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LOBLOLLY PINE (PINUS TAEDAPRCDUCTION
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Dr. John P. Dwyer, Dissertation Supervisor

ABSTRACT

Located primarily in the southeastern United States, Loblolly ptimeu§ taedd..)
is a variety of Southern yellow pine that is often planted byindustrial private
landowners seeking a beneficial letegm investment from their land. More recently,
loblolly pine has received considerable attention as a potential speciesoforesgiry,
carbon sequestration, and {@nergy plantations due to its ability to adapt to numerous
site locations and its fast growth. Although the Ozark region is outside its native range,
loblolly pine has shown potential as a fast growing, highly etatde option for
landowners in this region who wish to diversify returns from their land. For landowners,
understanding how loblolly pine management decisions impact their financial bottom line

is a key to adoption and incorporation into an agroforgsaytice.

The Loblolly Pine Decision Support Tool
incorporates growth and yield predictions with financial analysis in a simple format
targeted to landowners with little forestry background. As a planning to@rfdowners
who wish to adopt loblolly pine as part of an agroforestry practice, the LPDST provides
options for various spacing configurations, as well as options for pine straw harvest. The
LPDST accurately predicts average diameter at breast heightaalthineight within a

99% confidence interval, and quickly reflects the impact of establishment, management,

iX



harvesting and marketing decisions on net present value (NPV), annual equivalent value
(AEV), internal rate of return (IRR), modified internal rafereturn (MIRR), and pay
back period (PBP). This study details the development of the LPDST and the processes
for which the model is tested for reliability, accuracy, and sensitivity to decisions

regarding establishment, management, harvesting and tmarkéloblolly pine.



CHAPTER 1

1.1 INTRODUCTION

Located primarily in the southeastern United Stdtesplly pine Pinus taedd..)
is a variety of Southern yellow pine that is often planted byindustrial private
landowners seeking a beneficial letagm investment from their land (Baker and
Langdon 1990Clatterbuck and Ganus 1999). According to some forestry professionals,
loblolly is the most commercially important forest species in the southern United States
and is dominant on over 29 million acres (Baker and Langdon 1990; Schultz 1997).
Loblolly pine is valued for its lumber, pulp, needles, and is the primary woodesgeci
the paper industry (Clatterbuck and Ganus 1999; Detaal. 2009; Werblow and Gunter
1985). More recently, loblolly pine has received considerable attention as a potential
species for agroforestry, carbon sequestration, anrdri@ogy plantationdue to its
ability to adapt to numerous sight locations and its fast growth (Netpal 2009; Scott

and Tiarks 2008).

Because of its popularity, a great deal of public and private research emphasis has
focused on growth, yield, and management of loblolly in the southeastern United States.
For example, Virginia Polytechnic Institute and State University established ibihalizo
Pine Growth and Yield Research Cooperative in 1979 for the purpose of combining the
efforts of both private and public research assets to develop growth and yield estimates
for intensively managed plantations. Members of this cooperative incltidedademic
and private industry scientists. Similar research programs have been established at North

Carolina State University and Auburn University.



Based on these efforts, numerous models have been developed which are
designed to both predict andadyre the impact of various factors and management
practices on growth, yield, survivability and quality of loblolly (Baldyenal. 2001;

Johnsenet al. 2004). These models, often called process models, combine our
understanding of physiological andodogical mechanisms into predictive mathematical
algorithms Johnsenet al. 2004). Process models have been used extensively in

research because they are able to simplify complex relationships. More recently, with the
technological improvements in cauiters the development dhese process models

incorporate more factors and levels of complexity (Landshetcal. 1991).

For industrial and nonindustrial private landowners who may be interested in
planting or managing loblolly pine, growth and yielddels developed as part of these
research cooperatives may be expensive and lack the simplicity needed for making
decisions about management practices. On the other hand, both industrial and
nonindustrial private landowners considering investments iollglpine need models
that accurately reflect the impact a decision has on the investment over the long run. For
example, what impact does initial spacing have on profitability? Likewise, what impact
does thinning and site index have on the number axfsyie takes to pay off the initial
investment? For many forestry investors, the biophysical aspects of forestry are only

important as they directly impact the financial bottom line.

1.2 PURPOSE AND OBJECTIVES
The purpose of this study is tewklop a ihancial decision model fdoblolly

pine production that is targeted to private landowners with minimal forestry knowledge



and background, as well as to forestry professionals who are interested in a simple and
accurate means with which they can analymsgr tmanagement decisions. The

availability of the personal computer allows for the development of more rigorous
interactive decision models, improving the ability of landowners and forestry
professionals to include a greater set of decision parameteth@r decision making

process (Elliset al. 2004).

The main objective will be taxcorporate existing growtndyield linear models
into a user friendly interfadiat can be used to assess the financial impact of
management decisions on loblollypiproduction systems. This will require the
development of Excklbased algorithms that are derived from the linear relationships
found in existing models. The growdindyield functions of the model will be tested for
validity and reliability using esting loblolly pine plantations ithe Ozarks region of the
United States The growth and yield estimates generated from the model will be
compared with actual growth and yield measurements to determine whether the
algorithms used accurately reflect tnephysical aspects of loblolly pine growth. The
testable hypothesis for this objective is that there is no significant difference in growth
andyield between the predictions of the model and the measurements from existing

stands.

A second objective i® overlay growth and yield predictions with financial
analysis, including the common financial indicators of net present value (NPV), annual
equivalent value (AEV), internal rate of return (IRBnd modified internal rate of return
(MIRR) (Doran et al.2009 Godsey, et al. 200Moyer, et al. 1996 In addition to these

financial performance measures, a measure of how quickly the initial investment is

3



recoveredor payback periodPBP), will be included. These management decisions
include the more comam timber management decisions, such as spacing, thinning,
fertilization, and weed control. In addition to the common decisions, the model will also
include decisiosabout rotation length, pine straw harvest, andisdex A sensitivity
analysis of tk outputs from the model will be used to determine the impacts of the
management decisions on financial indicators. duerallhypotheses for this objective

are that there amistinguishabldinancial impacts from management decisions.

The final obgctive of this study is to identify knowledge gaps in information
required to accurately predict the financial performance ofteng investments such as
timber. This objectiveonsiderghe impact okrror or biasn the model by identifying
the varidles that are considered to have a higher level of uncertainty due to lack of
information or understanding. The greater the knowledge gap, the gredéestetia
uncertainty. Future research objectives and needs will be identified that could reduce the

gaps in knowledge in order to improve the predictions of the model.

1.3 DESCRIPTION OF STUDY
This study will have two main parts: developing the model and testing the model
for reliability, validity, accuracy, andensitivity. The first part is to glelop the model in
ExceE . The growth and yield algorithms used in the model will be taken directly from
existing pine models, such as PTAEDA 4.0 (Burkhetral. 2008). The simple linear
equations used for loblolly pine growth and yield in these models are based on data sets
from 186 research plots locatedFi@dmont areas across the southeastern United States

(DiéguezArandag et al. 2006). The financiglortion of the model will focus on



indicators that are easily understandable to the landowner. These financial indicators are
NPV, PBP, AEV, and MIRR. The development of the model will be discussed in detail

in Chapter 3.

The second part of the slyiis to test the validity and sensitivity of the model by
comparing the results from the model to actual stands. Although the linear equations
used are accurate at predicting loblolly pine growth and yield iRi#tanont and coastal
plain area®f the Sutheastern United Stajgbere are no studies showing whether they
are statistically significant for loblolly pine growth in the Ozarks regionorder to test
the model for accuracy in growth estimates, sample plots from existing stands of loblolly
pine in Northern Arkansa€entralandSouthernMissouriwill be measured fodbhand

height.

Data regarding loblolly pine growth will be collected on existing loblolly pine
plantations in Boonville, AR, Stover, MO and Sikeston, MOegHdata will be sed to
establish a normal distribution for diameter and height for different ages and site indexes.
The data calculated in the model for a given age and site index will be evaluated based on
the normal distributions determined from the plantation data® testwill be conducted

for diameter at breast heiglitbh) at various agesndheight at various ages

In addition todiameter and heighproduction and harvest cost data will be
collected and compared with the default cost data used in the modedition, market
information as it pertains to pine straw markets, pulpwood markets, and sawlog markets
will be collected for the Ozarks riegp using an internet search and interviews with

participants in those markets.



Actual cost data will be collected from landowne#tso are growing loblolly pine
for pine straw and various other products. This cost data will create a range of default
values used in the moddEconomicinformation will be collected from the growers at
each study sitbased on standard financial budgeting techniques (Gpeisaly 2009).
Chapter 4and 5will discuss in depth the methods used for testingtuairacy,
reliability, sensitivity,and validity of the modelChapter 4 will focus on testing the
accuracy of thelbhand height predictions in the model and Chapter 5 will focus on the

sensitivity and reliability of thénancial predictiongrom the model.

Finally, Chapte6 will discuss the results of the model tests and the ability of the
model toprovide reliable and valitinancial decision making parameterBhis chapter
will alsodiscuss the gaps in knowledge and future research that is needed to improve the

predictions and recommendations of the model.



CHAPTER 2

LITERATURE REVIEW

2.1 LOBLOLLY PINE (Pinus taeda L.)

Loblolly pine gets its name from the gerRisus which is composed of about 100
species native to temperate and tropical regions of the world; and théaedgdwhich
is the ancient namfer the resinous pines (USFS 2004). Loblolly is further classified as a
southern yellow pine and has a long list of common names including: Arkansas pine,
black pine, Carolina pine, Virginia pine, slash pine, meadow pine, heart pine, cornstalk
pine, shaistraw pine, and taeda pine (Baker and Langdon 1990; USFS 2004). The range
of natural growth for the loblolly extends from southern New Jersey and Delaware to

central Florida (Figure-2) and west to the eastern part of Texas. Loblolly also extends
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Figure 2-1. Traditional native range of loblolly pine ( Pinus taeda
L.) (Baker and Langdon 1990).



into the Mississippi Valley, from extreme southeastern Oklahoma, to central Arkansas,
and southern Tennessee (USFS 2004). Because of its site adaptability and hardiness,
loblolly has been known to extend well beyond its native range including parts of

northen Arkansas and southern Missouri (Baker and Langdon 1990).

Loblolly pine grows best on soils that are moderately acidic with imperfect to
poor surface drainage, which are common in the Atlantic Plain, Piedmont Plateau, and
the Ridge and Valley ProvincéBaker and Langdon 1990). Loblolly pine shows a wide
range in site productivity across various soils and general physiographic provinces
throughout the United States (TabldR More importantly, it should be noted that
loblolly performs very poorly o shallow or eroded soils and waterlogged sites. It has
been reported that loblolly can grow as tall as 150 feet, with diameters of 5 feet, and the

record is 163 feet with a diameter of 56 inches (USFS 2004).

Table 2-1.--Soil types and range of site indices for each soil type

Site Index Range
Soil Type General Location (base age 50 years)
Coastal Plain 75 to 100 feet (23 to 30 meters)
Ultisols Piedmont 65 to 95 feet (20 to 29 meters)
Upland Provinces 60 to 80 feet (18 24 meters)
Entisols 65 to 100 feet (20 to 30 meters)
Spodosols 60 to 85 feet (18 to 26 meters)
Alfisols ggsiit)al Plain (Mississippi River 75 to 110 feet (23 to 34 meters)

Source: Baker and Langdon 1990



Because of | ob fagsi §grdwth, epcellaneviosd chhamdtesidtids anel
hardiness, it has become known as the AKin
2005). Branan and Porterfield (19%&ported thakoblolly pine had the highest mean
height, diameter at breast heigtibif), and survivability when compared with five other
southern pine species including slash pPiays elliottiiEngelm.), shortleaf pind>{nus
echinataMill.), longleaf pine Pinus palustridMill.), Virginia pine (Pinus virginiana
Mill.), and eastern whit pine Pinus strobes.. ). In fact, after 13 years of growth on a
Piedmont site, loblolly pine had 34 greater height growth and nearly4&reater
survivability when compared to eastern white pine. However, slash pine was not
statistically different fom loblolly in terms of mean heighdbh and survivability
(U=0.05), but it was more likely to become infected with fusiform r@spigartium

guercuum fsp. fusiforme.

Improvements in genetics and a steady increase in the demand for southern pine
have made loblolly pine the most economically important pine species in the southern
United States where it is dominant on over 29 million acres (Baker and Langdon 1990;
Idassi and Cassidy 2005). One such effort in the area of genetic improvement has been
cross the pitch pind®{nus rigidg with loblolly pine in order to develop a fast growing,
winter-hardy, yellow pine (Herrick 1981). The University of Missouri Center for
Agroforestry is currently conducting progeny tests of the pitch x loblollyrasoféh as
New Franklin, M (3°0 0 6 5 6°’A5692W) ( UMCA 2008) . The s
other plantings has led to a greater focus on the potential of loblolly and loblolly crosses

well outside its native range.



2.2 LOBLOLLY PINE MARKETS
AccordingtoPr est emon and Abt (2002), the Unit
largest industrial timber producer for the past 40 years. Most of this timber production
has come from the southern regions where pine, and more specifically, loblolly pine
dominates the mikket. Prestemon and Abt (2002) further state that in ordeglpmeet
the world demand for US timber products, southern timber producers have invested
heavily in plantation establishment and intensive forest management practices that focus

on loblolly pne as the preferred species.

Most of the loblolly pine in the southern United States is intensively managed on
short rotations for pulp and fiber production or on longer rotations for solid wood
products (Amateiset al. 2004; Eisenbies 2006). It is shaommonly used for a variety
of products including furniture, pulpwood, plywood, composite boards, posts, poles,
pilings, crates, boxes, and pallets (Little 1979). More specifically, investors have
numerous options when it comes to marketing of prodierised from loblolly pine
plantations. In most cases, loblolly pine is sold as sawlogshesgpv, or pulpwood
(Clatterbuck and Ganus 1999). Additional opportunities for loblolly pine products
include pine straw and carbon credits (Huatgl. 2004Nepal et al. 2009; South

2006).

2.2.1 Loblolly sawlogs
Typically, a sawlog is a marketing category that identifies a log or tree that is
|l arge enough to be sawn into |l umber (NCDFR

pine and hardwood. Thetaal product specifications for a sawlog depend on the mills in
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the marketing area; however, according to Timber Madth (www.timbermart

south.con a general rule that is used is that the tree or log milsast have a tihch

dbh In addition to size, a sawlog must meet certain grading standards. For example a
sawlog must be relatively free of knots, straight, and have sound wood (NCDFR 2009).
Because of the higher quality requirements for sawlogs ptieiduct tends to reflect the

upper end of mar ket value. With the excep

sawlog has the highest value per board foot (bf) (Bond 1999).

