1. Number 2. Station
SRS-4801 Southern
RESEARCH WORK UNIT DESCRIPTION 3. Unit Location
Ref: FSM 4070 Asheville, NC and Starkville MS

4. Research Work Unit Title
Forest Inventory and Anaysis for Southern States

5. Project Leader (Name and address)
James H. Perdue; P.O. Box 2680, 200 Weaver Blvd., Asheville, NC 28802

6. Areaof Research Applicability 7. Edtimated Duration
13 Southern States and Puerto Rico 5Years
8. Misson

To conduct a program of research to improve the understanding of Southern forest ecosystems
through inventories and analyses of the status and trends in resource conditions, use, productivity,
and sugtainability; and to conduct research to provide improved technology for timely and
accurate resource inventories.

9. Judtification and Problem Sdection

This document outlines the future direction of forestry research conducted by Research Work
Unit (RWU) SRS-4801 of the Southern Research Station, USDA Forest Service. The unit has
two principd locations. (1) Station headquartersin Asheville, North Caroling; and (2) the
Forestry Sciences Lab in Starkville, Mississppi. During FY 1997, the Forest Inventory and
Andysis unitsin the former Experiment Stations comprising the recently formed Southern
Research Station were merged. Thisis the first research work unit description involving the
newly merged unit.

Forest ecosystems occupy 40 percent of the region's 535 million acres of totd land area. These
213 million acres of forest provide important economic, socid, and esthetic values to the region
and nation. Benefits provided include recreationa opportunities, watershed protection, wildlife
habitat, and economic benefits from timber products. 1n 1992, the latest year for which
comparable nationwide data are available, the South supported over 34 percent of the softwood
growing stock and over 64 percent of the hardwood growing stock in the United States. This
inventory accounted for 45 percent of the net annua growth for both softwoods and hardwoods
nationwide. In 1991, the latest year data are available nationwide, removas of softwoodsin the
South accounted for 53 percent of the Nation's totdl; removals of hardwood in the South
represented 59 percent of thetotal.

10. Approach to Problem Solution (Start at conclusion of item 9.)

Sgnature Title Date
Recommended: /o7 john F. Kelly | Assistant Director for Resarch 09/14/98
/s/ W. Brad
Smith Assistant to Staff Director 08/31/98
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Guldin Staff Director 08/31/98
Approved: /s/ Peter J.
Roussopoulos Station Director 09/16/98
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Concurred: /s/ Robert Lewis,
Jr. Deputy Chief for Research 09/24/98

The Forest Inventory and Analysis (FIA) program is authorized by the Forest and Rangeland
Renewable Resource Planning Act of 1974, the Forest and Rangeland Renewable Resources
Research Planning Act of 1978, the Nationa Forest Management Act of 1976, and the Forest
Ecosystems and Atmospheric Pollution Research Act of 1988. The FIA program istheonly
entity that conducts comprehengive forest resource inventories on both public and private lands
in the Southern United States. FIA provides continuous evaluation and analyses of the resources
for the region, individuad states, and specid study areas as well as contributing va uable support
to national analyses, using national tandards. FIA has developed the only nationwide forest
resource data, based on permanent sample plotsin every state in the region. A modernized
delivery system is being used to provide access to FIA information, and alowing flexible user-
specified tables to be generated over an Internet Site.

In 1997, the second Blue Ribbon Pand on FIA was convened; this second pand followed the
firgt, which issued areport in 1992. Both pand s were composed of forestry experts from
industry, academia, the Forest Service, and environmenta organizations. The report from the
second pand wasissued in 1998 and listed the following key findings:

Elevate the priority of the FIA program

Initiate annud inventories and supporting anayses
Fulfill the mandate of reporting on dl forest lands
Concentrate on core ecologica and timber data
Develop agrategic plan for FA

aghrwbdPE

The second panel aso developed anumber of evauations related to the program. These
programmatic evaugtions involved the following topics:

Organizationd gructure (program control, authority, and accountability)
Funding

Merger of FIA and the Forest Hedlth Monitoring program

Improved data management and andysis

State reports

Core program and schedule

Coordination and cooperation with partners

Remote sengng and new technology

Relationship to sustainable forestry criteriaand indicators

Monitoring progress and providing feedback

Boom~Nour~wnp

In addition to these key findings and eva uations, the second panel aso evauated progressin
reaching the gods set by the first Blue Ribbon Pandl. These and other FIA customer
recommendations point out the need for the four problems addressed by this research work unit
description.

