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ABSTRACT: Fusiformrust is a widespread and damaging disease of loblolly pine (P. taeda) and Slash pine
(P. dliottii) in the South. Research has identified families of these pines with improved genetic resistance to the
disease, allowing production and planting of resistant seedlings in areas at risk. This study cornpared the cost
of fusiform rust research to the simulated benefits of rust resistant seedlings in plantations that have been or
are projected to be established Southwide between 1970 and 2020. Results showed that compounded fusiform
rust research costs of $49 million in 1992 will return discounted benefits to plantation owners of between $108
and $999 million in 1992, at a 4% real discount rate. The most probable targeting of rust resistant seedlings
would provide estimated discounted benefits of fusiform rust protection of about $200 to $300 million in 1992,
or annual discounted benefits of $40 to $60 million. Thiswould generate benefit-cost ratios of about 4:1to 6:1
for fusiform rust research. Currently anticipated improvements in resistance will not eliminate all physical and
financial damages from the disease; simulation results indicate substantial financial benefits yet remain for

additional research and development. South. J. Appl. For. 24(2):77-85.

F usform rust has long been recognized as the most damag-
ing dissese of southern pine forests. Occurring in a band
across the heart of the South, the diseese is prevdent in the
most productive stands-loblolly pine (P. taeda) and dash
pine (P. dliottii) plantations on higher quality stes (Ander-
son et a. 1986a, Borders and Bailey 1986). Gals on seedlings
can cause ealy mortdity, while survivors with resulting stem
cankers are subject to breskege and are unsuitable for
solidwood products (Geron and Hafley 1988, Holley and
Ved 1977). The mog effective means for reducing damage
from this pathogen has been to plant geneticaly resigtant
seedlings.

Fusform rugt affects both the quantity and qudity of
timber produced per unit area, therefore increased rust ress
tance trandates directly to increesed economic vaue. To
etimate the returns to fusform rust research, we smulated
timber production and merchandising processes a the stand
levd and then aggregated quantities and vaues across the
region to edimate production and vaue functions. By com-
paring a base levd scenario representing no investments in
fusform rugt research with a variety of scenarios represent-
ing potentia impacts of fusform rust research, we estimated
the aggregate production and value impacts of such research.
Using data collected on research program costs, wc evauaed
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the economic returns from this research by computing a
benefit-cost ratio for each of the potentid outcomes. This
aticle summarizes our research on this subject, drawing from
a more detailed report by Pye et d. (1997).

The overdl god of this sudy was to evduae the eco-
nomic returns from past fusform rust resstance programs.
This research evduation incduded the following specific
objectives:

1. Edimate the aggregate growth and yidd effects of fud-
form rugt resstance breeding programs.

2. Edimate the stand-level (microeconomic) impacts of fusi-
form rus on timber yidds and timber growing invest-
ments.

3. Edimae the resulting aggregate increases in volume and
vadue of southern softwood timber supply resulting from
improved rust resistance.

4. Edimate the costs of fusform rust research.

5. Compute benefit:cost ratios and discuss their implications
for future research drategies.

Literature

Severd dudies have vaued the impects of fusform rud,
its control, or other issues related to the economic effective-

ness of forestry research. Studies used a variety of empirica

Reprinted from the Southern  Jourmal of Applied Foresry, Vol. 24, No. 2, May 2000. Not for further reproduction. 7



and dmulation approaches, with some sudies conducted at
the stand levd, and others evauating regiond impacts.

Powers et d. (1974) used ‘Forest Inventory and Anay-
ds (FIA, previoudy Forest Survey) data from South Caro-
lina, Georgia, and Florida to extrapolate an estimated loss
from fusform rust of $28 million across the South in 1972.
Gross volume losses to gdls in plantations and naturd
dands were vaued without explicit trestment of product
shifts or mortality effects. The authors considered the
esimated loss conservative because it excluded the cods
of spraying protective fungicide in tree nurseries and
replacing infected trees in seed orchards and did not
separately  account for losses of higher vadue products.
Holley and Ved (1977) concluded that the mgor effect of
rust-associated mortdity is a reduction in yied. The lower
qudity of the infected sem aso results in monetary |osses.
They speculated that damage from fusiform rust, on a
Southwide bess, would run into the tens of millions of
dollars annudly and increese over time.

Anderson et d. (1986b) adso used FIA data to estimate
economic losses caused by fudsform rust. They edtimated
tota losses for the South Centrd states (Texas and Okla
homa through Tennessee and Alabama) of $35 million per
year based on a discounted cash flow. The harvest volumes
edimated were gross volumes because they only merchan-
dized individud sems into sawtimber and pulpwood prod-
ucts. Busby and Haines (1989) developed a modd to
edimae the damage of fusform rust infection in dash
pine gands. The modd required the user to specify the
percent reduction in sawtimber to account for degrade
from fudform rug, but this information was unobtaingble,
therefore, degrade was not incuded in their evaudtion.
Geron and Hafley (1988) used the North Carolina State
Universty Managed Loblolly Pine Plantation Growth and
Yield Simulator to examine the stand-level impacts of
fusfoom rug on loblolly yidds usng two different mer-
chandisng assumptions. They concluded that the mgority
of the dem gdls occur bdow 8 ft, the most vauable
portion of the stem. As the percent infection increased, so
did solidwood losses.

M ethods

To evdude the benefits of geneticdly improved ress
tance one must contrast the vaues of Southern plantations
without rust-resstant technologies againg vaues with the
improved rugt resstance. The difference hetween plantation
values for these two scenarios provides a measure of the
benefit of the fusform rust research program. Using our own
routines and data from other sources, we desgned a smula
tion modd that projected the impacts of changing fusform
rus resgance on regiona timber supplies.

