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ABSTRACT

The thesis consists of a theoretical section and five empirical studies analyzing the profitability of
Scots pine (Pinus sylvestris L.) and Silver birch (Betula pendula Roth) breeding in Finland with
gpecial emphasis on the next-generation seed orchards. The profitability was calculated for three a
priori chosen agents (government, orchard seed producer and private forest owner) by applying the
so-called differential approach. In this approach, differential benefits of tree breeding (compared to
stand seed acquisition) were weighted against the differentia costs of tree breeding. Differentia
benefits were evaluated by incorporating genetic gains into widely-used growth and yield models
(Scots pine: MELA and Vuokila & Vdiaho, Silver birch: Oikarinen), and differential costs (compa-
red to stand seed acquisition) were derived from, e.g., the cost data of the Forest and Park Service
and the Foundation for Forest Tree Breeding. The net present value (NPV) was chosen as the
investment criterium. The purpose of the assessments was to determine the so-called threshold
vauesfor the profitability, and further to examine whether these values would be obtainable, given
the prevailing conditions of each agent. Specific shadow pricing procedure was adopted in the
assessments made from the society's viewpoint (i.e. government), whereas smplefinancial analyses
were conducted for the privateforest owners and orchard seed producers.

The NPV's were positive for Scots pine even with six per cent discount rate (genetic gain 12%),
and for Silver birch with four per cent discount rate (genetic gains being 20% for South and 14%
for centra Finland). In addition, the main results implied that there might even be some welfare
improvements when breeding proceedsfrom the present to next generation. The analysisof market
environment demonstrated that there are still economies of scale to be exploited with the orchard
seed production of both speciesin the present generation. Further, with Scots pine the government
subsidy for orchard seed production wasfound to be essentid for the profitability, even at the next
generation. For a private forest owner the results indicated that in direct sowing (Scots pine)
orchard seed is an economically desirable aternative to stand seed even with as high as eight per
cent discount rate. The overall results suggested that the subsidy for the next-generation seed
orchards is economically justified from the society's viewpoint. At the same time, it provides
incentivesfor private forest ownersand orchard seed producers to operatein the tree breeding field.
Furthermore, it seems that the next-generation seed orchards established for northern Finland are
more dependent on the government subsidy than those established for southern Finland. Redirecting
subsidy into the breeding activities, which are more cost-effective than others, will improve the
outcome congderably.

KEYWORDS: Cost-benefit anaysis, profitability, Net Present Vaue, shadow pricing, seed

orchards, Scots pine, Silver birch, differential approach, next generation, genetic gain



ABSTRAKTI

Vaitoskirjakoostuu teoreettisesta osiosta ja viidesta empiiri sesta osatutkimuksesta, joissa andysoi-

daan ménnyn (Pinus sylvestrisL.) jarauduskoivun (B etula pendula Roth) jalostuksen kannattavuutta
Suomessa painottaen erityisesti seuraavan sukupolven siemenviljelyksid. Kannattavuus laskettiin
kolmdlle a priori valitulle agentille (vdtio, semenentuottg ajayksd tyinen metsdnomistga) soveta-
malans. erotudaskentamenetelméa. Ko. menetelmassa metsanjalostuksen erotushyotyja (verrattuna
metsikkosiemenkeruu-vaihtoehtoon)  verrattiin | metsénjalostuksen erotuskustannuksiin.  Ero-
tushyddyt evauoitiin ssdlyttamalla jalostushyodyt yleisesti kéytdssa oleviin kasvumalleihin (manty:
MELA ja Vuokila & Vdiaho, rauduskoivu:Oikarinen), ja erotuskustannukset (verrattuna
metsikkdsiemenkeruu-vaihtoehtoon) saatiin mm. Metsdhallituksen ja Metsanjalostusséation
kustannusaineistosta. Investointikriteeriks valittiin Nettonykyarvo(NNA)menetelmé. Laskelmien
tarkoituksena oli méarittdad kannattavuudelle ns. kynnysarvot, ja verrata ko. arvoja edelleen
valitseviin olosuhteisiin kunkin agentin osalta. Y htelskunnan tason laskelmissa sovellettiin erityista
varjohinnoittelua kun taasfinanssista andyysia kéytettiin laskettaessa yksityiselle metsanomistgjalle
jasiemenentuottgjalle kannattavuuksia.

Nettonykyarvot olivat positiivisia mannylla viela kuuden prosentin (ja ostushyoty 12%) ja raudus-
koivulla neljan prosentin (jaostushy 6ty 20% Etel& Suomessa ja 14% K eski-Suomessa) |askenta-
korkokannoilla. Liséks, paétulokset implikoivat mahdollisista hyvinvointiparannuksista jalostuksen
edetessi nykyisestd sukupolvesta seuraavaan sukupolveen. Markkinaolosuhdeanalyys osoitti, etta
molemmilla puulgjeilla skaaletuja voidaan viela hyddyntda nykyisissd semenviljelyksissa. Lisakg,
valtion tuki todettiin térkedks jopa seuraavan sukupolven siementuotannon kannattavuudelle
mannylla Mannyn siemenviljelyssemenen kéytto kylvossa havaittiin yksityisen metsanomistajan
kannalta taloudellisesti perustelluks vaintoehdoksi jopa kahdeksan prosentin laskentakorkokannalla.
Kokonaisuudessaan tulokset osoittivat valtion tuen seuraavan polven siemenviljelyksiin olevan
yhteiskunnallisesti perusteltua. Samanaikaisesti, tuki tarjoaa seka metsénomistgjille etta 9emenen-
tuottgille taloudellisesti perustellut toimintamahdollisuudet. Laskelmien mukaan Pohjois-Suomea
varten perustettavat mannyn seuraavan polven siemenviljelykset néyttéavat olevan enemmén
riippuvaisia valtion tuesta kuin Etelé ja Keski-Suomea varten perustettavat viljelykset.

Tulokset osoittivat, ettéa kohdentamalla valtion tukea sellaisiin jalostustoimintoihin, jotka ovat muita
toimintoja kustannustehokkaampia voidaan jalostuksen taloudellista tulosta parantaa entisestaan.

AVAINSANAT: Kustannus-hyttyandyys (KHA), kannattavuus, Nettonykyarvo, varjohinnoittelu,
semenviljeykset, ménty, rauduskoivu, erotuslaskentamenetelma, seuraava sukupolvi, jalostushyoty
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LIST OF SYMBOLS AND FREQUENTLY USED ABBREVIATIONS

a= administration costsincl., e.g., costsof marketing, rents and salaries of supervisng
personnel

g = forest investment

areas= cultivated total arearelative to projected area, expressed in decimds (in moddling)

b, = forest investment

BY" = differential benefits (due to genetic gains)

B, = economic value of athinning or final cut in an improved stand, FIM (Silver birch)

B,° = economic vaue of athinning or fina cutinanormad stand, FIM (Silver birch)

c (+) =total cost function

C, (+) = total cost function for seedlings made of orchard seed

Cy () =total cost function for seedlings made of stand seed

CBA-= cost-benefit andysis

ccones= callected cones required for 1kg of orchard seed, litres (in moddling)

CY = differential costs of seed orchards compared to stand seed acquisition (divided further
into progeny testing, CP, annual management of seed orchards, C", and administration,
C™

C®= establishment costs of seed orchards (differentia as such)

Cy(S)= sowing costs of orchard seed, FIM/hectare (Scots pine)

C, (S)= sowing cost of stand seed, FIM/hectare (Scots pine)

C™ = coefficient reflecting the prevailing market structureforinput i, < 1

colcost= collection costs of Scots pine orchard cones, FIM/litre (in moddling)

constant proportional advantage= genetic gain expressed relative to the diameter and height

growth of an unimproved stand over time
constant volume advantage= genetic gain expressed in absol ute volumeincrease
(harvesting times unchanged)

costdiff= sowing cost difference between Scots pine orchard seed and stand seed, expressed in
FIM/hectare (in modelling)

crop= average annual seed crop, kg/hectare (in modelling)

C, z = given pricesfor inputs q and x, respectively (formula[2.4])

Ap = changein price



AR = changein totd revenue
D,= discount factor, [1 + p/100] 1 where p presents discount rate (s.t. e.g. 3% corresponds to
3in the formula)
exp= exponent (e.g. exp (areas) = €***; in modelling)
EVT = Empetrum-Vaccinium type forest (classified for northern Finland)
e= error term (in modeling)
e(p) = price elasticity of demand
FV, = financial value (market price) for input i
f_ac= long-run average cost function
f( g, X) = production function
gengain= genetic gain, expressed in percentage
growth region= an areain which annud growth ratefor a particular forest gte typeis assumed to
be homogeneous
n, = price edsticity of commodity x
improved stand= stand established (either sown or planted) by orchard seed material
IRR=internal rate of return
JT, = financial value of athinning or final cut in an improved stand in year t
k= fixed plant Sze
KG, = (produced and) sold amount of orchard seed in year t
LAC= long-run average costs
LMC= long-run marginal costs
m = management costsincl., e.g. costs of nursery sowing, fertilization, culling, transport: i.e.
direct production costs of seedlings
managcost= annual management cost, FIM/hectare (in moddling)
MES= minimun efficient scale
MR= marginal revenue
MT= Myrtillus type forest
n= time index associated with normal stands
NB = present value of (aggregated) net benefits
normal stand= stand established with stand seed
NPV = net present value
NS, = financial value of athinning or final cut in an improved stand

p = price for orchard seed



P, = price of commodity x

price= sales price of the orchard seed, FIM/kg (in modelling)

P4 = profitability for asingle firm

r = agross rate refleting SOC (formula[2.3])

rate= discount rate, expressed in percentage (in modelling)

g = quantity demanded (formula[2.8]), or labour input (formula[2.4])

RB= relative bias (of modelling)

relprice= relative stumpage price level compared to projected price levd, expressedin
decimals (in modelling)

s = arate expected by sharedolders(formula[2.3])

S, = Seed material when using orchard seed

Sy = seed material when using stand seed

SDR= social discount rate

) = summation

SOC= socia opportunity cost rate

SP, = shadow price for input i

stand seed = seed collected from conesin natural stands

stand seed acquisition= organized large-scale seed collection from cones in natural stands

STPR= social time preference rate

t=time index associated with improved stands, or corporation tax (formula[2.3])

TP, = transfer payment associated with input i (e.g. tax, socia security payments)

X = other inputs used in production (formula[2.4])

X* (+) = aggregate market demand for good 1

x.* (+) = consumer i's demand function for good 1

VT= Vaccinium type forest

WTP= willigness to pay

y = output

y, = i:th smulated value (in modelling)

My, = predicted value (by modelling)



1. Introduction

1.1 Background

According to the National Forest Inventory conducted between 1986-1997 the total forest land in
Finland is at present approximately 20.1 million hectares. During the 90s the annud totd
regeneration area has been fluctuating between 150 (in 1991) and 175 (1994) thousand hectares of
which natural regeneration has been approximately 25 to 75 thousand hectares (Finnish Statistical...
1999).

Artificial regeneration of forests in Finland was rather modest until the early 60s, the annually
cultivated area varying between 30-60 000 hectares. From the beginning of the 60s, the artificidly
regenerated areasincreased rapidly and achieved the annual leve of 120-140 000 hectareswithin 10
years (Metsdpuiden...1989, Finnish Statistical...1997). The motivation for the ever-increasing
artificia regeneration wasto secure the wood supply for the expanded forest industry. At the time,
artificial regeneration linked with forest tree breeding was seen as an essential means to increase

timber production (e.g., Metsgpuiden...1989).

Forest tree breeding in Finland started with the establishment of Scots pine (Pinus sylvestris L.)
seed orchards in the mid 50s, and large-scale tree breeding took place during 1963-76 when most
of the seed orchards were established (Nikkanen et d. 1999). Flus trees were selected as the basis
for the seed orchards with most of them being selected during the 50s and 60s (Pitkantahtayk-
Sen...1989, Oskarsson 1995). Scions of the plustrees were grafted to establish clonal seed orchards
(Oskarsson 1995). The main responsibility for the grafting operation was handed to the Foundation
for Forest Tree Breeding. The former National Board of Forestry (present Finnish Forest and Park
Service, the FPS) was obliged to procure the land for the seed orchards, the government being the

main financier (Oskarsson 1995).

Birch breeding materia was sdected using the same principles as with Scots pine plus trees (Sarvas
1953). In the beginning of the 60s, birch breeding (mainly Silver birch, Betula pendula Roth)
expanded strongly due to the consderablefinancial assistance of the Finnish Plywood Association
(Kukkonen 1991, Viher&Aarnio 1994).
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1.2 Seed orchards

A seed orchard is a manmade tree population which is expected to produce genetically and
physiologically high quality seed (Sarvas 1970, Koski 1980). Seed orchards can be stuated
outdoors (Scots pine and Norway spruce) or in a polythene tunnel (e.g., Viher&Aarnio 1989,
Mikola 1995). They carry forward the results of breeding to practice, i.e. produce seed for refores-
tation purposes (e.g., Ruotsalainen 1999). An orchard usudly contains 50-100 grafts per clone and
25t0 400 different plustrees. The total number of grafts, for example in Scots pine seed orchards,
can vary from 1 000 up to 18 000 (Pulkkinen 1994, Pulkkinen 1996), covering from 2 to 61
hectares (Nikkanen et a. 1999). Seed orchards require continuous management which consists of,
e.g., fertilization, roguing, weeding and cone collection (e.g., Talbert et a. 1985,Williams &
deSteiguer 1990, Byram et d. 1999). Observations on male and female flowering are undertaken to
estimate the genetic quality of the seed.

Traditionaly, in the national breeding and seed orchard programs there have been three main
species, namely Scots pine, Norway spruce (Picea abies (L.) Karst.) and Silver birch (see, e.g.,
Pitkantahtdyksen...1989). At present, Scots pine and Silver birch present seed orchards (Scots pine:
henceforth denoted also as 1st-generation or present-generation seed orchards) arein full producti-
on, but Norway spruce seed orchards have not been successful in producing seed on aregular basis
for practica cultivation (e.g., Metsanviljelyaineistotyoryhman... 1994, Ménnyn...1997). This
combined with the fact that there areonly afew progeny trias for Norway spruce (Pulkkinen et al.
1999) resulted in the Norway spruce seed orchards being excluded from the assessments of this
dissertation. It should be stressed that it is the seed production of improved materid (provided that
the material isfurther cultivated) which generates the economica benefits of tree breeding.

Scots pine seed orchards

In Finland, the number of Scots pine seed orchardsis 160, covering 2 492 hectares. All the seed
orchards are now in seed production (Nikkanen et a. 1999). It has been assumed that seed
production will decrease when the seed orchard is around 40 years old (Mets&puiden...1989, Hahl
1992). Thus, after the year 2010 the seed production of the present-generation seed orchards will
quickly decrease (Mikola 1995) and finally ceases entirely. New, so-called 1.5 generation seed
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orchards (also caled as next-generation seed orchards or first-generation seed orchards of progeny-
test screened genotypic plus trees, see Mikola 1995) are to be established between 1997-1999, at
thefirst stage covering approximately 95 hectares (Antola et d. 1996). In practice, the change over
from present-generation seed orchards to next-generation seed orchards is planned to proceed so
that the seed supply can be kept on a demanded levd (Mannyn...1997). The new seed orchards will
be composed of the best 10-20% of the present-generation plus trees (Mikola 1995). Moreover,
they will be established in their target areas (Nikkanen & Antola 1998) which reduces considerably
the risk of background pallination (for background pollination, see, e.g., Harju & Muona 1989). At
present generation the background pallination has been one of themain drawbackssince it reduces
the attainable genetic gain. Especially in the seed orchards established with clones from northern
Finland pallen contamination leads to poor adgption in the targeted cultivation zone (e.g., Pulkkinen
1994). This has resulted in the seed being utilized in an intermediate climatic zone instead of the
original target area (e.g., Mikola 1995). Further, this has made more difficult to maintain annual

orchard seed supply at the desiredleve.

Another main drawback in the present-generation seed orchards has been the poor soils on which
the seed orchards have been established. At the time of the establishment of the present-generation
seed orchards (1963-1976) the land for seed orchards had to be procured quickly due to intensive
grafting leading to situations where the soil was not "suitable". This has affected on the annua
average seed crops by (Nikkanen & Antola 1998, p. 423).

At the next generation the goal isto establish approximately 385 hectares for southern and central
Finland and 250 hectares for northern Finland between 1997 and 2015 (Antola et al. 1996, Méan-
nyn...1997), which is assumed to be sufficient regarding the annual supply requirements for Scots
pine orchard seed (Antola et a. 1996). The need for introducing separate seed orchards for
southern and central Finland (385 hectares) and for northern Finland (250 hectares) has arisen
primarly from the divergent cilmatic conditions. This has led to different breeding godsfor southern
and central Finland and for northern Finland. For southern and central Finland the main breeding
goasare growth yield and quality while in northern Finland the main focus is on the survival aspect
(Nikkanen & Antola1998). At thispoint it should be stressed that theoreticaly there are dternative
seed orchards, namely to establish new first-generation seed orchards. However, this option has no
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relevancy asit would mean a stagnation of genetic enhancement. It would dso cost asmuch as the
next-generation seed orchards. The present and next-generation orchard seed can be consdered as
aconcerted effort with respect tothat they both possess geneticdly enhanced qualities compared to
natural stands. Moreover, the present and next-generation orchard seed will not be competing for
market shares in a traditional sense (i.e., they are not substitutes), because at the time of simul-
taneous orchard seed production the supply can be divided into two parts. seed for nursery sowings

and direct sowings. There will most likely be separate prices as wdl.

Slver birch seed orchards

Abundant flowering and regular yearly seed crops combined with easy crossing in the greenhouse
and fagt initial growth of birch plants have made it possible to make rapid advancesin breeding and
applying the resultsin practice (e.g., Holopainen & Pirttild 1978, Koski 1991, Viher&Aarnio 1994).
In addition, the genetic variation between individuals in growth properties is large, indicating that

selection results in considerable genetic gains (Viher&Aarnio 1994).

Thefirg (experimental) birch seed orchard was established in 1970in a polythene tunnd (Kukko-
nen 1991). At present there are 15 seed orchards (the majority being so-called second generation)
in polythene tunnels, the total area being about 1 hectare (Lepistd 1996, Finnish statistical...1997).
Approximately 55% of these seed orchards (weighted by the area) produce seed for southern
Finland, 37% for central Finland and the rest for northern areas (Ménnyn...1997). In general, birch
seed orchards are much less capital- and labour -demanding than Scots pine and Norway spruce seed
orchards. The averagelife span of a polythene tunnel is between seven and eight years (Koski 1991,
Mannyn...1997), thus the establishment costs can be kept down concerning the produced output,
i.e.,, orchard seed. Actually, some of the polythene tunnels built in the 70s are still in use (Hagqvist
1994, Mannyn...1997). The last new polythene tunnel (2 000m?) was built in 1991, costing about
FIM 0.97 million (Lepistd 1996).

Over the last few years the annual Silver birch orchard seed production has exceeded the demand
condderably. Thisismainly dueto the fact that most of the seed orchards have been smultaneoudy
in their best production age, producing seed for storage. Another reason for this overproductionis
that the seed-to-plantable seedling ratio hasincreased from 1 kg to 170 000 seedlings to 1 kg to 220
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000 seedlings during the 90s (Hagqvist 1994, Lepistd 1996). Moreover, the government subsidy for
reforestation of arable land was discontinued in the early 90s leading to a divergence between

anticipated seed demand and actual cultivation area (e.g., Lepisto 1995).

1.3 Characteristics of Finnish tree breeding

Tree breeding in Finland has been based on national breeding and seed orchard programs which
have been scheduled for every 10-year period (Metsgpuiden...1989, Pitkantahtdyksen...1989,
Mannyn...1997). The framesfor these short-term programs have been set by the long-term breeding
program. In the long-term program the general trends of tree breeding are provided for several
decades (Pitkantahtadyksen...1989). Primarily, the breeding programs have been planned with
emphasis on the biological and genetical aspects, leaving economical aspects to some extent in the
background (Metsdpuiden...1989, Pitkantahtayksen...1989).

Among other goals, seed orchard programs have been planned to secure annua seed supply (e.g.,
Metsdpuiden...1989). In these programs the total annual seed supply usually consists of two parts:
one part comprising the amount of seed produced by seed orchards (orchard seed), and the other
consstsof the seed collected from natural stands (stand seed). One of the main targets has been to
supply all the seed required for nursery plantings by seed orchards, at least in southern Finland (e.g.,
Metsdpuiden...1989, Mannyn...1997). The establishment schedules of seed orchards have been
carefully planned to meet the edimated supply requirements for orchard seed (e.g., Mannyn...1997).