Timey inventory information is ahigh priority for Southern forest ecosystems. This need has
led to establishment of a collaborative effort that has become known as the Southern Annual
Forest Inventory System (SAFS). SAFISisa partnership of the USDA Forest Service (the
Southern Research Station and Region 8), Southern State Foresters, industry, universities, and
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others. FIA isthe focus of developing the annua inventory system for the South; other partners
have contributed substantia resources to developing and implementing annua inventories.

The supply and demand Situation for forest resourcesis constantly evolving in each state dueto
both naturdl and anthropogenic impacts. These impacts are especidly importart for the South,
given the extremdy high, and increasing levels of timber product harvestsin the region. Most of
the land in the South is owned by nonindudtrid private owners, many of them with small

acreages. This character of ownership is one elemert that heightens the need for accurate, timely
resource inventories. The timelinessissue is paramount for FIA in the South; customers, clients,
and collaborators have clearly stated that an annuad forest inventory system needsto be
implemented as soon as possible. Thus, because of the rapid changes fostered by the dynamic
nature of humanresource interactions there is a continuing, high-priority need to conduct
periodic inventories, while implementing annua inventories as practica and appropriaie

(problem 1).

Because the factors affecting forest ecosystemsin the South foster rapid change, timeliness of
inventoriesis of utmost importance. Because of the devel opments affecting the South, combined
with the inherent resource dynamics, resource demands are unprecedented. The historical
system of periodic inventories has entailed alengthy period of time, 8 to 12 years, between
remeasurements for individua States. Combining this length of time between inventories and

the dynamics affecting the resource, periodic State inventories provide clients and customers
with data that are reliable for only short periods of time, perhaps 3to 4 years. Thus, there are
long periods of time between remeasurements of plots where low confidenceis placed in the
latest data that are avallable. Furthermore, the state-to- Sate operations characteritic of historica
inventories leads to inventory data that are digoint in time across state boundaries. Given the
rgpid changes and high economic demands on the forest ecosystems of the South, there is a need
for reliable information available on an annud bads. Itiscriticd that catastrophic events such as
hurricanes, changesin use such as the wildland/urban interface and balance of growth to harvest
be monitored. Timeliness of inventory data continues to be afirgt priority among FIA
collaborators, clients, and customersin the South. Therefore, the development and
implementation of all components for a Southern annual forest inventory system is urgently
needed (Problem 2).

The need to monitor hedlth of forest ecosystemsis expressed through severa mechaniams,
including the Forest Ecosystemns and Atmospheric Pollution Research Act of 1988. This
legidation requires the Secretary of Agriculture to increase the frequency of forest inventoriesin
meatters that relate to atmospheric pollution and conduct such surveys as are necessary to monitor
long-term trends in the hedlth and productivity of domestic forest ecosystems. The Forest
Service hasindtituted the Forest Health Monitoring program to provide annud information
regarding the hedlth status and trends of these resources.

Through the Forest Hedth Monitoring (FHM) program, the Forest Service has developed a
comprehensive scheme to assess forest health. This scheme includes the categories of detection
monitoring, evaluaion monitoring, and intensve Ste ecosystem monitoring. Detection
monitoring involves annua examingtion of various indicators and includes a series of



measurements and observations across a grid of plots. Indicators observed on these plots include
variables related to mensuration, lichens, soils, damage, tree crown conditions, and vegetative
dructure. These variables are important in assessing the condition of forest ecosystems for a
wide range of values. State Foresters have been collaborating with the FHM program since its
inception in the South.

The FHM detection monitoring plots are co-located with FIA plots (plotsin the origind FHM
States are in the process of being moved so as to achieve co-location with FIA).

The advent of annual inventories and the demonstrated interest of State Foresters to participate
with both the Southern annua forest inventory system and the FHM program provides a distinct
opportunity in the South to integrate the FIA and the FHM detection monitoring programs

(problem 3).

The forest products industry is extremely important to local economiesin dl 13 Southern States
and aso to the national economy. Nationdly, the South accounts for 54 percent of dl the
roundwood products produced. Severa Southern states rank in the top producers nationally of
lumber, pulp, paper, and other wood- based products. The trend in recent years has been toward
an increasing amount of timber products being produced in the South.

