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Abstract

A break-even costftenefit anafysis is applied to the U. S. Forest Service,

Pacific SouthvJest Regionts funprovsrent program for Sierra conifers and to

first and secord stages of a "progressive tree inprovenent program't for

Douglas-fir in the Pacific }dorthwest. Both programs aSpear easily able to

return at least 8t on the invesunent if short rotations are used or if tree

improve{rent is acconpanied by a silvicultural systen using early thinnings.

Sensilivity anaLysis was used to suggest rvays in which profitability was

affected by progran design. Scale was inportant. Iarge breeding zones

inprove profitability, although lhey entail a biological risk of

non-adaptation to loca1 conditions and of loss of the loca-L genetic resource.

The effect of increasing orchard seeq yield is gnall unless it enables

ex6nnsion of the planting program- If it merely reduces the require<i acreage

of seed orchard and associated costs, the financial picture is inproved only

sIightly.



Introduction

Several analyses have demonstrated that tree inprovo-lent is a highly

profitable invesbnent (e.g. Forterfield et a1. f975, Carliste and Teich 1977,

Davis 1967) . In general, only srnll levels of inprovement are necessary to

justify experditures (Perry and Wang 1958) , HcrrEver, nlosE analyses have deal-t

with southern pines that are grolun on short rohations, and none have dealt

with long-rotation lvestern conifers. Olr objective was to explore the

economic justification of representaEive tree inprovement programs for rnestern

species.

Programs for the irq:rovement of Pacific Coast conifers, such as

Douglas-fir (PseudoEsuga menziesii [Mirb.] Itanco) and ponderosa pine (Pinus

Ponderosa Laws.) , have unrque features not ccmmon to eastern prograjns. For

exanple, eEstern forests are characterized by long rotations and con4rlex

topography that rnay resul-t in l-ocal adaptation, narrowing breeding zones,

Breeding zones are the operating unit for which improved trees are bred.

lWo contrasting programs were chosen as illustrations. The National

Forest System's regional tree irrprovment program for the Pacific Southwest is

in the traditional node and depends on the early establishment of seed

orchards. Nevertheless, long rotations distinguish it from programs managed

by industrial cooperatives, such as those in the Southeast and Pacific

Northr.€st. The Pacific }icrthlrest.'s "progressive tree improvernent progran" has

novel features such as sna11 breeding zones, 1ow selection intensity, large

nunbers of selections, seed collection from selected trees in situ rather than

establishnrent of seed orchards, and a major reliance on progeny tests, tests

of a parent's breeding value or its abil-ity to produce superior progeny,

rather than intensive sefection in the forest (Si1en and l,Jheat 1979, Silen

1966). the cost and benefit structure may be considerably altered in a

progressive tree inprovenent program compared to the "traditional" approach.



Because definitive information on economic benetfits is usually not

available in the early stages of tree inprovement, progran justification is

difficul-t. We enployed a sinple, break-even anal-ysis that reguired a minirum

of proven data. Essent ially, we determined the minimun volune i.iq>rovement

required to earn the fixed rate of return used in the invesbnent cal-cu.l"ation.

Such an anaLysis aIlows conparison of prograrns, enabling an objective choice

between conpeting proposaLs. furtherrnore, it permitted us to vary factors one

at a tire or jointly, to measule sensitivity of required volure gains to

rnodifications in the program, or to judge the risks associated with

uncertainty in market values.

We previously applied benefit-cost analysis to tree inproverent prograrns

in the northeastern Ilnited States and Canada (hrterfield and tedig 1977), and

conq:ared t!,o proposals for inprovement of black spruce (Picea mariana [Mi11.]

B.S.P.), Seedling seed orchards (i.e. orchards established with seedling

progeny of wind-pollinated selections) rogued to l-eave the best trees using

family test information proved superior to a traditional grafted seed orchard

program. Hf,wever, sensitivity analysis revealed that initial estirnates of

seed yield and Iength of harvest rotation accounted for nrost of the difference

betvieen prograrns.