In practice, however, the goal of the annual seed supply has not been fulfilled due to biological
problems involved with seed orchards (e.g., background pollination, poor soils). This has led to
situations where stand seed has been used aso in areas where initially, according to breeding
programs, orchard seed should have been used. Moreover, in direct sowing (mainly Scots pine) the
lower price of stand seed (as compared to orchard seed) has in recent years "provoked" private
forest owners to use stand seed instead of orchard seed. Thus, especially in Scots pine direct
sowing, the development in recent years hasled to the orchard seed and stand seed being considered
as perfect subgtitutes. In nurseries, however, most of the seedlings are still raised from orchard seed
reflecting more or lessthe initial goal of the programs (Metsapuiden...1989, Ministry of Agricultu-
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re...1996).

These above-mentioned facts, among other things, have been taken into account in planning the
establishments of the next-generation seed orchards. This has been done by revising the demands of
orchard and stand seed for Scots pine and Silver birch. The adjustments have lead to a dlight
reduction of the originally planned orchard programs (Méannyn...1997).

Government subsidy has played a major role in Finnish forest tree breeding (e.g., Pitkantahtayk-
sen...1989, Vadltion...1998). Due to the long rotation periods of our main commercial tree species
(Scots pine, Norway spruce, Silver birch), the national importance of the forestry, and the capitd-
demanding establishment costs of the seed orchards, financial help of the government has been seen
as an important factor to support forest tree breeding in Finland (e.g., Pitkéntahtéyksen...1989,
Mannyn...1997). In many countries, however, tree breeding programs are financed by private
companies (e.g., Tabert et a. 1985, Thomson 1989, Strategi...1995). Traditionally in those
countries where the conditions for growth are excellent (i.e.short rotation periods are attainable),
forest tree breeding is considered as an economically profitable business action, and large private
companies have their own breeding divisions (e.g., Ledig & Porterfield 1981, Talbert et al. 1985,
Strategi...1995).

Currently, the Ministry of Agriculture and Forestry monitors tree breeding activities and guidesthe
financing. It grants advances to organizations implementing tree breeding programs (see, e.g.,
Valtion...1998). Advances are granted annually to the Forest and Park Service (FPS), the Foundati-
onfor Forest Tree Breeding (FFTB), the Finnish Forest Research Institute (FRS) and the Forestry
Development Centre Tapio (Tapio). A major proportion of the total annual subsidy is directed to
the Forest and Park Service and the Foundation for Forest Tree Breeding (Table 1.1). The FPS,
FFTB and Tapio are seen to pursue so-called "practical tree breeding”, while the FRS is seen to
pursue "basic research” including among other things provenance trials, tests concerning genetic
variation and maturation tests of seeds. In thiswork only activities conducted by the FPS and FFTB
are taken into account. This is due to the fact that the accuracy of book-keeping in the above-
mentioned organizations (FPS and FFTB) are considered as sufficient to trace down the money

flows and relate the costs to courses of actionsfor severd decades.
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Table 1.1. Annua advances of forest tree breeding planned to be granted to organisationsin 1999,
millions of Finnish Marks (FIM). (Source: Valtion...1998).

Organisation The amount, millions of FIM | Proportion, %
Foundeation for Forest Tree Breeding | 9.00 47%

Forest and Park Service 6.90 36%

Finnish Forest Research Institute 2.94 15%

Forestry Development Centre Tapio | 0.43 204

Sum 19.3 100%

Besdesthe government (society) which subsidizes tree breeding activities in Finland, there are other
agentsinvolved in the tree breeding field. First, aprivate forest owner isobliged by law to regenera-
te the forest (as well as he is obliged to follow the silvicultural recommendations in thinnings and
final cut). For artificial reforestation a private forest owner can either use improved material or
stand seed. Nowadays, however, in planting there is no genuine decision to be made between these
two seed qualities because the seeds used for seedlings are in most cases unknown to the private
forest owner. Moreover, for instance, in southern Finland almost 100% of Scots pine seedlings are
grown with orchard material (e.g., Ministry of Agriculture...1996). Furthermore, the possible price
effect of seed origin on seedlings cannot be distinguished with sufficient accuracy; the prices facing
private forest owners are more or less identical regardless of whether the seedlings are raised from
stand or orchard seed. In direct sowing, on the other hand, there is an actual choice to be made

between these two seed qudlities, because the prevalling prices arediginctive.

Part of the subsidy granted annually for tree breeding is directed to seed producers in order to
contribute to the orchard seed production at the levels determined in the national breeding programs
(see, eg. Mannyn...1997). In practice, the annud expenses caused by management (e.g. fertilization,
roguing, weeding) in seed orchards are partly (Scots pine: the first 15 years) covered by the subsidy.

In Finland, a few seed producers control the markets of Scots pine and Silver birch orchard seed
(Finnish Statigticd...1997, Mannyn...1997). A priori it can thus be argued that the market structures
for Scots pine and Silver birch orchard seed are imperfect, implying ,e.g., an oligopolistic competiti-

on.
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Prior to the outset of thiswork, there have been only very few studies (e.g., Vatanen 1975, Karki
1983) where economical aspects related to the Finnish forest tree breeding had been taken into
account. However, these studies have focused on specific issues, the former on a relatively small
and hypothetica forest treebreeding program (Valtanen 1975) whereas the latter on an approxima-
te evaluation of timber quality and stem wood production in improved stands (Kérki 1983). Thus,

there isalack of an overall economical assessment of the impact of forest tree breeding.

1.4 Problem setting and objectives

The main purpose of this dissertation isto determine the conditions under which the next-generation
seed orchards would be profitable from the viewpoint of society. The setting is closely linked to the
present day decision-making of tree breeding in Finland. At this juncture, society refers to the
Finnish economy which faces limited resources, and where the decisions made by public sector
policies change the dlocation of the resources. Special emphasisis afforded to differential approach
where the standard of comparison is stand seed acquisition. In the assessment differential benefits
of tree breeding (compared to stand seed acquisition) are weighted against the differential costs.
The same amount of seed is assumed to be produced and further cultivated in both alternatives
(seed orchards and stand seed acquisition). The assessments are conducted with reference to
national ongoing seed orchard programs. The bhinding to ongoing programs entails an aspect of
evaluating a real-world situation rather than determining an economic optimum (see, Lesourne
1975). Each establishment schedule of seed orchardsis evaluated as an entity disregarding further
analyses which deal with more controversia questions, i.e., how large the amount of total seed
production should be or what is the optimum ratio between direct sowing and planting in forest

regeneration.

The profitability is evaluated in a cost-benefit framework using net present value (NPV) as an
investment criterium, and it is conducted separatively for those seed orchards which are to be
established for southern and central Finland (Study 2) and for northern Finland (Study 3). Separate
assessments for southern and central Finland and northern Finland are needed due to the discrepan-
ciesin climatic conditionswhich f urther cause differences in establishment schedules and magnitude

of the seed orchards (Mannyn...1997). To achieve positive net present values for the next-generati-
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on seed orchards certain treshold values of the main variables are required. These values are then
confronted with the conditions prevailing in practice in order to examine whether the values are
plausble. The unplausibility indicates that next-generation seed orchards could be rejected, and, the
required amount of seed should be acquired by collecting from natural stands instead. The main
variables to be studied are: genetic gain, annual reforestation area, (trend) stumpage prices, costs,
discount rate and total establishment area of the seed orchards.

There are other objectives connected to the main frame. The supporting studies address the
profitability of present-generation Scots pine and Silver birch seed orchards (Study 1), the busness
economical conditionsand prafitability of orchard seed production (Study 4) and the profitability of
using Scots pine orchard seed in direct sowing (Study 5). The profitability conditions are surveyed
viaamultilevel analysis with respect to three agents. government, seed producer and private forest
owner. The results are then combined in order to examine the plausibility and possble
inconsistencies between the profitabilities. The former (plaushility) entals an aspect of evduating
whether the required profitability conditions for each agent are in general concelvable, given the
realities of everyday practice in forestry (e.g. silvicultural recommendations, annual reforestation
area, initial growth conditions). The latter (inconsistency between the profitabilities) refers to a
situation where seed orchards would be economically profitable from the society's viewpoint, but
there were no incentives for possible entrepreneurs to establish firms which produce orchard seed,

or in the worst case, there were no incentives for private forest ownersto use orchard seed either.

The profitability of the present-generation Scots pine and Silver birch seed orchardsis examined by
an ex ante assessment (Study 1).The purpose of this analysis is twofold. Firstly, to examine the
conditions under which the present seed orchards are profitable from the viewpoint of society, and
whether these conditions on thewhole are met in practice. Secondly, and more importantly, in order
to be able to quantify any improvements in social welfare associated with the next-generation seed
orchards some standard of comparison is required. An apparent choice is the present-generation
seed orchards (provided, of course, that the calculation priciples with regard to evauation of the
differential costs and benefits are identical).
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The prevailing market structures for Scots pine and Silver birch present-generation orchard seed are
examined by an ex post assessment (Study 4). The aim is to quantify the demand and supply
conditions of the orchard seed in order to determine whether there are economies to scale sill to be
exploited in the orchard seed production. Thisis done by constructing mathematical equationsfor
market demand and long-run average cost curves, and solving them for first-order. The andysisof

market environment becomes especially eminent when the outputs (produced by firms) have to be
valued from the society's viewpoint. In order to set correct shadow prices prevailing market
structures must be first revealed. Severe failures in the shadow pricing might lead to situations
causing government to subsidize activities which are socidly undesirable, i.e., inefficient. The study

provides detailed knowledge on the (financial) profitability of producing orchard seed from the

producer's viewpoint.

In the same sub-study, a supplementary ex ante calculation is conducted to determine the financial
desirability of establishing a next-generation Scots pine seed orchard. The initia purpose is to
determine limiting, threshold values of the main variables (e.g. annual management costs, discount
rate, collecting costs, seed crop and sales prices) for a profitable outcome, i.e. sales revenue higher
than production costs. These values could then be compared to the values reflecting present-
generation seed orchards. Once again, the andysis givesfurther ingght into financial aspects as tree
breeding proceeds.

An ex ante calculation is conducted on the financia desirability of using Scots pine orchard seed in
direct sowing (Study 5). Primarily, the aim is to determine the conditions (e.g. genetic gain and
sowing costs) under which it is profitable for a private forest owner to use orchard seed instead of
stand seed for direct sowing in southern Finland. This study supports themain focus of the disserta-
tion by providing new knowledge concerning the demand site of the improved material -,i.e.,

whether thereisin genera any incentive for private forest ownersto use orchard seed.
In each study, the nonmarket and market-related uncertainties affecting the results are tested by

sengtivity analyses. The analyses are conducted for the net present value (NPV) and in some cases

for the spread of internal rates of return (IRRs) separatively.
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The outline of thisdissertation is as follows: First, in Chapter 2 theoretical frameworks with special
reference to chosen viewpoints (a society, seed producer and private forest owner) are formul ated
and the applied data and time series analyses presented. In Chapter 3 the five above mentioned
substudies are presented: detailed objectives, calculation models and results. Finaly, in Chapter 4
the results are evaluated and combined into general conclusions on the economic profitability of

next-generation seed orchards.

2. Theoretical framework and applied data
2.1 Society's viewpoint
2.1.1 A formulafor the profitability

In assessments made from the society's viewpoint the profitability is usualy evauated with respect
to Net Present Vaue (NPV) as adecision criterion (e.g., Dasgupta & Pearce 1978, Pearce & Nash
1989). The NPV as a decision rule for assessments was also adopted in this dissertation. An
economic desirahbility refers to a positive NPV and generally projects with the highest NPV are
preferred to aternatives (e.qg., Pearce & Nash 1989, Brent 1996). NPV method was considered to
be more adept in this context than other methods such asinternd rate of return, IRR (for further
details see, e.g., Irving 1978, Clutter 1983, Johansson & L 6fgren 1985, Brown & Jackson 1991,
Sarnat 1994). In thisdissertation special emphasis was additionally afforded to so-called differentid
approach resulting in a formula which can be consdered to be somewhat contradictory to conven-
tional formulas. Instead of evaluating the costs and benefits of each aternative separatively, this
research concentrated on identifying differential costs and benefits between seed orchards and
natural stand seed acquisition. The profitability, expressed in NPV was evaluated by applying the

following generd formula:

n

5 )
dj e dj
NPV:EBtﬁ*(Dp)t_ Ects*(Dp)t+ECtﬁ*(Dp)t [2.1]
H 2}

4

Thefactorson the right-hand side are presented in Table 2.1. Specifications of the generd formula
[2.1] are presented in each empirical study separatively.
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Table 2.1 Main factors affecting the profitability

Factor Description

Bdiff Differential benefits: genetic gains are assumed to gene-
rate faster growth rate resulting in higher present value

of the outturns when compared to natural stands

(O Establishment costs of the seed orchards are considered
to be differentia costs as such due to the absence of any
corresponding activity related to natural stand seed ac-

quisition

Ciff Differential costs can be divided into progeny testing,

annual management and administration

Discount factor with per cent p

t, b, t5 parameters reflecting different time spots (Note
thatt, =, = t; AT, # T, 2 Ty)

At thisjunctureit should be stressed out that f ormula[2.1] is asimplification; the terms B9, C* and
CI™ can be interpreted as aggregations. For example, B4 isin fact the sum of differential benefits
of various growth regions. Due to paucity the completeformulais not presented here. The profita-

bility calculations proceeded as follows: first, the differential benefits were evduated according to
genetic gains and the differential costs were formed from the total costs of seed orchards by
comparing themto the costs of stand seed acquisition. Then, the differential benefits and costs were
adjusted to possible market distortions by shadow pricing them, and these shadow priced values
were further discounted to present. Findly, the present values for shadow priced differentid benefits

and costs were calculated by summing up the annua discounted values(Figure 2.1).
Each step of the calculation procedureis examinedin detall so that the underlying assumptions of

the profitability concept specific to this dissertation can be comprehended. Prior to examining the
steps, however, the differential approach is described in full.
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Figure 2.1 Phases of calculation in differential approach.

2.1.2 Differential approach

General

The advantage of differential approach isthat it enables the same assessments and methodol ogy as
traditional methods, but requires considerably less datato obtain these results. Badcdly, differentid

approach impliesthat those costsand benefits which are different between alternatives (projects) are
identified. The sums of differentia costs are then confronted with the sum of differential benefits for

comparison. Usudly thisidentification of differential costs and benefits requires special expertise on
the subject in question. Thereisno universal method to be applied. In this dissertation the alternati-

veswere natural stand seed acquisition and tree breeding: the differential benefits and costs of tree
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breeding could be identified with the accuracy relevant to the context.

The differential benefits of tree breeding are generated by genetic gains. The genetic gainsin turn
result from tree breeding activities which contribute genetical enhancement (see Appendix 1 for
further details on genetic gains). Principally, higher genetic gains can normdly be expected to be
achieved in the next generation, because in practical tree breeding the next generation always
consists of the best present-generation clones with respect to chosen trait (e.g. faster volume
growth). Differential costs of tree breeding originate mainly from activities specific to seed or-
chards; such as annual management, crossings and progeny testing. In the context of the present

study both the differential benefits and costs were converted into monetary vaue.

The pros and cons of the differential approach should be studied in detail, because of its essentid
role in the assessments. Theman advantage of the differential approachis, beyond dispute, that it
gives a roundabout method for the often so labourious evaluation of compensated demand curves
and further consumers surpluses. This is done by emphasizing only the differences between the
aternatives with respect to demand and supply effects. In the absence of significant differencesin
demand and supply effects, the price effects can also be ignored (in such away that the andyst does
not have to choose whether to useinitial price; i.e. the price prevailing before the project has been
introduced, final price or some combination of the two: see, e.g., Pearce & Nash (1989, p. 89). In
this way, alot of time and effort could be saved - for instance, in a conventional cost-benefit
andysisit isprecisely the evduation of consumers surpluses which requireslabourious effort (see,
e.g., Dreze & Stern 1994).

In the present study both alternatives (seed orchards and stand seed acquisition) were assumed to
generate more or lessidentical demand and supply effectsin, e.g., roundwood and input markets -
this is a reasonable assumption, given that the annual artificial regeneration area was fixed in the
firat place to be the same for both alternatives. Moreover, the differential benefits of seed orchards
consisted of the combined effect of earlier thinnings and additional timber. The time effect "redu-
cing" the additional timber with the magnitude that possible differences in demand and supply
effects compared to unimproved stands could be ignored. In addition, the differential approach

reduces significantly the risk of double-counting. Double-counting is considered to be a common
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problem in a conventional cost-benefit analysis, CBA (see, e.g., Squire & van der Tak 1981).

The disadvantage of the differential approach isthat it requires special expertise on the subject and
detailed knowledge on the dternatives - much more detailed data than what is needed in a conven-
tional CBA framework. Moreover, it cannot be applied to assessments where the alternatives are
"wide apart” ,e.g., when evaluating the costs and benefits of different transportation methods and
different healt care plans. In those cases total costs and benefits of each alternative need to be
valued (see ,e.qg., Layard & Glaister 1994).

Differential benefits and genetic gains

In modelling the genetic gains into tree growth the results of progeny test trids usudly need to be
extrapolated for the rest of the rotation period. The extrapol ation method is heeded since progeny
test trials are normally done with juvenile trees (e.g., Fins & Moore 1984, Tabert et al. 1985,
Hagpanen et al. 1993, Jayawickrama & Balocchi 1993, Vendéainen et al. 1994, Dhakal et al. 1996,
Haggvist & Hahl 1998), or a most with trees from midrotation (Carson et a.1999). Then, the

results are estimated throughout a rotation.

Bascdly there are three different methods to formulate the effect of genetic gain on tree growth and
further assessing its monetary value. In addition, there are theoretical methods which try to solve
(by using mathematics) upper and lower bounds of the present value function when it is a function
of biotechnological parameters (e.g., Lofgren 1988, 1992). Characteristically these theoretical
studies are embodied with asmall case study (e.g., Lofgren 1992, Bhattacharyya & Lyon 1994), but

they do not involve genuine tree growth modelling, and are thusignored in this connection.

The simplest method for estimating the effect of genetic gainis to trandateimprovement in height
into an increased site index (Buford & Burkhart 1987, Williams & deSteiguer 1990). This method,
however, does not require actual growth models to be modified. Another applicable method is to
assume constant volume advantage with improved stands (e.g., Fins & Moore 1984, Tabert et d.
1985). This generally leaves the harvesting times unchanged increasing only the volumes of
removals, and usudly resultsin net present values which can be consdered as "lower boundary" for

a given genetic gain percentage. Constant volume advantage is applied when existing harvest
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scheduling models can be used. Both the abovementioned methods (increased site index and
constant volume advantage) are more or less hypothetical and should be used only if there are no

data available concerning tree characteristics.

In order to be able to evaluate the impact of genetic gains on the harvest scheduling models two
kinds of biologicd informetion are particularly important. First, the shapes of the growth curves for
improved and unimproved materid, and second the magnitude of the differences between them over
time are needed to be explored (Fins & Moore 1984). In generd improved materid is said to have
higher growth potential than unimproved material (Figure 2.2).

Growth potential

improved stands

normal stands

genetic gain

age in years

Figure 2.2. Growth potential of normal stands and improved stands.

However, in most cases there are no data available concerning growth functions or volumes of
improved stands at rotation age (e.g., Fins & Moore 1984, Bhattacharyya & Lyon 1994, Carson et
al. 1999), and biological yields must for most tree species be projected for the rest of rotation

according to alternative growth models.
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Perhaps the most realistic way of evaluating the effect of genetic gains on growth models is to
assume constant proportional advantage (e.g., Fins & Moore 1984) which is based on the progeny
test results. Principally, the constant proportional advantage is expressed relative to the diameter
and height growth of an unimproved stand over time. This method enables to take into account the
possible differences in absolute growth rates at different stand ages, because the proportional
advantage is adjusted to an absolute growth rate at each time. Stated differently, younger trees are
more "sengtive’ to react for possible changes in growth conditions (e.g., Jaghagen 1997) than older
trees, and thusit can be surmised that the absolute effect of genetic gains on tree growth would vary
along the rotation period, although the proportionate advantageis kept constant.

In practice applying a constant proportional advantage to growth functions, as a redlization of
genetic gains, resultsin changes in harvesting times and further affects the structure of astand. The
difference between constant volume advantage and constant proportional advantageis presented in

Figure 2.3.
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Figure 2.3. The difference between constant volume advantage (a) and constant proportional
advantage (b) as a realization of genetic gain in thinnings and final cut. A constant proportiona

advantage to growth function usually results in changes in both harvesting times and volumes.
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It can be argued that faster growth rate (due to genetic gain) is most likely utilized by harvesting
earlier. Thisis especidly true in Finland where long rotations might be the most significant single
factor bordering the profitability of private forestry (e.g., Ahonen 1970, Keltikangas 1973, Penttinen
& Kinnunen 1992).