Timber product studies conducted by FIA and cooperators provide a vital measure of overal
forest industry activity. Results have been used extensvely by researchers and planners. Such
sudies are increasingly important, given the escalaing need for information about the region's
resources. Timber product studies are an important adjunct to the development and
implementation of the Southern annud forest inventory system. In addition to the economic
vaue of timber products to the South and the Nation, this use provides sgnificant impact to the
forest resources. To adequately andyze the impacts on the resource and the economy, reliable
information is continualy needed on resource use and timber product output (problem 4).

The research proposed for dl four problem areas will fulfill critical needs for information on
forest ecosystems to the public in genera, resource managers, scientists, policy makers,
economists, and awide range of other specidists. Thereisagood likelihood for success, due to
the nature of the proposed research. The outputs will provide FIA clients and customers with
critical information viameans of easy access (publications and computer access), and will
provide improved techniques for application to arange of resource inventory and monitoring
needs.

10. Approach to Problem Solution

Problem 1--Conduct periodic inventories, while implementing annud inventories as practica
and appropriate.

Comprehensive inventories will be planned and conducted on dl forest lands, induding all
ownerships and conditions, to provide information on the amount, condition, and use of the
forest resources. The focus will be on efficient data collection and compilation of resource data
to address business requirements for national needs and needs of collaborators. Data eements



will include land and site conditions, tree cover, land ownership, landscape patterns, resource
treatment opportunities and related items. Permanent sample plots will be remeasured to provide
information on: land-use changes; forest trestment and management; timber growth, removals,
and mortdity; and other ecosystem parameters. Datawill be compiled for usein Satistica and
andyticd reports, and made available in user-accessible computer formats and over the Internet.

To facilitate a systematic research gpproach, the problem will be divided into two eements.

Element A--Resource inventory sampling, and data compilation-- This element isfocused on
efficiently collecting and compiling forest ecosystem data for periodic nationd, regiond, state,
and ecosystem level assessments. Multi-resource inventories are planned and conducted to
provide current information on the kind, amount, condition, ownership, use of, and trendsin
forest resources. All owners and classes of forest [and will be sampled.

The resource inventory sampling will congst of two phases. Both phases shal be accomplished
according to nationd standards. Thefirst phase will entail a determination of forest area, usng
ether agrid photos or satdlite imagery anadlyss. The aerid photo interpretations and remote
senang andysis shdl be verified usng field observations.

The second phase will consst of measurement of permanently located ground plots. Variables
relating to the plot, forest condition, tree, and other resources shall be collected. The nationd
FIA sample design will be used for data collection, with the previous point sample used to
estimate change variables. The old point sample design will be closed out as the new nationd
desgnisingaled in each date. The national sample design entails mapping various forest
conditions occurring on each plat; it is the same design as used in the Forest Health Monitoring

program.

Quadlity assurance and qudity control is a primary concern in the FIA inventories for the
collection of fidld data. A qudlity assurance plan will be developed and used for dl data
collection activities, including those being done collaboratively. The quality assurance plan will
be built on athree part program of prevention, assessment and appraisal, and correction.

During the next five-year period covered by this description, state-of-the-art computer software
will be developed to (1) capture the field data so as to assure the best quality data possible; (2)
compile the data; and (3) provide access to end usersin an effective manner. This software will
alow thorough editing procedures, facilitate quality assurance of field data collection, and
provide efficient data. compilation procedures. Datawill be provided to end users over the
Internet and alternative methods as appropriate, possibly usng compact disk and other
technologies.

Higtoricdly, FIA has conducted periodic inventories of individua states. The overwhelming
need for more frequent resource informetion has brought forth the implementation of the
Southern annua forest inventory system (SAFIS). The need for annud information has been so
great that severa Southern states have made resources available to collaborate on FIA data



collection. Therefore, atrangition to annua inventories for Southern states is urgently needed.
Severd periodic inventories will be conducted as annud inventories are implemented in other
dates over the next five-year period.