Procedure

Although data on costs are limited, it is useful to apply the break-even

technique to West Coast tree improvonent prograns to provide at least scme

estinlate of their potential. the benefit-cost ratio is defined as the present

value of benefits divided by the present value of costs, and a ratio of 1.0 or

greater indicates a rate of return on investment equaf to or higher than the

interest rate used in the analysis. the inportance of errors in initial

assunPtions or in cost estjfiates can be determrneo oy uslng severd]. sets or-

assurptions or allowing them to vary one at a Eire.
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The three prograns r^re analysed are actual programs: 1) the Pacific
fur.{,,:,t,>',a

Southhest program for conifers on National Fbrests in the Sierra Nevada

(Kitznill.er 1975), 2) a first stage or low intensity progressive tree

inprovenent progran for Dor:g1as-fir foll-or.red by 3) a second stage or high

intensiQr prograrn (Silen and !,lheat 1979). In the initial ana.Iysis rre tried to

adhere as cl"osely as possible to the published descriptions of these

prograns. Iater lee suggested the effect to be achieved by various

npdifications.

IVe used an interest rate of 8t for our base raEe. . A return on investment

of 8t seems realistic. Interest rates include a fraction due to inflation and

a remainder which is a true interest corponent. Over the long term

appropriate to investments in forestry, inflation runs about 5?. A rule of

thumb is that the true rate is about half the nominal-. Ebr public investrents

a return of 5* to 6* is colrronly erployed (6.23 was used under the Forest and

Rangeland Renewable Resources Planning Act, but there is an arguement for a

rate of 48). Because the Pacific Southwest program is a program for the

National fbrests and many of the cooperators in the Progressive program are

al-so National- Ebrests, a 5t to 6t rate might be appropr iate. For industrial

members of tree inprovement cooperatives a higher rate, say ILB, reflecting

present interest rates might be desireable. Therefore, we examined the effect

of different interest rates lrith sensitivity analyses.

koqrarn for the Pacific Southwest Region, tr'orest Service

The "high leveI" program of the U.S. Eorest Service for the pacific

South!^rest Region vras described by Kitzniller (1976). Ihe program includes

several species and breeding zones of Cafifornia conifers, but our analysis

was restricted q>ecies, ponderosa pine, and one breeding zone. Within
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a breeding zone, 200 selections wiII be nnde. riind-pollinated seed wifl be

col]ected to establish progeny tests early in the prograrn. Sirnultaneously,

cuttings wil-l- be coflected to establish a grafted seed orchard at 15 x 15

feet. Using progeny test results as a guide, the orchard will be rogued to

the best 50 selections by age 15. Costs are listed in Table 1, and program

characteristics in thble 2. Present va.Iue of costs per acre of orchard is

$30,663 and each acre is expected to produce sufficient seed to regenerate 200

acres of plantation each year of its corunercial life.. Although the tree

inprovernent plan calls for establishment of a grafted clone archive to

facilitate crosses anong the selections, and a program of matings, we ignored

those costs. they are correctly astrEcts of a second generation irq>rovement

program, produce no benefits for the first generation, and should not be

charged to the first generation.

The Pacific Southwest program assumes a 120-year rotation, but inproved

yields will be harvesteC in intermediate thinnirgs at 40, 50, 60, 70, 80, 90,

and 100 years. Final harvested vofume aL 120 years will be the same for

improved stands as for unimproveo stands. The assurption is not unreasonable,

inrplying that biomass per acre is limited but the rate at which the Ii:nit is

reached can be improved. We distributed 208 of the total genetic gain in

volt:rrle for the rotation to the thinning at age 40, 402 to age 50, and 6.52 to

thirinings in each of the next five decades. The benefits occur at the harvest

age pLus 14 years, the time between initiation of the program and

establishmenE of the first conrnercial plantations.

Tb eval-uate the program, present marginal values of costs IEr acre planted

were equateo to the present value of benefits:
4



In general form:

I
$153.23=Bx-,

C

where :

B = a discounting factor giving the present vafue of receiving one dollar

each year for the 30-year production life of the orchard (age 14 to

44) ,

I = the required value increase [ (volurne gain) x (value/unit) ] due to

genetic improvenrent per acre of plantation necessary. to return 88 on

the invesErcnt,

C = a discount.ing factor required to bring benefits back in time (the

year until- connnercial seed collection plus the years until the first

inproved plantations are thinned) .

Because thinning takes place in several cycles, I/C is a weighted sun under

the present assunptions:

$t63.22 = tf.as30 - 1),/(0.08) (1.0830) I x lo.2r/L.oas4 + 0.ar7r.0a64

+ 0.065111"0814 + o.ossrA.0884 + 0.06514.0894

+ 0.06514.08104 + o.oosr7t.o81r4 + 0.065r A.oal24) -

the break-even value for I is $2,250.75. In reords, each acre of inproved

plantation must be lrrorth $2,250.75 more than unirproved pl-antation in order

for the benefit-cost ratio to be 1.0 and the return on the tree improvernent

investment to be just 8ts. Tb translate this into volume inprove-ment \re assLme

a present value of $110AIbf , which is the Cal-ifornia Board of Equalization

projected tjmirr value harvest schedule for the Central Sierra in the first

half of 1980. [bwever, our best estinate is that tinrber va]ue will continue

to foll-o\^, the historic trend of ].5* per year real price increase. Allowing

for a 1.5? price increase, we solve for the required voltrne improvment.