Genetic gains and MELA program

In Finland the most widely applied forest simulation program is undoubtedly MELA (see, e.g.,
Hynynen 1996). In MELA program there are two main procedures to change the growth of the
trees to depict the genetic gains, and both procedures are adjacent to constant proportiona
advantage method. First, by changing both the height increment and basal increment model by the
percentage reflecting the genetic gain, or second, by changing the annual growth level by the
corresponding percentage the genetic gains can be incorporated into tree growth. The latter results
inadlightly different change in volume growth of the trees than the genetic gain in percentage due
to general structure of the MELA program. The change of the annual growth level is conducted by
so-cdlled relative growth increment in which both basal area increment and height increment models
are changed. In addition, the predicted stem form is dlightly being changed, because the relation
between stem diameter and height is changed (in MELA stem form development is predicted
according to the taper curve which is based on stem diameter and height). Usually changing annual
growth level by certain percentage (e.g. 3%) leads to alittle smaller proportional change in volume
growth than the initial percentage.

In MELA program the criterium for thinnings is set exogenoudly, i.e. independently from the actual
growth modelling (incorporated with genetic gains). Generally there are various criteria (from, e.g.
net present value maximizing to "legitimate" criterion) to be executed in the program. In other
words, the same underlying growth function results in different harvest scheduling models depen-
ding on the applied harvest criterion. This feature of MELA program is somewhat contradictory to
several other widely used forest simulation programs. For example, in linear timber harvest
scheduling models the model projections concerning a harvest pattern are conducted so that they are
constrained by various profitability and volume restrictions simultaneoudly in the short term (e.g.,
Thomson 1989). Moreover, in these models stands are usually smulated according to some

optimization criterion, e.g. financia rotation. Then harvest scheduling is executed according to this
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optimization criterion with respect to chosen discount rates. It can be argued that thisis against the
realities prevailing in practical forest management, and thus MELA program is more redistic in a

sense that it allows also harvest patterns which are based on realized thinnings.

Genetic gains and economic value

The economic impact of genetic gains is usually assessed by converting the volumes of thinning
removalsin improved and normal standsinto monetary value (e.g., Fins & Moore 1984, Talbert et
al. 1985). Thisis done by multiplying the volumes of each timber assortment by a unit price, and
then discounting these products to present value with a chosen discount rate. Finally, the present
value (PV) of aggregated products for a normal stand is subtracted from the PV of aggregated
products for an improved stand. Predominantly, there are two options for aunit of measure of the
outturns (i.e. thinning and final cut removals). The outturns can be evduated at stumpage prices, or
alternatively they can be valued at export prices. There is, however, a considerable difference

between these two evaluation methods.

The use of sumpage prices as a unit of measure implies that tree breeding is a meansfor supplying

wood materia for the industry. Generally, stumpage value is seen as an economic rent, a value
attributable not to any cost of production, but to the strength of market demand and favourable
natura resource endowments and location (Repetto 1988). Rent, by definition, isavauein excess
of the total costs of bringing trees to market as logs or wood products, including the cost of
attracting the necessary investment. Theoreticaly, al rent can be captured by governments as a
revenue source ssemming from the country's advantageous natural resource assets. In practice, e.g.,
roydlties, land rents, license fees and harvest taxes are all meansof converting rent into government
revenue (Repetto 1988).

Treebreeding isconsidered as a "prerequisite” for the wood processng industry indicating that the
socia costs and benefits of seed orchards need to be separated from wood industry. The underlying
principle is to examine whether the forest tree breeding is an economically desirable way of
supplying the raw material needed for the wood processing industry, given the conditions with

regard to, e.g., discount rates and shadow pricing rules.
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If the outturns had been valued at export prices of the final products (paper board, sawn timber) this
would have required that forest tree breeding and manufacturing of wood be evaluated together as
an "entity". Thefind productsreflect thei ncreases in the value of the material, i.e. value added (see,
e.g., Begg et a. 1994). This value added, on the other hand, depends on the production process
which can be expected to vary considerably due to, e.g. differences in marginal rates of technical

substitution (MRTS: see, e.g., Dasgupta & Pearce 1978) for goods within the wood processing
industry. However, without the pre-existing "expedient” of supply there would be no goods whose
value would increase (indicating value added) in the process of exploiting the nation's resources.
Thus, when using export prices as a unit measure of the outturns it is necessary to combine the
economical effects engendered by tree breeding and wood processing industry, since the value of
final products reflects the values of both these components. By taking both the tree breeding and
wood processing industry into account and further forming an "entity" would involve uncertainties
and speculativeness which are beyond the scope of this dissertation. These include, for instance, a)

estimating the effect of transfer paymentsin the wood industry by different branches of industry, b)

the future average structure of an additional cubic metrein terms of timber assortments and c) the

labour inputsin different stages of the process.

In addition, the effects of stand and orchard seed production on roundwood prices were assumed to
be smilar. Thisassumption isjustified twofold, and the arguments areclosdy related. First, due to
differential approach applied here only differences between the aternatives (i.e. stand vs. orchard
seed production) account. For the sake of simplicity the stand seed supply can be expected to cause
smilar impacts on the roundwood prices as the corresponding of seed orchard activity, dthough the
guantities felled each year are not exactly identical due to differencesin harvest scheduling. These
divergencies are considered to be insignificant with regard to the initial problem-setting, and
furthermore they would be nevertheless especialy difficult to evauate, given thelong time horizon

of the assessment. Second, theforecasted future prices according to time series modelling always
reflect the past development of stumpage prices including the possible interrelationships between,
e.g. wood quantities, stumpage prices and forest industry products. In the absence of any dgnificant
change with respect to past deve opment, asis the casein this dissertation (the future cultivation

areas were based on the past development), it can well be argued that through time series modelling
the possible effects of wood supply on roundwood prices are transferred to the future. Thislatter
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argument entails a "static balance framework" adopted here. The stand and orchard seed options
are constrained to reflect past, realized magnitudes of annual seed supply and cultivation area. All

the abovementioned led to using identical unit stumpage prices for improved and normal stands.

Relevant differential costs

Generally, only those costsrelated to courses of actions which further generate benefits should be
taken into account in assessments. Moreover, in differential approach only the costs which can be
distinguished between different alternatives are relevant - usually identical costs areignored in the
analysis. In the identifying process of differential costs a standard of comparison need to be
established. Stand seed acquisition was chosen to be that standard in this dissertation. Each activity
executed within the seed orchardswas compared to the corresponding activity related to stand seed
acquisition. Then, according to this comparison differential costs were formed. Any absence of
corresponding activity in stand seed acquisition brought about a differential cost. The establishment
of seed orchards is an example of this absence. The main classes of differential costs, C*" in this
work were: annual management of seed orchards, progeny testing and administration (related to
seed orchards).

Two separate aspects underlying the differential costs should be addressed in this connection. First,
it was assumed that areas where the genetically improved material (i.e. orchard seed) will be used
would otherwise be cultivated with stand seed or regenerated naturdly. This assumption is critical
with respect to that it excludes the posshility that the subsidy (to tree breeding) itsdf would cause
distortionsin aform of, e.g. cultivating poorer stes thanitis generdly profitable (cf. merit goods;
Ward & Deren 1991). Stated differently, the annual cultivation areafor stand seed and orchard seed

was the same.

The second assumption is more restrictive. It is known de facto that only relative prices matter in
determining demands and supplies (see, e.g., Myles 1995). In the assessments any possibility for a
changein relative input price of stand and orchard seed production wasignored - in other words the
differential costs were only constrained to trend development assuming that they will be fixed
within the time horizon adopted here. Thisis tantamount to saying that therewill be no changesin

cost functions which could alter resource alocation by the magnitude which would invalidate the
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initial comparison. Such changes in cost functions could result from, e.g. tightened safety regula-
tions on stand seed collections, new technology for cone extraction of orchard seed or intensfied

progeny testing.

There is another way of viewing the problem. If there will, in spite of all, be consderable changes
in relative input prices (in a sense that resources are moved from one dternative to another), those
changes can be considered to favour ether stand seed acquistion or seed orchard activity. Viewed
in this fashion the results of the assessments can beinterpreted as overestimations or underestima-
tions of the profitability of seed orchards, respectively. Presently, however, it seemsthat there will
be no drastic changes in cost functions in the near future (see, e.g., Mannyn... 1997). Findly, any
attempt to forecast the possble changesin relative input pricesinvolves so much speculativeness

that it would be more secure to adopt the abovementioned concepts of over- or underestimation.

The differentia approach adopted here somewhat simplifiesissuesrelated to forestry in general. For
example, tax effects (with regard to relative efficiency, see Ovaskanen 1992) can be assumed to be
smilar for natural stands and improved stands due to the initial problem confrontation. Moreover,
it can be argued that this comparison of two statesis less sengtive to possble falures or miscalcula-
tionsin the main procedures of assessments than an assessment for economic optimum. Because the
difference between stand seed acquisition and seed orchard activity does not directly relate to actual
markets, it can be argued that it does not have any sgnificant effect on other markets prices ether.
This can also be seen as a drawback which excludes further (formd) examination ariang from the
fact that the eval uated differentid values do not correspond to actual input markets (e.g., compensa

ted demand curvesfor labour cannot be constructed).

In this problem-setting it was assumed that forest measures, for instance, thinnings of saplings might
occur earlier in improved stands than in normal stands, especially with Scots pine (see Ahtikoski
1997). The earlier timings of the thinnings of sapings in improved stands were assumed to offset the
possible higher costsinvolved, resulting in a zero cost-difference with regard to decison rule, NPV
(see Appendix 2). Thisagppliesto harvesting costs as well (bearing in mind that the harvesting costs
relate to benefits which are discounted earlier than in normal stands). In addition, cultivation costs

were presumed to be identical for improved and normal stands and thus have no effect on the



analysis (Appendix 2). Further, it can be suggested that there was no significant difference in
extraction costs of cones either. This is based on the fact that currently the extraction costs are
more or lessidentical for stand and orchard seed (see, e.g., Ahtikoski 1996a), or aternatively, they
cannot be separated with the accuracy neededin this andysis.

2.1.3 Economic efficiency and cost-benefit analysis, CBA

The subsidy to forest tree breeding, consdered as a cost of tree breeding, is expected to generate
benefitsin the far future. Before valuing these costs and benefits two fundamenta questions should
be answered. First, from whose point of view are the assessments conducted, and second, how are

the costs and benefitsvaued, i.e. what are they compared to ?

In general, two main functions of government can be distinguished. First, "allocative" function
consists in the provision of public goods and the removal of externalities on efficiency grounds,
subject to Pareto prindple. The other, "redistributive” function refersto the redistribution of wealth
(through income transfers or services) from one section of society to another (Sdf 1993). Someti-
mes another function of government, namely the stabilization function, is brought up. Government
pursues a stabilization objective by using instruments of, e.g., fiscal policy in an attempt to aid
restoration of generd equilibrium (e.g., Peacock & Shaw 1976, Brown & Jackson 1991). Especial-
ly, fiscal policy isaimed at internal objectivesin order to exert impact on aggregate demand

(Stevenson et a. 1988). The fiscal viewpoint, however, is in this dissertation ignored due to
following grounds. Fiscal policy implies to relatively short-term balancing of the government: the
possible feedback effects of, e.g. salaries and taxes related to a project would influence at most two
to three years. On the other hand, seed orchards are commonly regarded as a considerably long-
term activity (see, e.g., Talbert et a. 1985, Thomson 1989, Bhattacharyya & Lyon 1994, Carson et
al. 1999). Findly, the main emphasis of this research was admittedly on the efficiency aspect. This

left the stabilization and redistributive functions of the government for lesser attention.
The state (government) intervention is usually evaluated on efficiency grounds (e.g. Atkinson &

Stiglitz 1980). Economic efficiency relates to the value of society's consumption over time: when

economy isfunctioning in away that maximizes this value, economic efficiency is attaned (Ward &
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Deren 1991). Broadly speaking, economic efficiency (also referred to synonymously as Pareto
efficiency, Pareto optimality or allocative efficiency) is about making the best use of limited
resources given people's states (Barr 1987). For a government to be able to restore the requisite
conditions for economic efficiency, the projects should be appropriately valued: costs defined
relative to their opportunity costs (socia costs) and benefits relative to their effect on the fundamen-
tal objectives (socia benefits). Principally, the government subsidy to seed orchards dters the
alocation of resources and further changes the socia welfare function (for more detailed
information on socia welfare functions see, e.g., Dasgupta & Pearce 1978, Honkapohja & Niskanen
1984, Aronsson 1997). This change in the social welfare is measured according to the social costs
and benefits.

In thisdissertation the assessments concerning the (present and next-generation) seed orchards are
conducted from the society's viewpoint in the sense that the economic impacts on socid welfare are
taken into account with special reference to public decision-making enforced by the Ministry of
Agriculture and Forestry. Thisisin accordance with the viewpoint of anation as a project-operating
entity: could the same benefits derived from the seed orchards be obtained with lower cost or with
less use of nation's resources ? Here, as in most cases, the nation is taken as a unit of society
(Gregersen & Contreras 1992). In the background of the assessments there is an essential prere-
quisite: roundwood is assumed to be the main source of material in the wood processing industry
aso inthefuture. This assumption specifies somewhat the study context by restricting the possible
alternatives to two: stand seed acquisition and tree breeding. In addition, in this connection the
following aspects must be emphasized. The possible (and relevant) aternatives to forest tree
breeding activity from the society's point of view are more intensive silvicultural management (incl.
fertilizations, ditching, artificial regeneration) or to import the roundwood. If any comparisons with
respect to economic efficiency between these alternatives are to be made, the same calculation
principles must be adopted. These principles include, e.g., methods for determining costs and
benefits in terms of common denominator (Squire & van der Tak 1981), a priori chosen discount
rates(s) and expressing the quantities at net present value. However, this work concentrated on
determining whether seed orchards are economicdly justified from the society's viewpoint per se -
the initial purpose was not to find the economicaly most efficient way to supply roundwood (raw

material) to wood processng industry.
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In order to be able to ensure that scarce resources are dlocated efficiently (i.e. maximizing society's
consumption over time: see Ward & Deren 1991) a common methodology is heeded. One such
methodology which is consistent to restoring the requisite conditions for economic efficiency is
cost-benefit andlyss, CBA (seg, e.g., Brown & Jackson 1991, Layard & Glaister 1994, Brent 1996).
Prior to proceeding it should be clarified that there is a difference between the theory of the
economic optimum and the theory of the comparison of economic states. The theory of the
economic optimum, generally called welfare theory (welfare economics), tries to determine those
conditions in an economy for which an optimum state exists. The theory of the comparison of
economic states, generaly called cost-benefit analysis, on the other hand, attemptsto find how to
compare any two states of the economy, neither of which need to be an optimum (Lesourne 1975).
Thisisthe case here: seed orchards and naturd stand seed acquidtion are compared to each other.
Typically cost-benefit analysisis applied to situations where some (or al) of the benefits and costs
areyet to come, i.e. during the project identification and preparation stages (e.g., Layard & Glaster
1994). With thisrespect CBA isan ex ante methodology.

A project brings about a Pareto improvement in welfare if it actually makes some people better off
without making anyone worse off ( Pearce & Nash 1989) - this is tantamount to saying that the
project has met Kador-Hickstest (e.g. Pearce 1976). Further, CBA is consistent with the assumpti-
on that socia objectives can be defined in terms of individuals' preferences (Dasgupta & Pearce
1978). Individuals preferences can be (indirectly) revealed by vauing theinputs and outputs on the
bass of individuals true willingness to pay (WTP) for them (e.g., Ward & Deren 1991, Gregersen
& Contreras 1992). It should be noted that sometimes "value in use" isused to refer to WTP
(Gregersen et al. 1995).

WTP can be split into two parts: what the consumer pays, and the excess of what theindividual is
willing to pay over what isactually paid. The excessis called consumer surplus (e.g., Schmid 1989,
Brent 1996). This is one main reason why markets, even if they are competitive, fail to measure
socia benefits of projects which are large. Consumer surplusis not, however, generally important
for small or even medium sized projectsin a competitive environment, when the demand curve for
the product is fairly elastic (Abelson 1979). This is the case also here: consumer surplus as an

indicator for the WTP can be ignored since the demand for roundwood, especially for sawlogs, is
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elastic both in the long and short term (e.g, Toppinen 1998). In addition, tree breeding can be
considered to be arelatively small project. The latter can be well argued by comparing, e.g., the
Finnish total budget and the subsidy granted for tree breeding: the ratio for 1999 was approximately
1000 to 1 (Vdtion...1998). Asa concusion, aternative indicators for the WTP were developed for

thiswork.

Traditionally CBA has been a widely applied framework in public project appraisals (see, e.g.,
Dasgupta & Pearce 1978, Brown & Jackson 1991, Layard & Glaister 1994, Brent 1996). However,
it has been adopted less frequently to forestry, at least in its conventional form (see, e.g., Johansson
1987, Pearce & Turner 1989, Pearce 1994). Further, the conventiona CBA has been used for
assessing tree breeding programs only occasionaly during the last decades (see, e.g., Rellly &
Nickles 1977, Ledig & Porterfield 1981, Gregersen & Contreras 1992). Reasons are multiple for
not applying CBA in tree breeding, but two particular aspects should be pointed out. First, tradi-
tional cost-benefit rules are to some extent mideading when applied to non-renewable or renewable
natura resources (e.g., Nautiyal & Rezende 1983). For example, multiple uses of natural resources
cause significant complications in the conventional CBA framework implying that aternative
approaches could tackle the problems better. In particular, it has been demonstrated that socially
optimal rotation might differ from the Faustman rotation, especialy when the economy suffersfrom
market imbalances like unemployment and excess demand for timber (Johansson & L 6fgren 1985).
Second, and more important, in the majority of countries tree breeding is financed by private
companies (see, e.g., Strategi...1995) - thus, thereisno actud need to evauate the profitability of
tree breeding from the society's viewpoint. Rather the profitability is calculated, e.g. by studying the
conditions under which seed orchards is a profitable private investment (see, e.g. Williams &
deSteiguer 1990, Lowe et d. 1999). On average, a smple financia analysis sufficesfor an adequant

means to conduct the assessments from the privatefirm'sviewpoint.

In this dissertation, however, CBA is applied on the following grounds. First of dl, the harvesting
schedules were not based on either Faustman rotation (cf. Gong 1991, p. 11) or financia rotation
(cf. Fins & Moore 1984, p. 675). Instead, the harvesting schedules were smulated according to
prevailing silvicultural recommendations reflecting mainly an assessment of an economic state rather

than determining an economic optimum (see Lesourne 1975, p. 3) - so CBA methodology is wel
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justified with this respect. Secondly, the specific feature of tree breeding in Finland is that govern-
ment has subsidized it practically in full from the early stages - the presence of public funding
indicatesthat the role of economic efficiency should be brought out, and this can be executed with
the CBA framework. Finaly, due to the strong reliance on empirical context and to ex ante
approach of thisdissertation (e.g. possble differential benefits of tree breeding has not yet occurred)
cost-benefit analysis matches for a tenable methodology.

2.1.4 Shadow pricing

Having identified the relevant outputs and inputs the next problem isto determine an appropriate set
of prices which is based upon the efficiency criterium (Jackson & Brown 1991). Under perfect
competition marketswill automatically achieve economic efficiency, and prevailing market prices as
such can be used as margind valuations imputed to inputs and outputs (Pearce & Nash 1989, Ward
& Deren 1991). However, due to widespread market failures and imperfections (e.g., monopolistic
competition, externdities, public and quasi-public goods) market prices are seldom Pareto-efficient
and must, therefore, be adjusted by shadow pricing (e.g., Mishan 1988, Ward & Deren 1991, Brent
1996) before they are used in CBA calculations. Shadow prices are to be used to evaluate the net
impact on welfare of public-sector projects; shadow prices are the social opportunity costs of the
resources used (Dreze & Stern 1994). Dueto limited resources, the use in one project will entail an
opportunity cost - the benefit they (i.e. resources) would have yielded in an alternative. Each output
has an opportunity cost in terms of some forgone dternative (e.g., Dasgupta & Pierce 1978, Starrett
1988, Gregersen & Contreras 1992). Under market failures the prices that are paid may lead to
consumption and production decisions which do not contribute to national economic efficiency
(Ward & Deren 1991).

