'-j"nuai inventﬂry system that wuif ﬂperate atre-

duced intensity umultaneuusl}r in all states
every year. This system will provide annual
inventory updates in all parts of the country
every year, and will make it easier for part-
ners (mainly state forestry agencies) to col-
laborate in program planning and implemen-
tation, The change has significant implications
for traditional and new users of the national
inventory system.

By Andrew J.R. Gillespie

ics and Inventory m

he USDA Forest Service Forest

Inventory and Analysis (FIA)

program provides periodic in-
formation on status and trends on a
variety of parameters describing for-
ests and forest use: area and location
of forests; structure and composition
of forests in terms of species, sizes, and
volume; rates of tree growth, mortal-
ity, and removals; patterns of owner-
ship of forestlands; and informarion
on harvest efficiency and wood prod-
uct flows throughout the United
States (USDA-FS 1992). This infor-
mation is of vital interest to numerous
customers including managers, poli-
cymakers, environmental organiza-
tions, business interests, consultants,
scientists, the media, and citizens who
are interested in status, trends, stew-
ardship, and sustainability of the na-
tion’s forested ecosystems. This pro-
gram is referred to as a strategic inven-
tory to distinguish it from more local,
project-level inventories aimed at pro-
viding specific information for plan-
ning management actions.

FIA has historically conducted for-
est inventory on a state-by-stare cvcle.
Under this model, we divide the coun-
trv into zones and, within each zone,
conduct statewide inventories one
state at a time for all forestland outside
of national forests. (Nartional forest
managers are responsible for forest in-
ventory within national forests; many
contract with FIA to provide consis-
tent coverage across states.) Past inven-
tory cycles have ranged from six to
eight years in the South and 11 to 18
vears in the rest of the country. In
1998, the total federal appropriation
for FIA was $19.8 million, which was
approximately 10.5 percent of the
total rescarch budger of $188 million,
or 0.7 percent of the total Forest Ser-

vice budger of $2.73 billion.

Alternatives for reducing the cycle
with available funds, such as reducing
the sample intensity or scope of dara
collected, are not acceptable to many
program customers. Program invest-
ments in remote sensing rools have led
to interesting new products, but cur-
rent remote sensing technology is not
capable of providing the required level
of detail demanded b) customers at the
state and regional scales at which we
operate. For example, FIA is required
to report area estimates by derailed
classifications of forest type, stand size,
and stand volume that are not possible
to classify with sufficient accuracy
without substantial levels of ground-
truthing. Nevertheless, we will con-
tinue to conduct research into ways to
integrate new remote sensing tools into
our inventory system to increase effi-
ciencies and to develop useful new
products.

In recent years, as budgers have re-
mained relatively flat or declined (in
real terms), FIA units have tended o
divert ever-increasing shares of their
budgets to collecting field data in an at-
tempt to reduce or at least maintain the
current inventory cyecle. These steps
have proved insufficient to maintain
the inventory cycle at the desired eight
to 10 years, and have compounded the
problem by slowing the analysis and
publication of inventory results. The
result has been increasing customer
concern that the FIA program is not
meeting present customer needs, nei-
ther in terms of frequency of data nor
in diversity of analytical products.
These concerns have been expressed in
two reviews of the FIA program by a
cross section of program customers
{American Forest & Paper Association
1992, 1998] who have encouraged us
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to reassess the existing program to 1m-
prove program performance.

One way to address some of the
problems facing the program is to
change to an annual inventory system.
This approach has two major artrac-
tions. First, it guarantees that all states
will have at least some new data avail-
able every year, which addresses con-
cerns about dara currency. Second, it
makes it easier for partners to help
share the costs of the program through
a steady annual level of participation,
which removes the program from toral
fiscal dependency on federal dollars.

FIA has been seriously considering
an annual approach to forest inventory
since 1992, when we began develop-
ment of a prototype annual inventory
system in Minnesota in cooperation
with the Minnesota Department of
Nartural Resources. Satellite imagery
analysis was used to differentiate be-
tween plots that could be modeled
rather than visited, and plots where
sufficient change had raken place to
warrant a field visit. By visiting a
smaller set of plots annually, and lever-
aging that informartion with remotelv
sensed data and models, it was hoped
thar a state-level report could be pro-
duced at more-frequent intervals—
four vears or less—for the same cost.

