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1. Number 2. Station
FS-SRS-4703 Southern Station
RESEARCH WORK UNIT DESCRIPTION 3. Unit Location
Ref: FSM 4070 Auburn, Alabama 36849

4. Research Work Unit Title
Forest Operations Research to Achieve Sustainable Management

5. Project Leader (Name and address)
Bob Rummer USDA Forest Service 520 Devall Dr. Auburn, AL 36849

6. Area of Research Applicability 7. Estimated Duration
Nationa Syears
8. Mission

To provide the science and technology integrating ecologica and enginesring disaiplines
to achieve economicdly and ecologicaly-vigble forest operations which are necessary for
sudainable and soddly-acoeptable forest resource management.

9. Justification and Problem Selection

Forest operations are the critica connection between the forest management plan and the redization of
desired future conditions. Forest operations are the physicd actions which change the forest, dtering
structure, composition, condition, or valuein order to meet society’ s needs for clean air and water, forest
products, wildlife, recreation, and other benefits. On every type of forest ownership, the forest operation
isthe tool sdlected by the land manager to shape the future and provide value and benefitsin the present.
Forest operations are the source of both the benefits of management and the negative impacts. Forest
operations generate vaue for society through improved forest conditions and product outputs. They

aso impact ecologica processes and leave an imprint on the landscape.

The basic chdlenge facing resource managers is matching the requirements of the management plan to
the capabilities of the forest operation. Modern resource management involves the consderation of a
wide variety of factors and often seeks to optimize the atainment of multiple objectives. Protecting
water quaity while enhancing carbon sequestration and producing economically-competitive forest
products might serve as an example. There is not adequate information available for resource managers
to make rationa selections of forest operations in new prescriptions. 1n some cases, technology has not
yet been developed to meet the functiond requirements of management prescriptions within economic
and socid congraints. In other cases, even basic scientific knowledge about the interactions among
modern forest operations systems and ecologica processesis inadequate to define technology and
devel opment needs.
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The chalenge of advancing forest operations science and technology is particularly criticd in the
southern United States. With gpproximately 40 percent of the nation’s timberland, the South is
currently producing two-thirds of nation’s pulpwood, about haf of its plywood and hardwood
sawtimber, and 43 percent of the softwood sawtimber. Reductions in commodity output in other
regions have dramatically increased pressures on the southern forest resource. At the sametime,
regiona population growth is goplying increasing demand for recreation and resource protection
on public lands. Asforest use increases, the impacts of forest management are of greater
concern. Permitting for new forest products facilities has been denied on the basis of anticipated
cumulative landscape-scale effects. The efficacy of water quaity regulaionsis being questioned
and voluntary BMP s are being reconsdered. With over 70 percent of the southern forest in
private ownership, management solutions must be developed for awide range of scales and
conditions. Terrain and forest type in the 13 southern states range from hardwood swvamps to
Appdachian mountain stands to the piney woods of east Texas to the drained pocosinsin the
Cardlinas. The diversity of forests, terrain, socid vaues, management practices, ownerships,
and markets presents complex demands on forest operations. Increasing demands for forest
benefits, coupled with increasing concern about the negative effects of forest management are
highlighting the need for a wide range of management tools (forest operations).

While the focus of the planned research work will be in the southern United States, forest
operations across the nation face many common chalenges. Environmenta impacts, equipment
performance and costs, and advanced technology and planning tools are research topics that have
application beyond the southern region. Where appropriate, a nationa perspective will be
developed to permit application of research results to other areas of the country.

For the last 30 years, this Research Work Unit has been providing new techniques, technologies,
and basic science to improve forest operations. Building on this body of knowledge and research
capabilities, new advancesin forest operations will be pursued in four new problem aress.