In this dissertation the need for shadow pricing process arisesmainly from two sources. Firstly, the
prevailing market structures for factor inputs (and also intermediate goods) used in seed orchards
are known to be dominated by imperfect competition (see, e.g., Ahtikoski 1995, Mannyn...1997).
For instance, there have been only a few contractors who collect the cones from Scots pine seed
orchards. Secondly, and more importantly, the Finnish labour market is characterized by a centrdi-

zed wage formation in which trade unions play a crucid role (Kauhanen 1998). The existence of
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trade unions, among other things (e.g. persistently high unemployment rates), imply that the labour
market is influenced by factors which do not reflect the elements of perfect competition. This
combined with the fact that in seed orchards the mgjority of inputs are labour inputs gave rise to
make corrections of market wages by shadow pricing. Without shadow priced inputs and outputs
the results would have reflected misallocations of the resources directed into seed orchards, and in
thewors case might have lead to decisions which are inefficient from the society's viewpoint, and

further, which are inconsistent to other socioeconomic assessments.

Theoreticdly, there are three main methods for calculating shadow prices. The method of Lagrange
multipliersisthe most genera, and can be applied no matter the objective or the constraints, as long
as both of these are made explicit. The second methods follows the "Ramsey rule” (e.g., Dreze &
Stern 1985). The third method involves a shortcut procedure. It relies on using a particular data
sourcethat isdirect and smple dternative to suing market price data, i.e. producer price data (Brent
1996).

In order to evaluate the economic impacts of the project there is in general two sets of shadow
prices gpplicable. So-called first-best shadow prices refer to casesin which the shadow prices would
have been estimated in terms of equilibriawhich would exist after optimal correction of al distor-
tions in all sectors (incl. private sector). On the other hand, second-best shadow pricing refers to
prices which do not assume that these corrections have occurred, or will occur in al sectors (Ward
& Deren 1991). Theterm second-best shadow pricing derivesfrom the theory of second best which
assumes that we can have no assurance that meeting some but not all optimum conditions will make
us better of (e.g., Polkinghorn 1979). Second-best shadow prices take into account several inherent
conflicts and tradeoff facing managers of the public sector, in other words they leave some sectors
intact emphasizing those sectors which are most affected by the project. Especialy with a small
project assumption (Boadway & Bruce 1984, p. 292) second-best shadow prices are commonly
used - so is the case here. First-best and second-best shadow prices are closely related to the
distinction of general and partia equilibrium models (for further details see, e.g., Mas-Colell et d.
1995, Dinwiddy & Teal 1996).
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In this dissertation the shadow pricing procedure was conducted separatively for differential benefits
and costs. Differential costs were divided into three "cost classes' (Figure 2.4) which in most part
(app. 90-95%) generate the total differential costs of seed orchards. Thisdivision into cost classes
isandlogousto the basic ideathat there are key sectorsin the economy (Dasgupta & Pearce 1978,
p. 111). Each cost class congsted of subactivities, and the inputs (such as labour) of these subactivi-
ties were finally shadow priced (Figure 2.4). Prior to shadow pricing, however, transfer payments

Differentia costs

D e

Cost class Cost class Cost class

(e.g. annual (progeny testing) (administration)
management)

Subactivity Subactivity Subactivity

(e.g. weeding,

fertilization

roguing)

Y

Input categories:
labour/skilled -+
|abour/semiskilled

Removal of taxes and
social security payments

intermediate goods *

contractors’ fees
Shadow pricing according
to prevailing market

structures of the inputs

land

" miscellaneous’

Figure 2.4. General shadow pricing procedure.

41



such as taxes and social security payments were deleted from the financial values of the inputs
(Figure 2.4). This is due to the fact that transfer payments do not represent direct claims on the
country's resources but merely reflect a transfer of the control over resource alocation from one

member or sector of society to another (Squire & van der Tak 1981, pp. 19-20).

The main shadow pricing procedure of differential costs was conducted by estimating the market
structure for each input so that the divergency between prevailing market price and the price
reflecting perfect competition (i.e. Pareto-efficient equilibrium prices) could be determined. The
initial purpose for this detailed examination was to catch and further quantify the specific features
prevailing for each input in seed orchards. In practice this was done by specific coefficients which
are andogous to generdly applied conversion factors (see, Ward & Deren 1991, p. 75) referring to
the ratio of the economic value to the financial value of items in the project cash flow. These
coefficients varied between 0.6 and 1.0, and they were study specific. In other words, the coeffi-
cients were evaluated separatively in each study (further discussed in empirical studies). To some
extent, this empirical approach can be seen as case-sensitive implying alack of generability, but on
the other hand, the detailed examination of market structures supplies important information that
can be used asabasisfor designing palicies to remove the market distortions (see, Squire & van der

Tak 1981). Formdly, the shadow pricing of theinputs could be presented by formula:

M

sp, - |V, - 1P| o, [2.2]
where SP= shadow price for input i

FV = financid vaue, i.e. market priceforinput i

TP= transfer payment of input i

CM= coefficient reflecting the prevailing market structurefor input

I (e.g. oligopolistic competition, monopaly), < 1
The shadow pricing of differential benefits was much simplier than that of differential costs. In

short, stumpage prices were assumed to reflect correctly the social costs involved (see Appendix

3 for further details).
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2.1.5 Discounting process

Background

After having identified the differential costs and benefits and having them shadow priced properly
the next task in the calculation process was to commensurate the future units with current units.
This was done by discounting, i.e. "downgrading” the future benefits and costs to present. The
applied discount rate was indisputably one of the most decisive factors affecting the profitability.

For this reason the discounting process should be examined in detail.

General

The two fundamental causes which determine the rate of interest are time preference (noted as
subjective element) and investment opportunity (objective element). Discounting (computing from
future to present values) isessentia in time valuation, that is, the problem of ascertaining the capita

value of futureincome (Fisher 1930).

The choice of a suitable rate of interest with which future net benefits are to be discounted has
occupied a major part of the discussions on CBA, especialy when the decision criterion is NPV
(although also the IRR method involves a predetermined interest rate to which the calculated
internal rate of return is compared; Irvin 1978). Choosing a suitable interest rate is of vital impor-
tance for a number of reasons. First, if too low a rate of interest is chosen, socialy inefficient
projectswill be undertaken. Conversdly, if too high aninterest rateis chosen efficient projects will
fail to clear the hurdle of acceptability. Second, what is at stake in the choice of adiscount rateis
the allocation of resources between the public and the private sectors of the economy (Brown &
Jackson 1991). If a unit of resource is extracted from the private sector to build a public project,
what is its opportunity cost ? Rates of return on private investment should be observable and
relevant. But many such rates can be observed with respect to different industries and financial

instruments and these opportunities differ among individuals.
The market value is afunction of expected future income and the discount rate, and thereis never

certainty as to whether the result is a matter of discount rate or differences in expectations. Some

analysts (e.g., McKean 1958) suggest that with capitd rationing, the relevant opportunity cost for
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any public project is another public project. Thus, the rate of discount rate should be the rate of
return on the marginal project. However, the problem arises when defining the marginal project
(Schmid 1989). For a private firm the true cost of capitd for an investment should be a function of
the risk in the cash flows generated by the investment and the marginal debt capacity of the
investment (Fortson 1986), but problems arise when determining the marginal debt capacity from

the society's point of view.

Determining the social discount rate (SDR) is analogous to finding the distribution weights. Both
distribution weights and the SDR involve attaching coefficients to the benefits and costs. For
distribution weights, one values the benefits and costs that go to different individuals at the same
point of time; while for the SDR, one values the benefits and costs that go to the same individuals
at different points of time (Brent 1996). There are two main candidates to measure SDR, the socid
opportunity cost rate, SOC (denoted also as SOCC or SOCR) and the social time preference rate,
STPR (denoted also as SRTP) (e.g., Pearce & Nash 1989, Brown & Jackson 1991 , Brent 1996).
Briefly, the social opportunity cost of capital, SOC, is a measure to society of the next best
aternative use to which the resources employed in the public project might otherwise have been put
(Brown & Jackson 1991). The STPR, on the other hand, assigns current valuesto future consump-
tion reflecting society's evaluations of the relative desirability of consumption at different periods of
time, i.e. STPR tries to use discount rate to reflect society's valuation of future consumption
(Pearce & Nash 1989, Brown & Jackson 1991, Gregersen et a. 1995), or put it differently, to
evauate society's preference for present consumption at the expense of more rgpid growth (Greger-
sen & Contreras 1992). Only if the assumption of optimal investment holds, these two rates will
"conflate’ to onegnglerate. But it is precisely because opinion favours the view that economies do

not operate at the optimal level of invetment that these two divergent rates exist.

Technically, the difference between the SOC and the STPR can be explained by the following
reasoning (Baumol 1968). Assume that government can borrow at the rate of s, and assume further
this government's borrowing rate is equal to the STPR. Let there be a corporation tax equd tot,
which islevied on the profits of private industry. From the private company point of view, sharehol-
ders will expect at least s per cent, otherwise they will secure better returns by lending to the

government. But to provide themwith s per cent or more, companiesmust earn a gross rate (r,



SOC) of §/1 -t since't per cent disappearsin corporate tax. Sdf-evidently,

> s [2.3]

sincet isless than unity.

There are two reasons why the rate of return on privateinvestment is relevant to discussion of the
social discount rate. First, the notion of asocial discount rate arisesfrom the view that the cost of
capital in the private sector is an ingppropriate measure for evaluating government spending. An
opposing view isthat government should employ the same measure of capital cost as citizensdo. To
determine the practical significance of this difference in viewpoint requires both numerical specifica
tion of asocid discount rate and estimation or measure of the private sector rate. Secondly, if there
isadifference between the two rates, a method must be worked out for dealing with the problem of
possible misalocation of resources. In other words, to employ a social discount rate as afeature of
the government's resource-allocation apparatus requires information about the profitability of
private investment that will be displaced or stimulated by the government's investment behaviour.

However, theideaof "the" rate of return on private investment isitself an abstraction. The concept
follows from equilibrium theory, in which rates of return obtainable from investment in many
activitiesare equalized. Financial information (i.e. empirical counterparts of the theoretic concept),
at best, may provide insight only into average rates of return. Yet it isthe marginal rate of return
that isrelevant to resourceallocation. (Stockfisch 1982, p. 258).

The market rate of interest can be used to measure the social discount rate, SDR only if so-called
"firg-best" optimum exists. Thisindicates that the only constraint affecting welfare maximizationis
the production function. If there exists some additional constraint, the one is in a "second-best
world". In developed countries (such as Finland), transaction costs and capital taxes are imposed
that drive a wedge between what investors are willing to pay and savers are willing to receive. As
long asthereisan additiona constraint (e.g. capital taxes), the market rate of interest should not be
used asthe SDR (Brent 1996).
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It would be difficult to mount a decisive casefor or against any rate of discount rate governments
might to choose, but it is still fair to say that the lower part of the discount rate range would be
associated with the STPR approach, and the higher values recommended by the SOC advocated
(Brent 1996). Sometimes the casefor usng asocid rate of discount lower than the private rate has
been argued on the following grounds. super-responsibility argument (the government has also
responsibility to future generations), dual-role argument (some members may be more concerned
about the welfare of the future generations than their day-to-day market activities) and isolation
argument, which statesthat members of the present generation may be willing to join in a collective
contract of more savings by all, though unwilling to save more in isolation (Sen 1982). The last

argument isthe most controversial which is elaborated on by ,e.g., Harberger (1964).

The variance of the rate of return declines with the duration of the investment and therefore the
maximum rate of return also declines with the duration of the investment (Binkley 1981). In
addition, there are studies (e.g., Klemperer et d. 1993) suggesting that the appropriate risk premium
(and thus the resulting compound discount rate) may decline with lengthening payoff period for
many forest investments, although forestry investmentsin general are not considered risky (Thom-
son 1989). However, it can be concluded from the above that it is well grounded that with long-
term projects such as tree breeding the lower part of the discount rate range should be applied. This
view is supported by a recent, technically stressed study (Weitzman 1998). In addition, lower
discount rates imply that more resources will be made available to the future than with higher
discount rates (Binkley 1981). Thisisin accordance with the growing concern about sustainability

(of natural resources).

There aredternatives to conventiond (also denoted as standard) discounting to be applied in public
investment calculations. To name few, dual rate approach (Manning 1977), modified discounting
(Kula1988) and logarithmic discounting (Heal 1998) have been suggested. In dual rate approach a
"social discount rate" is being used for long range investments affecting future generations, and a
more normal rate is being used for harvest scheduling. However, there are some drawbacks with
this method. For example, the initial amount of public funding has to be divided in order to
commensurate these different results with different discount rates to other projects net benefits.

Usudly, thisismore or less obscure. In modified discounting method discount factors are weighted
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according to the structure of the population in terms of its generation. The effectis to give higher
weightsto future costs and benefits than under conventional discounting (Kula 1988). Logarithmic
discounting measures time by equal proportional increments rather than by equal absolute incre-
ments. Logarithmic discounting at some given discount rate places very much more weight on the
long-term future than does exponential (or conventional geometric) discounting at the same
congant rate. This method impliesthat in discounting we measure distance into the future according
to the logarithm of time. The underlying ideais so-called Weber-Fechner law which says that human
responsesto achangein astimulus are nonlinear and are inversely proportional to the existing leve
of the stimulus (Heal 1998).

Before selecting the discount rate(s) in the NPV method, there is one important task to be done.
Namely, the effect of inflation must be taken into account. One must either estimate the rate of
inflation (assuming that it will be identical for costs and benefits) and add it to the appropriate
discount rate or express al flows in constant prices before discounting (Irvin 1978). The latter

technique was applied here, and the current prices were deflated by the whole sale priceindex.

Applicable discount rates for Finnish conditions

In Finland return on forestry has exceeded inflation by app. 3% during the last two decades, years
1972-1994 (Penttinen et a. 1996). Thus, it might be advisable to take this 3% as a starting point for
the discount rate, although this percentage does not originate from the public-sector forestry
investments, but from an "overall" return of forestry. Nevertheless, there is little support to select
any particular discount rate for public-sector investment in Finland due to the lack of empirical
sudiesdeding with the issue. An earlier study (Bjork 1984) suggested that the range of 3% to 7%
is empirically justified in government projects in Finland, depending on the particular theoretical

framework applied.

2.2. Seed producers viewpoint
2.2.1 Profitability conditions for asingle firm

In its simplest form, the profitability for a single firm producing orchard seed can be calcul ated by

subtracting production costs from sales revenues. Formally, this can be presented by the following:
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P -pflq, x) -cq -zx [2.4]

, Where P = profitability for asingle firm
g = labour input
X = other inputsused in production
f(qg,x)= production function
p= price for orchard seed produced according to f(-)

C, Z=given prices for inputs gand X, respectively

In this dissertation the focuses with regard to financia profitability were a) to examine the overall
conditionsfor postive P; (P4 >0), and b) to estimate whether there are possble economiesto scale
still to be exploited. The solutions for profit maximization conditions were left in the background.
Thesetasks(a, b), however, required first that the definition about the time period had to be made.

2.2.2 Short run and long run

In order to be able to analyse the output decisions made by a single firm (producer) two separate
aspects should be underlined. First, output decis ons must be andysed with respect to time period,

and second the market environment need to be described (Varian 1987). However, in this disserta-
tion the latter issue (market environment) isnot examined as such. Thisis due to the established fact
that there are only afew orchard seed producersin Finland (see, e.g., Metsanviljdyainei stotyoryh-

man...1994, Mannyn...1997), indicating an oligopolistic market structure. Rather, the issue is
surveyed by quantifying the essential functions determining the orchard seed markets in order to

estimate whether there are possble economies of scale ill to be exploited.

The short run is defined as that period of time in which there are some fixed factors - factors that
can only be used in fixed amounts. In the long run, on the other hand, the firmisfreeto vary all of
the factors of production. In other words, in the long run the firm isfree to choose the level of all
of itsinputs (e.g. labour, capital, machines) whilesin the short run it may be very difficult to adjust
some of the inputs. Fixed costs (due to fixed factors) are the costs that must be paid regardless of

what levd of output thefirm produces. However, thereisno rigid boundary between the short and
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the long run: the exact time period involved depends on the problem under examination. Moreover,
there may till be quasi-fixed factorsin the long run, for example it may be afeature of the technolo-

gy that some costs have to be paid to produce any positive level of output (Varian 1987).

Formally, the difference between the short run and long run can be presented by the following:

c@k) , cO) [2.5]
y y

where k'= fixed plant Sze
c(+)=tota cost function

y= output

Thisiscondstent to saying that the firm must be able to do at least aswdl by adjusting plant size as
by having it fixed (Varian 1987). In this study contextlong runinstead of short run was chosen due
to two reasons: the long time horizon involved in seed orchards and technical restrictions; higher-

than-annual frequency data on orchard seed sales was not available.
2.2.3 LAC curves, MES, market demand and price elagicity of demand

Generally, after profit maximization condition (also denoted as margina condition, MC=MR,; see
Varian 1987, Hirshleifer & Glazer 1992) is satisfied the perfectly competitive firm has to check
whether it ismaking losses at that output level (Begg et al. 1994). In the checking process long-run
average cost (LAC) curves are essentid. They determine whether to shut down or stay in business:
if in the profit-maximization output level the selling price (which equasmargind revenuein perfect
competition) is higher than long-run average costs, then the firm is making profits. On the other
hand, if price isless than long-run average costs, the firm should leave the industry. The checking
process applies also to monopoly and imperfect competition, athough, e.g. the monopoly price

usually exceeds marginal revenue.

One applicable method to reveal the market structure isto examine the LAC curves and minimum
efficient scaes (MES). Minimum efficient scale indicates the point at which the LAC curve first
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becomes horizontal (Begg et al. 1994). Stated differently, MESis the point where dLAC/dx = 0 (x
is output). By comparing the MES relative to the output of the industry as a whole, estimates
about the prevailing market structure can be made: large proportionsindicate imperfect competiti-
on, e.g. oligopoly. One gpproximation of theoutput of the industry can be given by the market (also
denoted as industry) demand curve, because market demand curve reflects the sum of individua
demand curves at each price (e.g., Friedman 1976), and also indicates the realized output which has
been produced at the prevailing price. The market demand for a good can be presented by the
following (Varian 1987):

n

1
Xl(p1>p2>m1>“‘mn) = E xX; (p1>p2>mi) [26]

i=1

X*Y(p,,...m,) = aggregate market demand for good 1
where x.*(p,,p,,m) = consumer i's demand function for good 1
p,, P, = pricesfor goods 1 and 2

m; = consumer i's income

The geometric interpretation of the aggregate demand curveis that individuas demand curves are
summed horizontally (Varian 1987).

The responsiveness of quantity to price changes is measured by the elasticity of demand (e.g.,
Stigler 1970, Friedman 1976, Parkin 1997). This price elasticity of demandis usualy measured by
the percentage changesin price and quantity in order to have an elagticity measure that is indepen-
dent of the units in which price and quantity are expressed (e.g., Friedman 1976, Varian 1987,
Hirshleifer & Glazer 1992, Parkin 1997). Formally presented by (Hirshleifer & Glazer 1992):

ox/x
n:- [2.7]
oP /P,

where n, = price elasticity of commodity x

P, = price of commodity x
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Demand is said to be elastic if the price elasticity (denoted by n, here) is more negative than -1.
Demand is inelastic if the price elasticity lies between -1 and 0 (Begg et a. 1994). In words the
former (elastic demand) means that the quantity demanded is very responsive to price: if the price
isincreased by 1 per cent, the quantity demanded decreases more than 1 per cent (Blair & Kenny
1982, Varian 1987). However, it is noteworthy that since elasticity is usualy changing along a
demand curve, it is generally wrong to identify a demand curve as elastic or inelastic; it would be
correct to say that in the neighbourhood of some given price, the demand is elastic or inelastic
(Hirghleifer & Glazer 1992). In genera the elasticity of demand for a good is determined by the
closeness of subgtitutesfor it, the proportion of income spent on it and the time lapse since its price
changed (Parkin 1997).