Our modds smulated the establisiment of new planta-
tions, growth to rotation age, harvesting, merchandisng into
products, and vauation. The sequence was smulated sepa
rately for loblolly pine and dash pine, and across a range of
initid dte qudities and early fudform rug infection levels to
reflect the diversty of plantation conditions across the re-
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gion. Southwide production was cdculaed by multiplying
the dmulated per acre yidds and vadues for esch initid
condition with that condition's corresponding area in the
region and then summing across the South. This sequence
provides the basis for the without scenario.

The with scenario modified the without scenario to reflect
the deployment of geneticdly resstant seedlings Resigant
seedlings were assigned to paticular Ste conditions and the
resulting infection rates reduced to reflect their higher ress
tancc. The deployment of seedlings and esteblishment and
growth of plantations were repeated across a range of years
for the with and without scenarios to reflect the improving
availability and resgance of gendticdly ressant seedlings
over time and changing planting rates The Smulation en-
compassed loblolly and dash pine plantations that have been
or are proected to be established throughout the South
between 1970 and 2020.

Stand-Level Simulations

Impacts of infection a early ages were projected through
to yidds a various ages for a range of initid Ste conditions.
The range of initid ste conditions for loblolly and dash pine
was represented by 3 site quality classes and 11 levels of rust
infection a age 5.

Growth and Yidd

To generate yidd tables for the 33 initid conditions for
dash pine, we used the University of Georgia GAPPS mode
(Burgan et a. 1989, Pienaar et a. 1988). The North Carolina
Sde Universty (NCSU) Loblally Yidd Modd (Hafley and
Smith 1989) was used to produce a similar set of yield tables
for loblolly pine. Both modes project fusform rust-associ-
aed mortdity over time and infection raes of surviving
gems through the life of the stand.

For the dmulations, we specified no thinning and an initid
planting dendty of 700 seedlingdac. We assumed early
aurvivorship varied with dte qudity: 75% survivd for low
qudity dtes, 80% for medium; 85% for high. Infection
classes for the smulations were indicated as O, 10, 20...90,
100% infection a age 5. The three Site classes were termed
low, medium, and high, defined for loblolly as ste index 50,
65, and 80 ft at base age 25. Corresponding ste indices for
dash pine were 50,60, and 70.

We edimated even-aged pine plantation yidd tables for
eech species and each of the 33 initid conditions, calculat-
ing yidd & 5 yr increments darting with stand age 10 and
ending with stand age 35. For each age the model reported
volume (ft3) by diameter class (dbh) and overal percent of
rus-infected trees. We agpplied this overdl sand infection
rate to the number of stems in each of the diameter classes
to digribute infected stems to the different diameter classes.

Product Merchandising.--While both yield models
incorporated mortdity effects of rust, additiond merchan-
disng smulaions were needed to capture how gdls &f-
fected wood utilization on the surviving sems Because
empiricd  information was unavailable on logger responses
to galls, we used four timber utilization scenarios to
account for a range of possble merchandisng intengties.



Case | (“poor utilization') assumed any tree with a gem
gdl is left in the woods Case Il (‘pulpwaud utilizetion™)
assumed any tree with a stem gdl is pulped. Case llI
(“sawtimber utilizetion”) assumed the tree is pulped un-
less at least a 16 ft gdl free log is present. Case IV (“full
utilization”) assumed optimd utilization of infected stems
pulping the cankered portions but otherwise merchandis-
ing infected <tems to sawtimber, chip-n-saw, and pulp-
wood the same as uninfected stems.

Merchandisng infected stems required information on
where on the location and number of gdls occurring on an
individual sem. Geron and Hatley (1988) defined the
probability of a gdl occurring & a given height on the
stem. To account for occurrences of more than one gdl
sgment on a sem we used a 0.75 probability of one
segment, B IS for two segments, and 0.10 for three seg-
ments on avy given infected tree (Charles Wakinshaw,
USFS, Pineville, LA, October 1992, persond communica:
tion). We used a uniform variate random number genera
tor combined with these frequency didributions to deter-
mine the number of gdls and ther heights on any given
gem.

The dash pine merchandiser incorporated the yidd and
taper equations used by GAPPS (Pienaar et a. 1988). We
used the same assumptions for the loblolly pine merchan-
diser, with two exceptions. The number of gal segments
on a dash stem was based on research by Belanger et 4.
(1985) and their height on the stem was based on research
by Webb and Peatterson (1984).

Product Prices.-We used three product classes. pulp-
wood, chip-n-saw, and sawtimber. Base product prices
were computed using 1992 average prices from Timber
Mart-South for the southern gdtates and substate  regions
where fusform rust is prevdent: Alsbama, Arkansas (re-
gion 2), Horida, Georgia, Louisana, Misissppi, North
Carolina (region 2), South Carolina, and Texas. State
product prices were weighted by remova rates to compute
a weighted average price per cubic foot: (1) pulpwood =
$0.32/ft3, (2) chip-n-saw = $0.66/ft3, and (3) sawtimber =
$0.94/ft3. Timber prices were maintained in constant 1992
dollars throughout the analyses.

We adjusted sawtimber vaues for various log lengths
using reported prices (Random Lengths Price Report 1993)
for kiln-dried southern yellow pine lumber averaged over
the West, Centrd, and East reporting regions for dimen-
sons ranging from 2 x 6 to 2 x 12 and lengths ranging from
8 ft to 24 ft. The reative lumber prices were applied to the
base sumpage prices to estimate log prices by length. This
led to a range of derived sumpage vaues from $0.88 per
ft3 for 8 ft log lengths to $1 .00 per ft3 for 16 ft log lengths.