A basic requirement to improve forest operations is to develop a better understanding of the
effect of forest operations systems on the ecological processes of forest ecosystems (Problem
1). Fundamentaly, forest operations are designed to produce changesin ecologica conditions
and processes. Therefore, it is essentia to have basic knowledge about how forest operations
affect ecosystems. Particular concerns center on the machine/soil interaction, soil productivity,
erosion, hydrology, and water quality impacts, and disturbance of vegetation. New
perspectives on the spatial and tempora dimensions of ecological disturbance resulting from
forest operations are required. Thisinformation isvita to inform policy decisons about
regulating the impacts of forest operations. For example, critica policy decisons such as new
water quality regulations are being debated without sufficient scientific basis. Redrictionson
various forest operations are proposed based on limited understanding of the complex
dternative impacts which may occur. Current debate over thinning to reduce firerisk in the
western United States, for example, must compare the impacts of wildfire to potentia
interventions. The basic science datais dso important foundational knowledge to guide the
development of mitigation techniques and gpplication guiddines. Findings should be vduable
to land managers in estimating the effects of prescribed operations. The results of these studies
will dso be directly applied by other scientists and policymakers.

Based on an understanding of ecologica processes, new and innovative methods and
technologies must be devel oped to reduce or diminate the ecologica impacts of forest
operations (Problem 2). Best Management Practices (BMPs), for example, are current
recommended methods to prevent or minimize water quality impacts of forest operations. Inthe
southern U.S,, these guiddines are mostly voluntary. Many western states, in contrast, have
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grict Forest Practices Acts with mandatory requirements. In many cases however, the scientific
bass of BMPs, whether mandatory or voluntary, islacking. Research needs to be conducted to
understand the vdidity and gpplications of existing guiddines. In addition, new technologies

such as soil amendments, erosion control techniques, and low-impact management methodsin
riparian zones, offer potentia improvements in managing the impacts of forest operations. New
knowledge can inform the development of improved BMPs. Forest access designs for roads and
trails are another critical eement of tota management impacts.  Information on the efficacy,

cost, and application of methods to minimize impacts will be useful to policy makers, land
managers, contractors, and other scientists. This research will result in improved methods and
guidelines and ultimately reduced adverse impacts from forest managemen.

Sdecting appropriate forest operations to achieve management goa's requires better information
about the performance, cost, and operational ranges of new and existing forest operations
systems (Problem 3). Resource managers face increasingly complex management Stuations.
Condraints of partid cutting, multiple-entry operations, changing diameter distributions, smaller
tract Szes, maximizing utilization, and new product specifications place new demands on forest
operations. Managers must have practical, cost-effective forest operations tools to manipulate
the forest and achieve desired conditions. However, thereisalack of scientific information
about the outcomes of prescribed manipul ations with new management conditions as well asthe
goplication of new technologies to meet management needs. National Forest managers, in
particular, are proposing unique prescriptions designed for ecologica objectives rather than
conventiona commodity output. Management guiddines for sdmon protection in the Northwest
or red-cockaded woodpecker habitat in the South define desired forest conditions. Forest
operations are complex systems of people, equipment, and techniques interacting with the
complexity of naturdly varying ecosystems. Research is needed to define how forest operations
perform across the range of forest conditions. Studies of new technologies such as fuel reduction
trestments and systems for sengitive Sites need to be conducted to establish production
expectations. Research is aso needed to eva uate aternative techniques for forest access
including road congtruction and obliteration. From the land manager’ s perspective, costs are
important determinants of treatment feasibility. From the contractor’ s perspective production
and cogts are important variables in maintaining financid hedth. Cogs dso affect the
competitiveness of the forest industry in agloba economy. All of these users need better
information on performance and economic factorsin order to effectively control the costs of
forest management through appropriate selection and application of forest operations. In
addition, a better understanding of productivity, costs, and performance across awide range of
operaiond conditions can lead to the development of more efficient systems or highlight the
need to pursue innovation in extending the feasible range of existing operations.