Panned accomplishments for the next five yearsinclude work in the following sates
(collaborating states are indicated in the comments):

Periodic inventories

State Years Comments

North Carolina 1998-2000 Feld work began in 1998; annua
inventory scheduled to begin in 2000
(contingent on funding)

Texas 2000-2001 Grid will be extended to centrd

and western portions of the State; annua
inventory to begin as soon as practical
(contingent on funding)

Oklahoma 2000-2001 Grid will be extended to centrd
and western portions of the State; annual
inventory to begin as soon as practical

(contingent on funding)
Annud inventories
State Year to dart Comments
Georgia 1998 Periodic inventory completed in 1998;
State crews have begun annua
inventory
Alabama 1997 In cooperation with the State; State

crews will begin annud inventory after
completion of current complete
remeasurement in 1999

Tennessee 1999 State crews are being trained during
completion of current periodic inventory

Virginia 1997 In cooperation with the State

Louisana 1998 In cooperation with the State; complete
remeasurement initialy being done

South Carolina 1998 In cooperation with the State

Kentucky 1999 Panned in cooperation with the State;



complete remeasurement to be done

initidly to complete systemdtic grid
Arkansas 1999 Planned in cooperation with the State
Florida 2000 Planned in cooperation with the State
Missssippi 2000 Contingent on funding
Puerto Rico 2001 Contingent on funding
American Virgin Idands 2001 Contingent on funding

Given the large amount of collaborative ass stance being provided by Southern State Foresters,
work is planned that otherwise would not be accomplished with only Federa resources. Over
the five-year period covered by this research work unit description, available resources (as of the
date of this description) will entall inventory of gpproximately 80 million acres according to
periodic procedures (some of these are being completed at the request of the State Foresters,
prior to initiation of annua inventories); and gpproximately 82 million acresinventoried on an
annud basis. Thetotd area covered by these inventories (periodic and annual) resultsin aplot
remeasuremert rate of about 6.5 years. Using only the available Federd funds available for the
fird year of this description (and continuing throughout the duration), an gpproximate 8-year
cyclewould be possible. Perhaps more sgnificantly, the resources provided by the State
Foresters are facilitating the trangtion to an annua forest inventory system; the rete of
remeasurement could not be maintained while smultaneoudy deding with the complex logistics
of trangtioning to an annud system if not for the assistance provided to the FIA unit by the State
Foresters. Therefore, participation by the State Forestersin a number of states do provide
ggnificant additiona resources. It appearsthat at least eight states, and most likely more, will
collaborate with the Southern Research Station to conduct annud inventories during the next five
years, itisentirdy likely that more resources will made available throughout the period covered
by this description. It is aso possble, though certainly not anticipated, that some collaborating
states will need to change plans for cooperative work.

In states where cooperative assstance is available for inventory work, the respective roles of the
States and the Southern Research Station are identified in individua cooperative agreements.
Theseroles are generdly asfollows:

States:

1. Provideafull time project coordinator and the appropriate number of full time crew

leaders.

Provide field assistants each of the crew leaders and a backup crew leader.

3. Provide fidd equipment and vehicles; dl fidd equipment must meet Forest Service
specifications.

4. Measure dl forested plots and conduct timber volume and felled tree studiesin the

manner prescribed by the inventory design and data collection protocols. This

includes plots across the entire (sub) sampled FIA grid for dl ownersand dl forest

conditions.

Observe and evaluate non-forest samples for changesin land use.

Fulfill &l requirements of the quadity assurance plan st forth by the Forest Service.

Provide for use of data recorders as specified by the Forest Service.

N
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8. Obsarve and follow confidentiadity requirements pertaining to landowners where
plots are located; names of landowners are not to be released.

USDA Forest Savice:

Provide the inventory design, variable, and data collection protocols.
Provide aeria photography, plot records, location of plots on photography.
Provide training for the State Agency crew leaders and project coordinator.
Provide training for and ensure that timber volume and felled tree Sudies are
conducted as appropriate.

Provide data recorder software for standard Forest Service data recorders.
Process, summarize, and analyze survey data.

Provide aquality assurance plan and ensure its implementation

Determine forest areafor the State.

Research critical issues.

PODNRE

©ooNoO

Environmental consderations. The work planned is categoricaly excluded from documentation
of environmenta andyss (FSM 1950).

Element B-- Regiond and state analyses and analyses of specific resource issues and concerns--
Thiswork will emphasize research and analyses of trends in renewable forest resources as they
relate to the South's overal economic, socia, and resource concerns. Resource reports and
andyseswill discuss the vaue and importance of timber, note the interactions anong
management activities, and identify opportunities for atering prospective trends.