Plantation Establishment Costs--Regenerdtion costs
were based on trends published by Bdli et a. (1993). We
assumed the costs of edablishing loblolly and dash pine
were equd; however, better quaity Stes required more
intendve dte preparation because  they supported greater
vegetaive competition. With seedling costs included, plan-
tation costs were $139, $155, and $197/ac for the low,
medium, and high qudity dtes respectivey.

Economic Value Calculations.-We chose two financid
meesures of technologicd impact: soil expectaion vaue
(SEV) and net present vaue. SEV measures the long-term
vaue of forestry operations under dtatic technology (Jnhansscn
and Lofgren 1985). We used SEV to compare individua or
aggregate plantation values a specific times under with and
without scenarios, Smilar to the approach used by others to
evduate the impacts of fire and insect outbresks (Holmes
1991, Martel 1980, Reed 1983, Routledge 1980). These
economic  evaudions were essentidly “comparative datics’
andyses, mesuring the effect of a technology-induced shift
outward in the southern pine timber supply curve-or actu-
aly three separate curves, one for each product class.

Net present vaue (PV) reports the vaue of a single
rotation, and conssts of the gross revenue a harvest less the
costs of gtand establishment discounted to regeneration deate.
We aggregated PV vaues from individud stands across the
region and then, with gppropriate discounting, across time to
cdculate the regiond benefits of improved resstance. We
used a 4% red discount rate in caculating present values, per
Row et d. (198 1). This rate represented reasonable long-term
returns. Returns to the stock market were higher in the 1990s,
but bond and savings account returns were less.

Two rotation standards were evauated in this sudy. The
fird# dandard assumed a fixed rotation length of 35 yr,
referred to as the sawtimber rotetion. The second standard
used rotation lengths which maximize SEV, referred to as the
optimal  economic  rotation.

Aggregate Benefit Simulations

Several data sources were needed to extragpolate harvest
volumes and vaues from the 66 conditions at the stand level
to the regionwide edtimates for each of the years beng
evauated. These data sources included information on the
regionwide frequency of gpecies dte qudity, and ealy
infection rate among plantations in the region, as well as past
and projected planting ectivities by species Must impor-
tantly it aso included estimates of past and projected produc-
tion of rust resgant seedlings and the gains in resstance in
those seedlings for the various years in the evauation.

Distribution of Conditions Across the Region.-We ob-
taned data on the distribution of stand conditions and fusi-
form rust incidence from FA units for the Southesstern
(SEFIA-Asheville. NC) and Southern (SOFIA-Starkville,
MS) regions. Plot-levdl information with appropriate area
expangon factors was obtained for dl FIA loblolly- and dash
pine-dominated plots in the South collected since 1968 (South-
east) and 1974 (South) and described the three most recent
complete cycles of measurement available a the time. Dates
of data collection for the fourth survey were 1968-1 977; for
the fifth, 1978-1 986; for the sixth 1986-1 993. The fourth and
fifth cydes were assumed to reflect conditions prior to
subgantial  effects of improved resistance. Thus the fre-
quency didribution of dte qudities and early infection rates
from these plots made up the"without"  fusiform rust research
condition.

Pine Plantation Area—-For the years 1970, 1975
1980, and 1985, we edimated planted area using Forest
Service Tree Planting reports (i.e, Mangold et d. 1991,
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USDA Forest Service 1981, 1982, Williston 1980), sum-
ming the acres reported planted in the 13 southern States:
Alabama, Arkansas, Forida, Georgia, Kentucky, Louis-
ana, Missssppi, North Cardling, Oklahoma, South Caro-
lina, Tennessee, Texas, and Virginia. Figures did not
include seeded acres. For the years from 1990 to 2020, we
used unpublished ATLASTAMM  pine plantation projec-
tions provided by John Mills (USDA Forest Service,
Portland, OR, July 1993, persond communication),

Southern pine plantation acres were apportioned to
loblolly (74%) and slash (21%) based on preliminary
results from a survey of Southwide seedling production,
with the bdance in other pines (Carey and Kelley 1993).
Because FA data indicated somewhat different amounts
prior to this survey, for 1970 and 1975 we used 63% and
37% for loblolly and slash, the ratio found for young
plantations in the fourth and fifth survey cycles

Edimation Of Rust Resistance Adoption.--FIA data
from the fourth and fifth fores survey cycles provided the
infection rates for the basdine without scenario. Simulat-
ing the changes in these infection rates under the with
scenario reguired information on technology diffusion
and sdection gain. We collaborated with the mgor south-
en tree improvement cooperatives in surveying the prin-
cipd producers of loblolly and dash seedlingsboth date
and industry-to edtimate past and anticipated production
of rust resistant seedlings and the gains in resstance
anticipated for those seedlings.

We obtained gain estimdes for a given species and year
by cdculating the average gain reported by the different
producers for a given year, weighted by the number of
ressant seedlings they reported for that year. Thus the
averages represent dl resstant seedlings as a share of the
tota for that species. Responses indicated increasing shares
of seedlings to be resigant to rugt, risng by the year 2020
to about one-quarter of loblolly pine seedlings and about
three-quarters for dash pine. Resdance gans were aso
forecast to increase, from near zero in 1970 to about 40%
for loblally pine and 60% for dash pine by 2020.

Rust-Resistant Seedling Deployment.-The  benefit  of
usng redgtant seedlings depends on the degree to which
those seedlings are deployed in locations where their
ressance will do the most good. We used the FIA plot
level data for the last three forest survey cycles to deter-
mine the distribution of fusiform rust at the plot level
throughout the South. Then we smulated three scenarios:
(1) uniform-assumed no informaion on arees a rik, (2)
optimal-assumed perfect knowledge of aess a rik, and
(3) totd resgance-assumed dl plantaions were free of
infection. The uniform assumption just planted dl seed-
lings randomly throughout the South; the optima targeted
dl rug resgant seedlings to the highest risk areas based
on the FIA data These scenarios were chosen to bracket
the forestry sector's abilities to target resstant seedlings
effectivdly. The totd redstance scenario was added to
hdp ddimit the maximum benefits possble in the future
from complete fusform rust resstance in these gpecies, as
well as the past losses caused by fusform rust.
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Benefits Calculations--Benfits were calculated for eech
sSmuldion year by subtracting the SEV for a Without base
case from the SEV for one of its corresponding with deploy-
ment scenarios. ‘ These comparisons were possible for each of
the three deployment scenarios in each of the eght utilization
by rotation standards, and for each of the 11 smulation years.
SEV provided a usgful comparison for such “point in time’
comparisons.