Loblolly pine sawlogs show a range in value across the southern United Sta
(Table 22). It should be noted that some states trade sawtimber based on weight, some
states trade satimber based on thousand board feet (MBF), and some states trade saw
timber based on botfTable 22). In order to convert the price per ton torice per
MBF, it is important to know which logscale rule is used in the market (Doyle, Scribner,
or International) and the conversion factors for each scale. For example, 1 MBF of pine
sawlogs is equal to approximately 7.5 tons using Scribner scales 8ising Doyle scale,
and 6.225 tons using the International scale. If we consider the price per ton for South
Carolina (& Quarter 2009), it would indicate that the price would range from $173.18 to
$222.56per MBF. The most common scale rule is nbtays reported with the

published price reports.
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Table 2-2.--Pine sawlog prices in selected areas of the southern United States for
2008 and 2009

2008 2009
State (Date of Market Report) $/ton $/MBF $/ton | $/MBF
Texas (Sept/Oct) $30.53 | $237.13| $26.87 | $184.79
Mississippf (3" Quarter) $33.84 - $26.68 -
Louisiand (3" Quarter) - $270.39| - $220.57
South Carolina (3 Quarteri West South $33.75 -- $27.82 --
Carolina)

1 SourceTexas Forest Service 2009
2 SourcefF2M 2009a
3SourceLDAF 2009
4 SourceF2M 2009b

2.2.2 Chipn-saw

Chip-N-Saw (CNS) is a term used to describe a pine log or tree that is not quite

large enough to be considered sawtimber, but large enough that some smaller

dimensional lumber can be sawn from it (NCDFR 2009). It gets its name because the log

or tree is eld as both chips for pulpwood and minimally as sawtimber. Trees that are

large enough to be sawtimber but have defects that impact the amount of wood that can

be used as dimensional lumber will most likely sell in the CNS market. However,

general guidelies indicate that CNS trees, or logs, typically range in size from 8 inches

to 11 incheslbh CNS is usually sold by the ton or by the cord (TakB.2
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Table 2-3.--Chip-N-Saw prices in selected areas of the southern Unitedages for
2008 and 2009

2008 2009
State (Date of Market Report) $/ton $/cord $/ton $/cord
Texas (Sept/Oct) $16.16 | $43.64| $13.91 | $37.55
Mississippf (3" Quarter) $18.97 - $15.09 -
Louisiand (3" Quarter) - $78.55 - $73.77
South Carolina (3 Quarteri West South $20.67 -- $17.90 --
Carolina)

1SourceTexas Forest Service 2009
2 SourceF2M 2009a
3 SourceLDAF 2009
4 SourceF2M 2009b

2.2.3 Pulpwood

Pulpwood is a marketing category of pine or hardwood that is sold for use in the
pulp, paper, or oriented strand board (OSB) industry. Pulpwood can be any size but
typically it consists of the logs or trees that are too small or have too many defexts to b
considered sawlogs or CNS (Jones 2009). More specifically, trees that are 5 to 9 inches
in dbhare most often sold as pulpwood. Another term that is often associated with
pul pwood is Achipwoodo (Jones 2009) . The
expressed in terms of cords; however, it is usually expressed in tons (Bond 1999). Table

2-4 shows pine pulpwood prices for various areas of the southern United States.
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Table 2-4. --Pine pulpwood prices in selected areas of trewuthern United States for
2008 and 2009

2008 2009
State (Date of Market Report) $/ton $/cord $/ton | $/cord
Texas (Sept/Oct) $9.96 | $26.83| $5.12 | $13.79
Mississippf (3" Quarter) $10.06 - $9.04 -
Louisiand (3" Quarter) - $25.35 - $21.35
South Carolind (3 Quarteri West South $8.44 -- $8.49 --
Carolina)

1SourceTexas Forest Service 2009
2 SourceF2M 2009a
3 SourceLDAF 2009
4 SourceF2M 2009b

2.2.4 Pinestraw

Another opportunity thatasemerged recentlis the market for the needles shed
by loblolly and other longneedled pine species and sold into the landscape mulch
market. Pine straw, as it is called, has been a focus of many university extension
programs in the southern United States for the pastdrs.yeTexas Agriculture and
Mechanical University, Louisiana State University, and the University of Florida have
been promoting the production and marketing aspects of pine straw through workshops,
publications, websites, and field demonstrations o\adrttime period (Duryea 1998;
Mills and Robertson 2001; Taylor and Alverson 2002). One study showed that the pine
straw industry had generated as much as $50 million dollars in North Carolina in 1996

(Rowland 2003).
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Little researcthas beeronductedn measuring the amount of needle fall for
loblolly pines; however, slash pinBiQus elliotti) can shed between 0.5 grams per
square meter to 2.5 grams per square meter of needles per day @09eaBy the
time a slash pine plantation has reached gkthigrowing season it can be producing as
much as 2205 Ibs (1000 kg) of needles per hectare per year (€tailz1985). This
needle fall can be harvested and sold in 30 Ib to 50 Ib bales for as much as $0.20 per Ib

($0.44 per kg) (Duryea 1998; Tayland Foster 2004).

2.2.5 Carbon sequestration

The emphasis in recent years on reducing carbon dioxide in the atmosphere has
opened the door to new markets for ecosystem benefits provided through forest
management. More specifically, scientists have beeking towards natural processes,
such as photosynthesis, to help reduce greenhouse gases (GHG) in the atmosphere
(Birdsey and Heath 1997). With the acknowledgement of the potential forfoassd
carbon sequestration by members of the third sessithe @onference of the Parties to
the United Nations Framework Convention on Climate Change (UNFCCC), which was
held December 1997 in Kyoto, Japan, carbon credits became a tradable commodity

(Oberthir and Ott 1999).

In 2003, the Chicago Climate Exchan@X) was established as a forum for
trading carbon offset credits in an effort to reduce GHG. The CCX provides a regulated,
legally binding forum for the trade of carbon financial instruments (CFI) which represent
atmospheric carbon sequestered by natuemans (Currentet al. Undated). As such,

landowners that plant loblolly pine, or other tree species, after January 1ni®890
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receive a payment for sequestered carbon. The amount of the payment is based on the
potential carbon that will be sequesigr The CCX established standard carbon

accumulation tables for loblolly pine (Tableb

Table 2-5.--Chicago Climate Exchange (CCX) reforestation carbon accumulation
tables for loblolly pine (with planting density greater than250 stems per acre)

Metric tons of CQacre! per Years
(Years since planting)
US Region 0-5 6-10 11-15 16-20
Southeast (AL, FL, GA, SC) 1.51 1.86 6.99 6.17
Delta (AR, LA, MS) 2.21 2.80 7.81 7.92
Southern Plains (OK, TX) 2.10 2.45 6.87 6.87
Appalachian (KY, NC, VA, TN, WV) 1.63 1.98 7.11 6.41

Source: Currenet al. Undated

It has been estimated that US forests have offset as much as 25 percent of US
carbon emissions (Birdsey and Heath 19®finsenet al. 2001b). However, as our
carbon emission levels increase that level of offset is declining. Huang and Kronrad
(2001) indicated that the cost of sequestering carbon on existing managed forestlands
ranged from $4.18 to $181.27 per metric ton of carbThey also note that the cost of
sequestering a metric ton of carbon on land that is converted froffiorest land to
productive loblolly pine forests can be as low as $0.74 to $27.32. Numerous other
studies have been conducted to estimate the €estjoestering a metric ton of carbon,

all with similar results (Huanggt al. 2004).
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In order for a landowner to participate in the carbon market, they must contract
with an aggregator who will bundle smaller carbon contracts and sell them through the

CCX. In Missouri, Dogwood Carbon Solutionvsww.dogwoodcarbon.com

headquartered in Columbia, MO, currently functions as an aggregator oflfasest
carbon credits traded on ttAndingoffeeiiaSgearr k et .

contract that guarantees $5 per acre with profit sharing up to $20 per acre (Davis 2010).

2.2.5 Other benefits of loblolly pine

As mentioned earlier, loblolly pine is managed predominately for the marketable
products discused in the previous sections. However, there are other beneficial uses of
loblolly pine that are directly related to its fast growth, hardiness, and ease of
management. For example, loblolly is often used for visual screening, windbreaks, noise
barriers,wildlife corridors, soil stabilization, and urban landscaping (Baker and Langdon
1990). Although these uses may or may not generate a direct financial benefit, the

ecosystem benefits have value to the landowner (Alavajapaii 2004).

Evidence othe financial and ecosystem benefits of loblolly pine management are
common in the agroforestry literature. For example, agroforestry applications of loblolly
pine have been studied in the southern US as a means of diversifying risk and improving
productvity for private landowners (Clason 1995). Likewise, Clason (1999)
demonstrated that loblolly pine could be used in silvopastoral applications to both
enhance forage production and timber production. Getdd. (2001) and Husak and
Grado (2002) also®wed that grazing cattle in loblolly pine stands could help improve

cash flow for Mississippi landowners who have invested in pine production.
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Given the potential economic and reconomic benefits of loblolly pine, it
seems natural that computased mdels would be developed to reduce uncertainties,
estimate risks, and assist in management at various landscape scales. The next section

will discuss the development and application of those models.

2.3 COMPUTER APPLICATIONS IN FORESTRY

ShaoandReynl ds (2006) wuse the term Adigital
integration of science and technology in support of sustainable forest management.
More specifically, digital forestry reflects the growing dependence on corApaged
models for forest managemt at all levels. Digital forestry encompasses many
technologybased tools including: remote sensing, geographic information systems (GIS),
modeling/simulation, visualization, and decisimaking (Shao and Reynolds 2006).
These areas of digital forestaye not mutually exclusive and are often combined to
create a forest information system (Kohl 2006). The next section will describe each of
these technologhpased tools and give examples of how they are used in forestry and in

the management of loblollyine.

2.3.1 Remoteensing

Remote sensing uses aerial photography, radassaetlite imageso rapidly
gather basic data over large areas of land. It also provides permanent and objective
records of forest conditions, can produce il productsand can s& time and
money. Often, remote sensing is used in areas that are inaccessible or too large to
consider ground surveys (Shao and Reynolds 2006). Remote sensing uses aerial

photography, light detection and ranging (LIDAR), radio detecting anding
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(RADAR), and other techniques to measure forest density, canopy height, vertical
distribution of intercepted surfaces, above ground biomass, and changes in forest health

and structure (Dubayah and Drake 2000).

With respect to remote sensingoéipations with loblolly pine, Robertgt al.
(2005) used LIDAR to estimate leaf area index (LAI), crown width, and crown depth in
eastcentral Mississippi and eastern Texas. Sivanpélaal. (2006) used Landsat ETM+
to estimate stand age, stand dgnsind mature stand structugbfiand height) in a
managed loblolly pine plantation in east Texas. Many other studies could be noted,
however, remote sensing techniques are generally used for estimating average stand
densities, canopy densities, stages forest health, species range, mortality, and other
general descriptive data at the stand level or individual tree level (Brandtberg and Warner

2006).

2.3.2 Geographienformationsystems

Geographic information systems (GIS) is a comphtsredechnology that
manipulates spatial data to generate visual and statistical information, such as measuring
and depicting management impacts and predicting responses of the forest to different
management strategies (Mendoaiaal. 2006). GIS technology ihecomenore
sophisticated over the past 20 years as computational capabilities have increased. More
importantly, GIS is becoming one of the most sought after tools in forestry (Bernard and
Prisley 2005). As global demand for forest resources incréat®slecision models that
can manage large spatial data sets will continue to be used in all aspects of digital forestry

(Shao and Reynolds 2006).
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Hung et al. (2005) used GIS in conjunction with global positioning (GPS) and
LiDAR to recommend thinning itoblolly pine stands located in Texas. The GIS
application allowed the researchers to incorporate data on tree density, spatial
distribution, and the amount of residual growing stock collected from GPS representing
thinning from below (low thinning) andDAR representing thinning from above (crown
thinning). Based on this ability to look at the impact of thinning on each tree from both

ground level and from above, the best selection criteria for thinning can be developed.

2.3.3 Modeling andimulation

Often the terms fAsimulationo and fAmodel
premise of modeling and simulation is to develop an estimate of the dynamics of a forest
process over time using mathematical representatimmnéenet al. 2001a). Forest
yield tables were early forms of forest models (Peng 2000; Shao and Reynolds 2006).
These early simulation models focused mainly on single variables, such-ak rate
growth, yield, and basal area. However, with the advent ofdirsmpal computer and the
increased ability for complex mathematical functions, modeling and simulation has

become more advanced.

Table 26 shows a brief timeline of developments in forest modeling and
simulation. Prior to the development of the compirntehe 1960s, forest models were
relatively simple. According to Moser (1980), early models developed in two phases,
beginning with normalized foregield models from the 1780s through the 1930s; and
then development of foregteld models that included variable dealing with tree density

from the 1930s to the 1960s. However, with advancements in computing during the

20



1970s and the development of GIS technologies, forest simulation models began to
evolve and become more complex. Often these modelglWwewsed to evaluaterest
dynamics, including ecological factors, from multiple levels, such as-tarl]

landscapdevel, regional, and broader scales (Shao and Reynolds 2006).

Table 2-6. --Development of forest modelsind simulation tools over time, including
the major technological influences

Technological influence Examples of models and simulation too

ANormalized foresyield models
(17871937)
ADensitydependentforestyield
models (19371960)

Prior to 1960s | Singlevariable models

AForest Yield models

ADistance dependant individuie
models

ADiameter transition models

1960s Computers developed

AGap models

AForestry and ecology process basec
stand, landscapeggion, and broader
spatial scale models

ARemote sensing models

Personal Computers an

1970s to presen GIS

Source: Shao and Reynolds 2006

Today, the most common form of modeling has been growth and yield models
that are used to describe and predict growth, mortality, reproduction, and associated
changes over time (Peng 2000). Modern growth and yield models can be categorized

several ways, icluding:

1 unevenaged or eveiaged stand models,

1 whole stand or individual tree models,
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1 Empirical growth and yield (managementented), mechanistic process

(researckoriented), or hybrid models (Peng 2000).

However, it is often difficult to distinguisimto which category a modshould be
placeddue to the fact that current models are often combinations of these categories, or

Ahybridd models (Peng 2000) .

The Woodsmanods | deal Growth Projection
common whole stanfibrest simulation model that was developed by the USFS in the late
1980s to estimate growth, yield, and value of timber grown under various management
regimes in various regions of the United States (Mieteal. 1988). This model can

operateon a persoal computer as a staradone program.

For loblolly pine, there are several models that have been developed. Before
computers were invented, much work was done to create models in order to develop age,
site, and density dependent tables to predict grawthyield (Clutter 1963)As
computerdoecome more prevalemtiore advanced prediction models of growth and yield
were developed. These models were not dependent on simple linear equations (Murphy
1983). One of the earliest computer based simulatiattetadocusing on loblolly was
TAUYIELD, a standlevel growth and yield model developed in 1984 based on trees

grown in various areas of the southern United States (Amateis 1999).

FASTLOB, which represents current models, is a stawel growth ad yield
model for fertilized and thinned loblolly pinAifateis, et al. 200)b Similar to the
TAUYIELD model, FASTLOB was developed to estimate the effects of different

management practices on loblolly pine plantations. FASTLOB also incorporated the
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GYST (Growth and Yield Software Technology) interface which converts stand data into
spreadsheet formats for easier transfer from FASTLOB to other Windows (©Microsoft

Corporation) based programs.

Table 27 lists some of the more common loblolly pine diaion models with a
brief description of their application. The models listed in Tabler@present the
various types and uses of simulation models as applied to loblolly pine. Many of the
models have been developed by the Loblolly Pine Growth and Resdéarch

Cooperative at Virginia Tech Universitht{p://www.cnr.vt.edu/g&y coop/models.hym

2.3.4 Visualization
As with modeling and simulation, visualization in forestry has advanced
dramaticdly over the past 20 years with improvements in computer technology. GIS,
GPS, remote sensing, and other techniques have aided in the development of
vi sualization met hods. The term Avirtual o
presented ir2-dimension (2D), alimension (3D), or evendimension (4D) formats
(Shao and Reynolds 2006). Visualization includes both static and animated graphics;
and, can be as simple as a photograph or as complex as a graphic generated using a series
of mathemactal simulation models (Larson 1992). Visualization is most often used in

conjunction with some form of modeling or remote sensing.
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Table 2-7. --Loblolly pine models including date of development and a brief
description.

Model Date | Description

Age, site, and density dependent forest yielc

Growth and Yield Tables 1963 tables (Clutter 1963)

Nonlinear timber yield Standlevel densitydependent growth and

1983

eguation system yield prediction equations (Murphy 1983)
Standlevel growth and yield model for thinne

TAUYIELD 1984 | and unthinned plantations (Amatess al.
1999)

NATLOB 1984 Diameter distribution growth and yield mode

for natural stands (Burk and Burkhart 2001)

Individual tree growth and stamvelopment
PTAEDA 2.0 1987 | in plantations on cutover, sifgepared areas
(Burkhart et al. 2001)

3-PG
Processhased stantevel model for growth

I(Dprg?j/isgt)ilr?gié?(l)v?/[ihr;dples 1997 | and yield (Landsbergt al. 2001)

ExceE based growth and yield model for
SouthPro 1998 | uneven aged stands under various manager
regimes (Schulteet al. 1998)

Individual tree growth and yield model for

TRULOB 2000 managed plantations (Amateé al. 2000)

Standlevel growth and yield modébr thinned
FASTLOB 2001 | and fertilized plantationsAfnateis, et al.
2001H

GIS, which is heavily dependent on graphical representations of spatial data, has
been instrumental in advancing the use of visualization in forest management. More
recently, the US Forest Service released the Stand Visualization System (SVS) in 2002.

Originally tested in 1997 as an IBbmpatible, MSDOS based program, SVS uses
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geometrical shapes to represent individual trees, shrubs, andndat@nal in order to

depict stand structure or conditions (McGaughey 1997, 2002). Visualization was paired
with growth, yield, and mortality models when the USFS developed the Forest
Vegetation Simulator (FVS), which is an individuede distanc&lependent model the

uses the graphical interface of SVS to predict growth and yield of most major forest tree

speciesforest types and stand conditions (Dixon 2003; Peng 2000).

The use of visualization techniques in loblolly pine research and management has
developed along with the use of visualization in other applications. For the most part,
loblolly pine visualizaibn is just one part of a larger visualization model. For example
FVS includes loblolly pine as one of the species that it models (Dixon 2003). However,
McCombs et al. (2003), used LIiDAR to create 3D images of loblolly pine stands in order
to estimatetem density and tree heights for individual trees.elike, Amateiset al.

(1999) used SVS in conjunction with their TAUYIELD simulation model for loblolly

pine.