In 1996 we began testing and im-
plementing a simpler approach in co-
operation with a coalition of industry
and state partners in the South. We di-
vided the existing set of field plots into
five overlapping pancls, with the intent
of measuring one full panel cach year
so that each plot would be measured
once every five vears. Because federal
funding levels could only support a
seven- or cight-year cycle, this ap-
proach  would require additional
sources of funds, either from the Forest

Service or from partners. Several south-
ern states have already stepped forward
to invest significant amounts of their
own money and staff time in support
of the program (USDA-FS 1999b).

Other FIA units have until now
been interested observers. However,
the Agricultural Research, Extension,
and Education Reform Act of 1998
(PL 105-1853) directs all FIA units to
change to an annual inventory system
over the next five years. This law also
significantly changes and expands the
FIA mission in other ways, requiring
more data collection on a wider array
of parameters, mandating consistency
in merhods and data across all lands in-
cluding national forests, and requiring
analysis and reporting by states at five-
year intervals. These requirements
imply other necessary program changes
that are described in the Swrategic Plan
for Forest Inventory and Monitoring
{1999a). For purposes of this arricle,
we assume that FIA will implement the
full extent of sampling required by the
legislation: 20 percent per vear per
state.

It is significant that this legislation
was written and passed with lirtle di-
rect input from the Forest Service,
which is largely a reflection of how
frustrated so many program clients
have been with the slow rate of change
within the FIA program. This high
level of interest is not to be rtaken
lightly. Some aspects of the legislation,
such as that mandating visitation of 20
percent of all plots in all states every
vear (essentially a five-year inventory
cycle for every state), may nor be the
most efficient way to spend public re-
sources. It is also important to note
that the 1998 act is authorizing legisla-
tion and not appropriation legislation;
there is no guarantee that funding will

be provided to implement the man-
dated program. We are confident, how-
ever, that we can collaborate with our
partners to craft a program thar ad-
dresses customers concerns in an effi-
cient fashion, to the best ability of
available resources.

Changing from the periodic ap-
proach to the annual approach has
tremendous implications for many as-
pects of the FIA program, including lo-
gistics, cost efficiencies, partnerships,
and the quality and utility of the re-
sulting information products. The im-
plications will be viewed differently de-
pending on whether one is involved in
implementing the program or is simply
using the results. The following discus-
sion touches on some of the major im-
plications for program participants and
customers alike.

Logistics and Cost-Efficiency
Changing to an annual inventory
will have different implications for lo-
gistics and cost-efficiency in different
parts of the country. Under the peri-
odic approach, field personnel must re-
locare every vear or two as they finish
one state and begin another. This re-
duces retention of experienced crew
people, who soon tire of the nomadic
life and seek positions with more sta-
bilicy. Where we can operate year-
round (mainly in the southern half of
the country and in some flat northern
states), an annual approach allows for
stability in field staff by permanently
stationing them within a certain work-
ing area. This will eliminate the cost of
constantly relocating people, and will
provide field staff with an opportunity
for more normal lives, which should in
turn lead 1o greater retention of experi-
enced staff and lower training costs for
replacements. Some of these savings
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will be needed to offsec the increased
wavel costs, as crews will now cover
every part of every state every year.

[n the rest of the country, the com-
bination of snow and steep terrain
make fieldwark seasonal. In these areas,
logistics for an annual inventory are
more complicated and expensive be-
cause large numbers of people must be
moved into these areas to complete the
20-percent plot coverage across the re-
gion within the operable window. For
example, in the interior West, we esti-
mate a need for 112 person-years of
field crew effort per year to cover the
entire region, or roughly double the
staffing needed to implement an equiv-
alent five-year cycle under a periodic
inventory system (D, VanHooser
1998, pers. commun.). Where crews
once would concentrate on measuring
all plots in a smaller area, they will now
need to cover a larger area, on average
driving (or walking, in roadless areas}
past two plots three miles apart for
every plot they measure. Providing the
coverage required will mean higher
travel costs. Costs could be reduced by
concentrating annual fieldwork in sur-
vey units; that s, dividing a state into
five subunits and measuring all the
plots within each subunit, one subunit
per year. But we believe this approach
is not consistent with the intent of che
legislation, which aims to provide an-
nual statewide updates of forest inven-
tory data. At present we plan to pro-
vide uniform coverage by dividing all
plots in a given state into five panels,
where each panel provides full stare
coverage at approximately even density.