Research Costs

Research cogts for the fusform rust program evauation
were collected from seedling producers, research coopera
tives, the Forest Service, and from other unpublished data
sources. The survey canvassng the university cooperatives
and principd producers of loblolly and dash pine seedlings
included questions on past annua resources they expended
on fusform rust research or development in 1970, 1975,
1980, 1985, and 1990. To simplify this task, respondents
could specify resources in ether dollars or scientist-years.
We used other sources to obtain expenditures for Forest
Service research and to trandae scientist-years into dollars.
The Forest Service provided both full-time equivdents (FTES)
and totd annud budgets for fusform rust research from 1976
to 1993, based on a historicd taly of the research work units
and scientits in the South (Richard Smith, USDA Forest
Service, Washington Office, February 1994, persond com-
munication).

To convet universty and cooperative FTEsS to dollar
expenditures we used the Forest Service data plus informa-
tion on universty forestry research expenditures and re-
search FTEs from the Southern Nationa Association of
Professona Forestry Schools and Colleges (NAPFSC) sum-
maries (Arnett Mace, University of Georgia, Athens, March
1994, persond communicetion). We calculated cost per FTE
for both the Forest Service and the academic forestry research
data for the available years, and used smple linear regression
& a function of year to edimate vaues for the evauation
years. The (lower) Forest Service costs and (higher) univer-
Sty costs were averaged to obtain the necessary FTE to
dollars converson figure.

Smple linear interpolation was used to edimate the an-
nua research expenditures for both university cooperatives
and seedling producers. For each sector, we used costs per
FTE times the number of FTEs, plus research expenditures,
to calculate the total research codts for each sector and for the
South per year.

Benefit-Cost Computations

After edimating dand-levd  financid impacts, regiond
aggregate economic benefits, and regiona research codts of
fusform rust research, the regiond cost and benefits of
fusform rust research were computed. The benefit-cost (B/
C) ratios and net benefits were cdculated with al benefits and
costs indexed to a common year. We compounded the re-
search cogts for the region to 1992--the  base year used for the
finencid andyses-at thed% red interet rate. Smilarly, we
discounted dl the benefits of improved fusform rust protec-
tion back to 1992 using a 4% real discount rate. For the B/C
ratio, we divided the aggregated research bendfits far the



various scenarios by the single regiona research cost term.
For the net benefits, we subtracted aggregated regiond rc-
search cogts from the aggregated research benefits for the
varous scenarios.

Results and Discussion

Stand-level I mpacts:

Pye e d. (1997) provide details on sawtimber, chip-n-
saw, and pulpwood yields, soil expectation vaue, and harvest
age for the 528 dte utilization, and rotation conditions
evduated. The discusson here is limited to a few of the
trends. In the absence of rust, the smulations showed mark-
edly increased yidds for higher Ste qudlities, paticularly for
sawtimber volumes. The merchandisng routines placed most
of the timber in the chip-n-saw and sawtimber products, with
reatively little volume going directly to pulp in uninfected
dands. Economicdly optimd rotations were adways shorter
than the 35 yr assumed for the fixed rotation. Increasing
levds of rugt infection shifted volumes away from sawtimber
and into pulp (Fgure 1). Although high infection leves
proved damaging, infection levels of around 10% to 20%
sometimesresulted  in increases in vdue compared with the
no rugt case. This generdly occurred in dash plantaions and
paticulaly on high qudity stes a high utilizations. Thus in
dash pine plantations the economic benefits to reduced rust
infection were often negative & low initid leves of i nfection.
This finding suggests that firms or individuds were over-
compensating for mortdity a the assumed average planting
rate of 768 treesac that prevailed in the 1980s. Lower
planting rates would actudly encourege fader dash pine
volume growth, and indeed recent practices have moved in
this direction.

As expected, utilizetion standard had a large effect on the
magnitude of physicd and economic damages from fusiform
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Figure 1. Simulated yield by product class for loblolly (top) and
slash pine (bottom) under different levels of early rust infection,
ass,lming full utilization of infected stems and economically
optimal rotations growing on poor quality sites (Sl 50).

rug infection. When infected stems are left in the woods
(poor utilization), the absolute level of damege was generdly
higher for stands managed on short rotations than on long
rotetions;, the opposite was true when infected sterns were
utilized fully (full  utlizetion).

The margind benefits of reducing infection raes on
loblolly and dash pine sands managed on short rotations
with high utilizetion dandards generdly increased with dte
index. Margind benefits of reductions in infection rates
increased with dte index for loblolly stands with poor utili-
zation dandards, regardless of rotation length. The margind
benefits of reductions in infection rate were higher on short
rotetion stands than on long rotation stands, regardiess of site
index. The results indicate that managcment  and utilization
aso can have large impacts on stand-level returns, in addition
to those reccived from deployment of rust-resstant seed-
lings.