2.3.5 Decision support systems

For the purpose of this research, the concept of digitasfry will focus mostly
on computefaided decisiommaking applications; however, it should be noted that
decisionmaking applications, like forest information systems, rely heavily on data
gathered and created using other tools, such as modeling/sonwdat GIS (Turban
1993). Laudon and Laudon (2000) define a decision support systecompater
application that combines data with analytical models andftisadly software.

Additionally, Turban (1993) notes that decision support systems integdaeision
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maker's own insights and values with a computer's information processing capabilities for
improving the quality of decisiemaking. The most important aspect of a decision

support system is thétnot only provide accurate predictions of outes, but also

provides a methodor ranking the outcomes based on the preferentéhe decision

maker (Cooney 1986; Turbd®93; Varmaet al 2000).

Often, a decision support system will use economic indicators as the method of
ranking alternativesFor example, POPMOD is a decision support model that was
designed by Willis and Thomas (1997) to help forestry professionals estimate the
physical and financial performance of poplar tré&spuls spp.) combined with other
agricultural activities in angroforestry system. POPMOD uses discounted cashflow
analysis to calculate net present value (NPV) as an indicator of financial performance.
Quick-Silverwas designed to help forestry professionals analyze the financial
performance of forestry related peots (Vasievich 2000). SouthPro predicts growth and
yield of uneveraged stands in the southern United States given certain management
regimes (Schulteet al. 1998). Unlike the other models listed, SouthPro is a Microsoft
Excel (©Microsoft Corporationpased adan program that can be run on any Windows
(©Microsoft Corporation) based personal computer and can create detailed graphs and
tables to reflect predicted yields and values for mixed hardwood and softwood stands in

the southern United States.

Table 2-8 lists some common forestry related decision support systems along with
their decision criteria and target audience. All the models listed in this table are designed

for useby professional foresters. More specifically, in order to fully understandto
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use these models and to use them effectineglyiresmore than a basic understanding of

forestry and loblolly management.

Table 2-8. --Common forestry related decision support systems with their decision
criteria and intended user.

Decision Support
Model Decision Criteria Target Audience

Discounted cashflow analysis
POPMOD (NPV) Professional foresters

Benefit/Cost analysis, discounted
cashflow analysis/ investment
Quick-Silver length Professional foresters

Yield and discounted cashflow
SouthPro analysis Professional foresters

Tax analysis, discounted cashflov
WINYIELD® 1.11 | analysis, investment length Professional foresters

Plantation survival and growth wit
potential for discounted cashflow

FASTLOB2 analysis Professional foresters
Tax analysis, discounted cashflov

GaPP$§ analysis, investment length Professional foresters

PTAEDA 4.0 Discounted cashflow analysis Professional foresters

The last three models, WINYIELD1.11, FASTLOB2, and PTAEDA 4.0, are
focused primarily on loblolly pine management decisions and are improvements over
existing simulation models. WINYIELD1.11 is a decision support model that is
Windows’-based, and can be used to model mixed or monwetfbrests, but is often
used in the southern US to model loblolly pine afforestation on old crop fields. Potential

income and income tax implications as well as the common indicators of net present
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value, expected return, and investment length aggaallof the discounted cash flow
analysis of the model (Moorhead and Dangerfield 1998). FASTLOB2 incorporates an
expert system for site analysis and the potential for financial analysis to the original

FASTLOB simulation model (Amateist al. 2005).

GaPP$ (Georgia Pine Plantation Simulator) is very similar to the WINYIELD
model described above; however, it is specifically designed to focus on pine plantations
(Moorhead and Dangerfield 1998). GaPr&d WINYIELD® are both commercially
developed mods that are sold to professional foresters. The PTAEDA 4.0 model was
developed to incorporate the growth and yield models developed in TAUYIELD and
FASTLOB with the visual graphics of the USFS Stand Visualization System (SVS)
(Burkhart et al. 2008). PTEDA 4.0 also includes an economic section that consists of a
summary of all costs associated with a management practice; a net present value analysis
based on real rates of return; and, a calculation of the equal annual equivalent (Burkhart

et al. 2008).

2.4 SUMMARY

Digital forestry has its basis in foresmulationmodels and the ability of those
models to accurately simulate biophysical processes. GIS, remote sensing, and
visualization are all tools used to develop and test those models. Finaliyonlec
support systems take the forest simulation models and apply them in such a way that a

decision maker can select the best alternatives for their forest stand.

With personal computers in nearly every household réasonable to assume

that private forest landowners rely on some form of computer based model to make
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management decisieabout their forests. As Moorhead and Dangerfield (1998) noted,
private forest landowners are relying on consultants, universitohsstry, state foresters,
and Cooperative Extension Service county agents to assist them in making forest
management decisions. However, for plantation forestry to become a more mainstream
activity, the tools for decision analysis must be placed in énel$1of the people making

the decisionsFor the private landownavho does not have a background in forestry, the
current models are difficult to understand and can be expensive. More importantly, for
the landowner who wants to start with the simplesqtiei o Whatcspacing should | use

when planting my trees?these current models may only complicate the answer.

As the computer systems have become more and more powerful, digital forestry
has become more effective at analyzing options for foresbVvamers. Decision support
systems can expand the boundaries of the deeisiaker and incorporate an increasing
number of variables. This review is a broad sample of the possible approaches and tools
available. However, it also highlights some of thpsgand opportunities for digital
forestry tools, such as developing digital forestry decision support systems, designed for

the nonprofessional forester.
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CHAPTER 3

3.1 METHODOLOGY AND APPROACH

Development of the Loblolly Pine Decision Support T@®DST) consisted othree
main steps. The first step was building a ffgendly decision support model for
loblolly pine management that focused on the impacts of management decisions on
financial returns. The second step was to test the model @sisigiaty analysis and
producer feedback. Finally, the third step was to refine the model based on the testing
and feedback. This chapter will focus on the development of the model and a summary
of the methods used to test the model. Chapter 4 wititgayreater detail about the
methods used to test the model and the results of those tests. Chapter 5 will present
conclusions with regard to the ability of the model to accurately priatctcial

outcomes and future directions for loblolly pine mamaget in the Ozarks region.

3.2 BASIC FRAMEWORK

In the model building process, the first step was to identify a basic framework that
describes the factors that affect financial performance of loblolly pine. Second, a user
friendly format had to be devegled that would allow the decision maker to input
decision parameters and criteria directly into the model, allow for additional variables,
and generate instant results in a format that is easily understood. Finally, input and
output variables had to belscted that would be easily understood by the decision maker

and useable by the growth, yield, and financial algorithms in the model.
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The assumptions and theoretical model used as the framework for the decision
support model begin with a basic relatiopshetween financial performance and:
1 variables related to growth and mortality of the tree;
1 variables related to production and marketing of the products derived
from the tree; and,
1 variables related to the income distribution and timing of those ptsaduc
More specifically, financial performance is a function of volume, which is effected by
initial spacing, thinning, site index, genetics, crown competition, growth rates, and
mortality; as well as market parameters, such as residue value, pulpwoodaaliog,
value, pine straw value, rotation length, discount rate, and costs. All of these factors are
considered to have a major impact on the financial performance of loblolly pine.
There are numerous loblolly pine models that have been developeith®years.
The basic framework for this study is based on a combination of two recent models,
PTAEDA 4.0 (Burkhartet al. 2008) and SouthPro (Schulteal. 1998). Both of these
modelsare based ogrowth and yield functions that have been developam £xisting
natural and plantation stands within the native range of loblolly pine. No such models
exist for loblolly growing outside the native range, such as the Ozarks Region of
Missouri and Arkansas. In some cases the linear relationships describeckxisting
models are used directly; however, in other cases, the general shape or characteristic of

the relationship is modeled in order to simplify the design and application.
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3.2.1 Growth model
Based on studies conducted in the Southbmited States, there are two
predominant methods to predict loblolly pine growth. A derséyendent matrix model
can be |l ooked at as a series of #Aif/theno
each specific level of a variable has a unigoedr function. Linet al. (1998), use a
matrix model to predict growth of loblolly pine in an unevaged stand with

competition from other species. Their growth matrix model has the form

(3.1) Yir1 = Gt (Vi T hy)+l ¢

Wherey; = a vector [y] representing the number of live trees per unit of grgal, 2, . .
., N) and species(i = 1,2,. . .,m at timet before harvest,

h;= a column vector representing harvest at time

Gi=t he Aupgrowtho matrix thatexistmgl| ects p
stand,

k= t he fAingrowtho matrix that reflects
characteristics.

This matrix model is used as the basis forSbethPro decision model (Schulé al.
1998). Parameters for this model are based oregsiconducted on 991 existing
loblolly stands in seven States located in the southern USeiLah. 1998).

Burkhart et al. (2008) usia similar approach to modeling growth for evaged
stands in their PTAEDA 4.0 decision model. Their approacmbegth developing a
series of linear equations to predict average tree height and maximum diameter for open
grown loblolly pines. For average tree height, Burkledral. (2008) usithe following

equation:

147.2

1472 25 117407

-1=g= 7

(3.2) H=
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WhereH = the average height of the dominant andlominant stand in feet,
S| = site index with a base age of 25 years (in feet),
A = stand age (in years).
For maximum potential diameter growth, Burkhattal. (2008) use the following

eqguation developed yaniels and Burkhart (1975):

(3.3) Do = -2.422297 + 0.286583H + 0.209472A
Where = maximum diameter at breast height for open grown loblolly pine (in inches);
H = total tree height (in feet),
A = age from seed (in years).
Potential annual heiglfPHIN) and potential annual diameter increments (PDIN) can be
calculated by taking the first derivative of equation 3.2 and 3.3 with respect to age.
These equations were based on data collected from numerous growth and management

studies conducted by bopublic and private institutions (Burkhaget al. 2008).

For this study, equations 3.2 and 3.3, developed by Burldtat (2008) and
used in the PTAEDA 4.0 model, were chosen to be the basis for the growth algorithms.
Selection of these equatis over the densigependent matrix model, equation 3.1

developed by Linet al. (1998), was based on three criteria:

1. Ease of usé the linear form of the growth and height prediction equations
used by Burkharet al. can easily be formatted into anyaiable
spreadsheet model, such as Microsoft
It is acknowledged that the matrix models developed bydtial. were
originally designed for use in Micro

used to incorporate them intoet model are proprietary.
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2. Applicability - equations 3.2 and 3.3 were designed for eagd, open
grown loblolly plantations According to Lin et al. (1998), loblolly pine
is generally managed using evaged management techniqudse
model being deveped for this study will also focus primarily on even
aged, opeigrown or new plantations of loblolly pine.
3. Reliability of predictionit he figoodness of fito for
Burkhart et al. was very high (R= 0.9197) with a small standard error
(Syx = 2.14023) (Burkhartet al. 2008). Equation 3.3 has been used to
predict maximum potential diameter across a wide range of sites. Itis
acknowledged that this fAgoodness of

loblolly pine grown in the Ozark region of the US.

For the purpose of this study, the average height (H) from equation 3.2 is applied
as the height (H) in equation 3.3. The actual annual diameter growth prediction, or
annual diameter increment (DIN), is antmion of the potential diameter growth (PDIN),
crown ratio (CR), basal area (BA), age (A), and a competition index (ClI) that reflects the
influence of crown competition on growth. More specifically, the equation used in the
financial model to predict thennual diameter growth increment (DIN) is based on the

annual diameter increment equation developed by Burlétaat. (2008):

- 50 7 —(}réi,. sk 5 Og 2
(3.4) ‘00 = 000 0856Y7429%5Qy 0.698516°0 %’ A e
Where PDIN = thepotential diameter increment based on the annual growth prediction of
open grown trees,

CR = calculated crown ratio,
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Cl = calculated competition index,

BA;, = calculated basal area before thinning,
BA, = calculated basal area after thinning,
A = standage,

A = age at last thinning,

H = average height from equation 3.2.

Annualdbhpr edi cti ons are based odbhplustseu mmat i on
expected annual DIN (equation 3.4) for the year being estimated. For example, if Year 4

had a dbh prediction of 1 inch and the predicted DIN for Year 5 was 0.75 inch, then the

dbh for Year 5 would be 1. 75e itnfthelsar ko he st

of diameter, which means that it includes the thickness of the bark.

3.2.2 Competition

The impact of crown competition on the growth and yield of loblolly pine was
originally assumed to be a key factor that must be considered praaigtive model.
Lin, et al. (1998) incorporate a competition factor by using residual stand basal area and
number of stems per acre as variables in the linear equations used to predict ingrowth for
their matrix model. More specifically, stand basa&laanas a negative coefficient in their
model, meaning that as basal area increases, ingrowth decreases. Their model also
shows that pine and other softwoods (parameter estime@eldl) are impacted at a

greater rate by basal area than hardwoods (paeamstimate of0.05) (Lin et al. 1998).

The PTAEDA 4.0 model uses a competition index based on work by Daniels and

Burkhart (1975):
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Where D= dbhof the subject tree;
D; = dbhof the competitor tree;
DIST; = distance between the subject (i) and the competitor tree (j);
n= number of trees 6ind with a BAF 10 ' :

The competition index (Qlimpacts both the annual height increment (HIN) and
the annual diameter incremdBtIN) (Burkhart et al. 2008). Sincthe LPDSTis not
consideringeach tree separately, but estimating an average tree size, the faetods P

are equal. Therefore, equation 3.5 becomes:

o, & 1
(3.6) 0'Q Boigom

Where n = 8 neighboringdes that have direct impact on the subject tree,
DIST; = square root of the quantity 43,568 Humber of stems per acre.
This may over simplify the impact of the competition index, but it allows for incremental

adjustments as trees are removed aveg by thinning and by mortality.

The other impact felt by competition between trees is in crown ratio. Trees that
are in an environment where they face competition for light from neigitbtrees will
have lesgrown in relation to stem. This crowatio affects the ability of the tree to
carry on the photosynthetic processes needed for growth. Bymdhalrt(2008) ussethe

following equation for crown ratio (CR):
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(3.7)
Y =

$I67 9 4y S0 032060043065 gy L D0

o "0 806 6; 02

10 '@y 1782467

Where A, A;, BA, and BA, are the same as they were for equation 3.4,

T = indicator variable for thinning, where 0 = unthinned stands or stands more
than 1 year from thinning, and 1 = thinned stands one growing season after
thinning

D = diameter as calculated by equation 3.3,

H = height as calculated by equation 3.2.

Equation 3.7 predicts that as the tree gets older, the percent of live crown
decreases. Likewise, as the number of stems per acre increases the rate of dekbesase in
percent of live crown increases. In other words, competition for light causes a decline in

live crown ratio as would be expected.

3.2.3 Mortality

Mortality represents the natural death or decline of trees over time and is a result
of numerous vaables, such as stress, vigor, and photosynthetic potential. Some
mortality is predictable based on site indices or planting densities. However, a large
portion of tree mortality can also be attributed to unpredictable causes, such as animal
browsing andextreme weather. Ljret al. (1998) usita quadratic function of tree
diameter to estimate the probability of mortality. Their model indicated that mortality
was highest for young trees; decreased to the lowest level for intermediate age trees; and,

increased again for older trees.
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Burkhart et al. (2008) approaek mortality in a similar fashion by estimating the
probability that an individual tree will be alive each year. This probability is a function
of crown ratio (CR) calculated in equation 3.7 and the competition indgxcéBiulated
in equation 3.5. An gonential function is used to describe the relationship between
these factors and several other unspecified parameters. As with the equation used by Lin
et al., the Burkhayet al. prediction of mortality has a similar form, with young trees
having a hgh mortality, intermediate trees having the lowest mortality, and the older

trees experiencing increased mortality.

In order to model mortality in this study, the shape of the mortality curve was
more important than the actual equations used by thetethenodels. It wasfound to
bemore important to estimate the potential mortality of the youngertiadsave a
greater impact on discounted cash flow; and then manage the factors that cause mortality
in the older trees, which have a lesser impactiscodnted cash flow, by using
prescribed thinning at a user defined basal area. More specifically, the decision maker
can input an estimate of mortality which becomes an upper limit for the annual mortality
of trees. A random number is then generateddet O and this upper limit. The
random number generated is multiplied by the total number of existing trees to become
the number of trees lost to mortality during the first 10 years modeled. For example, if a
decision maker indicates that mortality deas high as 10%, then the model will

randomly estimate annual mortaldag beingpbetween 0% and 10% each year.

Any trees lost due to mortality in the first four years of the model can be replaced
at a cost in the model. It is assumed that aftefainth year, the difference in size of the

original trees and the replacement trees would create a shading problem for the
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replacement trees and make it financially unfeasible to try to replace them. For the older
trees, it is assumed that mortality ismaged and minimized through proper thinning to

maintain a certain basal area.

3.2.4Volumeyield

The model in this study is designed to estimate total standing volume, total
volume removed, total merchantable volume, total merchantable volume renmtakd,
sawlog volume, total sawlog volume removed, total ¢hgaw volume removed, and

total pulpwood volume removed at each thinning or at final harvest.

