper function
using the framework provided by the cylindrical
shells integral (Van Deusen and Meershaert, 1986).
By remarkable coincidence, Lynch (1986) published
a paper in a different journal taking a very similar
approach to critical height sampling independently
of Dr. Van Deusen’s work. With Lynch, Dr. Van
Deusen was the first to apply the variance reduction
technique of antithetic variates to obtain unbiased
estimates of tree volume (Van Deusen and Lynch
1987), combining the technique with importance
sampling that had previously been introduced into
forestry by Gregoire et al. shortly prior (Gregoire et
al. 1985, 1986; and Furnival et al. 1986). Importance
sampling was originally developed to reduce the
number of computer operations needed in Monte
Carlo analyses (Kahn and Marshall, 1953). Dr. Van
Deusen (1987a, 1990a) was also the first to apply the
control variates technique often used for variance
reduction in Monte Carlo integration to the unbiased
estimation of tree stem volume. At about the same
time, Van Deusen (1987¢) discussed design versus
model-based estimates in reference to 3-P sampling
and Van Deusen (1988) investigated simultaneous
estimation with a squared error loss function. Dr. Van
Deusen (1995a) later proposed difference sampling
as an alternative to importance sampling. Since that
time antithetic variates and control variates have had
other applications in forest sampling and promise to
remain part of the “tool kit” in forest sampling for the
foreseeable future.
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During the 1980s, the potential effects of acid rain on
forest growth became an issue of interest, and Dr. Van
Deusen made several contributions in this area. He
made a pioneering application of the Kalman filter in
dendrochronology by applying it to increment core
data, which were being used to study possible effects
of acid rain on tree growth (Van Deusen 1987b, 1988,
1989a, 1990b,c). Although Visser (1986) published

an application of the Kalman filter to tree ring data
slightly earlier, Van Deusen (1987b, 1988) had
formulated it independently before the Visser (1986)
paper was published. While at Berkley he had taken

a course from Dr. Andrew Harvey, econometrician

and expert on Kalman filtering. Dr. Van Deusen also
supervised work on a project to study increment cores
obtained with probability proportional to size sampling
on point samples, which in that era were used by the
southern FIA (formerly called “Forest Survey”). As
part of that project, Drs. Juha Lappi and Robert Bailey
quantified bias in growth estimates due to collection of
increment cores on point samples (Lappi and Bailey
1987). Due to the sampling method, trees with cores
showing faster growth also had larger inclusion zones
and were more likely to be sampled than other trees of
a given initial size a fixed number of years previous.
Lynch also worked on the project and proposed ratio
estimators to correct the problems, testing these in
simulations (Lynch and Huebschmann 1992). Dr. Van
Deusen (1986) also obtained likelihood equations for
fitting tree diameter distributions (e.g, the Weibull
distribution) when sample trees were selected from
point samples. Another contribution to point sampling
research included estimators for point clusters (Van
Deusen and Grender 1989). Van Deusen and Baldwin
(1993) proposed methods of sampling and predicting
tree dry weight. Van Deusen (1992) discussed growth
dynamics for naturally-occurring loblolly pine in the
south. The recurrence of slash pine blight was analyzed
by Van Duesen and Snow (1991). In an extension of his
tree-ring research, Dr. Van Deusen collaborated on the
use of data to detect large-scale disturbances in Reams
and Van Deusen (1993), the standardization of tree-ring
data in Van Deusen and Reams (1993), and on historic
climatic variation in Reams and Van Deusen (1998).
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Obtaining compatible estimates of the components for
forest growth from remeasured point samples or from
partial replacement sampling was an issue of interest
during Dr. Van Deusen’s tenure with the Southern Station,
especially since the FIA plots at the time were point
samples. Dr. Van Deusen made several contributions

in this area. Significant papers by Dr. Van Deusen that
focused on improved estimation included Van Deusen et
al. (1986), Van Deusen (1993, 1996a, 1999a), and Roesch
and Van Deusen (1993). As indicated above, Dr. Van
Deusen had taken econometrics coursework at Berkeley
during his Ph.D. studies and was aware of generalized
least squares as used by econometricians. He realized that
generalized least squares could be applied to the forest
inventory problem of obtaining compatible estimates

of forest growth from remeasured point samples and
partial replacement data. He developed a framework

that included partial replacement sampling and achieved
partial compatibility for estimates of the components of
growth using remeasured point or plot sample data (Van
Deusen 1989b). Subsequently, Lynch (1995) applied
restricted generalized least squares in a similar framework
to achieve exact equality between growth component
estimators. Van Deusen later applied generalized least
squares to obtain one of the early estimators for the
annual FIA system, which was new at that time (the mid
or later 1990s). This estimator allowed specification of a
restriction that could be varied in strength from exact to
approximate. The generalized least squares framework
remains an important approach to the analysis of FIA and
other large forest inventory datasets.