Finaly, in addition to selecting equipment and operations, the complex prescriptions of
sustainable management require new approaches to acquire and utilize site- goecific information
in the planning and management of forest operations (Problem 4). Modern forest management
recognizes the variation and complexity of natural landscapes. Prescriptions are increasingly
complex as they become more Ste-gpecific. Rather than a blanket application of even-aged
management, new prescriptions recognize and consider awider range of factors. For example,
maintaining ecologica processes may require ddineation of buffers, adjacency consderations,
gradients of treatment, identification of point features which must be created or maintained.
Theinformation density of current prescriptionsis higher than ever before. In order to
effectively manage operations in this new environment, information must be acquired,
manipulated, and applied to monitor and control operations. New technologica advancesin
computer-aided decision support tools, remote sensing, and equipment monitoring provide
toolsto process information. Tools need to be devel oped to support the entire range of forest
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operations from access devel opment, operation scheduling, to tactical operational management
and monitoring. However, practica applications are mainly undeveloped. Research needsto
be conducted to determine the feasibility of collecting and utilizing various types of

information. This problem areawill provide tangible tools and methods to increase the
efficiency of forest operations. Thefindingswill be utilized by other researchers aswell as
managers. Improving the use of information in forest operations will reduce costs and impacts
through more efficient operation.

10. Approach to Problem Solution

Problem 1. Develop a better understanding of the effect of forest operations systems on the
ecological processes of forest ecosystems.

Forest operations are prescribed to implement silvicultural management objectives and may
affect critica biologica, chemicd, and physica processes that sustain soil-plant ecosystems.
The extent and long-term implications of anthropogenic disturbances through forest operations
are not well characterized to fully understand the specific changes and their role in long-term
sugtainability. Numerous investigetions have established relationships among machine systems,
machine components, and soil impacts, but an incomplete understanding of the machine-soil
interaction and the impact on soil sustainability and productivity sill exists. Actions which ater
soil physica properties have direct and indirect impacts on the soil’ s ability to provide essertid
nutrients, adequate air and water supplies, and the physica framework to support adequate
biological response. The overdl result can be aloss or reduction of soil and Site productivity
which cannot be fully restored by mechanical and/or chemicad amdioration. A dgnificant
chdlenge exigs to understand more completely the complex machine-soil interaction in terms of
temporal, spatia, vegetative, Ste and cdimatic differences, and to integrate the results into a
comprehensive systems gpproach to management for sustained above and bel owground
productivity.

Disturbances are imposed on forest systems by forest operations through repested trafficking and
ground-disturbing operations in the course of harvesting, Site preparation and regeneration
activities. The stresses gpplied to impacted soils are typically expressed in terms of changesin
select soil physica properties including bulk dengity, porosity, water content and soil strength.
These measures of soil compaction often do not fully convey the changesin soil structure and
nuturient dynamics which can impact soil nutrient capacity, aeration Satus, water infiltration,
water availability, organic matter sequestration and decomposition, and rooting potentid. Soils
subjected to compaction experience higher packing density a the expense of large voids favoring
the formation of more water holding, or capillary pores, but reducing infiltration, hydraulic
conductivity, air exchange, nutrient supply, root growth, and microbia activity. The net result is
a soil environment with lowered capacity to supply essentid nutrients and water, lowered
biologica productivity, and increased erosion potentid. Tillage systems are employed with
greater frequency to improve soil physica conditions for improved air and water infiltration and
lowered soil strength but further degradation of soil qudlitiesis often the result with loss of
aggregate stability, accelerated decomposition of organic matter, loss of essentid nutrients, and
exposure of important microbia communities to increased temperature and dessication.

Hydrologica impacts dso result from forest operations. Remova of vegetation affects
evapotranspiration and soil temperatures, dtering water cycling in the forest. Soil disturbance
can ether enhance or inhibit infiltration, affecting overland flow. Vegetative changes and the
application of fertilizer or chemicals affect water chemidiry. The complexity of water qudity
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impacts requires integrated studies that evauate multiple variables over severd scalesfrom
microsite to watershed. Field studies will provide the basic data and process information to
vaidate modeling tools for predicting the effects of forest operations across arange of
conditions.

Accomplishments planned for the next 5 years:

1. Evduate and vdidate hydrology, eroson and water quaity models for agpplication to
managing forest operations in the South.

2. Quantify the nature and extent of impacts from forest operations under various
management regimes and assess biologica significance.

3. Deveop more accurate characterization of soil impacts both spatidly and tempordly asa
function of terrain and prescription in various regions of the country.