Requ ired gain in value to return 8E on investment is:
a

$2,250.75 =.t-vi xWi xT,'r=I

r.rhere:

rh

w

value^bf at time of the i thinning
thproportion of the total increase in cut rernoved at the i

thinning

total increase in volurre cut during rotation,

So:

$2,250-7s = t($245.79) (0-2) + ($285.25) (0.4) + ($331.04) (0.06s)

.+ ($384.18) (0.06s) +($44s.85) (0.06s)

+ ($sI7.44) (0.06s) + ($600.51) (0.065) + (($696.92) (0.065)l x r
Solving, T = 6.3 Mbf required gain in volune per acre over normal unimproved

plantaEion to return 88 on the investment. Kitzniller (1976) uses 16,100 cf

as unimproved yields, and it is i:rplicit in his other assurptions that this is

equivalent to 80.5 Mbf. However, uninproved yiefds of 80-5 Mbf,/acre seem v./

unreasonabl-y snalL. We would anticipate over 100 Mbf on a medii:rn site at

final- harvest a1one, given a 120-year rotation. Therefore, the reguired

improverent to return the investnent of 8B interest is 6,:8. Itrinning is

likefy to salvage timber that would otherwise be lost so total yield over the

entire rotation would exceed l-00 trbf /acre. The effect of a higher estimate L-'

for uninproved yields would be to reduce the percentage inprovernent necessary

to attain the break-even point. Nevertheless, a gain of 6.33 in volune from

tree inprovement seems easily attainable. In southern pine inProvement

programs, 15? gain is expected in the first generation. A 15t gain in the

Pacific Southwest Program would pay a high internal- rate of reEurn on

investment.
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I^le examined the effects of mcdifications to the Pacific Southwest program

by varying the assurptions and reca.Lculating the i.rprovement necessary to

break even (lhble 3). An interest raEe of 58 has the effect of reducing

required ijrprovernent to such ridiculously low levels that an economic return

seerns certain. Gr the other hand, a rate of l-18 would require an improvenent

of 35.4t over normal uninq:roved yields, and it is doubtful that such a

substantia.l- increase could be achieved by one generation of selection with the

selection intensity currently usd. Real- price changes al-so have a major

effect on prospective returns. In the unLikely event. that rea]. price ranained

stable for the next 12 years, required volurne inprovement would be 20.5t, a

rnarginal possibility.

The success of tree inprovement programs in western conifers delEnds on

the application of intensive silvicul-ture, including intenrcdiate cuts or

thinning. ff no thinnings were made so that aI1 i:rprovement vras realized at

rotation age of 120 years, an inprovenrent program coufd not possibly pay for

itself. H)wever, if the rotation was reduced to 60 years, the reguired

improvenent in volune would be only 5.1E, even without the application of 
t/

intermediate thinnings.

Site index al.so affects profitability in inverse fashion. If site

productivity is doubled, then the inq:rovernent necessary to attain the L

break-even point is halved. Ihe lesson is that tree i-nprovement should be

practiced on the rnost prducEive sites firsE.

In connrlon with rost irr,provement programs, Ehe Pacific Southwest program

runs a biologic risk of tosing 1oca]1y adaPted populations. It uses a high

sel-ection intensity under the assunPEion that widely adaPted parents can be

found in adequate nurbers to maintain a broao genetic base. The larger the

scal-e (i.e. the higher the selection intensity and the broader the breeding

(

t-'
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zone in which the sefected parents will be used) the greater the economic

returns, but the Ereater the biological risk. would the Pacific South\rest

program be profitable if breeding zones uere reduced in size so they sulported

a planting program of only 1,400 acres (vs. 2,800 acres) ? A breeding zone

supporting a planting program of 1,400 acres is chosen because it is

coriparable in size to those in the Pacific liorthwestrs progressive tree

irr6rrovernent program. Because of lower seed requiranents, the size of the

orchard is cut to 7 acres, which increases the present value of costs to

$47,276/acre of orchard ot $235-38/acre of plantation. Costs iEr acre are

increase<i even though establishrcnt. and maintenance costs are reduced because

sel-ection and progeny test costs remain the sane and there are fer.rer acres

over which to spread these costs. Under this situation the required

irr,provement is 9.I Mbf,/acre, or 9.I8 (Table 3) corpared to only 6.3t with the

larger original program, despite higher total- costs for the latter. The

difference coufd be one of profitability or non-prof itability, and eirphasizes

the economic desireability of large breeding zones. Ilf,wever, sna11 breeding

zones would involve less biological risk and 9.18 gain is not unattainable

through the genetic epproach and would return Bt on the invest$ent.