In 1997, Dr. Van Deusen proposed the technique

of multiple imputation for annual forest inventory
applications, which had previously been used by
statisticians working in other fields. Since then, the
method has been widely used to supply missing data
in forestry datasets and to develop tree lists for forest
growth simulators among other applications. Although
single imputation had been applied in the Swedish
National Survey (Holm et al. 1979, Ranneby et al.
1987) and the Finnish forest survey (Poso 1978), and
Moeur and Stage (1995) had proposed nearest neighbor
methods, Van Deusen’s (1997) application of multiple
imputation to natural resource data was pioneering.
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NCASI AND LATER CAREER

After working for the USDA Forest Service Southern
Station for a 10 year period, Dr. Van Deusen worked
as a biometrician for the National Council for Air and
Stream Improvement (NCASI), where his interest

in forest sampling and FIA continued. He also
developed software for harvest scheduling, among
many other endeavors. In the early 1990s, Dr. Van
Deusen, focused his research effort into building a
multi-objective harvest scheduling program called
HABPLAN. HABPLAN can be described as a Model
I harvest schedule with an integer formulation that
permits the user to obtain solutions that are spatially
compliant with adjacency constraints. Paul elected

to achieve optimality using the Metropolis heuristic
in a methodology that is best described as simulated
annealing. Dr. Van Deusen collaborated with others
later to use the HABPLAN harvest scheduler for
landscape-scale analysis of forestry guidelines using
bird habitat models in Loehle et al. (2006). He also
constructed an ingenious matrix generator program
called HABGEN, and wrote both applications in
JAVA. Some of his publications in this area include
Van Deusen (1999b) concerning multiple solution
harvest scheduling, Van Deusen (2001a) which relates
to harvest scheduling with spatial constraints, and Van
Deusen (1996b) which applied Bayesian concepts to
habitat and harvest scheduling. His collaborations and
contributions in habitat modeling and ecology also
appear in Wigley et al. (2001), Mitchell et al. (2008),
Loehle et al. (2009), Miller et al. (2011), Irwin et al.
(2015), Van Deusen and Irwin (2012), Van Deusen

et al. (1998) and Van Deusen (2002a). Van Deusen
(2010) discussed the evaluation of the option of carbon
storage in forests.

In the late 1990’s, Dr. Van Deusen was part of a
group of scientists and professionals who were a key
influence on changing the FIA to the current national
annual design from the various regional periodic
designs. The implementation of annual inventories
by the Forest Inventory and Analysis (FIA) program
in the United States initiated entirely new threads

of estimation-focused research. It was immediately
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obvious that the traditional way of thinking about and
analyzing remeasured samples was inadequate for the
panelized annual sample design. One of the earliest
papers on the subject was Van Deusen (1997). The
significant implications of the design were discussed
in Van Deusen (2000a, 2000b) and Van Deusen et

al. (1999). Additional significant research is found

in Van Deusen (2001b, 2002b, 2004), on alternative
designs and estimators for annual inventories.
Spinney et al. (2006) unveiled one of at least three
comprehensive on-line estimation tools for FIA data
(SOLE). The other two tools are COLE (Proctor et
al., 2002; Spinney et al., 2005) and GForest (Spinney
and Van Deusen, 2007). With respect to this sample
design, many papers offered interesting perspectives
on improved estimation. Van Deusen (2005), in an
attempt to nudge FIA into choosing more efficient
estimation methods, gave an alternative view of some
of the issues that led to the existing procedures. Van
Deusen (2007a, 2007b) then showed an alternative
way for FIA to achieve the long-standing goal of
ensuring compatible marginal totals in tables using
weighted estimators. Van Deusen and Heath (2010)
proposed weighted analysis methods for mapped forest
inventory data. The need for estimators that consider
the specific timing of the observations from this design
was recognized in these and the later publications of
Van Deusen and Roesch (2007, 2009a, 2009b, 2013),
Roesch and Van Deusen (2010a,b, 2012, 2013), and
Van Deusen et al. (2013).