In determining these volumes for loblolly plantations, it is important to
understand that each plantation has the potential to produce several different products,
each of which is measured in different units. For example, sawlog volume is measured in
boad feet (bf) or thousand board feet (MBF). However, pulpwood volume is measured

in tons per acre. Finally, pine straw volume is measured in terms of pounds per acre.

For the financial decision model created in this study, volume calculations begin
with calculating total volume per standing tree using an estimate of the diameter outside
the bark and total tree height. It is assumed that this diameter is the dbh calculated using
eqguation 3.4 and height prediction calculated using equation 3.2. Buedrert(2008)
used cubigoot volume equations that were based on studies conducted by Tatsidsa
(1997) on over 767 stems. These equations
barko and fAinside the bar ko ndedplantaterts.iimat e s ;

order to simply the financi al model , the v
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estimates on thinned stands was used as the basis for total stardoubadume, and is

reflected in the following equation:

(3.8) @ = 0.25663 + 0.00239 O* O
Where s = total stem volume in¥t and all other variables are as previously defined.
This total stem volume is then multiplied by the total number of standing trees to estimate

the total standing volume per acre ih ft

Merchantable volume is predicted in a similar way as the total standing volume,
using equations developed by Tassissal. (1997) and applied by Burkhaat al.

(2008).

'5.25569
(3.9) Gyi = Gy 104007 T

0499639

Where \f,s= merchantableubicfoot volume per stem at a specified epddiameter
' imit measured Aoutside the barko,

d =user specifictopndd i amet er | i mit measur-e-d Aout s
saw.

All other parameters are as previously defined.

Merchantable volume peresh (Vg is multiplied by the total number of stems
per acre to estimate total merchantable cibdt volume per acre. The tgmddiameter
limit (d) is left as a user specified variable becauseifiper limit is often determined by
available marketsA default value is set in the model ofrfehes outside the bark on the

top end.

Estimation of the volume removed is based guaNd Vj,s multiplied by the

number of stems removed at each thinning or at final harvest. Thinning is based on a
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predetermined basal area limit and level of thinning set by the user of the financial model.
For example, a user may set a basal area limit of 2a6ffe, and determine that®of

the stems will be removed at each thinning. Therefore, when the besah #ihe model
exceeds 110%acre the model will reduce the number of standing live stems%yap8
calculate the volumes of the removed material. Total merchantable volume removed is
subtracted from total volume removed to obtain total pulpwood vofemeved. Total
pulpwood volume removed is converted froftfaitre to tons/acre by the following

equation:

(3.10) Dot = E2&"Y7 5675

Where PWV = total pulpwood volume,
S = number of stems removed at time of thinning or final harves

All other variables are as previously defined. Equation 3.10 converts pulpwood volume
in ft¥acre to cords per acre and then multiplies the number of cords by the weight of a

cord of loblolly pine in tons, ~ 2.675 tons (Bond 1999).

Chip-n-saw volums are calculated by subtracting total sawlog volumes removed
from total merchantable volumes removed. The assumption is that merchantable volume
includes both chiym-saw and sawlog volume. Equation 3.9 is used to calculate sawlog
volume in terms of flacre and then converted to thousand board feet (MBF)/acre Doyle
scale. The variable for top end diameter measured outside the bark (d) will be based on

market specifications for sawlogs.

Pine straw production is based on a derived logarithmic equadised on

published pine straw yield estimates (Burmral. 2010; Duryea 1998). The data from
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these studies was plottedMi cr osoft Excel E and a trend |
data. The equation for that trend line is used to predict the pave gtoduction in this

financial model. That equation is based on basal area per stem:

(3.11) 0°Y= 1692z & 66; +7

Where P$= pine straw yield per stem per year in pounds,

Wy 2
BAs = basal area per steimft® (BA = 14'1—4).

Total pine strawyield is a cumulative total, calculated hynsming the estimated
pine strawyield from previous years with the estimated yield in the current year. The
financial model allows the user to determine when to harvest the pine straw by setting a
standard pinstraw bale weight and identifying the minimum estimated number of pine
straw bales that need to be ready to harvest before a harvest will occur. For example, if
the user sets the bale weight at 35 Ibs. and the minimum number of bales at 100 per acre,
themodel will not show a pine straw harvest until the cumulative pine straw yield per
acre exceeds 3500 pounds. After the harvest is conducted, the cumulative total is reset to

zero and annual pine straw production is allowed to accumulate.

3.3 FINANCIAL AN ALYSIS

The financial basis for the model focuses on discounted cashflow analysis, which
starts with the development of an annual cashflow for each year of analysis. This
cashflow analysis builds on the growth and yield prediction described in earliensect
and applies cost and income data to those predictions. Timing and duration of costs and
revenues are based on management decisions reflected by user inputs into the model.
More specifically, thinning costs and revenues are directly related todhe 6ss s pec i f i

42



basal area limits and percentage of trees removed at each thinning. Financial
performance is measured by the common indicators of net presen{NBMg internal
rate of return (IRR), modified internal rate of return (MIRR), annual etpnvaalue

(AEV), and payback perioPBP)

3.3.1 Nefpresentvalue (NPV)

Net present value (NPV) represents the discounted value of all revenues minus
expenses incurred during the life of an investment. More importantly to an investor, it
represents #nmaximum initial investment a person should make in order to earn a

specified rate of return. The most common form of the equation for NPV is as follows:

(3.12)

NPV = cashflow + cashflo g, 1 6+cashflo q, 1 6+ + cashflo 1
L A R
Where NPV = Net Present Value,

Qo

-|-aDO

cashfow= net i ncome or net | ocashflolysthenethe year
income (or net loss) from the first full year of production,

i = discount rate, or the opportunity cost of investing,

n = number of years included in the budget.

One of the critisms of using NPV is that it is a static measure of an investment
that may experience numerous fluctuations in revenue and costs over time. This is
especiallytrue with forestry investmentghere an investor may have large initial
investments to establighplantation, periodic revenue streams from thinnings or leases,
and periodic costs from management or casualty losses. More specifically, NPV only

represents a snapshot of the current value of the potential revenues and losses that may
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occur over time.The timing and duration of those revenues and losses may have a

dramatic impact on the financial viability for the investor.

However, one of the benefits of using NPV as an indicator of financial
performance is that it is easy to compare across othenfial investments. As long as
the potential investor understands the duration of the investment and the potential risks
and uncertainties with each investment, NPV can be a valuable indicator of financial

performance.

3.3.2 Internalrate ofreturn (RR)
Internal rate of return (IRR) is an indicator of the rate at which future revenues
will compensate the investor fal investmerd in an enterprise. Calculation of the IRR
uses the same basic formula as equation 3.12. However, instead of soltiegN&YV,
an arbitrary NPV of $0 is assumed. The discount ratee€omes the unknown variable
in the equation and repredemdw nmdaper e¢adrmrt ft
which all discounted cashflow will equal zero (Godssyal. 2009. More specifically,

IRR is calculated as follows:

(3.13)

Qo
QOO

B & 1 @ a1 o0 1
0 =cashflow +cas hﬂow% g+cas hflovgﬁm 8+2 +cas hflovy4§—1+ i )n
C + (ol - ¢ :

Sincecashflowg is not discounted, it is moved to the other side of the equation.
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(3.14)

Qo

cashflovy —cashflovyé’1 1 §+ cashflovf1 1 §+2 + cashflowy ! g
gil+i)l+ gil+i)2+ gcﬁlﬂ)n kst

Sol ving the equa tdaoiterativeoandfténdificulvpeocessa bHee i
best way to descri be Hhoow st of tsroilketan aengdu aet ri roonr
income stream that begins with an initial investment followed by a series of positive

returns, IRR is fairly straighbfward. Howeverfor an income stream that fluctuates

between periods of positive returns and negative losses, IRR is not easily calculated and

often indeterminate. Forestry investments can be some of the more difficult investments

to calculate a rate wéturn, due to the fact that there are periods of positive returns and

periods of losses, or reinvestment.

Analyzing financial performance using IRR can provide the investor with an
indicator of the opportunity cost of investing. Similar to NPV, R kan be used to
compare numerous investments as long as timing and duration of cashflows and risks
associated with the investments are understood. A higher IRR represents a better

investment opportunity.

3.3.3 Modifiednternalrate ofreturn(MIRR)

Due to the difficulties in calculating the IRR for many investment opportunities, a
method for determining rates of return has been developed that can allow for the positive
and negative fluctuations in cashflow. The modified internal rate of return (M§RR)

met hod t hat can be used to Al evel out o cas
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the overall return to an investment. Often the MIRR is preferred over the IRR because it
considers the reinvestment of annual positive cashflows and thef bost@wving during
times when there are annual losses. The MIRR is calculated using the following

equation:

(3.15) D YY = ¢ Qg an0 @i oekoi jUeUas Eo 100 1

VO OGBO0 Gii OG0T [0RcE i G

Where FV = future value of all positive cashflows compounded at a specified
reinvestment rate,

PV = present value of all negative cashflows discounted at a specified finance
rate,

n = number of periods in the investment.

Unlike thecalculation for the IRR, the MIRR equation can be easily solved without going
through a series of trial and error iterations. Also, there is only one solution to the MIRR
equationwhereas there may be several solutions to the IRR equation. For dyistls&u
reinvestment rate and the finance rate were set at equal rates; therefore, the MIRR

represents just the growth attributable to the management and yield of the tree products.

3.3.4 Annuakquivalentvalue (AEV)
Comparing forestry or other lortgrm projects to annual or shdgdrm projects is
often difficult because there are only a limited number of financial indicators that can be
used. Often times, due to the time value of money, the-&rantinvestments reflect
undue bias from indicators thigely on discounting methods. The annual equivalent
value (AEV) is an indicator for financial performance designed to compare all projects on

an annual basis. In other words, the AEV calculates the level annual payment, or
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payment potential, that an enprise would earn regardless of the duration of the

investment project.

The calculation of AEV is based on equation 3.12 above, but instead of solving
forNPVorthelRRi) , t he equati casihé$ | ® owohhebasici abl £he
assumption ishat there is a level cashflow, or annual value, that will return the same, or
equivalent, NPV and IRR as the project with fluctuating costs and returns. If equation

3.12 is modified to reflect the fact that all cashflows are equal, then that equatiba will

as follows:
v s s , oy ¢ 1
(3.16) 00w= i XED Beg——5
Where t = time periods from 1. . . n, and all other variables are as previously defined.

I n order t @ as & lfvarablefeguation 3116 is further modified as

follows:

(3.17) B3 OO = ————
Bo17 P

Wherecashflow= the annual equivalent value, or annual annuity payment, and all other
variables are as previously defined. Caution should be used when comparing multiple
investments using AEV, because the AEV calculation does not reflect an actual annual
cash paymentut it does reflect the potential equivalent payment based on the NPV and

expected rate of return.

3.3.5 Paybaclperiod (PBP)
Often, longterm investments are overlooked because of the lack of liquidity that
the investor faces. More specifically, investors may not waplatecapital in a project
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that could take many years to yield a return. The payback pé&mfel)is an indcator of

the length of time it takes for an investment to generate enough income to cover the costs
of establishment. Mathematically, it is the investment period in which the rate of return

is equal to zero. A negative rate of return, or a rate ofirétss than zero, would

indicate that a loss in the investment has occurred and a rate of return greater than zero

would indicate that a gain on the investment has occurred.

The rate of return used for this indicator in this study is the MIRR. As omeati
earlier, the MIRR can be easily calculated regardless of whether the returns are positive
or negative. Likewise, the MIRR considers the cost of borrowing to cover negative
cashfl ows or reinvesting positivéquditgshf |l ow
position. The equation for this calculation is based on equation 3.15; however, it requires

setting MIRR equal to zero and solving for

There is an easier way of calculating payback period, and all these financial
indicators, using commeially available software. The next section will discuss the
software that provided the uskiendly format allowing for the development of a model

that could take simple decision variables and generate instant outputs.

3.4 SOFTWARE SELECTION REQUIREMENTS

There are numerous commercially available software programs on the market that
can handle the calculation requirements of the basic growth, yield, and financial
equations that form the basis of this study. However, the pufpodeveloping this
decsion model was to provide a decision tool designed for a landownearcagemwith

a limited knowledge of forestry and with minimal computing skills. Many of the
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decision models developed for forestry management are developed using American
Standard Cod#or Information Interchange (ASCII) in Microsoft based stahahe

software programming languages such as C, C++, and the IBM Mathematical Formula
Translating System (FORTRAN), which require the user to download numerous dynamic
l'inked | ibrdrgesal DLLédsal oFORTRAN | ibrarie
a list of some of the more prominent loblolly pine models and the programming format

that they use.

Table 3-1. --Loblolly pine models and programming formats used by the model

Loblolly PineModel Programming Format

Standalone (ASCII for C

FASTLOB (Amateiset al. 200b) or FORTRAN)

Standalone (ASCII for C

GYST (Amateisget al.2001a) or FORTRAN)

Forest Nutrition Cooper at|Standalone (ASCIl forC
Support System (DSS) (Amateet al. 2005) or FORTRAN)

SouthPro (Schulteet al. 1998) Microsoft Excel addn

Standalone (ASCII for C

PTAEDA 4.0 (Burkhartet al. 2008) or FORTRAN)

Standalone formats are programs that are not dependent on the existence of other
commercial software programs in order to run. These programs only require the
existence of a base operating software such as Microsoft Disk Operating System (MS
DOS) (©Microsoft Corporation) in order to function. One of the benefits of satome
formats is that all programming and code can be imbedded internally for the protection of

proprietary knowledge rights. For example, growth and yield equations developed
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throughprivately funded research can be made available for public use without revealing
the specific growth and yield relationships that are being modeled. The drawback to
using stanehlone modeling formats is that it often requires professional programming

support in the development phase, and cannot be modified by thasend

AAdidno, or program depenubeiohavdaocesit s ,
an existing program, such as Microsoft Excel (©Microsoft Corporation) or some other
type of spreadsheptogram. These formats are limited by the ability of the spreadsheet
programés internally coded mathemati cal
limits on how many imbedded functions can be used in a singleobwnn cell.

Likewise, some funabins in Excel, such as some of the data lookup functions, require
that the data be listed in a specific order. However, one benefit of using program
dependent formats is that most of the higher level mathematical programming language
has been simplified to useffriendly mathematical functions. In addition to simplifying
the programming process, decision model formats that rely on Microsoft Excel
spreadsheets can be accessed by any petsohas access to a computer, including

those that use the Macirsto (©Apple Inc.) with the Microsoft Office for Mac 2008.

Many agencies, such as the United States Department of Agriculture Natural Resource
Conservation Service (NRCS) are developing decision tools using the Microsoft Excel

format.

In summary, the Micraxt Excel based format provides greater accessibility for
decision makers and greater flexibility in programming. Based on these benefits, the

decision support model developed in this study is a Microsoft Excel dependent format.
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The next section will @scribe in greater detail the structure and layout of the decision

model.

3.5 MODEL DESIGN AND INPUT/OUTPUT VARIABLES

Using the Microsoft Excel based format allows for the development of numerous
subsections within the overall decision model. The @yngoal of the model was to
have a simple interface in which the decision maker would have the ability to input
establishment and management decision parameters and see the results of those decisions

on financial variables.

The basic outline of the Lddily Pine Decision Support Tool is broken down into
four main worksheets, or tabs. Those four main worksheets are: User Input, Input
Tables, Cost Budget, and Financial Analysis. Each tab is further divided into sections for

organizational and logistitaurposes (Table-3).

3.5.1 Uselinput

TheUser Input tab is the main interface page that the decision maker will use to
make management decisions and observe financial results. For most users of the model,
this is the only tab they will have to use.ré&é of the sections on tlhuser Input tab are
designed to allow for decision maker input. Establishment decisions, management
decisions, and harvesting and marketing decisions can be manipulated on this tab with
results shown instantly (see Appendix A @tailed descriptions of the input variables).
Establishment decisions include site preparation method, spacing, site index, planting
stock, fertilization, and tree staking. Management decisions include thinning percentage,

maximum basal area, fertiaion, weed control, pest control, deer control, irrigation, and

51



pine straw harvest method. Harvesting and marketing decisions encompass rotation
length, market prices for the various potential marketable products, pine straw marketing

options, and expeetl rate of return.

Table 3-2. --Outline of the Loblolly Pine Decision Support Tool showing tabs and
sections.