Aggregate Benefits

Financial benefits by year.-Table 1 reports Southwide
plantation SEVs over time for two utilization and two rota-
tion dandards. Results of the two utilization cases not de-
talled herethe pulpwood and sawtimber scenarios-were
bounded by those shown in Table 1. Next to each base case
vaue is the improvement over its base case due to uniform or
optima deployment  of resstant seedlings or from totd resis
tance to fusform rust. The annud base case returns for dl
southern pine plantations  varied over time by a factor of two,
driven dmog entirdy by changes in planting activity across
the region. The SEV reaults for a year's plantings generdly
exceeded $ ! billion per yesr.

SEVs were lower for fixed rotations and less intense
utilization than under optimad rotation and full utilization;
each of the base cases followed smilar tempord dynam-
ics. Loblolly pine made up most of these aggregate south-
en pine plantation values (about 80%/yr), in keeping with
its dominant share of plantation area Not surprisingly,
base case vaues were higher under optima rotations and
more intensive utilization than fixed rotations or less
intensive utilization.

Regardless of variations over time, severd trends ae
clear. Firg, the deployment scenarios consstently ranked the
same, with base cases (no rust protection) the leest vauable
followed by uniform and optimd, with totd resgtance the
mogt vauable. Second, the uniform and optima cases darted
out the same as the base case in 1970 but diverged over time
as resstance technology was increasingly adopted by indus-
try. Third, tota resstance SEVs roughly pardlded those of
the base case and provided a cap that the uniform and optima
vaues approached hut never reached (Figure 2). The differ-
ences between these scenarios were smal rdative to the
ovedl vaue of plantaions. For the full utilization and
economic  rotation scenario, ressant seedlings  ultimately
increased aggregate plantation vaues by only 0.6% under
uniform deployment and 1.3% if deployment were optimd.
Under these assumptions even tota eradication of rust would
only incrcasc plantation values by 2.1%, dthough under poor
utilization total resistance could increase SEV's by as much as
12.7% Thesc smdl percentege increases however, amount
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Table 1. Annual soil expectation values (SEV) for all Southwide loblolly pine and slash pine plantations, without

genetic fusiform rust and with rust resistance

resistance

(base case),

(uniform.  optimal,

and total

resistance seedling

targeting scenarios), by utilization standard and rotation criteria (in million constant dollars, 1992)

Economic rotation

Fixed rotation

Planting year “Base case’ Unifoom  Optimal®  Total res  Base case  Uniform Optimal Total res
v (dlifference from base®)---- --.(difference  from base)---

Poor utilization
1970 733 0 0 89 549 0 0 64
1975 1,064 | 7 128 796 0 5 92
1980 1,210 3 13 154 902 2 10 110
1985 1,710 9 32 217 1.275 7 27 156
1990 1,372 13 55 174 1,022 10 42 125
1995 1513 17 64 193 1,128 13 48 138
2000 1,064 16 51 135 794 12 3y 97
2005 1,340 23 70 170 1,000 17 53 122
2010 1,242 25 70 158 926 19 53 113
2015 1,216 25 69 155 906 19 52 111
2020 1,175 24 67 149 877 18 51 107

Full utilization
1970 804 0 0 18 601 0 0 12
1975 1166 0 3 25 871 0 2 18
1980 1,335 1 4 28 999 | 4 14
1985 1,888 3 10 40 1,411 2 7 20
1990 1514 4 14 32 1,132 4 12 15
1995 1,670 5 17 35 1,248 5 13 17
2000 1,175 5 12 25 878 5 11 12
2005 1,479 8 17 32 1,107 8 15 15
2010 1,370 8 17 29 1,025 8 14 14
2015 1,341 8 17 28 1,004 8 14 14
2020 1,298 8 17 21 971 8 15 14

a Base case values assume no genetic selection for fusiform rust resistance.
b “Difference from base” columns indicate increases in SEVfrom the basecase given genetic selection assuming uniform or optimal

targeting of resistant seedlings or complete (“Total resistance”)

to large tota dollar benefits when gpplied across the whole
South’s plantation vaues.

As expected, benefits of rust protection were grestest if
poor utilizetion were practiced (Table 1). If the industry fully
merchandized dl infected stems, the net benefits of fusform
rust protection would be smaler. The benefits of protection
aso would bc greater using economic rotations compared to
fixed rotations. When resgtant seedlings were didributed
uniformly across dtes, benefits were subgtantidly  lower,

45
§ total resistance
€ 30
8
8
3 L woptimal
o 15 ,c“‘. 'of .
= et o’ .
[ o uniform
'."::../,_/——_—
0 l‘ i .
197¢ 1980 1990 2000 2010 2020
planting year
Figre 2. Increased soil expectation values from gradually

increasing production of seedlings with improved genetic
resistance to fusiform rust, assuming either uniformdeployment
of those resistant seedlings across plantation sites or optimal
deployment of resistant seedlings to locations at greatest risk, as
contrasted with the total resistance scenario which estimates
gains from immediate and complete elimination of fusiform rust
damage to loblolly pine and slash plantations.
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in all seedlings.

generdly less than hdf those achieved if digtributed fird to
the highest risk dtes.

Benefits summed over time--Southwide present values
were discounted to 1992 and summed across years for loblaly
pine and dash pine plantations separately and for both com-
bined, and can be seen in Tables 2, 3, and 4. As with &V,
present values were greater for economic rotations than for
fixed rotations within each merchandisng scenario, and PV
increasad  with improvements in the utilization and deploy-
ment standards.

The benefits of improved resstance to fusform rust were
obtained by subtracting the PV of a particular base case from
the PV of one of the three “with resstance’ scenarios on the
same row. For example, the tota benefit of improved ress
tance assuming uniform deployment, poor utilization and a
fixed rotation age for loblolly pine was (29683 - 29547 =
$137 million (Table 2). For a different combination of utili-
zdion and rotation type (i.e, full utilizetion and anh economic
rotation age), the benefit was (36887 - 36872 =) $18 million.
Despite loblolly ping's grester share of tota plantation area
and annud SEVs, the computed research benefits were cm-
sdently greater for dash pine than loblolly pine (Table 3).
This result occurred because dash pinefusform rugt losses
were greater, and more stands were found in high rust
incidence aress.