4. Quantify the effects of intengve management practices on water quality.

5. Develop abetter understanding of erosion processes in al aspects of southern forest
operations.

Problem 2. New and innovative methods and technol ogies to reduce the ecologica impacts of
forest operations must be developed.

Implementing ecologicaly acceptable techniques and technologies in forest operations depends
on asufficient understanding of the ecologica processesin forested lands. Then, based on the
functiona requirements of ecologica factors, new forest operations can be developed which
address those concerns.

For example, access is necessary to implement management. However, access represents a
ggnificant cost aswell as a potentid for adverse impacts. Increased awareness and concerns
related to forest road sediments and their exclusion from waterways emphasize the need for
environmentally acceptable road and stream crossing designs.  Innovative access system and
stream crossing designg/modifications can provide a feasible ba ance between environmental and
economic trade-offs required for sustainable, forest systems. New approaches such as road
obliteration may provide an engineered solution for many problems associated with forest road
management. Considering the impact roads have on the forest ecosystem, more work needs to
be undertaken to design road systems which are acceptable based on the god of sustainable
forestry practices.

Economically-viable timber production depends on the timely re-establishment of stands, often
using extengve site preparation and artificid regeneration. Gererdly, effective Site preparation
must create gppropriate soil conditions (physica and chemical) and reduce vegetative
competition while minimizing undesirable ecological effects. Ste preparation, for example, has
been cited as amajor source of soil eroson and sedimentation on forestlands. Itisaso an
energy-intensve trestment with sgnificant cogs. Innovative approaches such as limited-area
dte prep may provide mgor cost savings both economicaly and environmentally. Limited-area
site prep alows managers to treat only the specific areas for seedling establishment, thereby
reducing prescription cogts (labor, fud, etc.). Thisform of Ste prep dso confines the necessary
gte disturbance of the operation to the immediate planting aress, thereoy minimizing the
environmental impact of the management activity.

In response to requirements of the Clean Water Act, many states established Best Management
Practices (BMPs) for forest operations. However, many of these guidelines are based on limited
research, gpplied in conditions beyond their origind intent, or do not represent the gpplication of
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current technology. Filter strip widths, stabilization of exposed soils, and drainage structures
such as water bars and turnout ditches, are al BMP subjects which need re-examination. New
approaches to erosion control may ater the need for some current BMP practices, for example.
Better modeling of sediment trangport can provide more refined and Site-specific direction on
filter grip widths. Recommendations for new BMP s may need to be devel oped as our
undergtanding of the impacts of forest operations improves.

A specific area of concern isforest management activities in riparian management zones (RM2).
Higoricdly, the most common BMP srategies restricted management activitiesin RMZsto
protect water quaity. However, a greater understanding of the dynamics of RMZs hasled to the
consderation of aternative management drategies. It is possble to actively manage these areas
to enhance the ecologica functions which protect water quaity. Alternative management
practicesin RMZs such as, partid cutting, physical barriers, and vegetative RMZ enhancement
should be investigated.

Accomplishments planned for the next 5 years.

1. Evduate the effect of dternative management practicesin upland sites and riparian
zones, including partid cutting, physical barriers, and vegetative RMZ enhancemen.

2. Invedtigate the effectiveness and implementation of BMP s as afunction of gte factors
induding dope, soil types, ownership. Develop and improve the scientific basis for
prescribed BMPs.

3. Examine the effectiveness of various Site prep methodologies including spot and limited-
areatreatments in ameiorating soil productivity.

4. Evduate dternative methods of reducing sediment yield from forest access development,
use, and obliteration.

5. Comparethe effect of dternative forest operations on carbon cycling and emissions.

Problem 3. Better information about the performance, cost, and operationa ranges of new and
exiging forest operations sysems is needed.

Every prescription for aforest management activity establishes a set of functiond requirements
for potentia operations. These requirements may include ability to handle certain Sze materid,
process certain products, operate on particular dopes, etc. The land manager and contractor
must find the “best” match between prescription requirements and system capabilities. What
determines “best” isawide range of tangible and intangible vauesincluding factors such as
operating cog, labor content, timing and seasond operability, and socia acceptability. Thus,
selection of appropriate systems requires extengve information on how current operations
perform in new prescriptions, as well as how new technologies may perform. Performance will
be measured in terms of factors such as production, energy consumption, labor input, and
capitdization.