Tab (Worksheet) Section

Establishment Decisions
Management Decisions

Harvesting and Marketing Decisions
Financial Results

User Input

Site Prep

Planting Stock
Fertilization (initial)
Thinning

Tree Staking

Fertilization (Maintenance)
Weed Control

Input Tables Deer Control

Pest Control

Harvest Method

Irrigation Systems
Maximum Basal Areas
Top End Diameters

Pine Straw Yield
Replacanortality (4years)

Establishment Costs
Cost Budget Management Costs
Harvesting Costs

Tree Growth Estimations
Timber Revenue

Pine Straw Revenue
Financial Analysis Establishment Costs
Management Costs
Harvesting Costs
Financial Analysis

The Financial Results section is the output section, and shows the analysis of

those decisions on the financial indicators. Many of the input sections @§énenput
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tab are designed with drajpwn menus to allow the decision maker to choose-a pre

defined option Figure 31).
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Loblolly Pine Decision Support Tool
Version 1.0

Establishment Decisions: Harvesting and Marketing Decisions:

Site Prep: [ Herbicide with Discing .~ RotationLlength: [ 20 Jvrs. (0= ne frlhaes)
Spacing [Ft): x Pulpwood Value: [S  8.49|(S/ten)
Row Configuration: E (1= single: 2= double; etc. | CNS Value: [Sﬁuu - Stumpage)
10 Alley width 0 | ings; L 9+ Sawlog Value: H 231.30 I[SJMBF-

CICIEIETIE ARSI

12 Site Index: Averagetres hesght i fest 25 yoass aterplaniing) PineStrawValue: [ 2.00|(3/bale)

13

14 Planting Stock: Minimum Pine Straw Harvest: [ 100 |sales/acre

15

16 Fertilization: Average BaleWeight: [ 35 |ibs.

17

18 Tree Staking: Expected Rateof Return: | 5% |enhes apescentage smniforthis inestment
19

20

21 Decisions: Financial Results

;: LR 2% e Based on the information that was entered in the model, this Loblolly pine plantation will
2 Maximum Basal Area: S have the following financial performance over the selected rotation length:
25 Initial Number of Trees/ac 170.1

26 Fertilization: Final Pulpwood Volume 0.34 tons

27 Final CNS Volume 3.59 tons

28 Weed Control: Final Sawlog Volume 3485 M8F

29 NPV/ac @ 5% $1,509.60

30 Pest Control: AEV/ac @ 5%

3 Internal Rate of Return (IRR)

212 Deer Control: Modified Rate of Retum (MIRR)

33 Years to Break Even

s tmgation

35

36 Pine Straw Harvest Method

37

| User Input " Input Tables - Cost Budget .~ Francal Anayss 73

Figure 3-1. Screen capture of the User Input page for the Loblolly Pine Decision
Support Tool.

3.5.2 Inputtables

Thelnput Tables tab shows all the establishment and management options that

are incorporated into the dropwin menus on thelser Input tab. For example, if the

decision maker is selecting the type of site preparation method that they will use, the list

of potential site preparation options is listed onltipt Tables tab. Microsoft Excét

uses a data validation script that allows for the selection of only the list of options chosen

by the program designer. More specifically, in limgut Tables tab there is a list of
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default options under the Site Prep section headieg Appendix B) Each Site Prep

option has a default estimated cost per acre and cost per tree (FR)U M@ rhead et

al. 2002)

@ home et pagelyout  Formuias iew  Developer  Approvelt
\ | | _J:mmms DR {. Clear = .U. J:*- E;f;p ([ a 2 || L Data Anaiysis
| - - | T ' £ Reapply ‘:| iy Solvet ‘
From | From  From From Other | _Exiting || Refresh Sort | Fitter . Tetto Remove  Data  Consolidate wrum Group Ungroup Subtotal
| Access web  Test  sources- | Connections || anv @ EditLinks X Advanced || Columns Cuphicates Valigation Analysis *
839 - A8
4 A B c D E F G H 1 ] K L M N o] E
1 Site Prep Estimated Cost/ac  Cost per Tree Occurrence
2 |Discing only s 10.00 $ 0.06 1
3  Herbicide only s 13.00 $ 0.08 1
4 Herbicide with Discing s 23.00 $ 0.14 1
5 User Defined 5 $
-]
7 |Planting Stock Costfac  Cost per Tree Occurrence
8 |Seed 5 85.07 $ 0.50 1
9 Seedlings (bare root) 5 127.60 5 0.75 1
10 Seedlings (RPM™) s 850.70 $ 5.00 1
11 User Defined $ $ 1
12
13 |F (initial) Costfac  Cost per Tree Occurrence
14 Good early growth (> 87) 5 173.54 S 102" 1
15 Slow early growth (<8") 5 - £ 1
16 |User Defined 5 -8 1
17
18 |Thinning Costfac  Cost per Dbh Occurrence

19 =% s TS oo NN Apemoce

20

21 Tree Staking Costfac  Cost perTree
22 Re-Bar 5 23649 S 139
23 Steel conduit pipe 5 340.28 S 2.00
24 T-posts s 1,190.58 $ 7.00
25 |User Defined $ 3

26 Wooden stakes 5 68.06 $ 0.40
27

28 ilization [mair e) Costfac  Cost per Tree
29 33%N s 2313 § 0.14
30 46% N s 2500 § 0.15
£ b
32 User Defined $ - %

33

34 Weed control Costfac  Cost per Tree
35 Discing 5 1000 $ 0.06
36 Herbicide (Roundup ™) 5 800 $ 0.05

37 Mats (weed) s 22118 § 1.30

# 4 » w[ Userinput | Input Tables - Cost Budget ,~ Fnancal

Occurrence

-

Occurrence

Fertilizer applied every years, until year IE

First Year of Application

Qccurrence

Weed contrel conducted e\fery years, until year
L2

First Year of Application

Figure 3-2. Screen capture of the Input Tables tab for the Loblolly Pine Decision

Support Tool.

When the decision maker is selecting a site prep method dsstrdnput tab,

that they will use, only those methods listed undetripat Tables, Site Prep section

will appeaiin the drop down menu. Once a Site Prep method is selected by the decision

maker, the associated costs will be applied in the model.
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Thelnput Tables tab allows a more experienced user of the model the
opportunity to modify default values or add options that are more applicable to their
specificsituation. For example, in s@vareas of the US a more intensive site preparation
method may be appropriate on sites that have already been logged. This higher level of
site preparation can be incorporated into the model by entering an intensive site prep
option with proportional costto the Site Prep section of tmput Tables tab. One
warning with Microsoft Excé : all options must be listed in alphabetical order and the
number of options in the list cannot be modified. Thus, to add an intensive site prep
option,ausercouldremmve t he fuser definedo option anct
option with corresponding costs. The #fAint

the drop down menu on théser Input tab for site preparation.

Many of the management optiossich as weed control, pest control, and deer
control occur at varying intervals throughout the life of the plantation. In order to model

this activity, the decision maker can go to timgut Tables tab, scroll down to the

particular management option and | | i n the blanks under the
that option. For example, under fAWeed Con
heading says: AfWeed control conducted eve
First year of application _ .0 The decision maker

based on their individual situation.

Li kewise, the AHarvest Methodo section
financial information regarding capital investments in harvesting equipment. Basic
financial data, such as present value (PV), term in years (N), and the interestaate (I)

beinsertedo compue the annual payment. This annual payment can then be divided
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over the number of acres that will be harvested with this equipment in order to get a cost
per acre. Another feature of theut Tables tab is the calculation of the beginning year

for harvest and the final year of payment for capital equipment. Thésed on the first

year of pine straw harvest calculated in H@ancial Analysistab and the financial term

(N) as indicated above. The assumption is that a decision maker will not invest in the

harvesting equipment until the first year that the egeipins needed.

In the development of the Loblolly Pine Decision Support Tool, a color code was
used throughoutThe user can modifyng blank located in an area with a yellow
backgroungdany other areas cannot be modified. This is especially relavémInput
Tablestab, where all areas that are colored yellow can be modified based on the decision

maker 6s individual preferences.

3.5.3 Cosbudget

The Cost Budgettab provides a simple enterprise cost budget based on the
selections made by the dsicin maker on th&ser Input tab and the values assigned to
those decisions on theput Tables tab. The purpose of including this portion of the
model was to provide the decision maker with a quick summary of expected costs for
establishment, managemgand harvest and marketitgee Appendix C) This tab is
printable and can be used as a bfmis business plan orf@cquiring a loanRigure

3.3).
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Establishment Costs: Cost facre Costftree
Site Prep Herhicide with Discing 5 2300 § 0.14
Initial # of Stems 170.1
Planting Stock seedlings (bare root) § 12760 § 0.75
Fertilization Good early growth (= 8") § 17354 § 1.02
Tree Staking User Defined § -8 -
Irrigation System Drip Irrigation § 44550 § 262
Subtotal: $§ 769.65
Management Costs:
Thinning 2%
Fertilization User Defined § §
Pest Control User Defined § -5 -
Weed Contral Herbicide (Roundup TM) § 800 § 0.05
Deer Control None § -5
Subtotal: § 8.00
Harvesting Costs: Cost/lb
[Harvesting Method |Mechanized (unspecified) § 2286 § 0.13

Figure 3-3. Printable budget summary from the Cost Budget tab of the Loblolly
Pine Decision SupporfTool.

3.5.4 Financialanalysis

The main calculations of the model are developed withifrih@ncial Analysis
tab(see Appendix D) This portion of the model provides the ybgryear growth, yield,
cost, revenue, thinning, harvest, and rate of return calculations for up to 60 years. One
assumption of the model is that the length of the rotation will be less than 60 years. The
Financial Analysistab provides a logical, stdpy-step process for analyzing the growth,
yield, and financial performance of a loblolly pine plantation. This process starts with
tree growth estimations, which lead to timber and pine straw revenue estimate
Establishment, management, and harvesting costs are subtracted from those revenue

estimates. Finally, the present value of costs and revenues can be calculated along with

rates of return and payback period.
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Each column of th€inancial Analysis worksheet represents a single growing
season and each row represents an indicator of analysis. For exdishjpler stem
(Actual) reflects the calculated estimate of the avedidpising the method described

by equation 3.4 for each year of growth (Figu4)3
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1 Site Index 1 2 3 4 5 6 7 8 9 1
2 DBEH per Stem (Actual) 65| 0.0000 0.0000 1.6065 3.1335 4.2884 5.4199 6.5263 7.6061 8.6586 9.6834
3 DBH per Stem (Potential) 0.0000 0.0000 0.8033 1.9684 3.1284 4.2742 5.4002 6.5031 7.5809 8.632
4 Site Index
) Tree Height in Feet (Potential) 65| 2.611534466 5764362095 9.062488975 12.39714752 1571382518 1898097898 2217931995 2529692020 2832659214 31.26433354
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12| %
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20
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24
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26
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30
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Figure 3-4. Screen capture of the Financial Analysis tab of the Loblolly Pine
Decision Support Tool.

3.6 METHODOLOGY AND APPROACH SUMMARY
The main objective of this research was the development of the Loblolly Pine
Decision Support Tool. However, many key pieces had to be in place in order for this

model to be useful. First, growth, yield, and volume functions that accurately predict the
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reality of what is seen growing in the Ozarks region of Missouri and Arkansas had to be
developed. Growth, yield, and volume equations have been developed all along the
southeastern US and are readily available through a literature search. However, the
challenge is finding a series of equations that can easily be encoded into a decision
support system and accurately reflect the potential for loblolly pine growing outside its
native range. Equations developed for the PTAEDA 4.0 model seemed to meet these

criteria and, therefore, provided the basis for the Loblolly Pine Decision Support Tool.

Second, a design format had to be used that would be easily accessible to a broad
range of current and potential loblolly pine growers. The design format hadléxibée
and simple enough that it could be modified to fit the circumstances of the individual user
without requiring expertise in a programming language. Microsoft Exgebvided this
format. Appendices A through D provide greater detail regardingettieons and
subsections for each of the four tabs in the model, including definitions of specific

variables and mathematical coding.

Finally, the model has to be reliable and valid. The next chapter will discuss the

methods used to test the relialyilénd validity of this model.
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CHAPTER 4

TESTING THE MODEL FOR PREDICTION ACCURACY

4.1 METHODS FOR MODEL TESTING

The goal of developing the Loblolly Pine Decision Support Tool (LPDST) was to
have a tool that is relatively accurate in its predictions. For this to occur, the model must
be reliable and accurate in its predictions of growth and yield and in finartciadse
Although existing and well documented growth and yield functions were used in the
model, it is still necessary to test those predictions to ensure that the equations are both
interpreted and encoded correctly. It is also understood that thos®egweere based
on loblolly pine plantations located in the southern US. Although they may accurately
predict growth and yield for that region of the US, it is not guaranteed that they will
accurately reflect growth and yield in the Ozarks region, wisietell outside the native
range of loblolly pine. This chapter will discuss the methods used to test the accuracy of

thedbhand height predictions in the model.

4.2 METHODS FOR TESTING THE GROWTH AND YIELD PREDICTIONS

Thereare several methods for tey) the accuracy of models; however, one of the
most common and accepted ways to test forestry models is by usingsagChia®) e (G
test of Agoodness of fito (Snedecor and Co
& testis more accurate in detemig bias as opposed to the standateist, used to test
for inaccuracy due to a | ack?tesfofgoadmeessi si on.

of fit is as follows:

60



2
(4.1) ¢ =B, X2

Where f= value of the'f estimate using the prediction from the model,
F= expected (or mean) value of tHeobservation measured in the field,
n = number of classes (treatment/replication combinations),
This particular test of accuracy, or goodness of fit, is ataiedt e st and fhe res
value is compared to a table of probabilities with degrees of freedom. The null
hypot hesis for this particular test is: #dc
drawn from the observed distribution? (Snedecor and @oct®80)0 T hi’s &
goodness of fit test takes into consideration the natural variance that is found in loblolly
pine plantations and determines if the predicted value falls within the actual range of
values.
Anot her t e s?%anatydisastth tastofehgpothesized variance (Freese

1960Reynol ds 1984) . Thi s t%sttbutors es the basi

2

(4.2) @=BEx it
Where x= the value of thé'festimate using the prediction from the model,
e;= actual value of thé"iobservation measured in the field,
n = number of observations with a given spacing, age, and site index,
&°= required accuracy for the model.

The | evel of required accuracy ford) the mod

which is calculated usgthe following equation:

4.3) "
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Where E = acceptable level of error. For example, in predidbihgit may be acceptable
for the prediction to be within 1 inch of the actual measdi#d

2.57= standard normal deviation corresponding to atailed probability with

a n-lewe¢l =0.4.
Mor e speci ¥detanaired thyat thetpradicton should be within E units of the
true value unless aih-100chance has occurred (Freese 1960). dfgrediction meets
this criterion, it is determined that the model is accurate. For the purpose of testing the
LPDST, the level of error (E) is the value that is being calculated. By inserting the value
for A in equation 4.3 into equation 4.2, and setyfor the level of error (E) the
following model can be used to calculate the maximum level of error.

BLyx ‘12 2572

(4.4) & = =

Wher e®vtaHeuec i s taken fr om lwihenltoa3Btlegreesf val u
of freedom and all other variables are as previously defined. The error represents the
maximum expected error in the model with®®level of confidence. This is easily
performed in Excé&l by adjusting the E value until the cali | a?wadud falls below
the critical value for the desired level of accuracy.

For the LPDST, it is determined thdtthand height are the variables that should
be tested for accuracy because these are the variables that are most affected by spacing,
site index (quality), and management decisions. In order to tedbtt@d height
predictions from the model, one primaiye was chosen. The Dale Bumpers Small Farm
Research Center in northern Arkansas was selected becausgabtaecord of tree
spacing, site index, initial tree densities, and management. The next sections will

describe the test sites and resultthefdbhand height tests conducted.
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4.3 TESTING THE ACCURACY OF THE LPDST
The primary study site selected for testing the LPDST was at the Dale Bumpers
Small Farms Research Center, located near BooneviRé3B°N, 94°W). The site is
150 m above sdavel and the soils consist mostly of Leadvale silt loam (Bueteal.
2010). Site index for this soil is listed by the Natural Resource Conservation Service as

80 feet at 50 yearsitp://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey)aspiis

site index is based on a 1953 study and appears to be inaccurate based on actual
measurements. The 1953 study would not have taken into consideration the genetically
improved seed stockat is available today. Most loblolly pine site indices now use a 25
year base age due to the increased growth potential. The measured site index for each
treatment and replication varied from 60 tof@étwith a base year of 25. Those
measurements we calculated from data published by Bugregral. (2010) using

equation 3.2 and solving for site index.

Loblolly pinetreeswere established on this site in 1994 wheyear old
Ai mprovedod seedlings were plant epeatedsi ng on
three times. Each spacing treatment encompassed 0.4 ha (1 acre) and consisted of 9

single row and 4 multiple row configurations (see Table 4.1).

According to Burner, et al. (2010), no fertilizer or lime was applied to the site
prior to plantingand mowing was the primary method of weed control during seedling
establishment. The site had been used over the years as a test plot for pruning and tillage
studies. For the tillage studies, some fertilizer was applied between the rows of trees.