Non-commodity uses of the South's forests are rising rapidly and the extent and condition of
forest resources on which these uses depend should be thoroughly documented. The primary
god of multiresource assessments isto quantify and describe forest ecosystems asto their Site,
origin, vegetative character, and serd dage. The inventory mergesinformation on trees with
nontimber attributes (wildlife habitat, fragmentation, recreation use, range suitability, water
presence, and erosion hazard).

The interaction of the forest ecosystems and socio-economic forces in the South resultsin an
ever-changing array of resource issues and questions that range from loca to nationa in scope.
Legidators and resource planners and managers a dl levelsrely on state, regiona, and nationd
assessments and analyses for input in making critica decisions affecting the economic and
environmental well-being of dl citizens of the region. Due to the long-term nature of forestry
investments and commitments, it isimperdtive that information for these decisons be timdy and
accurate.

Planned accomplishments during the next five-year period include the following:

1. Produce dtatigtical reports and state anaytical reports as appropriate for al periodic
inventories.



10.

11.

12.

Produce statistical reports and/or on-line data access for ates inventoried on an
annua bass, data for these states will be compiled and released as appropriate
according to nationa policy.

For gatesinvolved in the annud inventories, andytica reports will be published
evay fiveyears Virginiawill likely be the only sate for which datawill be
collected for this length of time.

Prepare data for the 1998 RPA data base.

Refine methods to evauate noncommodity resource attributes; develop andytica
methods to aid in evauating habitat conditions and extent; develop closer dliance
with a diverse group of multiresource data users.

Conduct studies of timber availability and trends throughout the South; results
should provide data users with quantitative relationships between leves of timber
removas and various sand descriptive items often used in determining timber
resource availability.

Continue to monitor and andyze pine regeneration trends and their adequacy.

Evaduate hardwood resource trends in the South, focusing on availability, tree grade
digributions, and trendsin tree Sze.

Assess the dynamics of the urban/wildland interface and the resulting impacts on
forest resources.

Work cooperatively with socid scientists in the Southern Research Station in the
development of regiond resource eva uations focusing on socio-economic factors,
land management activities, recreationd use, and prospective resource trends and
influences.

Conduct analyses of landscape diversty for various Southern ecosystems.

Refine customer service mechanisms to provide user-friendly accessto dl FIA
products.

Problem 2--The devadopment of al components for a Southern annud forest inventory sysemis

urgently needed.

The need for a Southern annua forest inventory system has been well expressed by customers,
clients, and collaborators. While the initid implementation of an annud system in the South is
using traditiona procedures combined with arotating pand sampling scheme, there are
potentialy many advantages to using an annuad system. This problem addresses those potentia
improvements.



A vauable aspect of annua forest inventory systems is the time-invariant nature of the resulting
information. Over aregion, the same level of information is available each year, and confidence
interva widthswill therefore remain reaively congant, given the same intengity of plot
measurement over time. The specific plot remeasurement cycle will depend on the proportion of
plots that are measured each year. Discussions with customers, clients, and collaboratorsin the
South have indicated the need for a plot cycle of five years.

While there are severd potentia sampling schemes for annud forest inventory systems, the
rotating panel design has been viewed as having severa advantages for the South. Firg, it is
relativey smpleto adminiger. Thisistrue since each plot has a fixed remeasurement cycle that
depends on resources available. For example, afive year cycle would indicate that 20 percent of
the plots within a given state would be measured each year. A key necessity of the rotating pand
isthat plots measured in a given year be systematically distributed across the state. A second
advantage of the rotating pand design for the South is the high degree of disturbance across the
resource. Thisdisturbance is primarily due to the high leve of timber harvests, but aso includes
the frequency of ssorm damage affecting the landscape (hurricanes, ice storms, etc.). This means
that individua plots have roughly asmilar probahility of disturbance that may be reively

higher than in other regions of the Nation.

This problem is focused primarily on three dements--remote senang andysis, datistica
egtimation, and development of updating procedures.

Element A--Remote sensing andlysis--Higtoricdly, the Phase | area estimates of forest and
nonforest have been based on a process of interpreting alarge number of sample points on aeria
photographs and subsampling a proportion of the points on the ground. The traditiona photo-
based system of area estimation by Stratais well suited to periodic inventories that occur, say on
a 10-year cycle. Often, these periodic inventories take two or three years to complete for an
individud state. An annud inventory system places greater demand for rapid generation of land
cover estimates than periodic inventories.