Some studies may be conducted on a particular machine, while other studies must be conducted
with a systems gpproach to examine interactions among various system functions, overdl system
performance, and total cogts. For example, the interaction between harvesting and site
preparation is complex and sgnificant. Site prep must often mitigate the effects of harvesting
trestments while creating suitable planting conditions, yet the codts of Ste prep are seldom
dlocated back to harvesting.

Fiber recovery efficiency of various forest operations is becoming more important. Increasng
demands for products from the southern forest are creating new markets. Merchandizing for
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vaueis becoming ared posshility with implications for improving the feesibility of

intermediate stand treatments. Research needs to be conducted to determine the optima placeto
conduct merchandizing with impacts on nutrient cycling of resdues and vaue recovery. Short
rotation hardwoods are a growing source of fiber and energy. These production systems will be
sudied for their efficiency, cost, and attainment of biologica and environmenta objectives.

Trangportation from woods to processng facility represents nearly haf the delivered cost of fiber
for forest products. Transportation cost is aso very susceptible to variaions in energy cost.
Optimizing the efficiency of forest product transportation can have significant advantages for
industry and society. Determining root causes of trangportation delays, developing more
efficent scheduling and dispatching methodologies, maximizing merchandizing in the woods,

are dl potentid lines of investigation.

Forest operations face unique demands when prescriptions are gpplied to small tracts or low-
volume stands. In these applications, overhead costs such as moving and downtime become
prohibitive. Small-scale forest operations are promoted as dternatives to conventiond forest
equipment, particularly for unevenaged management systems. Y et these machinestypicaly
have low production rates, limited capacities, and prime movers that are not purpose-built for
forest use. Mogt of the available equipment is dso designed for small, uniform softwoods
(plantation forestry). Research is needed to eva uate and demondtrate equipment capabilitiesin
uneven-aged gpplications and mixed stands that will be typical of southern forest management
on the vast acreages of NIPF [andowners.

Findly, forest operations are business enterprises that employ people. People control the
machines, make decisions, and get injured. Forest work is some of the most hazardous industrial
work inthe U.S. Manual operations, such as many proposed forest hedlth restoration and
Sewardship activities, are the most hazardous. Research needs to examine issues of operator
training, safety behavior and performance, motivation, personne protection standards, and the
total costs of labor in forest management.

Accomplishments planned for the next 5 years.

1. ldentify and evduate the costs and performance of current forest operations technologies
across arange of operational conditions that characterize new management prescriptions.

2. Evduate new systemsfor operating on difficult or sengtive sites such as wetlandsin the
South, soft soilsin the Lake States, steep dopes of the Appaachians and western
mountains, and erosve soils.

3. Examine new technologies which address demands of modern forest operations.

4. Quantify energy consumption in forest operations as measures of tota efficiency, carbon
emissons, and life-cycle analyss for forest management.

5. Examine forest operations applicable to smal and/or low-volume tracts, induding smdl-
scale operations and landowner/operator activities.

6. Evauate the range of forest operations availadle for fud reduction and forest hedlth
trestments, synthesizing sdection and gpplication criteria for managers.

7. Invedtigate utilization and product recovery of forest operations with particular emphasis
on merchandizing and utilization of smdl-diameter materids, including short-rotation
woody crops.

8. Invedigate safety of woods work, including the validity of existing personnd protection
standards in dternative conditions.

9. Evauate dternative methods of developing forest access and transport.
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Problem 4. New approaches are needed to acquire and utilize information for planning and
management of forest operations across |andscapes.

The use of computer tools has increased in planning forest management activities concurrently
with the development of spatid information technology, particularly GIS and GPS. Planning
systems devel oped using these tools, however, have focused primarily on slviculturd activities
and largdly ignored implementation issues, contributing to costly misgpplication of expensve
equipment that does not achieve management goas. The problem is one of scale: forest
operations are applied at asite or stand level, whereas sivicultura planning is most often done
across landscapes. Methods and technology will be devel oped for integrating Ste- and
landscape-level planning to seamlesdy integrate design of landscapes for multiple objectives
while minimizing codts of achieving those goals. Studies will develop new approaches for spatia
optimization of landscapes, particularly methods for tactical scheduling of harvesting,
regeneration, and road building activities that make efficient use of resources and minimize
overdl costs.