One of the most important reasons for employing the elasticity concept (when deding with demand
curves) is that it provides a convenient method of indicating the behaviour of total receipts. The
change in tota receipts depends on two factors. the change in price and the change in quantity
(Friedman 1976). The relationship between (price) elasticity and total revenue can be tested by totd
revenue test, which isamethod of estimating the price elasticity of demand by observing the change
in total revenue that results from a price change (with all other influences on the quantity sold
remaining unchanged). If a price cut increases total revenue, demand is elastic; if a price cut
decreasestotd revenue, demand is inelastic (Parkin 1997). This relationship can be aso discovered

from the following formula (Varian 1987):

AR D-1e@)]] [2.8]
Ap

where AR = changein totd revenue
Ap=changein price
0= quantity demanded
e(p)= price elasticity of demand

51



2.3 Private forest owner's viewpoint

2.3.1. Decision making environment

The most desirable decision is one which is preferred by the decison maker after taking into
account not only monetary value, but also other factors such as the risk associated with the
outcomes (Anderson et al. 1994). The risks associated with improved (orchard seed) and unimpro-
ved (stand seed) materia either in direct sowing or in planting can be consdered to bemore or less
identical, and thus they can be ignored. Also the risk associated with, e.g. fire occurrence (see
Caulfield 1988) can a priori be expected to be identical for both material. In this connection,
however, it should be brought out that previous studies (e.g., Vendainen etal. 1994, Ahtikoski &
Pulkkinen 1999) have indicated that there might be small differences in vitality (measured by
survival rates) especialy in direct Scots pine sowing. On the other hand, in large-scale (national)
silvicultural practice the divergence cannot be converted into monetary value without substantial

speculativeness involved in the process.

For aprivate forest owner there are two artificid regeneration methods. he can sow either seed or
plant seedlings. In direct sowing of commercid tree speciesin Finland (Scots pine, Silver birch and
Norway spruce) the seed material costs build up approximately 70% of the total sowing costs
(Kinnunen 1997). Thus, for a private forest owner, as a rationa decison maker, it is of vital
importance to choose the most cost-effective seed. In this connection it is assumed that a forest
owner is acting rationdly, i.e. maximizing utility (see, Arrow 1992: utility maximization and
rationdity). For al commercia tree speciesgrown in Finland there are only two dternativesfor seed
material: (natural) stand seed and orchard (improved) seed. The cost difference between the stand
and orchard seed materia doesexist, and varies between tree species, but in recent yearsit has been
smallest for Scots pine (e.g., Hanninen 1995, Kinnunen 1997).

The orchard seed possesses a potential for higher total outturns compared to stand seed in aform
of better vitality and better growth properties. The expectations with regard to higher outturnsin
the future might be reflected by a higher willingness to pay for orchard seed (WTP,) than for stand
seed (WTPR) , i.ee WTP, SWTR,. Thus, it iseconomically justified for private forest owners (under
rationality assumption) to pay more for orchard than stand seed, given that higher outturns can be
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realized in the future.

In planting, seed material costs form only a very small proportion of the total production costs of
seedlings, say 1-3%, and with some species (e.g. Scots pine) these costs cannot even be separated

from other production costs. Moreover, it can be argued that:

c (s, m, a) = c,(sy, m, a) [2.9]

,Where:

C,(*) = tota cost function for seedlings made of orchard seed

cy(¢) = total cost function for seedlings made of stand seed
S,= Seed material costs when using orchard seed
Sy= Seed material costs when using stand seed
M= management costsincl. e.g. cogsof nursery sowing, fertilization,

culling, transport: i.e. direct production costs of seedlings

a= administration cogsincl., e.g. costs of marketing, rents,

and salariesof supervisng personnel

In words formula [2.9] means that the total costs of production of seedlings are more or less the
sameregardlessof seed materid origin. Thisis coherent to saying that the prices of seedlings facing
aprivate forest owner are identical for seedlings grown from stand seed and seedlings grown from
orchard seed.

2.3.2 Difference investment method for profitability calculation

Difference investment method is preferred to the sole comparison of the NPV's under imperfect
capital markets (i.e. borrowing rate of the financial market, r, does not equal to the yield rate on
financid market investments, r) and when discount rate is changed intertemporarely (Ollongvist &
Kaanus 1992). Moreover, when there are only two alternatives to compare (as is the case of
choosing seed material for direct sowing), the difference investment method is preferred to
dternatives. In difference investment method the difference of net benefits at present value instead
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of net present valuesisbeing (Ollongvist & Kaanus 1992) examined:

o

a, - bi
O, - y , [2.10]

i=0

v,
J

0

e’

, where:
I = difference investment (FIM)
a, b, = forest investments
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LM ~
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Informula[2.10] 1T, > O indicates that investment a isto be preferred to investment b (Johansson
& Lofgren 1985, Ollongvist & Kaanus 1992). In the difference investment method the discounted
costs are subtracted from the discounted benefits resulting in net benefit within each time period.

These separate time periods constitute the final time horizon relevant to problem setting.

The profitability of using orchard seed in direct sowing was calculated by applying the difference
investment method (Ollongvist & Kaganus 1992), and it was evaluated from the private forest
owner's point of view. The present value of the outturns in normal (i.e. unimproved) stand was
subtracted from the present value of the outturnsin an improved stand. Then, the initial sowing cost
difference (between orchard and stand seed) was subtracted fromthisfigureindicating a net benefit
at present value as the original article suggests (Ollonqvist & Kaanus 1992). Formaly,

Ty= 2 JT,» D) - Y NS, + (D) - (CS)-CS)) [2.11]
where:

= Net benefit, FIM/hectare
JT =financia value, FIM/ha (assessed by using trend stumpage
price asaunit of measure) of athinning or final cutin
an improved stand

NS,= financial value of athinning or final cut in



anorma stand without genetic gains
D,= discount factor (see Table 2.1)
t,= time (in years) of the first commercial thinning in an improved
stand
n,= time of the first commercial thinning in anatural stand
tt=time of the final cut in an improved stand
nn=time of the final cut in anatural stand
C 4(S)= initial sowing cost (FIM/ha) when using orchard seed
C (S)=initial sowing cost (FIM/ha) when using stand seed

2.3.3 Choice of adiscount rate

Thereisno rigid rule for gpplicable discount ratesto be used in private forest investments, but some
principles about the rate can be given. First, a higher rate can be expected to be applied for a
nonindustrial private forest owner (NIPF) who operates (e.g. investing forest measures) with loan
money than an NIPF who invests with savings. Second, with increasing risks higher returns are
commonly required (see, e.g., Megginson 1997). Finaly, investments for private forestry are in
general considered as low-risk investments when compared to main aternatives (public bonds and
real estate) - this can somewhat be interpreted by assuming lower interest rates for forestry. In
addition, the roundwood market in Finland has encountered more stable supply and demand

conditions than other raw material markets on average (Hanndius 1997).

The starting point in determining applicable discount rate for private forest investmentsin Finland
is evidently past relative returns on forest investments. Recent studies (e.g. Penttinen et al. 1996,
Tilli 1998) suggest that only relatively low returns are obtainable from forest investments. Returns
of forest investments have exceeded the inflation by approximately 3% (Penttinen et a. 1996)
during 1974-1994. The totd return (ind. forest asset income and theincreasein the vaue of aforest
asset) has varied between 5.8-6.3% during the period 1986-1996 (Tilli 1998). Another study
reported that in 1995 the overall profitability (expressed in percentage) of private forestry was
3.78% for the whole country, ranging from 2.26% to 6.91% (Hannelius 1997).
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2.4 Applied dataand time seriesanaysis

Sumpage prices and time series analysis

The primary idea was to obtain as wide-ranging time series as was possble. Thisisin accordance
with the long time horizon associated with thisresearch. The disadvantage of this procedure was that

it did not takeinto account regiond differences in stumpage prices (see, e.g., Toppinen 1998, Vaara
1998) since the longest available time series of stumpage prices are from national level averages
(Finnish Statigtical ...1999, p. 165). On the other hand, these relatively small regional differences can

be conddered to be well offset by the advantage of obtaininglong time series. The underlying data
for time series modelling mainly consisted of deflated stumpage prices between the years 1950 -

1995 (Appendix 4). From 1996 onwards stumpage pricesin each study wereforecasted according

to the equations presented in Appendix 4. The underlying idea wasto standardize the division into

past and forecasted values across the studies. The deflation rates were calcualted based on the
wholesale price index of domestic goods (Statistical Y earbook of Finland 1997, Table 373).

In this research the main purposes for modelling stumpage time series data were to identify a
possible trend and to forecast the future values according to this trend. No attempt was made to
formulate abehaviourd relationship between the stumpage prices and other variables (e.g., national
income, aggregate demand for forest products, unemployment rate). The ideawasto construct as
simplistic models as possible, but still powerful enough to forecast the future values (see Harvey
1993). Thebest method for the purpose was linear regression by ordinary least squares, OL S (see,
e.g., Koutsoyiannis 1981). In identifying a possible trend in a time series OL S is the most conve-
nient and powerful method since it results in a straight line which correponds the underlying data
(see, e.g., Koutsoyiannis 1981, Chatfield 1989).

With respect to the observati ons there were two issues which should be noted. First, for Silver birch
veneer the initial stumpage prices were from 1975-1995 instead of 1973-1995 (see Finnish statisti-
cal...1998, p.158). The values of the years 1973 and 1974 were omitted because of the oil crisis
occuring at that time - the applied method for modelling (see below) would have resulted in
decreasing future values (i.e, a negative trend) if those values had been included in the andysis. In

time seriesanalysisit iswell justified to omit so-called outliers at the beginning or at the end of the
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series if these observations can be explained by some exogeneous phenomenon (see, e.g., SPSS
1994). Second, time series of softwood logs were used in forecasting the future prices for Scots
pine sawlogs. The time series of softwood logs was considerably longer than that of Scots pine
sawlogs (see, e.g., Finnish Statistical...1998, p. 158 ). However, the future prices of softwood logs
needed to be convertedinto the future prices of Scots pine sawlogs. This was achieved through the
following procedure. The future prices of softwood logs obtained from the linear regression
(Appendix 4) were converted into specific coefficients by dividing each forecasted value by the
value obtained for the year 1995. Next, the value of Scots pine sawlogs in the felling season of
1994/1995 (FIM 238/m?: Finnish Statistical...1998, p.158) was multiplied by these coefficients to
attain the future prices for Scots pine sawlogs. Similar procedures have been applied earlier in
Finland (see, e.g., Keipi & Laakkonen 1980).

Because of the difficulty in including al the important explanatory variables in the equation, time
seriesregresson frequently violates the assumption of uncorrelated errors. This usudly leads to the
goodness-to-fit and significance levels being unreliable (e.g., SPSS 1994). Not surprisngly dsoin

this research linear regressions showed poor statistical behaviour (Appendix 4). Consequently, a
sengitivity analysis regarding the method for forecasting future prices was called for. In each study

the assessments were recalculated with a) the stumpage prices for felling season 1994/1995 (Finnish

Statistical...1998, p. 158) and b) a triple trend (i.e, triplicating the annual increase of the linear

eguation).

An auxiliary analysis was conducted in order to compare the past cost development with the past
development of benefits. Indices of wage and salary earnings (Statisticd Y earbook of Finland 1997,
Table 345) were chosen to represent past cost development. Average stumpage prices (softwood
logs) in private forests (Finnish statistical...1998, p. 158) were adopted for depicting the past
development of benefits. The primary idea was to examine whether there would be a tendency for
cogsor benefitsto increase (annudly) at a different pace. Technically the past development of both
serieswas modelled by dividing each value (1950-1996) by the deflated numeraire corresponding to
the value of the year 1949. The level of deflation was calculated according to the wholesale price
index for domestic goods (Statistical Y earbook of Finland 1997, Table 373). The two series were

then plotted into the same diagram (Figure 2.5). On the basis of visual examination, it seems that
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costs are prone to increase faster than benefits. Thus, it can be surmised that there were solid

grounds for applying separate time series models for forecasting the future costs and benefits.
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Figure 2.5. Time series for wages and salaries reflecting past deve opment for costs, and stumpage
pricesreflecting past devel opment for benefits, 1949-1996. The base year for both series was 1949
(whose value was set for numeraire). Both series deflated by the wholesale price index of domestic

goods.

Differential costs and time seriesanalysis

Asregards costs, again the primary ideawasto obtain wide-ranging time series on which to base the
modelling. The longest available time series was derived from the average hourly earnings of
workers in public sector between 1970-1995 (Statistical Y earbook of Finland 1997, Statistics
Finland 1999). Then, this series was compared to the overall cost development of the seed orchard
activity by plotting the observations into the same graph. They followed approximately the same
pattern, and the average earnings per hour were chosen as the base data of the time series analysis.
The observations were deflated by the wholesale price index of domestic goods (Statistical Y ear-
book of Finland 1997, Table 373) before adjusting them to time series analysis. The deflated

differential costs before the year 1996 were taken as such into assessments, but the forecasted

58



vaues (since the year 1996) of differential costs were calculated by a specific procedure. First, the
initial forecasted values from the regression model (Appendix 4) were converted into annual
increases (expressed in percentages). Thiswas done by subtracting from each future value (accor-
ding to the regression) the value obtained for the previous year. The differences were further
divided by that value of the previous year. Findly, these annua increases were applied to the

differential coststo attain future differential costs.

Linear regresson model (parameters estimated by OLS; Koutsoyiannis 1981, Harvey 1993) for
forecasting the future cost development was employed also here. Contradictory to the linear
regressons of stumpage prices the regresson model of costs showed satisfactory statistical
behaviour (Appendix 4). Thus, there was no need for sensitivity analysis with regard to forecasting
method. However, sensitivity to possible changes in trend costs was indirectly tested by another

analysis which included 50% annud increase and 25% annual decrease of the costs.

3. Empirical studies
3.1 Society's viewpoint
3.1.1 Study 1: Profitability of present-generation seed orchards

3.1.1.1 Framework and restrictions

Scots pine

Due to the combined effect of background pollination and lower seed production capacity than
anticipated, the orchard seed of northern clones (i.e. seed from seed orchards established for
northern Finland) cannot be used in the initial target area. In practice, this has led to seed orchards
for southern and central Finland and for northern Finland producing seed approximately to the same
target area (e.g., Nikkanen et al. 1999). This fact wastaken into account including all functioning
present-generation seed orchards in the assessments regardless of their original target area. In other

words, the profitability was determined for the entity of al present seed orchards.
Therewere two time horizonsfor the costs of present-generation Scots pine seed orchards: a) from

1965 to 2018 assuming that the average seed production time of a single seed orchard is 40 years
with a 15-year time lag between establishment and seed production, and b) from 1965 to 2028

59



assuming that the average seed production timeis 50 years (Ahtikoski 1995). Further, there were
two alternatives within both time horizons for estimated annual seed supply, resulting also in two
different sets of differential costs (Ahtikoski 1995). The first aternative (denoted as "40A" or
"50A", depending on the seed production time) was based on the annud sales from Patama nursery
of the FPS (Ahtikoski 1995): these sales were adjusted to reflect the annual cultivation hectares by
using specific "converson coefficients' (Ahtikoski 1995, p. 10). In another, hypothetical aternative
("40B" or "50B") it was assumed that after the year 1994 (between 1978 and 1993 the hectares
were identical to the base adternative) the area annually cultivated with improved material would
correspond to tota cultivation areain southern and Central Finland, indicating app. 64 000 hectares
(Ahtikoski 1995). This hypothetical alternative was taken into the assessment in order to emphasize
the initial magnitude of the establishment: originally it was assumed that the established seed
orchards would produce enough seed for the entire cultivation area in southern Finland (e.g.,
Metsdpuiden...1989, Vendldinen & Koponen 1997).

The annud financial values of differential costs were based on the combined values of the FPS and
FFTB during 1971-1993 (Ahtikoski 1995), reflecting an annual average of FIM 7.23 millions
(nomind, i.e. not deflated). The differential costs of seed orchards after the year 1994 were formed
according to thisfigure. Besides the above-mentioned annua average there were other differentid
costs included in the assessments (see Appendix 5). Initidly, the assessment was conducted by
assuming that market prices coincided with shadow prices (Ahtikoski 1995), but also an alternative
assessment with shadow pricing was conducted post hoc. The shadow prices were calculated
according to the genera procedure presented earlier (see Figure 2.4). The study specific cost classes
and the divison into input categories are presented in detail in Appendix 6. Finally, the inputs were
shadow priced with specia reference to prevailing market structures (Appendix 7). The shadow
pricing principles wereidentica for present (this study) and next-generation seed orchards (Study

2) so that these generations could be compared with regard to possible welfare effects.

Pesonen & Hirveld's harvest scheduling models (1992) and Vuokila & Véiaho's growth and yield
models (1980) were applied in order to calculate the differential benefits reflecting genetic gains.
The initial harvest scheduling models of Pesonen and Hirveld (1992) were, however, altered by
decreasing the removal of the first thinning by 20% and the removas of other thinningsby 15%
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(Ahtikoski 1995). These changes were done, because the initial removals in Pesonen & Hirvelds
models were congdered to be too optimidtic in the long-run, i.e. within rotation period (A htikoski

1995) - this was found out in test simulations of MELA program. The initial models were tested
against the MELA test smulation of the FPS. In genera the removals of Pesonen and Hirvelds
harvest scheduling models were considerably higher than the corresponding values of the MELA
smulation. Alternative genetic gains were applied according to progeny test results (see Appendix
8), and they were incorporated into two harvest scheduling models; one by Pesonen & Hirvelda and
the other by Vuokila& Vdiaho. It is noteworthy that the procedure changed only the outturns, not
the harvesting times, and left also the proportions of sawlogs and pulpwood intact. The stumpage

prices were, as mentioned earlier, set to equa shadow prices (see Appendix 3).

Southern Finland (temperature sum > 950 d.d.) was divided equally into two growth regions for
Pesonen & Hirvelds models, and the annual cultivation area (app. 24 000 or 64 000ha) was divided
further into Myrtillus and V accinium type forests according to the proportions suggestedin 1992 by
Saarenmaa (Ahtikoski 1995, p. 10).

The height-over-age site classfication applied in Vuokila & Vdliaho's models was equalled to forest
site types in southern Finland by assuming that height index H,,,= 27 m (dominant height at age
100yr) would correspond to Myrtillus type forest, and height index H,,,= 24 m would correspond
to Vaccinium type. The annual total cultivation area was assumed to be divided into these two

height classes (corresponding to forest site types) according to Saarenmaa (1992).

The shadow priced differential benefits and costs were finally calculated in present value by the

following specific cost-benefit formula:

108 V 118 i - 20 -1 i 1 24V 34 diff 2
es H H
NPV - Y B s (D) - LE Co @)+ Y CV @)+ Y €7 D) [3.1]
=22 = 29 t=- 29 t=0

where  NPV=net present value, FIM (base year 1994)
B, %"= the sum of differentia benefits (of growth regions)inyeart,
reflecting a genetic gain of 3%, 7% or 10%, FIM
C, ® = past establishment costs of seed orchards, FIM
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CA™1= past differential costs of seed orchardsinyear t, FIM
= - 29 (reflecting actual year 1965)
"108" reflecting an average seed production of 40years, and
"118" reflecting an average seed production of 50years
"24" reflecting an average seed production of 40 years, and

" 34" reflecting an average seed production of 50 years

C %" 2= differential costs of seed orchardsin year t, FIM
D, = discount factor (see Table 2.1) with a 3%, 5% or 8% discount rate

Additionally, an applied cost-benefit formula for evaluating the net benefit per produced orchard
seed kilogram was constructed. The discounted and prolonged costs and di scounted benefits were
transformed to correspond to the produced amounts of orchard seed (assuming that the seed isaso
sold) within the time horizon of 1978-2018. The prerequisite of this assessment was that future

orchard seed demand between 1994 and 2018 would correspond to the average derived from 1978-
1993. The formulawas:

24

NB, -NPV / tgs KG, [3.2]

where  NB, = net benefit for one kilogram of produced
orchard seed with the assumption of
40-year seed production, FIM
NPV = formula[3.1] (with "108" and "24" assumptions)
K G, = the produced (and sold) amount of orchard seed
inyear t (e.g. "-16" idicating the actud year of 1978)

To make a compl ete and useful economi ¢ andysis the andyst also has to provide some ideaof what
would happen to the chosen measures of project efficiency if the actual values of various inputs
and/or outputs turn out to be different from the expected vdues. Usng thelist of parameters and
estimates of the reasonable range of values for them, the sengitivity analysisis carried out (Greger-

sen & Contreras 1992). For Scots pine only he sensitivity to trend prices was tested. This was done
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by recdculating the assessments with stumpage prices of felling season 1994/1995 ("' no trend") and
with stumpage pricesreflecting atriple trend compared to the original (see Appendix 4). Sensitivi-
ty to changes in cost trend was not tested due to the good statistical behaviour of the origind
forecasting model (see Appendix 4). The sengitivity to different harvest scheduling models was
tested earlier.

Slver birch

There were no significant establishment or land procurement costs involved with Silver birch,
because dl seed orchards werein polythene tunnels covering only approximately a hectare (Finnish
Statistical...1997). Basically, the assessments were conducted applying the same principles as for
Scots pine, and the annud differential costs of Slver birch were derived from the combined values
of the FPS and the FFTB between 1971-1993, reflecting an annual average of FIM 1.57 million
(Ahtikoski 1995). These differential costs were further divided into inputs which were shadow-
priced based on prevailing market structures (Appendix 7). The differential future costs (after the
year 1994) were estimated according to the past annual average. The time period for the differential
costs was between 1971 and 2002 (Ahtikoski 1995). There was only one alternative for annua
orchard seed supply which reflected the past orchard seed sales from Haapastensyrja Breeding
Centre between 1973-1993. This average was converted into annual cultivation hectares resulting
inatotal of 1700 hectares (Ahtikoski 1995).