The cost of satdllite imagery has now reached the level where it may be feasible to routingly

apply these datato forest cover estimation needs. Severd types of satdllite data are available,
including Advanced Very High Resolution Radiometer (AVHRR), SPOT, and Landsat Thematic
Mapper (TM). All these types of satellite data have advantages and disadvantages. For example,
dthough AVHRR data are very inexpensive, the lack of spatid resolution limitstheir use for

forest cover distribution and forest type classfication. Landsat TM data have higher spatidl
resolution and are better for forest type separations in many cases than the coarser resolution
AVHRR. SPOT data aso have high spatid resolution. Some of the more spatidly detalled data
may have higher cost and processing needs, however.

In addition to the normal estimates of forest cover that is needed for the Phase | portion of the
annud inventories, the routine development of forest cover maps, including forest type
distributions need to be explored. Such products have never been aroutine output for FIA, but
would have great Utility.
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In addition to satdllite imagery that are currently available, there are new satdlites that have the
potential to addressimportant FIA needs. Therefore, continuing research regarding the
capabilities of newly available dataiis needed.

Many of the dternatives currently available have had research conducted to determine the
possibilities to address FIA needs. However, the most efficient methods will depend on the
specific outputs and resources available at a given time, including cooperative data purchasing
opportunities. The dternatives that are available need to be researched to determine the best
operating procedures to deliver the products needed. Such research must be coordinated with
other FIA and Forest Service units across the nation.

The research for this dement will be accomplished by the following.

1. Deveopment of proceduresto routindy estimate forest areafor phase | using the
mogt efficient and effective satdllite data available.

2. Development of procedures using georeferenced FIA ground plot locations as
ground truth for both accuracy assessments of the satellite imagery dassfications
and for supervised classifications. There remains some work yet to refine the
collection of ground reference data, including globa positioning system (GPS)
coordinates, and descriptions of forest cover that are most useful for gpplication to
satdlite imagery andysis

3. Develop schemesto update area etimates as efficiently and timely as possible.
While annua estimates may be desirable, five-year updates may be dmost as
reliable but less codtly. Alternatively, there may be options that do alow cost
efficient estimates every two or three years.

4.  Continue remote sensing research on areas such as west Texas and west Oklahoma
and South Floridato meet FIA and FHM needs.

5. Continued research on imagery from newly available satdlites, and their potentia
application to FIA needs.

Element B--Satidtica edtimation--While many of the needs rdating to Satistical estimation
pertain to the entire inventory process, the pertinent study topic of this dement deds soldy with
the gpplication to annua inventories. Items to be addressed here involve the incorporation of
new area estimates, likely from remote sensing andys's, into the annua inventory process,
development of current-year and multi-year (e.g., five-year) estimates, and incorporation of
updated (modelled) plots with remeasured plots.

While the development of area estimates is the subject of another eement, the results from those
procedures relate to the specific expansion factor for each plot. Often, the expansion factors may
have greater influence than the per acre estimates derived from ground measurements. The
frequency of new area estimates and how they are applied will impact the satistica estimates.

For example, if new estimates of area are developed once every five years, they are usualy
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developed over some period of time, and involve input from ground checks that may be done
over the entire period. Should the results of ground checks (as they affect area estimates) be
goplied in the year the data are collected, or should they be applied only after dl datafor the

entire area updating procedure have been completed?

At the present time, there are no reliable growth or forest change models that apply across the
entire spectrum of forest conditionsin the South. Until such models or procedures are devel oped
(note dement C of this problem), only measured plots will be incorporated into inventory
estimates. There are, however, several options as to how this may be accomplished.

The easiest option would be to perform the anadlyss each year using only the data collected in
that year. Thiswould provide annua unbiased estimates, but would entall asmdl sample and
could involve alarge variance. The next level of analys's could be to use a running average that
would incorporate current and past annual estimates. A variation of the running average would
be to use weights, with the most recent data being more heavily weighted than older data.
Findly, there isthe option of updating unmeasured plots and basing the estimates on a
combination of measured and updated plots, providing such updating procedures are available.