Therefore, snaller breeding zones might be justifiable, depending on goals and

investrnent polic.Y.

Doubling seed yield is more problanatic. Most analyses have indicated

that the profitability of improvement prograns is strongly dependent on seed

yielos (Danbu ty 1977. Irlarguis 1973). But this conclusion is reached by

assuning that higher seeo yields can be used to e4>and the planting program'

If doubling seed yield nerely results in halving the size of the seed orchard

and its associated costs, then the requireo increase in volune in improved

plantations is 4.68, only 1.6 percentage points lo',ver than the base case'

This results because the cost reduction for orchard establishrnent and

8



maintenance is a relativel-y snall anxlunt conpared to costs of selection and

progeny evaluation. The only way Lo substantie'l 1y reduce costs is by reducing

the genetic base, a highly undesirable approach. In addiEion, snall orchards

present a problen in pollen nanagenEnt.

If doubling seed yields in the Pacific Southwest program meant doubling

the planted acreage, then even without a reduction in orchard costs it r,rould

only be necessary for improved plantations to yield 3.2 lbf/acre (vs. the 4.3

Mbf above) nore at naturity than uni:rproved plantations to break even. Note

that doubling the planting program would mean doubling the size of the

breeding zone, and with the same nunber of sel-ections is equivalent to a

reduchion in the genetic base per unit operating area. Increasing r-he scope

of the pl-anting program or, what is the same thing, the size of the breeding

unit, offers greaL potential for improving profitability but entails a

biological risk.

In surmary, economic factors such as interest rate and real price changes

are the major determinants of profitability in a }ong-rotation, western

conifer. The silvicul-tura1 system in which tree inprovernent will be applied

is a]-so trportant. T?re length of rotation and the util-ization of thinnings

have more effect on profitability than program design. However, program

design and operation are under contro.I of the breeder whereas interest rate

and price changes are not. Reducing the size of the breeding zone will

increase costs per acre of irryroved plantation and increase the amount of

inprovenrent required to return the investment. Increasing seed yields in the

seed orchard will- have a Umited effect on profitability unless the increased

yields can be used to increase the size of the planting program, which is

equivalent to increasing the size of the breeding zone'

9



First-stage Proqressive k ogram for Douglas-fir.

In a progressive tree inproverrent. prograrn, better than average trees are

selecEed along roadsides by subjecEively grading ther against some perceived

standard for the breeding zone. Accessibility ard evidence of cone production

are inportant criteria because the selected trees must provide seed for

planting without further multiplicaEion in seed orchards. A l-arge nunrtrer of

trees are selected, perhaps 300 for each 100,000 acre operating unit, to
ensure a broad genetic base. lypical- program characteristics are provided in

Table 4, Because of the emphasis on accessibility and cone production and the

desire to maintain the genetic base, selection intensiEy is necessarily low

for growth rate and form.

The initial- seed collections are used for progeny testing. !.Jhen prcgeny

tests reveal- differences among parents, seed collection from the poorer parent

trees is discontinued. Eventually, seed coUection is concentrated on the 75

trees which produce the best progeny. At this point, there are several

options for noving into a second stage program; for example, either collecting

the sr4>erior parents into a clonal seed orchard or initiating a second

generation by setecting arnong the best of the progeny. Assuning the second

stage program begins at once, with the establishment of a seed orchard by year

three, and with orchard seed production by year 18, seed collection from the

parent trees will- continue on]-y from year one to year I8. @sts for this

initial prograln include only selection and progeny testing (Table 2) . Costs

of seed collection are not included because these vrould be at least as high if

there was no i[Provernent program. Si:nilarly, we ignore costs of plantation

eslablishment and culture, which would be the sarne with or without tree

inq:rovement,
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Although Silen and Wheat (1979) assune an 801ear rotation rvithout

thinning, it. seems likely that thinning will become npre connpn in the

Iiorthwest. For site index ]70 fand on the Siskiyou National- Forest a volune

of 63.9 Mbflacre is e>pecEed without thinning on a rotation of 85 years. If

the safils starrds are thinned at lO1ear intervals beg inning at age 25, then the

acculul-ated cut from thinnings and harvest at 85 years would be 105.3

I"lbf/acre. therefore, for our analysis we assuned thinnings at 40, 50, 60, and

70 years. For argunents similar to those used for the Pacific Southwest

program r,,e oistributed nlost benefits to the earliest thinnings, 30* of the

total geneEic aain in vohme for the rotation to the thinning at 40 years, 408

at 50 years, and 10? to thinnings at 60 and 70 years and to the harvest at. 80

years.