Thoseplots that had been fertilized included Treatment 12 in all three replications. The
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pruning studies were conducted on Treatments 2, 11, and 13 in all three replications.
Thinning was conducted in late 2008 in all three replications.
Table 4-1.-- Row corfigurations, spacing, alley width, and initial number of trees

per acre on the thirteen loblolly pine plantation treatments at Dale Bumpers Small
Farms Research Center

Single Row Configurations Multiple Row Configurations
2 Spacing (initial number of Spacing (rows) + Alley width (initial number
Trt Trt
trees/ac) of trees/ac)

2 12mx24m(1241) 11 1.2mx 2.4 m(2ow)+7.3 m (590)
3 3.6 mx2.4m(425) 12 1.2mx 2.4 m(3ow)+9.7 m (574)
4 2.4 m x2.4 m (616) 13 1.2mx2.4m(4ow)+12.2 m (578)
5 1.2 mx 3.6 m (847) 14 1.2 mx 2.4 m (5ow)+14.6 m (725)
6 3.6 mx 3.6 m (289)
7 2.4 m x 3.6 m(425)
8 1.2mx4.9m(617)
9 3.6 mx4.9m (221)

10 2.4 mx 4.9 m (320)

'The initial number of trees per acre is based on the actual number of trees plante
the calculated number of trees that could have been planted based on the given sy
The spacing given is approximate, within 0.3048 m.

“Treatment 1 was the ctol, no trees were planted Treatmentl.

In January 2010ajbhand height measurements were taken from the site using a
standard diameter tape and a laser hypsometer. Eight sample trees were measured from
each treatment on each replication. Edge trees were excluded and the measured trees
were selected at random kdson a random diagonal transect across each treatment (see

Appendix E). A total of 312 trees were measured.

64



It was concluded that the trees had 14 growing seasons since establishment
(Burner, et al. 2010). Mean dbh and height for each treatmen¢plichtion were
calculated from the sample trees measured (see T&l)le Fhe estimated spacing based
on initial number of trees established per acre and the calculated site index for each
treatment were entered into the LPDST and the predicted didieggid for each
treatment were recorded (see Tabl®)4 The site index calculated for each treatment
using equation 3.2 was rounded to the nearéspbincrement. For example, a
calculated site index of 68 would be rounded to 70 when entered enktd*IDST.

Differences between the calculated dbh and predicted dbh, as well as the calculated mean
height and the predicted height are listed in table 4.2 in the error columns. Scatter plots
of the dbh and height predictions and actual values for eazhriceeach treatment are

shown in Appendix F.

4.3.1 Chisquare(c®) testing

Given the calculated mean dbh and mean height for each treatment and

2

replication, the model was tested foTr good
was compar ed?ttab Ivea |l wietsh icnomaf icdence | evel of
degrees of freedom (39 treatments/replicatiohy . | f the Ciadgreaterl at ed

than the value sfwiwnh ilh 2061060 bhiseouldor a 6

indicate that there is greater than-m-1L00 probability that the model is not accurate. It
shoul d be not e dvaluehthetmore hceurate thevreodel (Fraese 1860).

Table43 shows t he cal?caludséohdndheghdt. cri ti cal G
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Table 4-2. --Site indices, meardbh, predicted dbh, mean height, predicted height, and
errors for each treatment and replicationat Dale Bumpers Small Farms Research Center.

Treatment | Site l\gi?]n Predicted I—I}Aeeigat Predicted
(Rep) Index (in.) dbh(in.) Error (Feet) Height (ft) Error
2 (1) 65 7.75 8.79 1.0389 | 42.6625| 42.080 -0.5821
2 (2) 65 7.46 8.79 1.3264 | 41.6125| 42.080 0.4679
2 (3) 60 7.30 7.65 0.3510| 41.6625| 38.028 -3.6347
3(1) 65 9.50 10.06 | 0.5550| 43.5500| 42.080 -1.4696
3(2) 65 9.66 10.06 | 0.3925| 42.8250| 42.080 -0.7446
3 (3) 60 8.98 9.50 0.5253 | 40.1375| 38.028 -2.1097
4 (1) 65 8.73 9.425 | 0.7001 | 42.7500| 42.080 -0.6696
4 (2) 65 9.14 9.425 | 0.2876 | 42.6125| 42.080 -0.5321
4 (3) 70 9.31 10.383 | 1.0706 | 43.4000| 46.311 2.9107
5(1) 65 8.90 8.780 | -0.1204| 42.1000| 42.080 -0.0196
5(2) 60 8.68 8.320 | -0.3548| 37.9125| 38.028 0.1153
5 (3) 70 8.55 9.669 | 1.1192 | 43.6625| 46.311 2.6482
6 (1) 70 11.54 | 11.694 | 0.1566 | 45.7875| 46.311 0.5232
6 (2) 70 11.11 | 11.694 | 0.5816 | 42.9000| 46.311 3.4107
6 (3) 70 11.36 | 11.694 | 0.3316| 43.6000| 46.311 2.7107
7 (1) 60 9.11 9.5003 | 0.9425| 42.5875| 38.028 -4.5597
7(2) 65 9.99 10.055 | 0.5625 | 42.8500| 42.080 -0.7696
7 (3) 65 9.60 10.055 | 0.4550| 45.4250| 42.080 -3.1056
8 (1) 65 8.71 9.424 | 0.7110| 43.2000| 42.080 -1.1196
8 (2) 60 8.13 8.923 | 0.7982 | 38.5125| 38.028 -0.4847
8 (3) 60 8.13 8.923 | 0.7982| 40.5375| 38.028 -2.5097
9(2) 70 11.48 | 11.787 | 0.3121| 43.5125| 46.311 2.7982
9(2) 70 11.78 | 11.787 | 0.0121| 43.2125| 46.311 3.0982
9 (3) 65 11.19 | 11.136 | -0.0517| 42.0375| 42.080 0.0429
10 (2) 65 11.03 | 11.565 | 0.5350 | 43.5750| 42.080 -1.4950
10(2) 65 10.51 | 11.565 | 1.0550| 44.2500| 42.080 -2.1700
10 (3) 65 10.74 | 11.565 | 0.8250 | 42.6125| 42.080 -0.5321
11 (1) 65 8.18 9.440 | 1.2647 | 42.7250| 42.080 -0.6446
11 (2) 65 8.75 9.440 | 0.6897 | 42.3625| 42.080 -0.2821
11 (3) 60 8.48 8.935 | 0.4602| 41.2000| 38.028 -3.1722
12 (1) 65 8.35 9.450 | 1.0996 | 42.4125| 42.080 -0.3321
12 (2) 65 8.81 9.450 | 0.6371| 42.4125| 42.080 -0.3321
12 (3) 60 8.41 8.943 | 0.5301 | 38.6125| 38.028 -0.5847
13 (1) 60 7.88 8.939 | 1.0642 | 38.9875| 38.028 -0.9597
13 (2) 65 8.36 9.445 | 1.0827 | 42.2625| 42.080 -0.1821
13 (3) 60 8.45 8.939 | 0.4892| 39.5875| 38.028 -1.5597
14 (1) 60 8.39 8.412 | 0.0248 | 40.9500| 38.028 -2.9222
14 (2) 60 8.05 8.412 | 0.3623 | 39.5875| 38.028 -1.5597
14 (3) 60 8.39 8.412 | 0.0248 | 41.8500| 38.028 -3.8222
Average Error 0.567 -0.625

66



Table 4-3. --Chi-Square analysis of predictedlbh and height as compared with
calculated meandbh and mean height from Dale Bumpers Small Farms Research

Center.
Calculated Critical value for
¢ --328 010}
dbh 2.1814 61.162
Height 3.8027 61.162

Based on this analysis it is determined that the predicted values from the model
accurately represent a value that could be randomly drawn from the actual data with a
high level of probability. However, there maybesdimei as o or | ack of pr
needs to be identified. Bias is defined as a constant or mathematically describable
difference between the predicted value and the actual (fiadleese 1960) On the other
hand, a model lacks precision if the differenceveen the predicted value and actual
value is not biased but has error values that are both positive and negative (Freese 1960).
The s &t destribed by equation 4.4 can be conducted to determine the
approximate level of bias or lack of precisim the model. In this test, the hypothesized
variance is calculated using equation 4.3. The acceptable error level (E) was adjusted

until the value of 33gomet t he required | evel for a cont

Based on this analysis, the model is accurate to within 1.09 inches of the actual
dbhand within 3.19 feet of the actual height at the .99 confidence level (Tdble 4
However, this test only shows the amount of error expected in the model. It does not
indicate if this error is due to bias (which can be removed from the model) or lack of

precision (which cannot be removed from the model).
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Table 4-4. --Chi-Square analysis of predictedlbh and height with fixed acceptable
error levels (E).

Variance Critical value for
(standard deviation) E< 5 - Ssa0
dbh 0.1648 (0.4060) 1.09inches  60.7362 61.162
Height 3.8500 (1.9620) 3.19 ft 60.9751 61.162

To determine if the model is biased, the error in the model should alwayshiee in t
same direction (Freese 196®ynolds 1984). More specifically, a model is considered
to be accurate but biased if the predicted value is always greater than the actual value or
always less than the actual value. In testing the LPDST, albtinpredictions were
greater than the actual calculated means with the exceptimeatiment where two of
thedbhpredictions were smaller than the actual means. This could be caused by an
inaccurate calculation of site index or sampling bias created blitivertg conducted in

2008.

For the height predictions, analysis of the errors indicates that the lack of
precision was the main cause of the prediction error. This is most likely due to the
rounding of the site index, or the fact that the actual gregttation used was based on
loblolly plantations located in the southeastern US, within the native range of loblolly

pine, whereas the study site was located well north of that native range.

An interesting note to consider regarding the accuracy of tBSIHs that when
the model prediction was made freatmentl2, the application of fertilizer was not
considered. However, it is known from management records that fertilizer was applied to

Treatmentl2 for all three replications. Regardless of thifedénce in management, the
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model still accurately predicted height on all three replicationsibhdn two of the

three replications (see Appendix G for individual treatment statistics).

4. 3. 2 Su mrtastsyor tbefrowth Vamables ofdbhandheight

There are many factors that influerdighand height growth. The LPDST
predicts these variables based simply on site index and spacing. In testing this model,
site indices were rounded to the nearekidi increment which may have had an impact
on the model predictions. Likewise, spacing increments were based on actual number of
trees planted and the original spacing plan. The actual impact that variations in spacing
or site index have on the model predictions appear to be minimal; howesemén
cases, they may be the difference between the prediction being considered accurate or
not.

Along with the ability of the LPDST to predidbhand height with only spacing,
site index, and age, the model was able to show clear differences betevgaridhs
spacing and site index treatments. These clear differences were reflected in the actual
measured data. For example, the spacingedtmens 6 and 9 allowed for greatébh
growth than all the other treatments as shown by their calculateddibkaihe LPDST
was also able to correctly predict the lardehfor bothTreatmeng 6 and 9 as compared
to all the other treatments.

Another interesting observation from the data in takfeigithe magnitude of the
errors for the majority of the ¢ment/replications. For exampt®nsideringhe
predictions fordbhin comparison to the mean calculatithfor each treatment, there
are only 9 of the 39 treatmeafreplications with an error of greater than or less than 1

inch. The average error shie that most of the differences between the predicted value
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and calculated values were within 0.56¢hes. Likewise, for the predicted and
calculated mean heights, the average error indicated that the LPDST predicted heights
were less than 0.62®et lower than the actual value calculated on average. However,
this low average for the height prediction is most likely due to the fact that the errors
were mostly negative (29 of the 39 predictions were below the calculated mean), and six
of thetenpositiveerrors were greater tharf@et.

For the purpose of the LPDST, the level of accuracy required depends on the
impact the prediction error has on the financial analysis. The impact that the lack of

precision has on yield will be explored and discusse¢ldamext sections of this chapter.

4.3.3 Impact oflbhandheightbias onyield

Given the calculated acceptable error in the LPDST, the next logical question is
how this prediction error impactseipredicted yields in the modeNore specifically, if
t h e L Pdbh®redicion can be larger or smaller than the actual expdbtedf a
given stand by as much as 1.09 inches at age 14 will that bias or lack of precision have a
significant impact on basal area, pine straw produgctmtal volume, and merchantable

volume? In order to analyze this question a sensitivity analysis was conducted.

Because there are so many interrelated factors that are being calculated for each
age (see Appendix D) in the LPDST, it is difficult to mfgdhe input parameters of the
LPDST from the USER INPUT tab in a way that will only reflect a 4r@h discrepancy
in dbhor a 3.19foot discrepancy in height at age 14. The easiest way to determine the
impact through a sensitivity analysis is to applg variations irdbhand height to the
individual basal area and yield equations from the LPDST without using the model
directly.
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The first step in conducting the sensitivatiyalysiswas to apply the maximum
error cal cluestaotthe dalddteyl meéakltsh foreach treatment/replication.
For exampleTreatmen® /Replicationl had a calculated medbhof 7.75 inches. The
maximum error for a .99 confidence leveldishwas 1.09 inches, therefore the %ifiéh
error was added to and subtetfrom the calculated mean of 7.75 inches to reflect a
possible maximum and minimum errordbh  Thisdbhrange is then calculated into the
equations for basal area per tree, total volume per tree, total merchantable volume per
tree, and pine straw Yéeper tree using equations 3.8, 3.9 and 3.11. The analysis is done
on a per tree basis with the assumption that the results could be extrapolated to whatever

tree density per acre is being considered.

Each of the89 treatmentéplicationmeans wereralyzed; however, it is only
necessary to focus on the treatnsérplications that represatthe largest and smallest
calculated meadbh The treatment/replication with the largest méahwasTreatment
9/ Replication2, with a mean of 1Z75 inches The smallest wasreatmen® /

Replication3, with a mean of 7.3 inches (see Tabke)4

Based on the sensitivity analysis, a 2iu@éh error in dbh could have as much as a
30.61% impact on total volume per tree for the smaller trees and a 19% onpatdl
volume per tree for the larger trees. This is also reflected in total merchantable volume
per stem where the smaller trees could have up to a 47% error in predicted compared to
actual, and the larger trees could have a 19% error. Applyingé@édixor, such as the

109 nch maxi mum er r d&test il onky hawei atarger impacton he 6

smaller trees than on larger trees. However, theil.8%c h error cadl cul at ed
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test represents the maximum amount of error. As noted earlier, only 9 of the 39

predictions differed from the calculated mean by more than one inch.

Table 4-5.--Sensitivity analysis of basal area, total volume per tree, merchantable
volume per tree, andpine straw yield per tree as impacted by 1.0éhch potential
error in dbh prediction and the actual meandbh.

Basal Area Total Merchantable Pine Straw
dbh per Tree | Volume per| Volume per | Yield per
(inches) (FB)? Tree (Ff) Tree (Ff) Tree (Ibs.)
Smallest Treatmen® / Replication3)
>Mean 8.39 0.3837 7.266 6.4513 5.3794
(+14.93%% | (+32.09%) | (+30.61%) | (+47.18%) (+9.59%)
Mean 7.3 0.2905 5.5629 4.3833 4.9085
<Mean 6.21 0.2102 4.0966 2.400 4.3612
(-14.93%) (-27.63%) | (-26.36%) (-45.24%) (-11.15%)
Largest Treatmen® / Replication2)
>Mean 12.865 0.9022 17.3500 17.1080 6.8260
(+9.26%) (+19.37%) | (+19.03%) | (+19.96%) (+4.59%)
Mean 11.775 0.7558 14.5762 14.2610 6.5264
<Mean 10.685 0.6224 12.0478 11.6274 6.1976
(-9.26%) (-17.66%) | (-17.35%) (-18.47%) (-5.04%)

"Percentages in parenthesis represent the percent difference from the calculated n
Height is held constant at the mean height calculated for the treatment/replication
yield calculations.

A more appropriate level of error to use in the sensitivity analysis would be the

average level of error (see Tabl2}¥ As indicated by Table-@, when the average error

of 0.57 inches is analyzed, the maximum impact is around 15% on total volumeeper t

and around 24% for total merchantable volume per tree on the smaller trees. This is

expected since trees at this age and size are marginal for merchantability. In other words,

a slight difference imnlbhwould make the difference between a tree being

merchantable size or not.

However, for the larger trees, the maximum impact was

approximately 9% for total volume per tree and 10% for total merchantable volume per
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tree. This again follows the logic that the larger trees can have diightriations and

still be considered merchantable size trees.

Table 4-6.--Sensitivity analysis of basal area, total volume per tree, merchantable
volume per tree, and pine straw yield per tree as impacted by 0.5fch potential
error in dbh prediction and the actual meandbh.