The accomplishments for this eement will include the following outputs over the next five year
period:

1. Devedopment of amechaniam to effectively incorporate area estimates into annud
inventories.

2.  Deveopment of aseries of options, with known parameters, for utilizing only
measured plots. Thiswill involve analyss of the current-year data; the current-year
and previous year data (unweighted) incorporated into arunning average; and the
use of weighted running averages.

3. Asmodds or updating mechanisms are developed, procedures to effectively
incorporate them into annual estimates are needed.

4. Devedopment of a user-friendly data base to accommodate Statistical estimation
procedures.

Element C--Devel opment of plot and tree updating procedures-- The options for updating
unmeasured plots range from rather smple procedures to the use of complex models. Thisrange
would include smple imputation of vaues for unmeasured plots dl the way to sophisticated
modd s that are modified and improved with each remeasurement, predicting change given
specific conditions.

Imputation is agenerd term for providing missing data. Application of imputation to esimate
change on unmeasured plots could entail smply using alook up table and maich plot
characterigtics with plots where recent measurements have been taken. In thisfashion,
assignments could be made for dl the pertinent variables. An added complexity, which would
have distinct advantages, would be to use multiple imputation. This procedure would usudly
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involve repeated gpplication of asingle imputation. Thislatter, more complex procedure would
have the mgor advantage of being able to reflect arange of reasonable values for the variables
being predicted and leads to redidtic variance estimates. Multiple imputation will entail more
efforts to establish a user-friendly, easily understood data base.

Statistical modd's, using linear regressons and other procedures would have great utility in
applying known relationships to specific circumstances to estimate change. Explanatory
variableswould involve dl pertinent stand conditions, Ste, and related vegetation conditions.
These approaches have traditionaly been used for growth and yield modelling, and have dedlt
with a narrow range of variables, most often related to timber objectives. Existing models may
not address much of the annua inventory needs because of their rather limited application to
specific stand conditions (such as fully stocked plantations) and alimited number of variables
(such as basd area, numbers of trees, volume, etc.). However, they could possibly be designed
so that awide range of stand conditions and most pertinent variables are represented.
Furthermore, statistical models may be developed o that parameters are continually changing
and improving as additiona data are collected on newly-remeasured plots. A distinct downside
to the use of atistica moddsis that some variables may be very difficult to design predictive
moddsfor. Anexample of this difficulty would be the establishment and growth of forest
reproduction.

Another type model would be individua tree growth models based on historica rates of change.
Such models have been used to some extent in Southern FIA work to estimate diameters of cut
and mortality trees. These models could be adapted to specific circumstances, and have been
successfully gpplied for many Stuations.

There are severd approaches that could provide satisfactory models to apply to unmeasured plots
in a Southern annua forest inventory system. One requirement, at least for the long term, isthat
the models be applicable to individud trees. This requirement is evident since the unmeasured
plots will need to be matched with measured plots in a compatible data base. However, there
may be some short-term compromises that would yield vauable results.

The research outputs to be produced from this eement include the following:

1. A survey of themode types, their potentia application to FIA and their advantages
and disadvantages.

2.  Devdopment of sngle imputation and multiple imputation procedures to apply to
inventory data

3. Development of gatistical change models to apply to important inventory variables
such asbasa area, height, diameter, etc., across awide range of stand conditions for
the entire South.

4.  Development of proceduresto predict mortality and cut for individua trees.
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5. Deveopment of data base procedures to handle applications of the change estimation
procedures being considered.

Problem 3--Integrate the FIA and FHM detection monitoring programs

While the FIA and FHM programs have somewhat different focus, there are many eements that
are complementary. In fact, some elements could potentidly be the same, especidly in the
context of FIA conducting annud inventories. The policy of colocating plotsis dready in place,
but additiond integration needs to be accomplished. For example, it is possible to use common
mensurationa protocols for both programs; this could foster joint field vidtsto collect data. In
fact, severa Southern State Foresters are aready voicing the need to use the samefield crew to
collect both sets of data

In addition to the use of the same mensurationd data and joint field vists, there are other

potential advantages to program integration. Much of the FIA data complements the hedth
indicators used by FHM. Many of the current andyses of forest hedth draw heavily on the use
of FIA data. It isaso possible that distinct advantages could be obtained by using the FHM data
protocols to complement the FIA process. For example, many variables tha are desirable for a
complete inventory of forest ecosystems are expensive to collect. Given the different sampling
frame used by FHM, collection of these variables would perhaps be cost efficient in the FHM
program. Integration would thus strengthen both programs, improving the information available
to forest managers and policy makers.