Tb evaluate the Progressive Program, we set the present marginal vafue of

costs per acre planteo, $166.48 (lhble 5) equal to the present value of

benefits:
T$166,48=Bx'
c

t(r.0818 - 1),/(.oe) (1.08) 181 x

to.3rl1.0841 + 0.4r4.0851

+ 0.1r4.0861 + O.tr,A-0871 + O.trA.o88ll ,

where factors are as in the analysis of the Pacific South\eest progran. The

break-even value for I is $799.56 over returns from normal unin6iroved

plantations.

A conservaEive val,ue for Douglas-fir sttnrpage in the Pacific Northwest is

$275/l,bt. I.le assinne a real price increase of 1.58 per year ard solve for T,

the volLune in6:rovement equivalent to the break-even value of $799.56:

$799.s6 = t$s06.3a) (0.3) + ($587.63) (0.4)

+ ($681.96) (0.I) + ($791.4s) (0.1) + ($918.51) (0.1)l x r
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Solving, T = L.2 Mbf,/acre increase over the base of 66.8 l"ncf,/acre of normal

unitproved plantation, a 1.8* i:rprov-:rene. fbkever, 66.8 Mbf,/acre is volurne

at final harvest. Accurulated thinnings r.ou1d brirg production to over 100

Nbf/acre, so the required irr,provernent. in volulre to reach the break-even point

woul-d be less than l-.2.

A sensitiviQr analysis (Table 6) was usd to e).plore several factors and

how they affected the profitability of lhe progressive program. As for the

Pacifii Southr,rest Progran, site gualiEy and changes related to appreciation of

timber vaLues and util-ization of snaller Logs have a major effect on

profitabil"ity. Failure to realize any real ar:nual price increase will nore

than double the arnount of improvanent necessary to break-even at 83. IengEh

of rotation also has a rnajor effect. lbst industria-l- lando+rners in the

Pacific llorthwest presently think in terms of short rotations. For a rotation

of 50 years the required volurne increase to break-even on the investment in

tree improvenent even without thinnings is only 1.5 Mbf/acre or 4.9t over the

yield of normal unimproved stands (31.4 i4fb/acre at 50 years on site index

130; McArdIe et aI. 1961). But it should be noted that a reduction in

rotation! age from 80 to 50 years is equivalent to increasing the size of the

planting program to 2000 acres per year and can onl-y be arconplished if the

selected trees produce adequate seed to serve the additional- p.lanting

requirenent. Taken together, short rotations and a real price increase wil-l

substantial-Iy reduce the i:rprovernent required to break-even on an 8* interest

rate. If tree inprovement efforts are restricted to sites of higher qual-ity'

the required irTprovement is even more easily attainabl-e' with a site index of

170, only a 1.28 improvement in yield will pay for a tree improverrent program.

We assume that program costs can be reduced only by reducing the scope of

the program. I'or exarple, if half as many selections wiII suffice aE the risk

t2



of nalrowing the genetic base, the required volune increase for inproved

plantations drops from 1.8t to only 0.9*. Asslming a longer [Eriod of seed

production for the selected trees has less effect; doubling the producEive

life drops the required i:rprovement onJ.y 0.4 percentage points to 1-4t.

fn suTmary, with the Io$, cost of the progressive program very sfllal-I

ilrproventents are necessary to return the investment. This is well, because

initial- gains are not extrEcted to be large either. As was the case for the

Pacific Southwest program, interest rate, real price changes, length of

roEation, and thinning have major effects on profiEability. kogram changes

such as reducing the nunber of selections or increasing the size of the

breeding zone wil-I increase profitability but al-so increase biological risk.