Basal Area Total Merchantable Pine Straw
dbh per Tree | Volume per| Volume per | Yield per
(inches) (F&)? Tree (Ft) Tree (Ft) Tree (Ibs.)
Smallest Treatmen® / Replication3)
>Mean 7.87 0.3376 6.4239 5.4540 5.1629
(+7.81%) (+16.23%) | (+15.48%) | (+24.42%) (+5.18%)
Mean 7.3 0.2905 5.5629 4.3833 4.9085
<Mean 6.73 0.2469 4.7666 3.3331 4.6333
(-7.81%) (-15.01%) | (-14.31%) (-23.96%) (-5.60%)
Largest Treatmen® / Replication2)
>Mean 12.345 0.8308 15.9961 15.7223 6.6863
(+4.84%) | (+9.92%) | (+9.74%) | (+10.25%) | (+2.45%)
Mean 11.775 0.7558 14.5762 14.2610 6.5264
<Mean 11.205 0.6844 13.2234 12.8581 6.3585
(-4.84%) (-9.45%) (-9.28%) (-9.84%) (-2.57%)

"Percentages in parenthesis represent the percent difference from the calculated n
Height is held constant at the mean height calculated for the treatment/replication
yield calculations.

Up to this point, all of the yield calculations have been made while holding the
height used in the calculation constant at the calcuratsh height for each of the
treatmerd/replications. For exampl@&reatmen® /Replication3 had a mean calculated
height of 41.66 feet. This height was used in equation 3.8 to calculate total volume per
tree. H ¢ test imdicated that the miasum error for a .99 confidence level on
height was 3.19 feet. The next step in the sensitivity analysis was to adjudbbatid
height tocomputethe impact these two variables combined have on yield. For this

analysisthe maximum error illbhwasnot considered; only the averagigherror of

0.57 inches was used for tdehadjustment (see Tabled.
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The lefthand side of Table-4 and Table 48 shows the impact of error when
total volume per tree and total merchantable volume per tree aréatadcusing the
maximum height error of 3.19 feet. For smaller treedblifpredicted is greater than the
actualdbh(>mean) and height predicted is greater than the actual height (>mean) the
total volume per tree could be overestimated by as much as B8%ever, if thedbh
predicted is less than the actdah(<mean) and the height predicted is less than the
actual height (<mean), then the LPDST would underestimate total volume per tree by
nearly 20%. Total merchantable volume per tree for the sntiadkss would be

overestimated by nearly 33% or underestimated by nearly 29%.

The potential error would have less of an impact on the larger trees. For
predicting total volume per tree on larger trees, the overestimate could be about 17% and
the possile underestimate could be around 15%. Likewise the prediction of total
merchantable volume per tree could be overestimated by as much as 18% and
underestimated by 16%.

When the average height error of 0.625 feet is used in the analysis, the potential
overestimate or underestimate is reduced. For the smaller trees, the potential prediction
error for total volume per tree ranges from an overestimate of 17% to an underestimate of
16%. Likewise, the total merchantable volume per tree on the smallecir@édshave
an overestimate of 26% or an underestimate of 25%. The larger trees show an
overestimate error of 11% for total volume per tree &% for total merchantable
volume per tree; and an underestimatel86 for both total volume and total

merchatable volume (see Table@and Table 8).
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Table 4-7.--Analysis of the potential percent error in total volume per tree from potential height andibh error.

Total Volume Per Treft®)

Smallest dbh(+0.57 in.) dbh(+0.57 in.)
>Mean Mean <Mean >Mean Mean <Mean
>Mean 6.90 5.97 5.11 >Mean 6.52 5.64 4.83
Height (24%) (7%) (-8%) Height (17%) (1%) (-13%)
(x3.19 6.42 4.77 (x0.625 6.42 4.77
Ft) Mean (15%) 5.56 (-14%) Ft) Mean (15%) 5.56 (-14%)
<Mean 5.95 5.16 4.42 <Mean 6.33 5.48 4.70
(7%) (-7%) (-21%) (14%) (-1%) (-16%)
Largest dbh(x0.57 in.) dbh(x0.57 in.)
>Mean Mean <Mean >Mean Mean <Mean
>Mean 17.16 15.63 14.18 >Mean 16.22 14.78 13.41
Height (18%) (7%) (-3%) Height (11%) (1%) (-8%)
(x3.19 16.00 13.22 (x0.625 16.00 13.22
Ft) Mean (10%) 14.58 (-9%) Ft) Mean (10%) 14.58 (-9%)
<Mean 14.83 13.22 12.27 <Mean 15.77 14.37 13.04
(2%) (-7%) (-16%) (8%) (-1%) (-11%)




9/

Table 4-8.-- Analysis of the potential percent error in totalmerchantablevolume per tree from potential height and dbh
error.

Total Merchantable Volume Per Trée)

Smallest dbh &0.57 in.) dbh ¢0.57 in.)
>Mean Mean <Mean >Mean Mean <Mean
>Mean 5.85 4.70 3.57 >Mean 5.53 4.45 3.38
Height (34%) (7%) (-18%) Height (26%) (1%) (-23%)
5.45 3.33 (x0.625 5.45 3.33
(£3.19 Ft) Mean (24%) 4.38 (-24%) Ft) Mean (24%) 4.38 (-24%)
<Mean 5.05 4.06 3.09 <Mean 5.3 4.32 3.9
(15%) (-7%) (-29%) (23%) (-1%) (-25%)
Largest dbh &0.57 in.) dbh ¢0.57 in.)
>Mean Mean <Mean >Mean Mean <Mean
16.86 1530 13.79 15.% 14.46 13.04
Height >Mean | 150 (7%) (-3%) | Height  MeAN | oo | (1%) | (-9%)
15.72 12.8% (x0.625 15.72 12.8581
(£3.19 Ft) Mean (10%) 14.26 (-10%) Ft) Mean (10%) 14.26 (~10%)
<Mean 14.58 13.23 11.93 <Mean 1550 14.6 12.8
(2%) (-7%) (-16%) (9%) (-1%) (-11%)




The impact that height has on volumes can be estimated from Fabl€he
center columrof each of the analysatiowsthe actual impact due to error in height
predictions. For example, when the height error is at the maximum of £3.19 feet, the
potential error in total volume per tree and total merchantable volume per tree caused by
error in height is 7% foboththe sméer and largetrees. However, when the average
height error of 0.625 feet is used in the analysis, the prediction error foalzuigmall

treesis 1%

4.3.4 Summary of the impact of error on yield

Based on the analysis of error, the LPDST has tkengial to predict volume
yields that differ from actual volumes by as much as 34%; however, on avbege
yields predicted by the LPDST will be within 26% of the actual volume. This is
assuming that the correct site index and initial planting denstgratered ito the
model. As the trees get larger, the percentage error in yield prediction decreases. The
impact of this yield error on the financial predictions of the model will be discussed in the
next chapter, but it should be noted that the lkewodthe rotation, the maximum basal
area prescribed, and the percentage of trees removed at each thinning will play a role in
the accuracy of the yield predictions. For example, if a short rotatich as 30 years, is
selected by the user, there israajer potential for yield error thdor a longer rotation,
such as 50 years. This is simply due to the fact that at final harvestyeaiid trees
will be larger in size than they would be at ay&@ar final harvest. Similarly, if the
maximum badaarea is set a 90%fper acre, then the LPDST will prescribe thinning
sooner and on smaller trees as compared to those being thinned at a maximum basal area

that is set at 110%per acre.
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Finally, if the percentage of trees removed at each thinsiegtiat 33%, then a
larger number of trees will be removed at the smaller size, as compared to a thinning
percentage that is set at 10%. However, the removal of trees in the model impacts the
competition index and crown ratio which are factors in theiahgiameter increment
(DIN) and annual height increment (HIN) (see Appendix D). Itis likely that yield error
is only a factor on the early thinning removals and becomes minimal as larger trees are

removed over time.

4.4 THE EFFECT OF TREE AGE ON PREDCTION ERROR

Up to this point in the analysis, the predictionsdbhand height from the model
and the error calculations were all focused on trees of the same age. Withthesn
determined is whether or not that error is consistent across albfigess or if the
model prediction errors increase or decrease as the trees age. As determined earlier, for
smaller trees the calculated error may have a greater impact on accuracy than on larger
trees. Therefore, as the trees get older and larggrasable that the prediction error
gets smaller.To test this would require collectiriphand height data on loblolly pine
plantations of different ages with clearly defined spacing, initial planting densities, and

management.

Two other loblolly pine plantation sites in Missouri were sampled during this
study. These sites were established by private landowners and lacked the detailed record
keeping and management that was found at the Dale Bumpers Small Farms Research
Center. However, each site provided information that was helpful in understanding

potential for error in the model.
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4.4.1 Heckemeyer Farms, Sikeston, MO

The first site was the Heckemeyer Farm near Sikeston, MO. Heighband
measurements were taken on 20 tree=ach of 5 different treatments. The treatments
were based on age and years since the last thinning. Two treatments had 25% of the trees
removed in 2005, and one treatment had 25% of the trees removed in 2009 (see Table 4
9). The trees were initiallglanted in 1990 and 1991 at an estimated spacing of 2.4m
x2.4m (8ft x 8ft). However, it was clearly evident while taking the measurements that the
spacing was sporadic and ranged between 1.8m and 3m (6ft and 10ft). It was estimated
that about 640 tregeer acre were planted initially with limited mortality. On one area of

the plantation that was sampled, pine straw had been harvested several times.

Table 4-9.--DBH and Height measurements and predictions from the Heckemeyer
Farm, Sikeston, MO,

Treatment Site Index Av(;at;ﬁge Pr?j%iﬁted AI_\|/§irgarg[e P;(zoilgiyc;fd
(Agelyear of Estimate | _

thinning) (inches) (inches) (feet) (feet)
19/2005 44 10.43 10.733 59.675 34.7405
19/none 44 10.425 10.733 64 34.7405
18/2005 44 9.67 10.423 55.445 33.084
18/none 50 10.965 11.405 59.335 38.146
18/2009 50 11.45 11.405 58.77 38.146

Site index was difficult to determine due to the fact that a wind storm had taken

the tops out of nearly all the trees in the plantation in a previous year. The predominant

soil types were Scotco sand and Diehlstadt sandy loam. Based on the publisth&ta soi
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for these soils, there was no established site index for loblolly pine

(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey)addrwever, the published

site index for sandipe (Pinus clausaand red pineRinus resinospwas 20 feet at base
20years Similarly, the published site index for eastern white pitieUs strobuswas

37 feet at 20 years, which is equivalent to a site index of 70 feet at a base of 50 years.

The averagebhfor the 5 treatments ranged between 9.67 inches for tiyedr8
old stand that was thinned in 2005; to 11.45 inches for theedfold stand that was
thinned in 2009. The LPDST was used to predicttiteand height based on the
spacing stimate and the site index (see Tab!®) 4 These predictions albhwere within
0.5 inches of the calculated meadish However, the calculated mean height and the

predicted mean height differed by over 20 feet (see TaB)e 4

Several possible explaimans can account for the difference in height growth.
First, the plantation had been established on a site that had been used for many years as
row-crop acreage. The level of fertilizer applied before planting was unknown and
poultry litter was appliedo the site often during the growth of the trees. The impact that
this continuous application of poultry litter had on height growth was unknown. Based
on other sites, occasional applications of nitrogen fertilizer had minimal effects on tree
growth. Havever, it is unknown if the regular application of poultry litter would increase

height growth substantially.

Second, the irregular spacing and the high density of trees may have forced more
upward growth and less diameter growth. The model predidtaarly would occur

much sooner and more often than what actually took place at the plantation. This
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increased number of predicted thinnings may cause a combination of errors in the model,
including overpredicteddbhand undeipredicted height. This isué to the competition

index factor and crown ratio factor in the model which is used in both the calculation for
annual height diameter increment (HIN) and annual diameter increment (DIN). If an
actual site index was calculated on the site, based onrgjangles not damaged by the

wind storm, and applied to the model, the model would have shown more error-in over

predicteddbhand would have predicted height closer to the actual calculated height.

4.4.2 Haake/Brauniger Farms, Stover, MO

The second sitthat was sampled was the David and Joe Haake Farm and the
Buford Brauniger Farm near Stover, MO. These two farms were contiguous and had
been managed with the help of a professional forester for nearly 50 years. Although
detailed information regardinde sites had been maintained, management of the sites
had been minimal and some of the trees were experiencing competition from hardwoods
that had taken over parts of the site. The trees ranged in age from 16 years to 49 years
since planting and had akgerienced wind damage over the years. Eight plots were
identified based on age, seed source, and management (see-T@bl&pacing was
unknown, but estimated at approximately 2.4m x 2.4m (8ft x 8tth measurements
were taken on 10 trees per pdotd height estimates were based on a height comparison

method.

The predominant soil types in this area were Union silt loam, Gravois silt loam,
and the Niangu8ardley complex. None of these soil types has been rated for loblolly

pine (http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey)aspite indices for
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shortleaf pineRinus echinatawere 20 feet at 20 years, and for eastern white pimei$

strobug the site index was Jeéet at 20 years. Site index for the predictions was based

on these site indices. The calculated height was not included in Fablgidce the

vali dity of the measurement from the field
laser hypsometer wasifially used to collect height data; however, it was determined that

the laser was not accurate and was unable to accurately measure height in areas of high
foliage. From that point on, height was estimated based on the previously mentioned

Ahei ghti sompmet hodo.

Table 4-10.--DBH and Height measurements and predictions from the
Haake/Brauniger Farms, Stover, MQ

Plot Description | site index Av(;agﬁge Przcki)irc]ted PLZ?igCr:?d
(Age/seed source/thil  Estimate

date) (inches) (inches) (feet)
40/MO/none 35 17.78 17.547 51.72
22/AR/2000 45 12.60 11.770 40.45
22/TX/2000 45 10.79 11.770 40.45
22/0K/2000 45 11.16 11.770 40.45
16/0OK/noné 45 8.41 9.274 30.44
31/TX/1987 30 10.82 12.392 36.48
18/TX/none 35 7.57 7.7192 25.76
49/unk/1990 30 17.31 20.193 53.09

! Planted under oak

Similar to the error found when predicting the Heckemeyer Farm plantation,
errors found in the model predictions are more a result of inaccurate input information

and less on the ability of the model to accurately predict. Inaccurate spacing and initial
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density has a large impact on the model predictions, as well as the inaccurate site index
estimations. However, based on the best estimate of site index and spacing, the model
was still able to prediabhwithin oneinch for most of the plots. The twoqgté with the
estimated site index of 30 had the largest differendblrprediction. This is most likely

due to inaccurate site index information.

4.4.3 Summary of trdbhand height predictions at various ages

In analyzing thelbhand height predictizs fromthe Heckemeyer Farm arttle
Haake/Brauniger Farm, it was clear that the accuracy of the LPDST is directly related to
the accuracy of the information entered by the udbhpredictions for both farms were
within the .99 confidence level of erroalculated using the data from the Dale Bumpers
Small Farm Research Center, with the exception of thgedtold and 49yearold stand
at the Haake/Brauniger Farm. Both of these plots were estimated to have a site index of
30; however, it is possible thtne site index estimate was incorrect or the estimated

spacing was incorrect.

The next chapter will focus on testing the sensitivity of the financial analysis. For
the purpose of that analysis, it will be assumed that the potential for ediain in
prediction will not exceed the level of error calculated on the 39 treatfrepitcations
from the Dale Bumpers Small Farms Research Center. That is, regardless of the age of
the tree, the average prediction errordbhwill be around 0.57 inches and iwilot
exceed 1.09 inches. Likewise, the average height prediction error \bitlveerD.625

feet and 3.19 feet, regardless of the age of the tree.
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CHAPTER 5

TESTING THE FINANCIAL ACCURACY AND SENSITIVITY OF THE LPDST
MODEL

5.1 METHODS FOR TESTING ACCURACY AND SENSITIVITY

The ability of the LPDST to accurately prediltthand height is an important part
of estimating yield. However, for the financial calculations of the LPDST there are many
other variables that impact the predicted costs and retduss$.as yield is impacted by
maximum basal area prescriptions, thinning removal percentage, and rotation length, the
final financial analysis is also impacted by these management decisions. In addition to
these variables, the expected rate of returneatichated market prices will impact the
financial predictions of the LPDST. All of these variables are based on user input and
can be manipulated from the USER INPUT tab in the model. This chapter will test the

accuracy and sensitivity of the finandiadlicators in the model.

In order to test the accuracy and sensitivity of the financial parameters of the
model, two analyses are conducted on the model. The first analysis focuses on the
impact that yield error, as discussed in Chapter 4, has on #meith indicators of net
present value (NPV), annual equivalent value (AEV), rate of return (either IRR or
MIRR), and years to break even (PBP). This analysis will determine the accuracy of the

financial predictions given the potential error in predictibyp and height.