Research benefits for the two species  combined are shown
in Table 3 and ranged from $108 to $999 million depending
on rotation length and utilizetion and deployment standards.
In most cases, economic dameges were higher for economic



Table 2. Aggregate present value of the net revenues from all loblolly pine plantations Southwide, planted 1970-2020,
without and with genetic fusiform rust resistance, by utilization standard and rotation criteria (in million constant

dollars, 1992)

Deployment
Utilization type Rotation type Base Uniform Optimal Totd resist.
Poor Economic 33,276 33,417 34,008 37,553
Fixed 29,547 29,683 30,259 33,379
Pulpwood Economic 34,794 34,883 3525 | 37,450
Fixed 31,152 31,236 31,592 33,379
Sawtimber Economic 36,785 36,804 36,879 37,450
Fixed 32,991 33,015 33,116 33,379
Full Economic 36,872 36,887 36,949 37,450
Fixed 33,197 33,215 33,288 33,379

Table 3. Aggregate present value of the net revenues from all slash pine plantations Southwide, planted 1970-2020,
without and with genetic fusiform rust resistance, by utilization standard and rotation criteria (in million constant

dollars, 19921.

Deployment

Utilization type Rotation type Base Uniform Optimal Tota resist.
—Poor Economic 7,514 7,642 7,773 7,857
Fixed 6,817 6,961 7,103 7,379
Pulpwood Economic 8,191 8,316 8,442 8,571
Fixed 6,878 7,004 7125 7,379
Sawtimber Economic 8,247 8,342 8,434 8,555
Fixed 6,932 7,042 7,144 7,379
Full Economic 8,302 8,395 8,486 8,575
Fixed 6,947 7,052 7,149 7,379

Table 4. Aggregate present value of the combined net revenues (net research benefits) from all slash pine and loblolly
pine plantations Southwide, 1970-2020, by utilization standard and rotation criteria (in million constant dollars, 1992).

Incremental deployment present value

Utilizetion type Rotation type Base Uniform Optimal Totd resst.
Poor Economic 40,790 269 991 4,619
Fixed 36,363 282 999 4,394
Pulpwood Economic 42,985 214 708 3,037
Fixed 38,030 211 687 2,728
Sawtimber Economic 45,032 114 281 973
Fixed 39,923 134 337 835
Full Economic 45,174 108 261 850
Fixed 40,144 123 294 614

rotations than under the longer, fixed case. The one exception
was for dash dands with high utilizetion Standards-here
damages were higher for long rotations. The potentid tota
ressance benefits were much grester than the uniform or
optimal  benefit estimates.

The vaues in Table 4 represent benefits relative to the
base case for combined loblolly pine and dash pine planted
gands and are thus the total present value for net research
benefits. Caution should be exercissed when making compari-
ONs across scenarios. For example, a comparison of the
combined research benefit for the poor utilization standard
with a fixed rotation age and uniform deployment ($282
million) with the research benefit for the full utilization
dandard with an economic rotation age given optima de-
ployment ($261 million) does not suggest that the former
scenario is more desrable from an economic perspective

because each is based on a different assumption about log-
ging practices However, our results indicate that efficiency
gans asociated with the introduction of gendticdly im-
proved planting stock would be greatest for producers with
the lowest utilizetion of infected stems, and lowest for those
producers who utilize infected stems as completely as pos-
shle with the highest utilization dandards.

Genetic Improvement, Rotation Age, and Utilization
Contributions.--The aggregate smulation analyses adso pro-
vide a means of comparing relative economic contributions
of sand management, utilization, and genetic improvement.
Again, these arc compared to different bases, so they cannot
be conddered absolute quantities, but different megnitudes
bear mention. Protection from fusform rugt, optima target-
ing, and improvements from the worgt to the best utilization
combined could generate incrementa (1992) benefits of
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about $108 million to $999 million for the uniform and
optima scenarios, depending on the rotation and utilization
type. The differences between fixed 35 yr rotations and
optima (about 25 yr) rotations within any given utilizetion
type ranged only from only $3 million (pulpwood utilizetion,
uniform deployment) to $56 million (sawtimber utilization,
optima deployment) in 1992 dollars. Large differences could
occur in present vaues depending on poor to full utilization,
ranging from $159 million given uniform seedling didribu-
tion and fixed rotations to $730 million for optima targeting
and economic rotations.

One can dso compare these management, tilization,
and rugt protection effects on a percentage basis for the
totd present vdue of dl southern pine plantations. Mov-
ing from a fixed, 35 yr rotation to an optima economic
rotetion, within any given utilizetion levd and on the base
case, increases aggregate plantation present values 11-
13% (about $4-$5 hillion) basad on the combined loblolly
and dash pine base cae vdues. Utilization has a dightly
smdler effect on the totd southern pine plantation present
vaues, with the plantations collectivdly worth about 10%
more under full utilization then under poor. Fusform rust
protection effects, were almost an order of magnitude
smdler ($123 million to $1 hillion), but ill large for Al
plantations. Depending on the utilization assumption, plan-
tation vaues with fusform rust resgance were worth as
little as 0.2% more than the base case for full utilization
and uniform targeting to 2.7% more for poor utilization
and optimd tageting. Totd resstance to fudform rud,
however, could generate returns that could approach the
financid sdection of the optimd rotation age or the fullest
utilizetion practices ($614 million to $4.6 billion).