Second-stage Progressive Proqram for Douglas-fir

At sqne point, the present progressive tree improvanrent cooperatives must

decide whether to enter the second stage; i.e, establish seed orchards. A

Iikely second-stage scenario for oouglas-fir is to establish seed orchards

with seed.Iing progeny of selected parents. Seedling seed orchards avoid

incoq)atirbility which is a conunon problem in grafted Douglas-fir seed

orchards. The seedling orchard is established by pairing the 300 selected

parents in any desired conbination and crossing them to produce fu11-sib (i.e.

both parents knor,vn) seedling progeny. The full-sib families are planted in a

standard design to maxirnize separation bet$/een ,repl-icates of the same family,

ano when progeny test results are availabLe, the poorer families and the

;rcorer individuals in superior famil-ies are removed, leaving the best

individual-s in the best families. Under ideal conditions, the orchard can be

established three years after incepEion of the second stage program and
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comnercial seed production r.rill begin 15 years Iater. Useable life of the

orchard is 18 years, or until the 36th year of the program, at which ti'ne a

second generation orchard shouLd be in production.

Tb make the scope of the program conqrarable to that of the first stage rre

assune ttlat an orchard of one acre could supply an annuaL planting program of

1,250 acres. The assErption is predicated on the basis that one acre of

orchard is sufficient to supply between 982,000 to l-,767,000 seed (Silen 1956;

O$rston and Stein 1974; Virgil Allen, personal conrnunication) . Therefore, with

a 50* nursery culI and a planting density of 500 seedlings per acre, one acre

of properly sited orchard should be capable of supplying an arxnual planting of

1,000 to 1,800 acres. the estinEte is ]ow conq:ared to that of some orchards.

In the St. Paul Seed Orchard in Salem, Oregon one acre of orchard, with one

good seed year in every three, can sutrD1y sufficient seed to plant 61000

acres, blt a safety factor of two is all-owed (Jack Wanek, personal

conmunication). Within reasonable limits, seed yields per acre wiII be

independent of orchard density, although yields per tree decline with

increasing density. Olr assuTption that an acre is sufficient to plant I,250

acres pet year is likely conservative. ltr)!./ever, we realize that such a sna.l-1

orchard woufd present managernent problems and be an inefficient operation.

It was assltrned that a first-stage progressive progran was already underway

so costs of selection and progeny testing were not included in the

second-stage analysis. Using the data in Tablep 7 and 8, we set costs IEr

acre of plantation equal to benefits as before:

$29.09 = r.0818 - I I0.3rilr.0456 + o.ar7t.oa66
(0. 08 ) ( 1. 08I8)

+ 0,rr,/10876 + 0.1r4.0886 + 0.1rl-.08961 ,
14



rrhere factors are as in previous equations. Solving, the break-even point, I,
is a present-valued return of $443.17. Allowing for a L.5t real price

increase in stwq:age, this translates to 0.6 lfbf/acre increase over normal,

unimproved plantation yields or on1y 0.8t of 66.8 llbflacre. Differences of

this degree are not detectable in rost field tests and seen easily attainable

by tree improvenrent.

A sensitivity anal-ysis was run to test the effect of several factors on

profitabiLity (Table 9). It is interesting to consider what happens when

selection and progeny testing are chargd to the second stage of the

progressive program. ltris is equivalent to the situation in which an

incipient progressive program enters a seed orchard phase from the beginning

without retying on selections for in situ seed coLlecEions. the progressive

program then converges with the Pacific Southwest program . In that case, the

required volume improvement to pay an 88 return on investflent is 5.7?, an

expectation well within reasonable li:irits of the genetic approach. Iiolrever,

if the scope of the program (continuing to charge selection and progeny

testing to the second stage) is increased to serve 1,000,000 acres rather than

100,000, then the requircd irnproveroent is reduced near\, ten-fold, to 0.4

Iulbf/acre or 0.6? of unir,proved yields. The difference between 5-7* and 0,6t

improvernent illustrates the infl-uence of scafe on profitability, but an

increase in scale increases the risk of losing tocal.l-y adapted populations.

Conclus ions

It is irnnediately apparent that economic assunptions and silvicultural

decisions have more effect on the profitabitity of west. Coast tree improvement

programs than prograrn design or costs. Tree inprovement combined with

intensive silviculture and better utilization of snaller materials results in

a highly profitable picture. Tree irprovement is only one com;rcnent of

15



intensive forest rnanagenent practices to irprove forest production. If

returns from tree irproverr.ent are realized early in the rotation through

ccnrnercial thinnings, then only sma.Il improvements in growing stock can emply

repay the investments in a breeding prograrTr. In fact, internal raEes of

return should be substantially higher than 8t under reasonable expectations.

fiokever, without intermediate cutting, real-istic rates of interest cannot be

carried over long rotations of 80 to 120 years without substantial- benefiEs

that seern beyond the posiinitities of the genetic alproach. Under shorter

rotations of 50 to 60 years, investfient in tree irq)rovement can be easily

justified.