The second analysis focuses on the ability of the LPDST to accurately reflect the
impact of establishment, management, harvesting, and marketing decisions. This
analysis will identify the sensitivity of the LPDST to changes in usesifspe variables
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such as fertilization, thinning percentage, maximum basal area, rotation length, and
minimum pine straw harvest in order to determine if the LPDST accurately accounts for

changes in the timing and magnitude of decisions that impact falaatirns.

5.2 ANALYSIS OF THE IMPACT OF DBH AND HEIGHT ERROR ON
FINANCIAL INDICATORS

Given the natural variation ibhand height inherent in any loblolly pine
plantation, it is accepted that a model designed to predict the addragethe average
height will have some acceptable level of error in the prediction. Based on the statistical
analysis of the accuracy of the LPDST, discussed in Chapter 4, the average error, or in
this case bias, idbhis 0.57 inches and the average error, or bias,ighhés-0.625 feet.
These potential errors oibhand height are shown to impact the estimated volume
predicted by the LPDST. However, variances in predicted volume may or may not
impact the financial analysis. The next step in testing the LPD®determire the
impact these average errors have on the financial predictions in the model.
Determination of the impacdbhand height error hee on financial predictions is based
on a comparison of NPV, AEV, MIRR, IRR and years to break even dibieand
height are adjusted by the average level of error and the maximum level of error

calculated in Chapter 4.

The two treatment prescriptions from the Dale Bumpers Small Farm Research
Center that represented the largest and the smallest trees ammihe glots that are
tested. More specifically, Treatment 9 (which had the largest trees basbdam

height) and Treatment 2 (which had the smallest trees based on the same variables) are
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the focus of the financial accuracy analysis. Treatmentr@septs potential growth and

yield when loblolly pine is planted at low densities, or densities of less than 300 trees per
acre. Treatment 2 represents loblolly pine plantations that are established at high
densities, or densities of greater than 1208styger acre. For both treatments, all

variables are held constant in the model with the exception of spacing and site index (see
Appendix H). More specifically, the only difference betw@eeatmen®? andTreatment

9 as they are entered into the LPDS$pacing. Site index is adjusted to reflect the fact

that there are differences in site index across the three replications of each treatment. The
maximum basal area is set at 1ZQfér acre and thinning percentage is set to remove

33% of the standinlive stems each time predicted basal area reaches?y2# ficre.

Rotation length is set at 60 years initially.

5.2.1 Financial analysis afbhand height error on low density plantations

The original parameters faireatmen® were entered into tHPDST (see
Appendix H). More specificallyTreatmen® was planted at a spacing of 12 ft x 16 ft
(approximately 227 trees per acre). The site index is set at 70 ft at 25 years. Based on
this input information, the LPDST indicates that the plantatidinoe thinned in years
11, 13, 15, 19, 24, 32, 43, and 59. Final harvest will be conducted at the end of year 60
(see Table 8). Based on the predicted volumes removed at each harvest, the LPDST
appears to be biased towards sawlog production. Inwthrels, the model identifies a
large portion of the wood produced as sawlog quality (see Tabje b reality, the
actual percentage of sawlog timber produced from a stand of loblolly may be less than
predicted by the model due to stem quality. Siryilahe percentage of chipsaw and

pulpwood may actually be larger than predicted by the model.
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Table 51.--Summary of financial predictionsand removalsat final harvest and each
prescribed thinning on low density plantings represented byreatment 9.

Tree Age(years)

11

13

15

19

24

32

43

59

60

No. of Trees
removed

75

50

34

23

15

10

7

5

Total Volume
Removed
(Ft¥/acre)

580

615

604

775

933

1195

1424

1627

3832

Total Sawlog
Volume
Removed
(MBF i
Doyle)

10

21

Total CNS
Volume
removed
(T/acre)

5.42

3.23

1.81

0.80

0.35

0.14

0.06

0.03

0.05

Total
Pulpwood
Volume
removed
(T/acre)

0.7

0.35

0.18

0.08

0.03

0.01

0.01

0.0

0.0

NPV /acre $3767.95

AEV [ acre $166.55

MIRR

8%

PBP 10

1 rounded to the nearest’Ft

Final pulpwood volumefjnal CNS volume, final sawlog volume, NR)éracre

AEV peracre, internal rate of return, modified rate of return, and years to break even

were recorded. Sensitivity was tested by modifyingdibieand height based on the

maximum error and the averageor and looking at the impact that those changes have

on the financial indicators mentioned earlier.

In order to test the impact dbhand height error on the financial predictions, a

duplicate copy of the LPDST was created and another set of esriable added to the
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FINANCIAL ANALYSIS tab of the model calle®@BH bias andHeight bias. Any level

of bias or error can be applied to the model with these variables; however, it should be
noted that when error or bias is introduced into the modelntrisduced in such a way

that it has impact during all time periods on numerous variables. In other words, a bias of
0.57 inches idbhwill not just appear in a single year but is most likely a result of

several years of slower than predicted growth.eliise, a bias 00.625 feet may be a
reflection of several years of slower than predicted growth. In addition to incorporating
the bias into multiple years, the bias also impacts the competition index, crown ratio,

basal area and other variables thatesesd to calculate growth and yield parameters.

The easiest way to include this bias into the model was to use equation 3.2 for
calculating height. Height bias is introduced by taking the average height error at year 14

and converting it to a differenae site index at base age 25. This is done as follows:

(5.1) Sl = height biagmeasurement afgease age

More specifically, the average height bias, or error, was calculated in Chapt&€).@2&s
feet. The age of the trees used to calculate that was 14 years, and the base age used
in the model was 25 years (14/25 = 0.56) . Therefoeesite index adjustment factor

used in equation 3.2 was as follows:

(5.2) Q= — e 1.116

Entering this Slvalue into equation 3.2 calculates additional height that is due to bias in
predicted height. The net effect is the same as saying that the site index used in the
model was incorrect by 1.116 feet at base age 25 years. This difference in hedjttt and

is then incorporated into all other calculations in the model. Introducing the bias into
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the model in this way allows for annual variances in predicted heigidtdrtd be
factored into the financial analysis. Table 5.2 showsuhesary of financial
predictions on low density plantings, representedt@atmen®, when bias is introduced
into the model.

Table 52.--Summary of financial predictions andremovalsat final harvest and each

prescribed thinning on low density plantings represented byreatment 9, including
prediction bias.

Tree Age(years)
11 13 16 19 25 32 44 60

No. of Trees

75 50 34 23 15 10 7 14
removed

Total Volume
Removed 561 595 712 747 990 1139 | 1400 | 4703
(Ft3acre

Total Sawlog
Volume
Removed 2 3 4 4 6 7 9 29
(MBF i
Doyle)

Total CNS
Volume
removed
(T/acre)

545 | 327 | 162 | 081 | 0.33 | 0.15 | 0.06 | 0.08

Total

Pulpwood
Volume 0.72 | 0.36 | 0.16 | 0.08 | 0.03 | 0.01 | 0.01 | 0.01
removed
(T/acre)

NPV /acre $3709.93 AEV [ acre $163.99

MIRR 8% PBP 10

1 rounded to the nearest’Ft

Comparingthe results with and without bia§gble 51 andTable 52), it is clear
that average height amntbherror have very little impact on the financial predictions of

the model. In fact the average errors only had a $58 impact on NPV ($3767.95
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$3709.93) ad a $2.56 impact on AEV ($166.5%5163.99). When the maximum error
calculated in Chapter 4 for a@@rcent confidence level was entered into the model, that

is 1.09inchesdbhand 3.1%eet height, the difference in NPV was $533.79 ($3767.95
$3234.16 and the difference in AEV was $23.59 ($166-3342.96). More

specifically, for the worst case scenario on low density plantations the LPDST is accurate
within $550 per acre when predicting NPV and $24 per acre when predicting AEV. On
average the mad is able to predict NPV within $60 per acre and AEV within $3 per acre

over a 60 year period.

5.2.2 Financial analysis afbhand height error on high density plantations

The next step would be to try the same process on high density plantations such
as Treatmen® from the Dale Bumpers Small Farms Research Center. A high density
plantation is one in which large numbers of trees are planted at close spacing, sfich as 4
x 8-ft in order to force the trees to grow straighter and taller as they cofopétght.
Anecdotal evidence from plantations in southern Missouri indicates that the close spacing
is also beneficial for protection against strong winds. However, a close spacing requires
more frequent thinning and often those trees are thinnedeltbiey reach a valuable

market size.

Table 53 shows predicted thinning dates along with key harvest variables and
NPV, AEV, MIRR and years to break even for the high density spacifigeatmen®.
The model prescribes a thinning every time the ptedibasal area exceeds the user
specified maximum basal area. For this analysis, the maximum basal area was set at 120

F?per acre. The model also is set for a fixed percentage of trees removed at each

90



thinning. For this analysis, the LPDST is remav88percent of the trees at each
thinning. Because of these two fixed parameters, the LPDST shows several years in a
row where thinning occurs. In reality, a landowner will most likely only conduct one

thinning and remove enough treepteclude havingo thin annually

Table 53.--Summary of financial predictions andremovalsat final harvest and each
prescribed thinning on high density plantings represented byfreatment 2.

Tree Age(years)
7 8 9 | 10| 12 | 15| 18 | 21 | 27 | 34 | 45 | 60

No. of
Trees 409| 274|184 | 123 82 | 565 | 37 | 25 | 17 | 11 7 15
removed

Total
Volume
Removed

(Ft Jacre

293 | 249 | 213 | 184 | 232 | 350 | 433 | 471 | 670 | 825 | 1061 | 3845

Total
Sawlog
Volume
Removed
(MBF 1
Doyle)

Total CNS
Volume
removed
(T/ acre)

Total

Pulpwood
Volume 6 5 4 3 2 1 3 A | .05|.02] .01 .01
removed
(T/ acre)

NPV /acre $1602.51 AEV [ acre $70.83

MIRR 5% PBP 14

! Values are rounded
Using the same method as described by equation 5.1 and equation 5.2, average

error and maximum error were introduced into the model. When the awiraged
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height error, 0.57 inches and 0.625 feet respectively, are incorporated into the analysis
the chage in the yield and financial indicators is minimal (see Taile 5
Table 54.--Summary of financial predictions andremovalsat final harvest and each

prescribed thinning on high density plantings represented byreatment 2,
including prediction bias.

Tree Age(years)
7 8 9 |11 |12 | 15| 18 | 22 | 27 | 35 | 46 | 60

No. of
Trees 409 | 274 | 184 | 123 | 82 55 37 25 17 11 7 15
removed

Total
Volume
Removed
(Ft¥/acre)

285 | 241 | 206 | 267 | 223 | 335 | 414 | 524 | 636 | 837 | 1039 | 3542

Total
Sawlog
Volume
Removed
(MBF 1
Doyle)

Total CNS
Volume
removed
(T/ acre)

Total

Pulpwood
Volume 6 5 4 3 2 1 3 A | .05]|.02] .01 .01
removed
(T/ acre)

NPV / acre $1569.69 AEV / acre $69.38

MIRR 5% PBP 13

2Values are rounded

Based on the comparison of the high density treatment with and without bias, it
appears that averagbehand height error have minimal impact on the financial analysis.
More specifically, when the averagbhand height error are incorporated into the eipd

the difference in NPV per acre is only $32.82 ($1602 $1569.69) and the difference in
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AEV per acre is only $1.45 ($70.8%69.38). It is interesting to note that when error is
included into the model, the number of years to break even is redycec year, from
14 years without bias to 13 years with bias. This is due to the fact that the model is
predicting a higher volume of chipsaw wood during the early thinning when tteh

and height bias is included. When the maxindbhand height eor are included in the
model, the difference in NPV per acre is $32.41 ($160281570.10) and the difference

in AEV per acre is $1.43 ($70.83%69.40).

Based on this analysis of bias, or error in the LPDST, it is clear that any error in
predicting aeragedbhor average height will have little to no impact on the financial
indicators of NPV, AEV, MIRR, and years to break even. This is to be expected and can
easily be explained by understanding that the average error calculated in Chapter 4
represents difference in predictedbhand predicted height that is smaller than the
expected growth during a single growing season. In other words, an average prediction
error of 0.57 inchedbhmay just be the difference of measuring the trees in the early

spring or measuring the trees in the late fall of the same year.

For the financial indicators, the LPDST uses a continuous cashflow analysis;
therefore, if thedbhor height prediction has some level of error, that error impacts the
model in two ways. Firstf there isdbhand height prediction error, this will impact the
discount periods. For example, a thinning may be prescribed in year 12, when in reality
it should have been prescribed in year 13. This will affect the number of discounted
periods for tle income generated, or costs incurred, for that thinning. Instead of

discounting 13 years, the LPDST will discount those revenues and costs 12 years.
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Seconddbhand height error will impact the volume harvested in the final
harvest, in this case the kiast at year 60. As growth prediction errors are carried from
year to year, they will eventually be reflected when all trees are removed in the model.
However, depending on the rotation length, the difference in the final predicted size of
the trees anthe actual size of the trees will have very little impact on the financial
indicators due to the number of periods used to discount those revenues and costs. More
specifically, if there is a-inch difference in actualbhand predictedibh, the differene

in value of those trees discounted 60 yearshelminimal in terms oNPV and AEV.

Trees planted at highardensity will reflect less of an impact on financial
indicators than trees plantedadbwer density. This is due to the fact that wheesrare
removedrom the lower density plantinghey are typically of a larger size class, and
therefore a higher value, than when trees are remoweda high density planting

Wider spacing allows greater tree growth before a thinning is prescriltee byodel.

5.3 ANALYSIS OF DECISION PARAMETERS ON THE FINANCIAL
INDICATORS

The LPDST is designed to incorporate decisions made by the user of the model
with accurate growth, yield and financial functions. Up to this point, the growth and
yield functiors have been tested and analyzed to determine the level of accuracy that can
be expected throughout the model. This section will focus more on the sensitivity of the
LPDSTO6s f i n atodifferarices fnestablishmenty management, harvesting,
and narketing decisionsMore specifically, how well does the model distinguish

between different management strategies?
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The real test of sensitivity for the LPDST would be to compare the results of the
model to an existing loblolly pine plantation fromstiplanting to final harvest. Due to
time limitations, this is not possible. However, it is possible to compare the
recommendations, predictions and prescriptions from the model with published data to

verify the results are in line with recommendatiamsif existing plantations and models.

In order to testhe sensitivity of th&PDST, a series of establishment,
management, and marketing decisions were appligd daferent initial spacing levels.
Each modification was added to the previous modifimatn s i n a Ast eppedo
example, in testing one of the management decisions, maximum basal area was increased
from 120 ff per acre to 200%per acre. The next management decision test that was
conducted left maximum basal area at 26@ér acre and increased the thinning
percentage from 38 to 50% Therefore all modifications to the model were made in
steppedscenariosn order to see the impact that each modification had on the financial

predictions.

Financial indicators of NPV, A%, MIRR, andPBPwere recorded for each
spacing level at rotation lengths of 60 years and 30 years. These indicators were plotted
on a graph with At rxexdasandphefinanaia indecatordsT® A) as
axis. The graph shows the plantohgnsity, or spacing level, where each indicator

reaches the maximum level (see Appendix I).

The baseline assumptions for the sensitivity analysis were the same assumptions
used in thelbhand height analysis of Chapter 4 (see Appendix H and Appendgith

index was set at Heet at base year 25. The parameters that were modified for the
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sensitivity analysis included Thinning, Maximum Basal Area, Pulpwood Value, CNS

Value, Pine Straw Value, and Expected Rate of Résga Table 5).

Table 55.--Decision parameters used in the sensitivity analysis

Decision Parameter

Original Level

Modified Level Scenario
Order)

Thinning 33% 50% (6)
Maximum Basal Area 120 200 (5)
Pulpwood Value $8.49/ton $12.00/ton (1)
CNS Value $17.18/ton $30.00/ton (2)
Pine Straw Value $2.00/bale $5.00/bale (3)
Expected Rate of Return | 4% 8% (4)

! ScenaridOrder reflects the order in which the changes were entered into the mode
Pulpwood Value was modified first, then CNS Value, and so forth.

The21 spacing levels used in the analysis are listed below with the number of

trees per acre (TPA) for each spacing level:

46 x 80 (86

4 x 106 10

(@)}

46 X 126 10
86 X 19RA) ( 10
86 x 106 10

86 x A4ATPA) 10

(@} (@)} (@} (@)}

(@)}

x 1606
x 106
x 126
X 166
x 20606
(82 ZRAD

5.3.1 Baseline assumptions analysis

12
12
12
16
16
16

(@) (@) o o o

(@)}

X

x

3TPAP 206 Xx 200
7IFAP 200 Xx1TPA)O
2462406 x 2406
160
200
246

The results of this analysis indicated that when the baseline assumptions are

entered into the LPDST, the optimum spacing level wouldppeoximately200 TPA in
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