The differentia benefitswere calculated based on the growth and yield models of Oikarinen (1983).
The removals of thinnings and final cut were increased according to percentage reflecting genetic
gans. The genetic gainswere estimated on the basis of progeny test results (see Appendix 9). There
were two underlying harvest scheduling models with three intermediate thinnings, one for Hg,=
26m, and the other for H.,= 24m. The rotation period for both models was 60 years (see Ahtikoski
1995; Appendix 4). The harvest scheduling models were extended into two growth regions (South
and Central Finland) by a specific procedure (Ahtikoski 1995, p. 10).
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The present values of shadow priced differential costs and benefits were calculated according to an
applied cost-benefit formula:

68 -1 8
di] diff 1 diff 2
NPV =EBt"f*(Dp)‘-LE cM oy ¥y [3.3]
-1 - -23 0

where NPV = net present value, FIM (base year 1994)
B %" = the sum of differential benefits (of growth regions) in year t, reflecting
the genetic gainsin pairs (see Appendix 9)
C, %"= past differential costs of seed orchardsin year t (e.g. "-23" indicating
an actual year of 1971), FIM
C M2 = differential costs of seed orchards inyeart, FIM
D , = discount factor with a 3%, 5% or 8% discount rate

Anauxiliary cost-benefit formula was applied. The purpose wasto find out the net benefit per one
kilogram of produced and sold orchard seed during the time period of 1973-2002. The costs and

benefits (appropriately discounted and prolonged) were transformed to correspond to the sold
amount of orchard seed. The formulawas:

8
NB,, -NPV [ ¥ KG, [3.4]
t= 21

where NB, = net benefit for one kilogram of produced orchard seed
NPV = formula[3.3]

KG, = the sold amount of orchard seedinyear t
(e.g."- 21" indicating the actual
year of 1973)

The assessments rested upon relatively restrictive assumptions. These needed to be examined in
detail in order to evaluate how senditive the NPV's are with respect to these assumptions. The

robustness of the results as regards severd variables was tested by sengtivity anayses (Table 3.1).



Table 3.1. Sensitivity analysesfor Silver birch, study 1.

variable range specification
trend stumpage price no trend, original trend, triple | no trend indicates stumpage
trend prices of felling season

1994/1995, intriple trend the

annual absolute increase is

tripled
removal percentage 30% (denoted as "mode B"), | onealternative adoptsthe removal
50% ("modd A") percentage of 30% for both site

classes, and the other adopts the
removal percentage of 50% for site
class H,,= 26m and 40% for site

class Hyy= 24m

rotation period* 5 (denoted as "early2"), 10 "5" indicates that rotation period is
("earlyl") shortened by 5 years due to genetic
gains (harvesting times intact), "10"
indicates that rotation period is shor-
tened by 10 years and each thinning

is executed 5 years earlier

* Recent progeny test results (Hagqvist & Hahl 1998) indicate that average rotation period could be decreased even by 10

years.

3.1.1.2 Resaults

Scots pine

The results (assessed according to formula [3.1]) indicated that the more hectares could be
cultivated with the orchard seed, the higher the net benefits would be (Figure 3.1: 40A vs. 40B).
This result supports the well-known fact that present-generation seed orchards have not been
utilized with the magnitude as anticipated at the time of their establishment (see, e.g., Nikkanen &
Antola1998). If orchard seed had been utilized in larger annual area, the more profitable the seed
orchards would have been from the society's viewpoint (Figure 3.1: "40A" vs. "40B"). In this

connection, only the results for the average length of 40 years of productive life are presented, snce
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at present 50-year length of productive life of seed orchards is not tenabledue to intengve establish-
ments of the next generation seed orchards. These new orchards start to compensate the present

seed orchards from approximately the year 2010 (see, Mannyn...1997).
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Figure 3.1. Net present values (NPVs) for Scots pine with original set of prices ("origina"),
shadow prices ("shadow") and according to Vuokila &Véliaho's models ("Vuokila & Valiaho").
"Hypothetical seed supply” ("40B") reflects the results with approximately 64 000 hectares of

annual cultivation area. Discount rate 3 per centin both graphs.

The exact genetic gain (the percentageincreasein removd volume) where NPV would equal zero
was estimated by linear interpolation (MatLab 1992, Lindfield & Penny 1995). For the shadow
priced dternative this estimated genetic gain was 7.7% (discount rate 3%) indicating an over-than-
average percentage with regard to latest progeny test results (see Appendix 8). For the hypothetical
alternative this corresponding break-even genetic gain was only 1.99%. This further confirms the
fact that the present-generation orchard seed should have been utilized more intensively, i.e., the
large scale establishment and annual management of seed orchards have burdened the profitability
considerably.
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Net present values (NPVs) of the original alternative were sensitive to shadow pricing procedure
(Figure 3.1) indicating that further knowledge on market structures of inputs used in seed orchards
isof vital importance. Vuokila & Vdliaho's harvest scheduling models resulted in somewhat similar
net present values for each genetic gain as those by Pesonen & Hirveld (Figure 3.1). There was no
significant effect of different trend stumpage prices ether, dthough the NPV turned into negative
with 10% genetic gain when stumpage prices of felling season 1994/1995 (i.e no trend) were used
ingtead of the origina trend (Figure 3.28). On the other hand, the use of trend pricesis supported by
recent sudies (e.g. Toppinen 1998) which confirm that there has been a postive trend in stumpage
prices during the last 50 years.

The net benefit associated with the produced and sold orchard seed kilogram (according to formula
[3.2]) in original aternative was approximately FIM 1 000 when the genetic gain was 10% (Figure
3.2b). With other genetic gains the net benefit was negative. These are in accordance with the
former overall results (see Figure 3.1), but what is interesting here is the magnitude of the net

benefit per kilogram. Thus, it isimportant to be able to forecast the demand of the orchard seed.
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Figure 3.2. @ NPVswith dternative trend stumpage prices (origind, triple trend, no trend). b) Net
benefit per produced orchard seed kilogram, FIM /kg. Discount rate 3 per cent in both graphs.
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Slver birch

The net present value (discount rate 3%) was negative even with genetic gains of 10% in South and
8% in Central Finland (Figure 3.33). If the genetic gains turn out to be 15%in South and 12%in
Central Finland, the present value of net benefits per one kilogram is over FIM 20 thousand, the
discount rate being 3% (Figure 3.3b).
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Figure 3.3. @) NPVsfor Silver birch present-generation seed orchards. b) Net benefit per produced
orchard seed kilogram, FIM /kg. Discount rate 3 per cent in both graphs.

The above mentioned is in accordance with the overall results (see Figure 3.3a), but what is
significant here is the magnitude of the net benefit per kilogram of orchard seed. Thus, it is of
paramount importance to forecast future demand accurately and in away that that does not burden
the profitability.

One reason for the congderabl e difference between the two speciesin net benefit isthat Silver birch

orchard seed is more "effective" with regard to the seed-to-plantable seedling ratio, i.e. one

kilogram of seed "spreads" to larger area and thusmore benefits can be attained. Another reason is
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that with the corresponding genetic gain (e.g. 7%) the harvest scheduling model of Silver birch
leadsto higher PV's of the benefits compared t&cots pine. In addition, the regional distribution and
time period of costs were different. Thus, these two species cannot be compared per se, but the
comparison can be made when evaluating the different production and cost structures. It can be
argued from the results above (net benefits per produced kilogram) that in case of present-generati-

on seed orchards Silver birch is more cost-effective than Scots pine.

The different removal percentages had only a minor effect on the NPV (Figure 3.4Q), but the
anaysis was distinguishably sensitive to changesin harvest scheduling (Figure 3.4b). For example,
when genetic gains only reflected earlier final cut (by ten years) and intermediate thinnings (by five
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Figure 3.4. NPVs of Silver birch present-generation seed orchards with aternative removal
percentagesin harvests (4). "Model A" indicates 30% average removal percentage in each harvest,
and "model B" indicates 50% respectively (a). In"early 1" thinnings areexecuted 5years earlier and
final cut 10 yearsearlier than in the original harvest scheduling model, and in "early 2" each thinning
is executed 5 years earlier leaving final cut intact (b). NPV's with alternative stumpage prices are

presented in ). Discount rate 3% in each graph (a-c).
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years) - compared to the original harvest scheduling model of Oikarinen (1983) - the net present
value ("early 1") was more than three times higher than in the model in which genetic gains were
estimated by increasing cutting removals of the underlying harvest scheduling model of Oikarinen
1983 (Figure 3.4b). However, decreasing the rotation period by only 5 years (intact harvests;
"early2") resultedinl ower NPV than the harvest scheduling model with increased cutting removals
(Figure 3.4b). The results support that long rotation periods are the most important single factor

which burdens the profitability in private forestry (see, e.g., Keltikangas 1973).

3.1.2 Study 2: Profitability of the next-generation seed orchards, South and Central Finland
3.1.2.1 Framework & restrictions

Scots pine

Theam d this study was to evauate ex ante the possible economic net returns of next-generation
seed orchards from the society's point of view. Assessments were conducted by applying an
empirical cost-benefit analysis (CBA). There were two specific assumptions made in the assess-
ments. Firet, the possible deadweight loss due to public funding (see Boadway & Bruce 1984, Brent
1996) wasignored mainly because of the use of a partia equilibrium framework and a smdl project
assumption. Secondly, no distributional weights were applied - it was assumed that Finland has not
an objective to equalize income distribution with the same scope as less-developed countries have
(see, e.g., Niskanen 1995). Moreover, the inequalities of income in Finland have at least declined

over time (Fellman et al. 1996).

The establishment schedule was based on the report " Metsdpuiden siemenviljelysohjelmavuosille
1990-2025" (1989). Theinitial figures (see, Metsdpuiden siemenviljelysohjelma..1989, p. 45) were,
however, dlightly altered: establishment for each time period was postponed by 5 years due to
delays in the original seed orchard establishment schedule (see, Ménnyn...1997). In addition, the
annual average seed production per hectare (kg) was not taken into account as an endogenous
variable. The primary interests were the establishment schedule of the seed orchards and the
assumption that the produced orchard seed would meet the anticipated demand. It was conceived

that 60% of the annua sowing areain South and Centrd Finland (temperature sum > 950 d.d)
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would be sown with orchard seed by the year 2019, reflecting a total of 10 460 hectares. This
figure was based on the report "Metsanviljelyaineistotyoryhman raportti” (1994). The annually
planted area with the next-generation orchard seed starts to compensate linearly the present-
generation orchard seed from the year 2010 achieving the level of past-ten-year average sales of
Patama nursery, 21 305 hectares, by the year 2021 (see Appendix 10). Specific converson coeffi-
cients were used in trandating the produced amounts of seed (kg) into cultivation hectares. The
seed-to-plantable seedling ratio was 1 kg to 90 000 seedlings, indicating that 1 kg of orchard seed
auffices for 36 hectares (planting intensity 2500 seedling/hectare). In direct sowing 1kg of orchard

seed was directed to 3 hectares in terrain.

Differential costs were obtained from the accounting records of the FPS and the FFTB between
1990-1995 (Internal accounting spreadsheets 1990-1995, Tietopankki 1996). These were partly
based on recent experiences of managers, especialy with regard to establishment costs (Lahtinen
1995, 1997). The annual differential costs were approximately FIM 5.4 million (further detallsin
Appendix 11). The cost classes generating these differential costs were divided into subactivities and
the inputs of each subactivity were shadow-priced according to the general procedure (see Figure
2.4). The proportions of inputs within each subactivity and the average tax rates were mainly based
on internal book-keeping and recent experiences of local managers (proportions and tax rates are
presented in detail in Appendix 12). The actud shadow prices were determined based on prevalling
market structuresfor each input (see, Appendix 7). The future values of the differential costs were
estimated on the basis of the formula presented in Appendix 4. Formally the shadow priced
differential costs were calculated by thefollowing:

C . tzlsjl C” D) + i (charareray ct"‘i) OR [3.5]
,where  CY" = discounted differential costs of seed orchardsin present value,
FIM
C, *= establishment costs of the seed orchardsin year t
C, "= management costs of the seed orchards ( including
administration, fertilization, roguing etc.) in year n

CP= progeny testing costsinyear n
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C¥= differential administration costs of the seed orchard activity
compared to the administration costs of the stand
seed collectioninyear n

Dp = discount factor with a 2%, 3%, 4%, 5% or 6% discount rate

The same argumentsfor chosen discount rates were used here asin Study 1.

The genetic gains were incorporated into MELA program by increasing annual growth level
according to corresponding percentage (see Appendix 13 for details). The present vaue of the
harvest scheduling mode reflecting the increased annual growth level was subtracted by the present
value of initia harvest scheduling model. The difference indicated differential benefit at present
vaue. Theinitid biologica datafor smulation was located in four former local units of the FPS (see
Ahtikoski 1997; amap on page 251, and Appendix 14). The harvest scheduling models incorpora-
ted with the genetic gains were simulated by MELA for two forest site types extending the models
to four "growth regions' in South and Central Finland (Appendix 15). The division into forest site
types, i.e. Myrtillus and Vaccinium (or corresponding) type forests was made by the proportions
suggested by Saarenmaa (1992).

In each growth region the modified annual growth level (i.e., growth level with incorporated genetic
gain) was on average assumed to be homogeneous. The division into growth regions was mostly
based on the results of the 8th NFI (Salminen 1993). Initialy, it was needed in order to be able to
constitute the annual total hectares generating the benefits. Former forestry board districts were
chosen asthe'" base units' for the simulation, because the main forest statistics are givenin Finland
accurately at forestry board level. The proportion (%) of each growth region of the annudly sown
or planted areawas based on averages derived from the 1986-1995 figures of former forestry board
districts (Statistical Y earbook...1987-1996) in the particular growth region (Appendix 16). The
percentages reflecting genetic gains were based on progeny test results (see Appendix 8).

In this study the differentid benefit accured from genetic gain could be expressed at stand level by

the following:
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102

B § JI,+ (D) - Y NS, + D) [3.6]
38 n-38
, Where B . %"= present value of differential benefits at stand level, FIM
(base year 1996)

JT = outturn of athinning or final cut (valued at stumpage price)
in an improved gand reflecting agenetic gain of 8%, 12% or 15%,
FIM

NS,= outturn of a thinning or fina cut in a norma stand (valued at

stumpage)

Dp: discount factor with a 2%, 3%, 4%, 5% or 6% discount rate

Again, the discount rate range (2%-6%) was used according to the arguments augmented in study

1. The future stumpage prices were estimated based on trend equati ons presented in Appendix 4.

The net benefits at national level were estimated according to thefollowing cost-benefit formula:

2035 4 K

NPV - YN Y Y BH _car [3.7]
k

t2010 a-1

where NPV = net present vdue of next-generation seed orchards, FIM
t= year when improved materia is cultivated
a= growth region
k, K=individua stands within agrowth region
B %" =formula[3.6]

C 9" = formula[3.5]

A supplementary analysis was conducted. In this procedure the net benefit per produced orchard
seed (expressed in FIM/kg) was assessed. The discounted benefits and costs were transformed to
correspond to the projected sales of orchard seed. Two discount rates, 3% and 5%, were gpplied in

the assessment, and theformula was:
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37
NB, - NB,, /| ¥ KG, [3.8]

t=12
where NB, ;= net benefit for produced orchard seed, FIM/kilogram
NB = formula[3.7]
KG, = the sold amount of orchard seed in year t

Separate sengitivity analyses were run to evaluate how sengtive the net benefits (i.e. results) were
with respect to the underlying assumptions made of the study. The sensitivity to changes in @)
shadow pricesb) annua cultivation area c) ste quaity d) divison of growth regions €) stem qudity
f) annual costs and g) trend for stumpage prices wastested (Table 3.2). Additionally, two supple-
mentary analyses were executed. First, the effect of alternative harvest scheduling models on the
NPV was evduated. Second, the orchard seed hectares to be established were andysed by conduc-
ting a break-even analysis (see Appendix 17).

Initially in each analysis, a)-0), five different values of the NPV on the basis of five different
discount rates (2, 3, 4, 5 and 6%) were calculated. Then the intermediate points between the
integers of discount rates were estimated by spline-function interpolation (see, e.g. Lindfield &
Penny 1995). Spline-function interpolation was chosen mainly due to two reasons. @) nonlinear
relation between the NPV and discount rates and b) the graphs obtained by spline-function interpo-
lation were illustrative and easy tointerpret. Theinitid discrete vaues of the NPV were converted
into continuous curves by MicroCa Origin (1994) software. The interpolations (i.e., point estimates
for IRR) were executed with MatLab software (MatLab 1992). Finally, the results of the sensitivity
analyses were presented with MicroCal Origin (1994) by plotting the NPV s as continuous functions

of discount rate.
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Table 3.2. Sensitivity analyses conducted in Study 2, Scots pine.

Sengitivity analysis range specification

shadow prices of differential | 30% decrease, market prices

costs

annual cultivation area 30% decrease, 30% increase

site quality Vaccinium, Myrtillus type This was tested by assuming that all
improved forests would be cultiva-
ted on either Vaccinium or Myrtillus
type sites on each growth region

division of growth regions "worst", "best" This was tested by assuming that all
the improved material would be
cultivated in the growth region re-
sulting in the lowest NPV s (denoted
as" worst"), or aternatively in the
growth region resulting in the
highest NPV's ("best").

stem quality 0%, + 8% The proportion of sawlogsinthe
final cut was increased by 8% (see
Vendlédinen et al. 1996a,b). No imp-
rovement in quality at present gene-
ration (compared to natura stands)
was assumed.

annual costs* 25% decrease, 50% increase

trend for stumpage prices no trend, triple trend

* Note: to some extent this analysis and the analysis for shadow prices were overlapping

Slver birch

The same public funding and distributiona weght assumptions were adopted a so for Siver birch.
The actual assessments for Silver birch were based mainly on the report " Mannyn, kuusen ja
rauduskoivun siemenviljelysten perustamissuunnitelmat™ (1997). The total annual area was
directed so that 50% was cultivated in South Finland and 50% in Central Finland. A specific
compensation schedule between present and next-generation seed orchards was adopted (Appendix

18). The total annual cultivation area was divided into South and Central Finland. In the former
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70% of the annual seed was plantedin site class Hg,= 26m and 30% in Ste class Hey= 24m, whereas
in Central Finland the corresponding figures were 40% and 60%, respectively. The last crop from
the third-generation seed orchards will be collected by the year 2021 in South Finland and by the
year 2027 in Centra Finland. The difference in time schedule is due to the different compositions of
present-generation seed orchards established for South and Central Finland (e.g. normal seed
orchards vs. so-called two-clones-quality seed orchards). The underlying idea was that the tota
production in the next generation would not exceed the present level of orchard seed production,

i.e., 1 700 hectares.

For Silver birch the annud differential costswere FIM 2.1 million (see Appendix 12). Besdes the
total differential costs it was assumed that a new polythene tunne would be builtin 2005, costing
approximately FIM 1.5 million. The shadow-pricing was done as suggested by the general procedu-
re (see Figure 2.4), and the proportions of inputs within each subactivity were mainly based on
interna book-keeping (e.g., Internal Accounting...1971-1989) and recent experiences of managers
(proportions of the inputs are presented in Appendix 19). The actual shadow prices were deter-

mined according to prevailing market structures for each input (see Appendix 7).

The future differential costs were estimated based on trend equation presented in Appendix 4.
Technicdly, the differential costs of Silver birch next-generation seed orchards can be presented by
the specific formula:

31

cM.cB. @)Y (c/ ). @) [3.9]
t9

Where CU'"= differential costs of Silver birch seed orchards, FIM (base year
1996)
C B= building costs of a new polythene tunnel in year 2005, FIM
C, P= progeny testing costsin year t, FIM
. "°= annual management costsinyear t, FIM
C,*= administration costsinyear t, FIM

Dp = discount factor with a 2%, 3%, 4%, 5% or 6% discount rate
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All terms on the right-hand side of the equation [3.9] werefirst appropriatdy shadow-priced on the
basis of the principles explained above.