One immediate opportunity for in-
creased efficiency is through the
merger of the FIA program with the
field plor portion of the Forest Health
Monitoring (FHM) program (USDA-
FS, 1998). Currently FHM is a related
program that collects data on forest
health parameters in all implemented
states on an annual basis during a 10-
week summer measurement window.
There is some redundancy between
the programs: for example, FHM col-
lects a set of mensurational data that is
largely duplicated on FIA plots, and it
involves many of the same manage-
ment and supervisory staff that also
manage FIA. As FIA changes to an an-
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nual system, we intend to merge the
sets of plots so that FHM plots will be
a subsct of the annual FIA panel of
plots and will be visited by a single
crew during the summer window to
collect both FIA and FHM dara. This
merger would allow more-efficient use
of the FHM funds (about $7 million
in 1999) for focusing on extended eco-
logical data. In addition, the merger
will reduce the likelihood of multiple
visits to the same plot that might
annoy private landowners, and will in-
crease analytical effectiveness by pro-
viding maximal linkage between the
two databases. Because many states are
partners in both FIA and FHM, com-
bining these programs will enable
states to reduce some overhead associ-
ated with parriciparion.

The financial implications of the
annual inventory system are not lim-
ited to fieldwork. We also expect to
gain some cfficiencies in data analysis.
Data from adjacent states will now be
available over common time periods,
which will eliminate the need for in-
vesting time and energy in complicated
and sometimes arbitrary updaring
processes as a precursor to analyses that
span multiple states. The annual ap-
proach also offers a low-cost opportu-
nity for additienal reports to reflect sig-
nificant environmental that
occur randomly over time, such as
floods, ice storms, hurricanes, or fire,
The annual approach provides a con-
stant platform for responding to un-
predictable events without having to
commission or fund a special study.

EVENTs

Information Quality

Both the periodic and the annual
inventory approaches are designed to
provide unbiased estimates of parame-
ers of interest. However, the parame-
ters estimared are not necessarily che
same for each approach. Under the pe-
riodic approach, the parameter esti-
mares are assumed to describe the state
of the forest at some specific point in
time. The inventory is generally as-
signed to the year in which the bulk of
the dara were collected, although in re-
ality inventory for some larger states
may involve data collected over two to
three years.

Under the annual inventory ap-

proach, we have more choices for para-
meters of interest. One approach
would be to use some kind of moving
average, combining the most recent
observation for all # plots taken over
the past five years. This would vield an
estimate of the mean value over the
past five years, which is not the same as
the mean value in the present year. An-
other approach currently under consid-
eration includes using a variety of
modeling or imputation procedures to
constantly update the past four years of
data to the current year, to provide a
full data set of # observations for the
current vear. Such modeling ap-
proaches will rely on historical data or
other auxiliary informartion, which will
themselves add components of vari-
ance. Research will be needed to quan-
tify and incorporate the additional
variance elements.

[nformarion may be accurate and
precise, vet still not be useful o users.
Under the periodic approach, highly
accurate and precise inventory infor-
mation is available only periodically—
at present, every eight to 15 years for
each state. For users who need current
information, this is not sufficient if too
many vears have passed since the in-
venrory data were collected, or if a
major disturbance event has occurred
since the last inventory. The advantage
of the annual approach for darta users is
that it vields some new informartion
cach year, with the information having
an average age of 2.5 vears (half the
length of the measurement cycle) at
any given time. Users who want con-
tinuous access to relatively recent dara
will prefer the annual approach, and
users who can wait longer for more-
precise data will prefer the periodic ap-
proach. The preference for an annual
approach to inventory will likely be
greatest for systems where the rate of
change is greatest; for relatively stable
systems, a periodic approach is proba-

~bly more efficient.

Customer Confidence

Regardless of how accurate and pre-
cise the dara, the informartion will not
be useful if the ultimace consumers of
the information do not believe it is re-
liable. Accurate information presented
in a manner that undermines its own



credibility is not useful. With the peri-
odic approach to inventory, we have
maximum precision at fixed intervals.
We can say with confidence that the
data reflect observations of a trend at
fixed points in time, and that changes
that occur between the points are re-
flected with some accuracy in the peri-
odic observations.