While the contributions of various components to ag-
gregate economic returns depends on the scenario exam-
ined, an illugration is useful. For a “representaive’ sce
naio of sawtimber utilization and optimal deployment,
the net present vdue of improved rud-resstant seedlings
would be $281 million in 1992 dollars. Selecting the
optima rather than the fixed rotation would contribute a
much greater $5,109 million to the totd incrementd re-
tun. Increesing utilization from sawtimber to full utiliza
tion would add about $142 million to totd southern pine
plantetion  returns.

Timber Supply and Price Impacts.--This research was
performed as a comparative statics analysis, assuming
condant prices for inputs and outputs over severa de
cades. Large changes in timber production costs, timber
supply, or stumpage prices could change the results. In-
creases in timber produced due to rust resstant seedlings
could increase volumes enough to drive timber prices
down, reducing net benefitss, On the other hand, timber
prices could have incrcascd in rea tems since 1992, or
planting costs decreased, which would increase the net
benefit caculations, dl dse being equd. In fact, probably
both of these events have occurred and will continue.

If the optima rust protection benefits and largest differ-
ence in utilization scenarios occurred, the greatest net
amount of new timber volumes over the production period
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would be about 2.7%; in the least amount of improvement,
it would be 1.1%. Given an average southern pine price to
inventory dadticity of -0.4%, the net change in sumpage
prices would be smdl. A modified price dadticity cdcu-
lation could illugrate the cumulative effect of this added
volume, assuming it occurred a one point in time Given
the increased quantity, and solving for the new price,
indicates that this would lead to net price reduction from
the base of $0.62/ft3 to a new equilibrium of $0.616 to
$0.602/ft3, for the least and most amounts of added rust
ressance. This rdativdy smdl drop in prices would have
little effect on the results presented here. Timber prices,
however, have probably increased from 25% to 50% since
1992, depending on the region of the South, and are ill
projected to have significant real price appreciation
(Cubbage and Abt 1998). Thus the benefits we cdculated
should actudly be farly conservative compared to current
price leves.

Research Costs

Invesments in research reported by the Forest Service,
seedling  producers, research cooperatives and  universities
were converted to 1992 constant dollars and summed. Re-
search costs by these groups from 1970 through 1992 totaled
$49 million, with annud expenditures ranging from a low in
1970 of $1.3 million to a high of $3.2 million reported for
1986.

Benefit-Cost Analysis

Table 5 summarizes benefit-cos (B/C) ratios and net
bendfits results. If a B/C ratio is greater than 1, then the
bendfits are greater than the cods, implying the program was
economicaly acceptable at the given discount rate. All the B/
C ratios were greater than 1. Research costs could double and,
in some scenarios, increase by afactor of 10, and net benefits
would remain postive.

Table 5. Benefit-cost ratio and net benefit of fusiform rust
research in loblolly pine and slash pine, by utilization standard,
rotation type, and targeting scenario, 1992.

Utilization & Deployment
rotation type  Benefit messure Uniform Optimal
Poor
Economic  BI/C 551 20.29
Net benefit 220.36 942.47
Fixed B/C 5.17 20.44
Net bencfit 232.80 949.68
Pulpwood
Economic  B/C 4.31 14.49
Net benefit 164.79 659.07
Fixed B/C 431 14.06
Net benefit 161.74 638.18
Sawtimber
Economic B/C 2.33 5.75
Net benefit 64.95 232.13
Fixed B/IC 2.74 6.89
Net benefit 85.03 287.03
Full
Economic B/C 221 5.33
Net benefit 58.93 211.68
Fixed B/IC 2.53 6.02
Net benefit 74.55 245.03
NoTE: B/C is defined as the benefit cost ratio; Net Benefits in $1992
million.



Conclusions

Our andyds indicates that the benefits of increased ress
tance to fusform rust are subgtantid. The exact amount of
benefits depends on how well industry merchandises can-
kered logs, and how wdl rust resstant seedlings are success-
fully targeted to rust-prone stes. At a minimum, planting of
rus-resstant seedlings could save millions of dollars per
year by preventing product losses and degrades. At bedt, it
could save tens of millions per year.

Summed over the decades from firgt introduction of rust-
resstant seedlings until those planted in 2020, the discounted
net present vaue of benefits ranged from $108 million to
$999 million depending on the assumptions used. We believe
that more rust-resistant seedlings were probably targeted to
high-rust sites (optima targeting), and that industry probably
was farly good a cutting out defective portions of logs and
then aggressivdy  merchandisng the remainder. This sug-
gests total discounted rust resistance benefits in the $200 to
$300 million range, representing $40 million to $60 million
of discounted benefits per year. With totd research costs of
less than $50 million, the benefit-cost ratio would approach
4:1 to 6:1. These returns support the merits of past invest-
ments.

Comparing the uniform versus optima scenario vaues
shows that the ability to target resstant seedlings to high risk
aress is extremely important to their economic effectiveness,
eadly doubling or tripling ther net benefit. Even with perfect
dlocation of seedlings and aggressive utilization, the falure
to eradicate fusform rust from plantations ill cods the
industry millions each year. As the bottom left section of
Table 1 indicates, even in the evauation's last years, eradica
tion of fusform rus would ill add $10 million per year to
plantation vaues in the South (assuming plantation landown-
as ae haveding their stands near optima rotation lengths
and merchandizing infected stems efficiently). More aggres-
sve production of resisant seedlings or development of
newer resstance technologies can dill yidd substantid addi-
tiond benefits to the industry. Achieving totd resistance
seemed unlikdy a decade ago, but. is not so unthinkable
today, now that a least one gene that confers fusiform rust
resigance in loblally pines has been identified (Wilcox ct d.
1994).

There are of course limits to improved resistance, includ-
ing the potentid for increased virulence in the diseese itsdf.
Our results show, however, that investments in tree improve-
ment technologies can yiedd large benefits to the industry,
and suggest that opportunities exist for subgantid returns to
future research and dcvclopment investments.