Thefuture benefits were evd uated by assuming that stands would grow as Oikarinen’'s growth and
yield models suggest (Oikarinen 1983, pp. 49, 59). The genetic gains were incorporated into two
harvest scheduling models by increasing the outturns according to the corresponding genetic
gain.These models were the same as in Study 1 (see, Ahtikoski 1995). The latest Finnish progeny
test results on present seed orchards indicate that the genetic gainin volume growth could be as
high as 29% in South and 26% in Central Finland (Hagqvist & Hahl 1998). However, in this
connection lower valuesfor genetic gainswere adopted, since it was a priori assumed that the latest
progeny test results (Haggvist & Hahl 1998) cannot be applied to reflect an average of all improved

stands even in the next-generation. In other words, caution was exercised in this respect.

At stand level the differential benefits within the given time period (see above) can be calculated

with the following formula:

92

92
dj 0
By .Y BE. @) - B - @) [3.10]
29 29

,Where B, "= differential benefit, FIM (base year 1996)
B,%= economic value of thinning or final cut in an improved stand
(valued at stumpage) in year t reflecting genetic gains, FIM
B,>= economic vaue of thinning or final cutinanorma stand
(valued at sumpage) in year t, FIM
p= discount percent (2, 3, 4, 5 or 6%)

The future stumpage prices were estimated according to trend equations presented in Appendix 4.
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Finally, the net benefits (from the society's viewpoint) were assessed by thefollowing specific cost-
benefit formula:

2021 § . 2027 K

NPV - LZ YBH . Y Y BH| _ car [3.11]

=2004 s t-2010 k

,where NPV = Net present value, FIM
B, = formula[3.10]
s, S = individual standsin South Finland
k, K = individual standsin Central Finland
C¥"= formula[3.9]

The discounted costs and benefits were transformed to correspond the anticipated amount of sold
orchard seed in order to find out the net benefit of produced seed within the given time period. The
average net benefit per produced (and sold) kilogram of Silver birch orchard seed was simply
applied by the following formula:

31
NBy, - NB ., / gKGt [3.12]

where NB, ;= net benefit per sold orchard seed kilogram between the years
2004 and 2027, FIM (base year 1996)
NB = formula[3.11]
KG = the sold amount of orchard seed in year t

Severd different sengtivity analyseswere conducted for Silver birch. The same discount rates as for
Scots pine were used for Silver birch. Intermediate points between the integers of discount rates
were interpolated by spline function (see, Lindfield & Penny 1995). The same underlying premises
of interpolation method were applied for Scots pine and Silver birch. The sengitivity analyses are
presented in Table 3.3.
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Table 3.3. Sensitivity analyses conducted for Silver birch, Study 2.

sendgitivity analysis range specification
annual costs 25% decrease, 50% increase
site quality Hgo= 24m, H.,= 26m This was analyzed by assuming that

all theimproved material in South
and Central Finland would be culti-

vated on site class Hy;= 24m, or

alternatively on site class Hy,= 26m.

annual cultivation area* 30% decrease, 30% increase

trend stumpage prices no trend, triple trend

* Additionaly, a break-even andysis was applied in order to evaluate how much the annual cultivation area could decrease

so that benefits would still break-even with costs. In the analysis only direct production costs (incl. seed collection and
restorage costs) were altered accordingly, leaving e.g. administration costs unchanged. By taking indirect costs such as
administration costs into account would have involved speculativiness due to nonlinear relation between administration
and seed production.

For Silver birch there was no need to examine the effect of aternative establishment magnitudes,
snce the establishment costs of Silver birch seed orchards do not play a crucid role with regard to
total costs.

3.1.2.2 Resaults

Scots pine

The net present values (NPVs) for next-generation seed orchards were positive even with 6%
discount rate when the genetic gain was 12% or 15% (Figure 3.5). In generd, consderably higher
discount rates resulted in positive NPV compared to present-generation seed orchards. In this

respect the next-generation seed orchards aremore desrablefrom the society's viewpoint.
The net benefit per produced kilogram of orchard seed (see formula [3.8]) was over FIM 3 000

when the genetic gain was 8%, and over FIM 5 000 when the genetic gain was 12% (discount rate

was 3 per cent). Further, the "social cost" of produced orchard seed (i.e., the present value of
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differentia costsdivided by the amount of produced orchard seed) was FIM 950/kg, when discount
rate was 3% (FIM 640/kg with 5 per cent discount rate).
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Figure 3.5. Net present values of Scots pine next-generation seed orchards with alternative

discount rates.

Sengitivity analyses /Scots pine

The results were inggnificantly sengitive to changes in input prices within the range of 30% decrease
in shadow prices and market prices, i.e., financial values (Figure 3.6a). For example, the difference
in net benefit was only approximately FIM 15 mill. when the shadow prices of the costs (input
prices) were decreased by 30%, the discount rate being 4% and the genetic gain 15% (Figure 3.6a).
The spread of the IRR was app. 0.1%. The results with other genetic gains (8% and 12%) were
similar, but they are not shown here due to paucity. Theresult of the sengtivity anayssindicates
that a reliable estimate of the profitability could as well have been evaluated with market prices

without making an essential error.
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Figure 3.6. NPVsof Scots pine next-generation seed orchards with alternative sets of differential
costs (a), annual cultivation areas (b) and site qualities (c¢). For instance, "market prices' indicate
that financial, i.e. market values for differential costs are used (a) , "30% decrease” reflects a 30%
decrease in annual cultivation areas (b) and "VT" assumesthat al the improved material would be
cultivated on Vaccinium type (or corresponding) forests (c). In each graph (a-c) genetic gain is 15%

and discount rate variesfrom 2% to 6%.

The andysswasmogt sensitive to changesin annual cultivation areas (Figure 3.6b). The difference
in net benefit was app. FIM 130 mill. (genetic gain 15%) between the origina annual cultivation
areaand the option where theannualy aultivated hectares were increased by 30%, the discount rate
being 3 per cent (Figure 3.6b). The result is notable since the initial present value of differential
costs was only FIM 62 mill. (3% discount rate). The spread of the IRR was, however, only 0.4%.
The difference in net benefit emphasizes further the importance of the annual cultivation areafor the

profitability of the seed orchard activity.
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The andysswas dso very sendtive to changesin site quality: the difference in net benefits between
thesetwo options (M T, VT) was approximately FIM 40 mill. (Figure 3.6¢) when the discount rate
was 5 per cent. The result is considerable since the total costs of the seed orchard activity were

only some FIM 42 mill. (5 per cent discount rate).

The net benefits were senditive to changes in growth region-division: the difference in net benefits
between the two options was over FIM 480 mill., when the discount rate was 2 per cent, and the
difference was approximately FIM 22 mill. when the rate was 5 per cent, the genetic gain being 12%
(Figure 3.7a). It should be noted that the total costs of the seed orchard activity were FIM 78 mill.
(2 per cent discount rate), and FIM 42 mill. (5 per cent discount rate).
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Figure 3.7. NPVsof Scots pine next-generation seed orchards with alternative divisions of growth
regions (), ssem qualities (b) and annual differential costs (c). For instance, "worst growth region"
assumes that all the Scots pine orchard seed is annually cultivated in areas which correpond to the
lowest NPVsof the growth regions (a), "better quality” indicates that the proportion of sawlogsin
the final cut is increased by 8% (b) and "50% increase” reflects an annual increase of 50% in
differential costs (c). Genetic gains in graphs (a-c) are 12%, 12% and 8%, respectively. Discount

rate varies from 2% to 6%.
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The sengtivity analysis as regards potentially higher stem quality resulted in a net benefit difference
of approximately FIM 26 mill. , genetic gain being 12% and discount rate 3 per cent (Figure 3.7b).

Thisisardatively high value compared to the origina total costs which were some FIM 62 mill. (3
per cent discount rate). The analysis indicates that the subsidy granted for research focusing on

quality traitsiswell justified in the near future.

The analysis was moderately sensitive to changes in costs, athough 25% decrease in annual
differentia costsresulted inthat NPV was positive even with 6 per cent discount rate (Figure 3.7¢).
The lowest possible genetic gain was used in this connection, since the lower the genetic gain was,

the higher were the relative costs (due to diminishing benefit-cost ratios).

The sengtivity analysis concerning the harvest scheduling modelsindicated that the NPV s assessed
with the original harvest scheduling model MELA were distinctively higher than with the two
aternative models (Figure 3.8). In addition, the benefit-cost ratios were condderably higher with
original MELA harvest scheduling model than with the dternative harvest scheduling modds
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Figure 3.8. The effect of different harvest scheduling modesfor Scots pine on the NPV.
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(modified MELA and Vuokila & Vdliaho). For example, the benefit-cost ratio for the original
MELA harvest scheduling model was app. 7.9 (discount rate 3%) whereas the corresponding
figures for modified MELA and Vuokila & Vdiaho's model were 3.8 and 3.4, respectively.
Moreover, with 6 per cent discount rate the benefit-cost ratiosfor modified MELA and Vuokila &
Véliaho's model were below unity indicating that costs were greater than benefits (for the original
MELA modd thevauewas app. 1.7). Thus, the results essentially depended on the chosen harvest
scheduling model.

It was noticeable that the modified MELA harvest scheduling model (with 15% genetic gain)
resulted in smilar NPVsasVuokila& Vdiaho's model with the same genetic gain. Thisis presuma-
bly due to similar calculating procedure of the genetic gains within the two models (i.e. changing
only outturns of the thinnings and final cut). Asto the applied harvest scheduling models of this
study, the original MELA harvest scheduling model can be viewed as the upper-boundary whereas

the other modelsindicate the lower-boundary for a given genetic gain percentage.

If the annual average seed production (kg/hectare) is 10kg instead of the assumed 7-8 kg (not
constant due to initial problem setting), then 405 hectares instead of the original 500 hectares of
next-generation seed orchards need to be established to secure the seed supply for annual cultivati-
on area of approximately 32 000 hectares in South and Central Finland. The break-even andysis
(see Appendix 17) showed that considerably high increases in annual total costs (in order to attain
and maintain the annual average seed crop of 10kg) between 2010 and 2035 are permitted and il
the new NPV equd the origind NPVs (Figure 3.9).

For example, the annual total costs (discount rate 3%) must increase some 36% in order for new
NPVsto equd origind NPVs, the genetic gain being 12% (Figure 3.9). Thus, it can be said that the
subsidy granted for activities contributing to higher annual average seed crop iswell justified. The

greater seed crops surely warrant the extra cost involved.
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Figure 3.9. Bresk-even curvesfor each genetic gain of Scots pine. Each point in the curveindicates
the percentage increase in annua differential costs so that the original NPV and the NPV for
aternative assessment with annud seed crop of 10kg/hectare would be equal.

The results did not alter considerably when different trend stumpage prices were applied. For
example, when stumpage prices of felling season 1994/1995 ("no trend") were used instead of
origina trend ssumpage prices (see Appendix 4), the NPV (genetic gain 8%) was still postive with
5 per cent discount rate (cf. FHgure 3.5). On the other hand, with triple trend the assessment resulted
positive NPV when discounting with 6 per cent (cf. Figure 3.5).

Slver birch

The NPVs turned into negative with 4 per cent discount rate, when the genetic gain was 10% in
South and 8% in Centra Finland (Figure 3.10). With 6 per cent discount rate the NPVs were
negative regardless of the genetic gains (Figure 3.10).

The net benefit per produced orchard seed (see formula[3.12]) between the years 2004 and 2026
was FIM 33 939 /kg, when the discount rate was 3 per cent and the genetic gains 15% in South
and 12%in Centrd Fnland. The figure is dgnificantly higher than the corresponding figurein study
1 (cf. Figure 3.3).
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Figure 3.10. NPVs for Silver birch next-generation seed orchards.

Sengitivity analysis/ Slver birch

The andysswasmoderatdy sengtive to changesin costs: when the annual costs were decreased by
25% the NPV was FIM 13.8 mill. and when the costs were increased by 50% the net benefit was
FM 8.7 mill. (discount rate 3%), the genetic gain being 15% in South and 12% in Central Finland
(Figure 3.11a). Theinitial differential costs were FIM 9.9 mill. (discount rate 3%). However, the
NPV with 15% and 12% genetic gains turned into negativewith 4 per cent discount rate when the
annual differential costs were increased by 50% (Figure 3.11a). The spread of the IRR was 0.8%

which can be deemed as insignificant.

The analysis was aso moderately sensitive to changes in site quality and annual cultivation area
(Figures 3.11b, ¢). If the future does not unfold as projected, annual cultivation areas may change.
A bresk-even analysis indicated that annual cultivation area can decrease considerably, and Hill the
benefits are able to break-even with costs (Figure 3.11d). For example, the annual cultivaion area

could decrease by half, and still the present value of differential benefits would break-even to
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present value of differential costs, the discount rate being 3 per cent and genetic gains 15% and 12%
(Figure 3.11d). In this respect the next-generation Silver birch seed orchards are robust - small

changesin annual cultivation area do not burden the profitability considerably.

Senditivity to changes in trend stumpage prices was aso moderate with Silver birch, athough the
NPV turned into negative with 4 per cent discount rate, the genetic gains being15%-12% (cf. Figure
3.10).
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Figure3.11. NPVsfor Silver birch next-generation seed orchards with alternative annud differen-
tial costs (@), site qualities (b) and annual cultivation areas (c). For instance, "Bon=24m" indicates
that all the improved material is cultivated on site class Hg,= 24m. In each graph (a-c) the genetic
gains (15% for South and 12% for Central Finland) and the discount rates (2% to 6%) are the same.
Break-even curves (d) indicate the percentage decrease in annual cultivation for zero NPV (i.e.

discounted differentid benefits equd to discounted differential costs).
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3.1.3 Study 3: Profitability of Scots pine next-generation seed orchards of northern clones
3.1.3.1 Framework & restrictions

Due to the divergent climatic conditions prevailing in southern and northern Finland, also the
breeding goals for southern and northern Finland differ to some extent. This was one of the main
reasons for introducing separate seed orchard programs for southern and northern Finland in the
latest national report (Mannyn...1997). In this study, Scots pine next-generation seed orchards of
northern clones were evaluated emphasizing the distinctive features of northern Finland. The
assessments (conducted in a cost-benefit framework) were based on the recent report "Méannyn,
kuusen ja koivun siemenviljelysten perustamissuunnitelmat” (1997). The next-generation seed
orchards of northern clones were assumed to be established according to the original report (with
minor aterations concerning the years 2011-2020), reflecting a total of 250 hectares to be esta-
blished during 1999-2020 (Mannyn...1997). The time from establishment to seed production was
estimated to be 25 years (Mannyn...1997), which is considered to be moderately cautious. The
hectares to be regenerated with orchard seed were based on past-ten-year average (1988-1997) of
four (former) northernmost forestry board districts (see, e.g., Statistical yearbook...1995, p. 34),
congsting of atotal of 18 729 hectares (of which 7 245 was sown). The sowing area was changed
by dividing it into a half based on the original report (Mannyn...1997). The annual area to be
cultivated with the orchard seed in northern Finland increased by "leaps’ (Figure 3.12) due to the

specific assumptions made in the assessments (see Appendix 20).

At thisjuncture, it should be noted that the area of the four (former) northernmost forestry board
districts does not correspond exactly to the area referred to the original report (Mannyn...1997).
Rather, it had to be in accordance with study 2. In study 2 the next-generation Scots pine seed
orchards were assumed to produce seed for South and Central Finland in the area covered by
forestry board districts 1-15. Inthis study thetarget areawas covered by forestry board districts 16-
19. There may, of course, be some overlaps (i.e. seed produced by seed orchards established for
South and Central Finland might be used in northern Finland and vice versa) between these areas,

but they are considered to beinsignificant regards to overall results.
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The annual area to be cultivated with orchard seed of northern clones, Study 3
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Figure 3.12. Development of the annual cultivation area (according to the establishment schedule)
between 2024-2046, study 3.

The time period for differential costs ranged from 1997 to 2046; after which the seed production
will decrease (due to the estimated average production age of 20 years) since the remaining seed
orchards cannot compensate the gap of the production without the annual average seed production
exceeding a 7kg/hectare. The financial value of annual differential costs was FIM 3.42 million
(Table 3.4), which was based on the averagesfor 1990-1995 (Internal Accounting...1990-1995) and
on recent experiences of local managers (Lahtinen 1996, 1997). Progeny testing (Table 3.4)
included, for instance, specia measures such as freeze testing and selective harvesting of the seed
orchards (Pulkkinen 1995). Freeze-testing isan essential stage between present and next generation.
Through testing the most tolerant clones can be separated and exploited in the establishment of

next-generation seed orchards. Besides those annual progeny testing costs, there were additional
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costs related to the identification of the best surviving clones and freeze-testing equipment. These
costs (regarded also as differential costs) occurred between 1996 and 1999, and their estimated
combined value was FIM 2.1 million (Ahtikoski 1996a)

Table 3.4. Key activities, input categories and annual financia values for Study 3. Percentages
indicate the proportions of the inputs within an activity, and the percentages in parenthesis are the
average tax rates on the inputs. The bold figure in each input category reflectsthe ratio between the
economic value and market price of the input (the ratio corresponds to the coefficient in formula
[2.2]).

Key activity social semiskilled | skilled labour | contractors intermediate | "miscel-
[financial value, | Sty | fabour fees goods laneous’
Finnish Marks, | "o | 065 0.8 0.8 0.7 0.7
FIM]

Annual mana- | 10% 44% 0% 31% 3% 12%
gement of seed (27%) (22%) (22%) (22%)
orchards

[1.12 million]

Progeny testing | 13% 45% 10% 15% 7% 10%
(incl. special (27%0) (33%) (22%) (22%) (22%)
measures)

[1.2 million]

Administration | 16% 15% 46% 0% 8% 15%
[1.1 million] (27%) (33%) (22%) (22%)

The shadow pricing procedure of this study did not follow the general procedure (see Figure 2.4)
due to the specific structure of original book-keeping records. In this study, the cost classes (also
denoted as key activities) did not consist of subactivities, but were analysed as such by dividing
them directly into input categories (Table 3.4). Thisresulted in adlightly different input categories

compared to Study 2. The procurement costs of the land and establishment costs were assumed to
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be identical to those of study 2, but ther timing was different. Hereit was presumed that procure-
ment of the land occurs five years before establishment. Ste preparation, grafting, construction of
the roads and soil and climate measurements will take four years until the graftings are planted in
the orchard (Mannyn...1997).

The inputs of each key activity were shadow priced applying the same principles asin studies 1 and
2 (see Appendix 7). Prior to shadow pricing transfer payments (taxes and social security payments)
were removed from the financial values. The future values of the costs were forecasted by trend
presented in Appendix 4. Finally, the shadow-priced differential costs were assessed on the basi s of

the following:

48

22 48

; d

cu . z; Co () zlj (¢f ) @) 2236 cifv ) [3.13]
1= [ =

,where  CY" = discounted differential costs of seed orchard activity, FIM
(base year 1998)
C, ®= establishment costs (incl. Ste preparation, grafting,
constr. of the roads, measurements, planting) of the seed orchards
inyear t, FIM
C, "= management costs of the seed orchards ( including
supervision, fertilization, roguing etc.) in year t, FIM
CP= progeny testing costs (incl. special measurements) in year t, FIM
C, *= differential administration costs of the seed orchard activity
compared to the administration costs of the stand
seed collection, in year t, FIM

D, = discount factor with a2%, 3%, 4%, 5% or 6% discount rate
The same argumentsfor chosen discount percentages were used here as for study 1 and 2.

According to theinitial biological data (Appendix 21) and genetic gains (reflecting recent progeny

test results) the harvest scheduling models were simulated for Myrtillus and Vaccinium type pine
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forests. The proportions of Myrtillus and Vaccinium type in planting and sowing followed the
proportions presented by Saarenmaa (1992). The genetic gains were fed into the growth functions
of MELA by increasing the annud growth leve (see Appendix 13for detals). Then the smulated
harvest scheduling models of Taivalkoski region (Appendix 22) were extended to former forestry
board districts 16-19 forming a homogenous growth region of northern Finland. The assumption
wasthat on average pineforests grow asthe Taivalkoski models (for Myrtillus and Vaccinium type
separately) suggest, although there are regional differences in growth conditions and even in

slvicultural practicesin northern Finland.

The genetic gains were adopted from the progeny test results for southern Finland (Vendainen et
al. 1994) assuming that thesefigures are applicablea so for northern Finland. This had to be done
dueto alack of progeny test results on field conditionsin northern Finland. The genetic gainswere
3%, 7% or 10%. Thesefiguresindicated the gains from phenotypic selection under field conditions,
and can be conddered to be conservative, since they represent present-generation results. However,
the main qudity concerning the pine breeding for northern Finland is the hardiness of the reforestati-
on material - in other words to qurantee that orchard seed is at least astolerant aslocal stand seed

to freezing stress. Thus, genetic gain, for instance, in volume growth is of secondary interest.