Until his passing, Dr. Van Deusen continued to
investigate alternative designs and estimators for
special problems in forestry. A notable collaboration
with Dr. Jeff Gove started with the problem of
sampling downed woody debris and resulted in

the “sausage method” of estimation in Gove and
Van Deusen (2011) and a general spoked transect
discussion in Van Deusen and Gove (2011). Dr. Van
Deusen also contributed to the three-dimensional
jigsaw-puzzle view of forest monitoring in Roesch
and Van Deusen (2013). The utility of the simple
systematic well- dispersed sample design, currently
used by FIA, that Paul was very instrumental in
effecting, is being discovered by many investigators
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for use in highly specialized studies. Finally, Dr. Van
Deusen considered alternate ways of sampling and
estimating tree volume, biomass and carbon, which is
an issue on which FIA is still working (Van Deusen
and Roesch, 2011).

Like many of his contemporaries, Paul also
contributed to improving the integration of remotely
sensed data and forest inventories. Van Deusen
(1994, 1995b) discussed the correction of bias in
change estimates from thematic maps. Roesch, Van
Deusen, and Zhu (1995) investigated estimators for
updating forest area coverage using AVHRR and
forest inventory data, while Van Deusen (1996¢)
gave unbiased estimates of class proportions from
thematic maps.

Most biometricians have some talent with and affinity
towards computers and the programming thereof.

Dr. Van Deusen was no exception in this area; on the
contrary he was quite exceptional. He was an early
adopter of *nix (i.e., Unix, Linux) computational
platforms and was instrumental in converting several
colleagues from proprietary systems to Linux. In the
nineties, when most people were using PCs or Macs,
Dr. Van Deusen was working on Sun Microsystems
SPARC-based workstations running Solaris Unix as
the operating system. Eventually, in the late 1990s
Dr. Van Deusen was drawn to Linux, an open source
alternative to Unix, and began building his own
computers running Red Hat (and later Fedora) Linux.
Dr. Van Deusen was comfortable with a diverse

array of programming languages, both closed (on
SPARC) and open-source (on Linux). His “Dynaclim”
Kalman filtering system (Van Deusen and Kortez,
1988) was written in the Gauss (Aptech Systems)
matrix language. The online applications like COLE
(Proctor et. al, 2002) developed by Dr. Van Deusen
and his staff (at various times including: John Beebe,
Patrick Proctor, Mike Spinney, and Rei Hayashi)
employed a variety of different open-source languages
including perl, Java, JavaScript, Grass, Povray (a ray
tracing program, used in GForest for 3D views of
individual plots), mySQL (later MariaDB), R, LaTeX
(for automated report generation through Sweave in
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R) and, of course, HTML. Dr. Van Deusen was an
advocate for the Linux and open-source development
model (Proctor et. al, 2003) and would often comment
that it would have been much more difficult to develop
similar online tools on other (i.e., closed) platforms.
Dr. Van Deusen’s preferred software for everyday
work on Linux was a combination of R for analysis
and LaTeX for manuscripts. He would joke that he did
not know how to use a spreadsheet program.

CONCLUSIONS

The tools mentioned above give testimony to Paul’s
contributions as a “complete biometrician.” Although
many of us tend to prefer the theoretical developments
of our craft, a complete biometrician gets an idea,
develops the theory to express the idea, and then
packages the results into a product that is usable by
others. Paul was not only adept at simplifying complex
ideas to the point where they were understandable

to any reader of his publications, he was also
extremely adept at developing user-friendly systems to
implement those ideas, and he did that in every area of
his research.

Unfortunately, Paul passed away on August 21, 2015,
but he has left a rich legacy to the forest biometrics
community. Dr. Van Deusen remained an active and
vibrant scientist until his death, as will be evidenced
by his posthumous publications. So far, we know

of Roesch et al. (2015). Given the many areas that

he had an interest in, we suspect that there are other
manuscripts still in process.
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