Literature Cited

Anderson, R.L. N.D. COST. J.P. McClure AND G. Rvan. 198a  Predicting
severity of fusiform rust in young loblolly and slash pine stands in Florida,
Georgia. and the Carolinas. South. J. Appl. For. 10(1):38-41.

Anderson, R.L., JP. McClure N.C. Cost, AND R.J. Uhler 1986b. Estimat-
ing fusiform rust losses in five southeastern states. South. J. Appl. For. 10
(4):237-240.

BELANGER, R.P.,T. MiLLER, J.F. Godbee, AND R.S. WesB. 1985. Rust in slash
pine plantations. P. 43-51 in Proc. of the Rusts of Hard Pines Working
Party Conference, Barrows- Broaddus, J., and H.R. Powers (eds.). Uni-
versity of Georgia, Athens, GA.

Belli, M.L., T.J. STRAKA, M. DUBOIS,AND W.F. WaTson. 1993. Cost and cost
trends for forestry practices in the South. For. Farm. 52(3):25-31.

BorpERS, B.E., AND R.L. BAILEY. 1986. Fusiform rust prediction models for
site-prepared slash and loblolly pine plantations in the southeast south.
J. Appl. For. 10:145-151.

Burgan, T.M., K.L. BAIEY, Anp J.R. Brooks. 1989. Georgia pine plantation
simulator. vers. 3.0. School of For. Resour., University of Georgia,
Athens, GA.

Bussy, R.L., ANDTK. Haines 1989. Determining the value of a fusiform rust
infected stand. USDA For. Serv. Res. Pap. S0-245.5 p.

CAREY, W.A., AD W.D. KELLEY 198 Seedling production trends and
fusiform nst control  practices a Southern nurseries, 1981-1991. South.
J. Appl. For 17(4):207-211.

CUBBAGE, F.W. ANDR.C. ABT. 1998 Southern timbersupply
the pulp and paper sector. PaperAge 114(2):31-33.
Geron, C.D., AND W.L. Hafley. 1988. Impact of fusiform  rust on product
yields of loblolly pine plantations. South. J. Appl. For. 12(4):226-231.

Hafley, W.L., AND W.D. SMITH. 1989. North Carolina State University
Managed Pine Plantation Growth and Yield Simulator. N.C. State Univ.
Coll. of For. Resour. Raleigh, NC.

Holley, D.L., AND M.A. Veal. 1977. Economic impact of fusiform rust. P.
39-50 in Management of fusiform  rust in southern pines, Dinus, R.J., and
R.A. Schmidt  (eds.). University of Florida, Gainesville, FL.

Hoimes, T.P. 1991. Price and welfare effects of catastrophic forest damage
from southern pine beetle epidemics. For. Sci. 37:500-516.

JOHANSSEN, P.O., anp K.G. LOFGREN. 1985. The economics of forestry and
natural resources. Basil Blackwell, Oxford, United Kingdom. 292 p.
MANGOLD. R.D., R.J. MOULTON, AND J.D. SNELLGROVE. 1991. Tree planting in
the United States: 1990. USDA For. Serv., State and Private For., Coop.

For. Washingron, DC. 18 p.

MARTELL, D.L. 1980. The optimal rotation of a flammable forest stand. Can.
J. For. Res. 10:30-34.

PIENAAR, L.V., W.M. HARRISON, T. BURGAN. AnD J.W. Rieney. 1988. Yield
prediction for site-prepared slash pine plantations in the coastal plain.
Tech. Rep. No. 19881 Plantation Manage. Res. Coop., School of For.
Resour, University of Georgia, Athens, GA.

Powers, H.R.,Jr., J.P. McCLURE H.A. KnicHT, AND G.F. DUTROW 1974
Incidence and financial impacts of fusiform rust in the South. J. For
72(7):398-401.

PYE, J.M., J.E. WAGNER, T.P. HOLMES, anp F.W. OBBAGE  1997. Positive
returns from investment in fusiform rust research. USDA For. Serv. Res.
Pap. SRS-4. 55 p.

RANDOM LENGTHS PRICE REPORT. 1993. January 8 Report. Jon P. Anderson,
Publisher, Eugene, OR. 12 p.

Reep, W.J. 1983 The effects of the risk of fire on the optimal rotation of a
forest. J. Environ. Econ. Manage. 11:180-190.

ROUTLEDGE, R.D. 1980. The effect of potential catastrophic mortality and
other unpredictable events on optimal forest rotation policy. For. Sci.
26:389-399.

Row, C.H., F. KAISER, anD J. SESSONS. 1981 Discount rates for long-term
Forest Service investments. J. For. 79(6):367-369,376.

USDA feresT ServICE. 1981. Forest planting, seedling, and silvical treat-
ments in the United States 1980 Report. Rep. No. FS-368. USDA For.
Serv., Washington, DC. 15 p.

USDA FeRresT Service. 1982. 198 | U.S. Forest Planting Report. Report No.
FS-379. USDA For. Serv.. Washington, DC. 15 p.

WEBB, R.S., aND H.D. PatTERSON. 1984, Effect of stem location of fusiform
rust symptoms on volume yields of loblolly and slash pine sawtimber.
Phytopathology ~ 74(8):980-983.

WILCOX, P.L.,H.V. AMERSON, E.G. KuHLMAN, D. OMALLEY, anD R.R.
SEDEROFF.  1994. Genetlc dlssection of fusiform rust resistance in loblolly
pine. Contributed paper and abstract. IUFRO Molecular Genetics Work.
shop.

WILLISTON.  H.L. 1980. A statistical history of tree planting in the South: 1925-
1979. USDA For. Serv. Misc. Rep. SE-MR 8. State and Private Forestry,
Atlanta. GA. 36 p.

implications for

SJAF 24(2) 2000 85