Benefits from inErrovement in stand and crown form were not taken into

account in our analysis, but gain in these areas is anticipated and would

improve the financial outlook. Virtually all tree inproverent prograns select

for sEem'and crown form. Straighter stems and snaller branches reduce

handling costs anci improve grade recovery and merchantable yields.

The Pacific Southwest and the progressive prograns will converge in time,

particularly as better information develops on the genetic resource. The

second stage progressive prograril with costs of selection included differs from

the Pacific Southwest progran in the emphasis placed on selection of trees

based on their appearance, in the size of the breeding zone, and in sl ightly

lower costs of establishment for seedling rather than clona] orchards.

Genetic improvenent is alnost certain to be greater in the Pacific Southlrest

program where select trees interbreed in seed orchards than in the first stage

progressive program. Although the required jrflprove$ent to return the

investment is snaff for a first stage progressive program, neither are large

gains anticipateo. ImprovemenE is directly. proportional to selection

intensity, and in the progressive program selection intensity is low.

16



turtherrore, select-trees are wind-pollinated in situ, so that the pol1en

parents represent unselected trees, presunably the population average.

Crossing of select parent trees back to the population should result in only

half the irprovement attainable by intercrossing of selected parents in seed

orchards. Oonversely, the larger breeoing zone and higher selection intensity

of the Pacific Suthvrest program constitute a biological risk that cannot be

evaluated without detailed information on seed source and progeny variation,

Direct economic conparison of the tv,x) prograrns is not possible because of

these and other differences in biological assuq)tions. For exarpl-e, seed

production of Douglas-fir and ponderosa pine differ, so the ratio of seed

orchard to pl-anting acreage oiffers greatsly. In addition, costs, although

current, are.not the same for the tlro analyses. Orchard maintenance for the

Pacific Southr,rest is manyfold greater than simliar figures we obtained for

Douglas-fir in the Northwest.

!
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Table 1. Present vaLue of costs per acre of seed orchard in the

Pacific Southlrest Regionrs tree inqrrovement program for ponderosa pine.

Activity

Present value/

acre orchard

Year

cost

incurred

Selection and cone collection

orchard establ ishlr€nt

Orchard naintenance (annual)

Progeny test establishrent

Progeny test maintenance

Etogeny test maintenance (annual)

Progeny test eval-uation

$1,825

1,690

4,576

41237

3,923

4,n5

4,636

4,293

86

r58

L46

68

227

87

436

1

2

3

4

5

4-44

3

4

4

5

6

7

8-20

5-8

9-20

Tbtal Present Value/Acre orchard $30,663

lbtal Present Value/Acre Plantation $ L53.3il

V r,o obtuin cost [Er acre of p]-antation established with seed orchard seed,

divide by 200 acres plantaEion /acre seed orchard.
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Table 2. Program characteristics and econonic base for the Pacific Souttr!,est

Region's tree i:rprovenrent program for ponderosa pine.

Char*teristics

M.unber of trees selected

Nmber of acres of orchard

Cqnrercial seed prodrrction of orchard begins

Orchard Ihased out

Rotation age

qEratlng area

Annual planting

bnodc As$rq)tions

Interest rate

SUq)age

Ifrrmal yield of uni4rroved forest. at 120 years

200

14

L4

44

r20

336,000

2,800

trees

acres

years

years

years

acres

acres

8t

$Iro/,lbf

lOO,Mbf,
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Table 3. Sensitivity arnlysis for ttre Pacific South$est tlegion I s tree

inE)roveflent program for porderosa pire.

Assul{)tions Required volurE

increase (Mbflacre)

Required

inprovenent (*)

Base case

Changes

Interest rate is 5t

Irxterest rate is }]E
Real price renains stable

l.lo tninnhgs

N) tilinnings, rotation is 60 years

Site irde:a increased, norrnal

uni.nproved yields 150 Nbf/rcre

Breeding zone halved

Seed yield danbled

Seed yield doubled, plantirrg

program do$led
I

6.3

9.1

4.6

4.2

9.1

4.6

6.3

0.9

3s.4

n.5

21r.6

5.r

3.2

6.3

0.9

35.4

n.5

21r.6

5.I

3.2
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Table 4. Program characterisEics and economic base for a first-stage,

progressive tree inproverent program for Douglas-fir.