It should be noted that this research augments that done by the FHM program. Thisisan
integration of components from both programs, not a complete merger of the programs. Al
work proposed here will be done congstent to nationd direction.

Panned accomplishments for the next five yearsinclude the following:

1. Deveop proceduresto utilize the same crew for collection of both FIA and FHM
data; thisisto be coordinated nationdly so as to achieve condstency.

2. Develop andytical procedures to incorporate results from both programs into
common forest ecosystem andyses.

3. Deveop proceduresto link appropriate FHM variablesto FIA results. The linkage
of FHM and FIA variables will naturaly occur with the colocation of plots.

4. Link FIA and FHM data as appropriate in a user-accessible data base to increase the
scope of resource information available to end users.

Problem 4--Continue development of rdiable information on resource use and timber product
output

Studies of timber products output are conducted in cooperation with State forestry agencies,
forest industries, and professional and trade associations. FIA scientists combine data from these

14



sudies with data from the extensive inventories to conduct research on timber use and its
relation to inventory volume. Such researchisa critical adjunct to implementation of the annud
forest inventory system in the South.

Principle results of this research include estimates of biomass potentid, logging residues, and
removals associated with cultura practices and changesin land use. This research must be kept
up to date to monitor changesin logging technology and slviculturd practices in the region.
Panned accomplishments expected during the next five yearsinclude:

1. Egadlish links between resource use estimates and removas of timber from forest
land in an annua forest inventory system context.

2. Anayze change between successive inventories, examining gross growth, mortality
and removals.

3.  Edimate and andyze change in timber utilization.

4.  Conduct studies of tota roundwood removals from al forest lands.
5. Prepare annud regiond analyses of pulpwood production.

6. Conduct studies and report on veneer logs and specidty products.
7.  Conduct studies and report on fuelwood use.

8.  Work with State forestry agencies to cooperatively conduct timber product output
urveys.

9. Evauatethelevd of removasand mortaity of treesin urban/rurd land uses and
develop trend data by species and land use classes.

10. Develop and maintain the data on timber products and resource use in a user-friendly
data base.

STAFFING

The research unit has approximately 102 full time employees which includes the Project Leader,
12 research scientists, foresters, computer specididts, technica specidists, and various scientific
support personnel. An additiona three scientists will be needed by the end of the period covered
by the research work unit description, along with additional support personndl.

The research outlined in this description would require a budget of $7.447 million for the first

year of the description, with needs for years 2-5 averaging goproximately $8 million, and
considerably more if the Forest Service funds the entire effort to accomplish implementation of

15



annud inventories, measuring 20 percent of dl plotsin al Southern States. A portion of the
current budget, gpproximately $1.17 million, is used to cost share data collection with State
Foresters.

Scientist saffing requirements for this research throughout the duration of this period is as
follows (this includes only personnel under the research grade evaluation quide):

Problem Scientis years per year of the RWUD
area Element 1 2 3 4 5
1 A 1.0 1.0 1.0 1.0 1.0
B 25 4.0 50 5.0 50
2 A 35 35 35 35 35
B 1.0 5 5 5 5
C 2.0 25 25 25 25
3 1.0 15 15 15 15
4 1.0 1.0 1.0 1.0 1.0
Totd . years 12.0 14.0 15.0 15.0 15.0

Due to the nature of this research, alarge number of professond and scientific support personnel
are needed; most of these personnd work in Problem 1, for data collection, data compilation and
andyss. Thefollowing table shows the gpproximate number of al other personnel not listed in
the above table. 1t should be noted that this level of personnel does not account for the complete
job of implementing annua inventories with a 5-year remeasurement cycle in the South; those
requirements are being developed for the Nationd FIA drategic plan.

Problem Staff years per year of the RWUD
area Element 1 2 3 4 5
1 A 54.0 55.0 55.0 55.0 55.0
B 23.0 24.0 24.0 24.0 24.0
2 A 3.0 3.0 4.0 4.0 4.0
B 1.0 5 5 5 5
C 1.0 1.0 1.0 1.0 1.0
3 2.0 25 25 25 25
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4 6.0 6.0 6.0 6.0 6.0

Totd saff years 90.0 92.0 93.0 93.0 93.0
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