Previous studies have demonstrated variationsin total costs and impacts of forest operations
linked to unique site conditions. Specific factors, such astree density and size, dopes,
trafficability and weather conditions, and tract shape or Size, can combine in many waysto
influence machine and system efficiency, particularly in harvesting. Applying afixed set of
equipment in such fluid conditions can result in incongstent business performance for both
contractors and procurement entities, and therefore higher product costs. Better operational
planning tools could help contractors respond to unique conditions in arationa manner, making
more effective and efficient use of their investments. Studies will be conducted to develop tools
for optimizing gpplication efficiency of equipment on given Stes, identifying those factors that
most influence effectiveness of operations, and techniques to adapt systemsto loca conditions.
Particular emphasiswill be given to development of analysis tools for planning of harvesting
operations on astand leve, identifying optima setting and road locations, and red-time
performance feedback systems for operators to tune system-level variables, such as skid distance
and bundle Sze interactions in tree length logging.

Panning is a data intensive undertaking. Acquiring data for planning of forest operationsis
particularly difficult because of the dispersed, and often remote, location of the activities, and
because the variables that need to be monitored are difficult to directly measure. Data acquisition
systems and robugt, task specific sensors will be developed to measure the performance of
machinery in implementing management gods. The sysemswill be gpplied in long-term
monitoring of key forest operation activities, something that has, until recently, been infeasible
because of the expense of the dternative: field crews. Data acquisition systems will be devel oped
to autonomoudy monitor performance of tree-length logging systems and Site preparetion
activities The data from these sysems will provide abasis for development of modes used in
planning tools, and adurable record of activities that can be mined a some future dete to
investigate relationships that are not gpparent at the present.

Panned accomplishments for the next 5 years:

1. Devdop systems for monitoring productivity and environmenta impacts of forest
harvesting equipment.

2. Devedop modds rdating Ste factors and productivity and environmenta impacts of forest
operations.

3. Use knowledge of landscape impacts on forest operations to enhance silvicultura
planning and operationa management.
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4. Develop decison support tools which integrate discrete machines, activities, and
operaions to optimize efficiency and minimize impacts

11. Environmental Considerations

Mogt of the studies under this RWUD are expected to have little or no potentid for soil
movement, water quality degradation, or impact on sengtive resource vaues and are therefore
categoricdly excluded from documentation in an EA or EIA as outlined in FSH 1909.15.31.
Many studies are observationd rather than manipulative, involving documentation of trestments
and activities under the direction of other responsible resource officias such as private
landowners or National Forests. Where environmenta concerns exigt, these will be evauated
within individua study plans, or by Environmenta Assessments or Environmenta Impact
Statements prepared with and approved by cooperating Didtrict or Forest staffs.

12. Staffing Levels

The research outlined in the problem descriptions will require 6 scientists per year with an
annuad project budget of approximately $1.2M. An estimate of scientist years and budget per
problem areais:

Year 1 Year 2 Year 3 Year 4 Year 5
Problem SYs $ SYs $ SYs $ SYs $ SYs $
1 1 250 1 250 1 250 1 250 1 250
2 2 350 2 350 2 350 2 350 2 350
3 15 250 15 250 15 250 15 250 15 250
4 15 350 15 350 15 350 15 350 15 350

Tota 6.0 1200 6.0 1200 6.0 1200 6.0 1200 6.0 1200

Currently, Unit gaffing includes 3 research engineers, 1 research soil scientist, 2 support
engineers, 2 engineering technicians, 1 project secretary, 2 STEP engineering aides, and 2
SCSEP enrollees. In the course of research on nationd priorities in forest operations such as fue
reduction trestments, externa funding will be developed to support an additiond scientist.
Additiond funding will o be pursued to provide adequate field and technica support.