Characteristics

Conuercial seed production of selected trees

Rotation Age

Qrerating area

Annual planting

Seedlirgs planted per acre

Euononic AssurptiqE

Interest rate

Stu@age (secord growth)

lbrmal yield of unirqrrored forest at 80 years, site

IrI land, site irdex 130 (ltArdle et aI. 195I)

1-18 years

80 years

100,000 acres

1r250 acres

500 seet[ings

8t'
$275/l,tbf

66.8 Mbf

I

24



Table 5. IncrefiEntal costs trEr one acre of iq)roved p]-antation for a

first-stage, progressive tree inprovement program for Douglas-fir.1)

Pctivity

(1979 dollars)

Cost/acre planted

Year cost

ircurred

Tree sel-ection and release

kogeny testing

$ 10.93

L89.32

1

1-16

Total present value of

cost 0 8*

$167. r0

t) Data in 1974 dollars supplied by R. R. SiLen, Pacific Northwest Forest ano

Flange [xperirent Station, Corvallis, OR. Costs brought to ]-979 at 8t, a rate

approximating the 1974-1979 change in the producer pr ice index for all

coiffnodities,

0
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Table 6. Sensitivity analysis for a first-stage, progressive tree irprovernent

program for Douglas-fir.

Assrfiptions Required volure

].ncrease

(Mbflacre)

Required

improverrent

(r)

Base Cnse

Changes

1. Interest rate is 5t

2. Interest rate is 1It

3. ReaI price remains stable

4. No thinnings

5. Ilo thinnings, rotation is reduced to 50 years

6. tlo thinnings, rotation is reduced to 50 years,

no real- price increase

7. It-unber of selections is halved to 150

8- Nunber of selections is halved, no thin::rings

9. Selecte<i trees are used for seed

production twice as long (i.e. 36 years)

L0. Site index is 170

11. Site inde>< is 170, no thinnings

0.3

5.1

2.9

9.9

L.5

0.4

7.6

4.4

14.8

4.9

r-2

3.3

0.6

4.9

1.0

L.2

oo

1.8

r0-5

0.9

7.1

1.4

L.2

9.6
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Table 7. Costs per acre of seedling seed orchard in a second-stage,

progressive tree inproveinent program for Douglas-firl).

Activity Cost/acre

orchard

Yea.r

cost

1979 dollars) incurred

Single pair crossing

Seedlinq prduction

Orchard establ ishnpnt

orchard rnaintenance 3)

$37, s00

80

1,000

\00/yr

2

5

5-35

Ibtal present value,/aqre orchard

Total persent value/acre plantation

$36,360

$zs. og2)

0

Lt Costs based on personal conrnunications ivith R. R. Silen and J. Wanek.

't Ib obtain cost per acre of plantation established with seed orchard

seed, divicie by 11250 acres plantal--ion/acre seed orchard.

" Maintained as progeny test fron years 6 through 18.
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Tbble 8. Prograrn characteristics and economic base for a second-stage,

progressive tree irprovement program for Douglas-fir.

Characteristics

liunber of trees selected

Nunber of single pair matings

Conrnercial seed production of orchard begins

Orchard phased out

Production per acre of orchard per year

Rotation age

Operating area

Armual ptanting

Seedlings planted per acre

Seed yield per acre of orchard

liursery cull

&onomic Assrurptions

Interesb rate

Stunpage (second growth)

Normal yield of uninproved forest at 80 years,

site III 1and, site index 130 (McArdl-e et a]..

196I)

300 trees

150 crosses

18 years

36 years

625,000 seedlings

80 years

100,000 acres

1,250 acres

500 seedlings

1,250r000 seed

508

$27s/\"tbt

66.8 Mbf
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Table 9. Sensitivity analysis for a secord -stage, progressive tree

inprovenent program for Douglas-f ir.

Assuq)Lions Required Volure

Increase (Mbf )

Required

Improvenent (t)

Base Case

Charges

Interest rate is 5t

Interest rate is l1*

ReaI price renrains stable

l{o thinnings

I'Io thinnings, rotation is reduced

to 50 years

l{o thinnirgs, no rea3- price increase,

rotation is reduced to 50 years

Seleltion and progeny testing charged

to second stage

Selection and progeny testing charged to

second stage but size of breeding zone

increased Io-fold

0.6

0.04

o.'t

1-5

2-O

0.2

0.5

3.8

0.4

0.8

0.05

1.1

2.4

3.0

0.5

1.8

5.7

0.6
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