Reporting updated estimates on an
annual basis will inevitably invite com-
parison of the present estimates to the
previous years, and will cause conster-
nation and distrust if there is deemed
to be a significant variation from year
to year. While statstically understand-
able, such behavior could nonetheless
cause users unfamiliar with rechnical
issues to mistrust and doubt the results.
This is more of a risk under the annual
paradigm than it is under the periodic,
where the lack of mid-cycle data pre-
vents users from making the same
comparison. Auxiliary information in
the form of models or other assump-
tions may be incorporated to increase
the precision of the annual estimares,
but such procedures will themselves
add additional components of variance
that will need to be quantified and in-
corporated into variance estimates.

Partnerships

As the Forest Service increases its ef-
forts at collaborative stewardship, FIA
is increasingly relying on partnerships
to accomplish the FIA mission. For
purposes of this article, partnership is
defined as a relationship where two or
more parties share objectives and pool
resources to reach those objectives.
State forestry agencies in particular
have historically partnered with FIA by
contributing office space, staff time,
vehicles, and other resources that allow
FIA work to proceed ar a faster pace.
Many states have also contributed re-
sources to FIA for purposes of collect-
ing additional data beyond the base
program, for example to intensify the
plot network or to collect special inter-
est variables on some or all plots.

However, it is often difficult for
partners to participate more fully in the
FIA program under the periodic inven-
tory approach because the long inter-
vals between repeated inventory activi-
ties make it difficult for states to sup-

port permanent inventory staff. Over
time, normal employee turnover rends
to reduce the number of staff familiar
with the FIA program, methods, and
opportunities. In addition, partners
who want to seek resources to invest in
FIA are forced to make infrequent re-
quests to state legislators for large sums,
rather than seeking a more modest in-
vestment on a continuous basis. The
periodic nature of past inventory pro-
grams often leads ro periodicity in rela-
tionships between FIA partners, result-
ing in a program that is forever locked
in a less-productive “still-getting-to-
know-you” kind of relationship.

The annual approach allows those
relationships to mature. With opera-
tions in every state every vear, FIA and
partner staff will have the continuous
contact required to build long-term
working relationships. Partners want-
ing to contribute to enhancing the base
program will be able to seck permanent
budgert allocations and staff to do so,
and states that do not choose to con-
tribute resources will still be guaran-
teed a base level of federal service. Be-
cause of annual fieldwork in each state,
partners will have the opportunity in
any given year to inject additional re-
sources into the program for collecting
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additional data abour some issue rele-
vant to cheir needs, withour having to
walt years until the next inv entory f‘br
their state. For organizations lookmg o
increase their mvol»ement in FIA thc
annual approach to inventory is dml[v
preferable to the periodic approach. In
fact, full implementation of the 20-
percent program envisioned bv Con-
gress likely will depend on significant
partner contributions to augment a
base federal | program. Smmhmnt part-
ner contributions are der.’ld}-’ forch-
coming from many eastern states.

Conclusion

The change to an annual inventory
program (}tfers us the opportunity to
simultaneously make other key
changes that are needed to memvc the
FIA program, such as better i integra-
tion with FHM, increased collabora-
tion with partners, and increased con-
sistency in approaches across all owner-
ships. [t appears thar the political mo-
mentum has already determined thac
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FIA will move to an annual approach
for the next generation of Reldwork, in
advance of development and testing of
the necessary rechnical program com-
ponents such as compilation and
analysis approaches. We have some
work to do to catch up.

Simply changing the order in which
we visit field plots is unlikely, by iesclf,
to address customer dissatisfaction
with the timing and scope of FIA pro-
gram outputs. Nevertheless, the transi-
tion to an annual inventory system, if
made simultaneously with other criti-
cal changes in the FIA program, in the
long run will be in the best interest of
the largest number of FIA customers
whose greatest needs are for current
information and a flexible program
framework. If we can simultaneously
address the existing problems of in-
consistency in methods and incom-
plccencss n coverage, and if we can
form partnerships to make available
the resources needed to increase the
timing and scope of data collection

and analysis, then we will be able to
create a collaborative FIA program
that will deliver better information for
MANy years to come.
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