The differential benefits due to genetic gains at stand level can be expressed by thefollowing:

B _ 12231 JT,+ @) - 1226 NS, @) [3.14]
57 762
, Where BY"= present value of differential benefits at stand level, when genetic

gain is 3%, 7% or 10%, FIM (base year 1998)

JT = outturn of athinning or final cut (valued at stumpage price)

in an improved stand in year t [e.g t=57 : (1999 (first esta-

blishment) +25 (time lag) + 31 (time for first thinning)) - 199§],
FIM

NS~ outturn of athinning or final cut in anormal stand (without genetic
gan)inyear t, FIM

Dp= discount factor with a 2%, 3%, 4%, 5% or 6% discount rate
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The discount percent range (2%-6%) was aso in this case used according to the arguments of study
1. The future stumpage prices were estimated by the trend equations presented in Appendix 4.

To be able to assess the possible net benefits at national level, the following cost-benefit formula
was adopted:

2046 K _
NPV - Y Y B _car [3.15]

t-2024 k

, Where NPV = net present value for the next-generation seed orchards of
northern clones, FIM
k, K =individua stands(incl. MT and VT forest site types) in the target
area, i.e. northern Finland
B,¥"=formula[3.14]
CU"= formula[3.13]

The sensitivities to changes in a priori chosen main variables were tested. These variables were
assumed to most affect the results (Table 3.5). The same five discount rates as in Study 2 were
applied here. The intermediate points between the integers of discount rates were estimated by
spline-function interpolation (Lindfield & Penny 1995).
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Table 3.5. Sengitivity analyses conducted in Study 3.

sendgitivity analysis

range

specification

average seed crop*

"4kgto 7kg" (denoted as al-
ternative C), "7kg" (alternati-
ve B)

Two alternatives: in thefirst alterna-
tive the annual average seed crop
was fixed to 7 kg/hectare, and in the
second alternative it was assumed
that the annual average seed crop in
each seed orchard would increase by

1 kg per year from 4kg to 7kg

harvest scheduling model **

This was examined by constructing
an alternative harvest scheduling
model according to Vuokila& V&
liaho's growth and yield models
(1980).

site quality

Vaccinium, Myrtillus type

This was tested by assuming that all
the planted and sown seed is cultiva-
ted either on Myrtillus or Vaccinium

type forests.

annual costs

25% decrease, 50% increase

annual cultivation area

30% decrease, 30% increase

shadow prices of inputs

30% decrease, market prices

trend stumpage prices

no trend, triple trend

* |t was assumed that when the past-ten-year cultivation average ( 15 107 hectares) is exceeded by the production of the

next-generation seed orchards then no more seed orchards will be established. The first alternative resulted in that the last
establishment will occur in 2012 indicating that only 160 hectares will be established instead of the original 250 hectares.
The second alternative resulted in that the last establishment will occur in 2014 indicating that 180 hectares to be

established.

** Height index H,,,= 21 min Vuokila& Véiaho's models (1980) was assumed to correspond to Myrtillus type, and

height index H,,,= 18m to Empetrum-V accinium type forests in northern Finland (see Vuokila & Véliaho 1980, p. 26). For

height index H,,,= 21 m there were 3 intermediate thinnings and the removal percentage was 25% (Vuokila& Védiaho

1980, p. 236), and for height index H,,,= 18m there were 2 intermediate thinnings and the removal percentage being 30%
(Vuokila& Vdiaho 1980: p. 259). For Vuokila& Védiaho's growth and yield model s the percentages reflecting the genetic

gains (3, 7 or 10%) were incorporated by increasing only the outturns, keeping harvesting times unchanged.
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3.1.3.2 Resaults

The NPV turned into negative when the discount rate was 3 per cent, the genetic gain being 3% or
7% (Figure 3.13a). With 5 per cent discount rate the NPV was negative regardiess of the genetic
gain applied (Figure 3.133).The spread of the IRR with regard to genetic gains was 0.89 percentage
units; this spread appears to be moderate.
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Figure3.13. NPVsfor Scots pine next-generation seed orchards of northern clones (a). The effect
of average annud seed crop (“dternative B": 7kg and "alternative C": 4-5-6-7kg) and an aternative
harvest scheduling model (Vuokila & Véaliaho) onthe NPV is presented in graph b.

Sengitivity analyses

The effect of an average seed crop (kghectare/year) on the NPV wassignificant. For example, with
3 per cent discount rate the NPV for aternative B (average seed production 7kg) was about FIM
10 million, whereas for the original assessment it was negative FIM 0.6 million, the genetic gain
being 7% (Figure 3.13b). The difference, some FIM 11 million, is considerable with regard to the
initial PV of differentia costs which was FIM 27 million (discount rate 3%). The NPVs for
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dternative C ("4kg to 7kg") lie between these two "extremes'. With reference to the results of the
sensitivity analysis, it can be argued that there is a great incentive to invest in activities (such as
careful planning in land procurement andintensified annual management) which contribute to higher

seed crops.

The NPV was very senditive to harvest scheduling models as was to be expected; it was FIM -11
million for genetic gain 7% (discount rate 3 per cent) with Vuokila& Véaiaho'smodds whereas the

corresponding origina value was FIM - 0.6million (Figure 3.13Db).

The effect of Ste quality on the NPV wassignificant with respect to the spread of IRR. The spread
was 1.08% between "EVT" and "MT" with 15% genetic gain. (Figure 3.14a).
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Figure 3.14. NPVsfor Scots pine next-generation seed orchards of northern clones with alternative
site qualities (a), annual differential costs (b), annual cultivation areas (c) and input prices (d). For
ingance, "MT" indicates that all the improved material is cultivated on Myrtillus (or correponding)
type forests (a) and "30% decrease” in input prices assumes that shadow priced differential costs are
decreased by 30% (d). In each graph (a-d) discount rate variesfrom 2% to 6%.
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The NPVswere very sensitive to changes in annual differential costs; with 3 per cent discount rate
the NPV in an assessment with 25% decrease resulted in a positive NPV, whereas with original
differential costs the NPV was negative (Figure 3.14b). The lowest genetic gain was chosen a
priori, because with low genetic gains the costs are expected to form a bigger portion of the
benefits than with high genetic gains. Thus, the effect of the changesin cost is relatively higher. The
result supports views which state that the origina set of differential prices might be at too high a
level (see, also Table 3.4) . The results were only moderately sensitive to changes in annual
cultivation area (Figure 3.14c). One reason for this insengitivness is that in this study the benefit-
codsratios were condderably lower thanin Study 2. The NPVsweremost sendtive to changesin

input pricing. For example, when market prices of the inputs were applied, the NPV was about FIM

- 39 millionwith 2 jgr cent discount rate, whereas the NPV for the assessment with 30% decrease
in shadow prices was FIM + 4.5million, the genetic gain being 3% (Figure 3.14d). (Note that the
curve for market pricesislinear although it should be loglinear as the other curves - this depiction

bias originates from so-called magnitude problem associated with the software). From the result it
can be concluded that utmost care must be afforded in analysing the underlying market structures
of theinputs used for seed orchards. The NPV s of this study were much more sendtive to shadow

pricing procedure than those of study 2. One possible reason for the divergence is the different
divison of input categories. Another isthe fact that seed orchards of northern clones require more
labour (relative to other inputs) than those for South and Centra Finland.

The sensitivity to changes in trend stumpage prices was tested at 3% genetic gain level. All the
aternatives ("no trend", "original trend": see Appendix 4, "triple trend") resultedin negative NPV's

with discount rate of 3%.

3.2. Seed producers viewpoint
3.2.1 Study 4: Market environment and production costs of orchard seed
3.2.1.1 Framework & restrictions

Scots pine first-generation seed orchards

The purpose of this study was to examine whether there are economies to scal e to beexploited for

orchard seed producers. Themarket structures were examined by forming mathematicdly thelong-
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run average cost (LAC) curves and revealing minimum efficient scales (MES). By comparing the
output at MES relative to the size of the total market, estimates about the prevailing market
structure can be made. Inthis connection the market demand curve was chosen to approximate the
size of the total orchard seed market. The procedure ignores potential seed stocks. This should be
emphasized, given the long-term conditions of excess orchard seed supply in Finland (see, e.g.,

Mannyn...1997)

Two separate LAC curves were calculated; one reflecting direct production costs between 1993-
1997, whereasin the other the past establishment costs wereal so taken into account (see Appendix
23). Thedirect production costsincluded annua collecting costs, transporting costs, seed extraction
costs, management costs of the seed orchards and administration costs between 1993-1997. The
cost data were collected from annual seed orchard records, updated by the FPS, and there were
totally over 750 cost observations (5 years* 5 cost categories* 30-36 seed orchards each year) to
be modelled. The costs were deflated by the wholesale price index (Statistical Y earbook of Finland
1997) for 1997. Asregards seed orchards, the time period of five years might be consdered aslong
run, since all relevant inputs can be adjusted to changes. Moreover, currently thereisno means to
affect these sunk establishment costs. The chosen 5-year period could belong enough for afirm to
force down all factors of production when deciding to produce zero output. There are no quasi-

fixed factors (see, Varian 1987, p. 315) present either.

An estimation of the market demand curve was based on the orchard seed sales of Patama nursery.
The procedure was based on severa limitations (see Appendix 24 for further detail) due to the
specific features of the Finnish orchard seed markets.

Thelong-run average cost (LA C) function was estimated by polynomial regression since the theory
(eg., Lipsey 1987, Begg et a.1994) impliesthat LAC function is of second order. Prior to model-
ling the costs were plotted in order to illustrate whether there was such a pattern. Moreover,
polynomia regression method was the most satisfactory with regard to R? (0.94-0.96) and residual
behaviour (MicroCal Origin 1994). However, residuals were only checked by visual examination,
because the primary purpose of the method wasto approximate, not to modd the underlying cost

observations. In addition, it was assumed that further developed models would not increase the
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accuracy essentially due to the conventional approach applied here (i.e. costs were presented asa

function of quantity) and incomplete original data set.

Slver birch present-generation seed orchards

For Silver birch the data underlying the LAC function was based on annual collecting costs,
transporting costs, seed extraction costs, management costs of the seed orchards and administration
costs between the 1992-1996. In total, there were over 125 cost observations (5 years * 5 cost
categories * 5-8 seed orchards each year). The 1997 observations were excluded, because in that
year the cost calculation procedure was changed resulting in an incomparatable cost classes with
other years (e.g. production costs included different types of indivisible reservations for salaries
which did not reflect actual production). The costs were deflated by the wholesale price index
(Statistical yearbook of Finland 1997) for the year 1996.

An estimation for the market demand curve of Silver birch orchard seed was based on the sales from
Haapastensyrja Breeding Centre. Also here specific limitations were called for (see Appendix 24 for
further details). A linear estimation (OLS method) for the demand curve was applied. As was the
case with Scots pine, the prevailing prices for Silver birch orchard seed are aso under the price

rationing.

The LAC function was estimated by polynomial regression (MicroCal Origin 1994). The method
was found to be the most satisfactory with regard to R? and residual behaviour. The price elasticity
was evaluated for the average price (weighted by the quantity demanded) of the most demanded

vitality class.

Scots pine next-generation seed orchards

Thisanalysswas apure case study calculation wher e ahypotheticad next-generation Scots pine seed
orchard was established. The business economical profitability was evaluated ex ante. The objective
of the analysis was to examine the limits under which the established seed orchard is business
economically profitable, and further to analyse whether these limits are attainable, given e.g. the
biological constraints. Presently, this kind of assessment is called for because the establishments of
Scots pine next-phase seed orchards are at hand (e.g., Mannyn...1997). According to preliminary
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calculations a minimum area which is a "functiona entity" is 20 hectares (Antola et al. 1996,
Mannyn...1997). This assumption was adopted here without further challenging the assumption per
se. The establishment costs were based on recent experiences of local managers. These costsfor 20
hectare next-phase seed orchard are estimated to be approximatey FIM 1.2 million (in 1998 money
value). Thisfigure partly represents already-realized establishment costs (Lahtinen 1997).

The business economical profitability per established seed orchard hectare was assessed by the

following formula:

35 35

NPV, - 21:5 SR, « (Dp)‘ 2; C,» (Dp)‘ [3.16]
t= t-

where NPV, = net present value, FIM/hectare
SR=totd salesrevenuein year t, FIM
C= production costsinyear t , including, e.g. management,
collection (Obs.: the variable further consisted of average
annud seed crop; kg/hectare, collected cones required
for 1kg of orchard seed; litres), FIM

D o= discount factor with a4% to 10% discount rate

Scots pine sawlogs stumpage price development in southern Finland during 1982-1994 (see
Appendix 4: Study 1) was applied to forecast thefuture prices of orchard seed. This deve opment
was seen adequate for the purpose, mainly due to a lack of adequant and uniform time-series of
orchard seed sales (i.e. more than 5 years). The adopted forecasting method (linear regression)
resulted in a0.5 per cent annud increasein prices (not constant due to linearity). Thefuture costs

were forecasted by the formula given in Appendix 4.

The main variables and their presumed base levels are presented in Table 3.6.The figures reflected
the cost and price levelsof 1996 and 1997, respectively.
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Table 3.6. Main variables and their base levels in Study 4, next-generation Scots pine seed or-

chards.
Main variable Base level
annual management costs FIM 1 000 /hectare
the amount of collected cones required for 1 150 litres
kg of seed
collecting costs FIM 8 /litre
production age 20 years
average annud seed crop 10 kg/ hectare
Selling pricefor vitdity class">95%" FIM 2 400 /kg
Selling pricefor vitdity class"91-95%" FIM 2 200 /kg

Each of the afore-mentioned base levels was applied from the national report (Antola et a. 1996,
Mannyn...1997). The base levels reflected experts general ideas which can be considered to be
"mogt up-to-date". However, the base leve for an average annud seed crop, 10 kg/hectare, israther
high with regard to an average seed crop of the present-generation seed orchards, the average being
approximately 4 kg (pers. comm. Lahtinen 1998). On the other hand, these new seed orchards are
established on better soils. Thereisalso more careful planning and management involved in the next

generation. Furthermore, the 4 kg average includes also the past seed crops from seed orchards
which at present are disregarded, i.e. left unmanaged.

In order to model the effect of different variables on NPV, various mathematical formulas were
tested. The formulas can be seen as mathematical simplifications for surveying the impacts of
different variables on business economical profitability. By the mathematical model the significance
of each variable could be examined in further detail, but it should be noted that these mathematical
formulas did not reflect stochastic processes as is often the case in statistical inference (see, e.g.,
Maddala 1977, Koutsoyiannis 1981, Chatfield 1989, Marshall et d. 1995). Theformulas should not
be interpreted as such. Rather, the ideawas to capture the essentid interrel ations between regres-
sors and simulated net present values and to present these in mathematical form. The formulas
should be viewed as purely mathematical constructions for estimating the relative importance of

each variable in the process. However, the process is not unknown, instead it is based on formal
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calculation procedures (cf. Maddaa 1977). These parameter estimations are smplificationsin order
to aid practical decison-making. The adopted approach (i.e. modelling non-stochasticity) is
presented in Appendix 25. The smulations were conducted under specific limitations (see Appendix
26).

Sengitivity analyses

Sengitivity analyses were conducted to evaluate the effect of changesinfour a priori chosen main
variables. Prior to showing the results three issues should be taken up. Firstly, the average annud
seed crop (kg/hectare) was assumed to be fixed to acertainlevd (base leve 10 kg/hectare) for the
whole production time. Secondly, all the cost variables and price variables reflected particular cost

and price devel opment.

3.2.1.2 Resaults

Scots pine present-generation seed orchards

The resulting long-run average cost, LAC function was :

7,,-0.00047 x2-2.12744 x+ ¢ [3.17]

wheref, 5. =long-run average cost function
x= quantity (kg/year)
c= constant, which was 377102 for LAC, (no establishment and past annua
costs), and 5455.1 for LAC , (establishment and past annual costs

incl.)

By differentiating formula [3.17] (with constant for LAC,) and setting the derivate to zero, a
minimum efficient scale (MES) was obtained. The output level where MES was achieved was
2263.2 kglyear. By comparing the MES value to the market demand it could be concluded that the
prevailing market structure of Scots pine orchard seed production lies between oligopolistic

competition and natural monopoly (Begg et a. 1994): asingle firm (here Forest and Park Service)
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can produce amost the entire industry output (Figure 3.15).Thus, it can be argued that natural
barriersto entry do exist, sncethe output (at MES) isvery large relative to total demand (cf. Lipsey
1987).

Unit price (FIMkg)

50 1000 1500 2000 200 3000 30
Quantity, Output (ky/year), x

Figure 3.15. Long-run average cost curves (LACs) of Scots pine present-generation orchard seed
production and market demand curve (DD). In LAC, the past establishment and annual management

costs are included.

One commonly used method to examine the type of industry in which the firm operates is to
calculate how much higher average (unit) costs are when the output is one-third of that of MES
(e.g., Scherer 1980, Begg et a. 1994). The average unit cost increase was here 78% indicating that
in Scots pine orchard seed production large fixed costs burden the profitability consderably at low
output levels. Usually large fixed costs are common in heavy manufacturing industries (Begg et d.
1994).

Long-run margina cost (LMC) and revenue (MR) functions were formed in order to examine the

profit maximization condition (see Appendix 27). The profit maximization condition was met at

output level x= 627.8 kg. In a perfect competition (i.e. price equals margina cost) this output
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would result in 1 655.5 FIM/kg unit price which is clearly below the LAC curve at that point (see
Fgure 3.17). However, when adopting the assumption of imperfect competition (i.e. price doesnot
equal to marginal cost) this output level (627.8 kg) results in a unit price of 2 871.9 FIM/kg
according to the demand function. This exceedsthe LAC curve at that output level, the exact unit
price according to LAC (establishment and past annual management costs omitted; see LAC, in
Figure 3.17) function being 2 567.1 FIM/kg. Thus, this result further confirms that the prevailing

market structure of Scots pine orchard seed markets does not reflect competition.

The price dasticity of vitality class">95%" (see Appendix 24) was -2.88 (around the average price
2 193FIM/Kkg), and the price elasticity of vitality class "90-95%" was -10.5 (around the average
price 1998 FIM/kg). In addition, price elagticities of demand were aso evduated for thelower parts
of the demand curves (generally price elasticity becomes less elastic along a linear demand curve:
see, e.q. Parkin 1997), particularly at the points which indicated the lowest prices during 1993-
1997. The elasticities were -1.3 and -5.5for vitdity class ">95%" and "90-95%", respectively.

The results indicate that the demand for Scots pine orchard seedis very elastic - thisis, however,
not asurprise, given the fact that stand seed is almost an identical substitute for orchard seed. When
applying the results to structure decision-making it should be pointed out thatin a case of elastic
demand an increase in price will reduce demand to the extent that revenue will fall (e.g., Varian
1987).

Slver birch present-generation seed orchards
The best fitting LAC function for Silver birch orchard seed production was:

Jy4e =0.16079 x? -55.69711 x +6109 .82759 [3.18]

wheref, ,.= long run average cost function

x= output (kg/year)

By differentiating formula [3.18] and setting the derivate to zero, aMES was obtained. The output
where MES was achieved was 173.2 kg/year. When comparing this output level relative to
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estimated market demand (a linear approximation, R?= 0.72, residuals checked visually) it emerged
that the prevalling market structure is imperfect (Figure 3.16). Moreover, the market demand

exceeds clearly the LAC curve indicating that the activity isvery profitablein the long run.
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Figure 3.16. Long-run average cost curve (LAC) of Silver birch present orchard seed production

and market demand curve (DD).

The cost increase was more than 100% when output was one-third of that of MES. Thisindicates
that thefixed cost factor is dominant in Silver birch orchard seed production. Perhaps thisis due to
the fact that Silver birch seed orchards in polythene tunnels require intensive management (e.g.,

fertilization, artificial lightning, culling) regardless of production level.

The same principles as which were used for Scots pine, were adopted in determining the profit
maximization condition for Silver birch (see Appendix 27). Because of the underlying 2nd degree
polynomial, two (positive) profit maximization points were found. The points were x (output) =
36.7 or x=107.9 kglyear. In the latter point the market price exceeded the long-run average costs

(FIM 2850 vs. FIM 1970). The magnitude was such that perfect price discrimination can wel | take

place.
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The price elasticity of average price (3 121 FIM/kg), was-2.9. In addition, price elasticity around
the lowest price (2 700FIM/kg) was still -1.8. This indicates that the demand for Silver birch

orchard seed is elastic.

Scots pine next-generation seed orchards
When the establishment costs are taken into account, the net present value is negative whenever the

collection cost isabove FIM 7 per litre (Figure 3.17a). The andysis was conducted by keeping the
other main variables (e.g. annual management, purchase prices) at their base levels (see Table 3.6).
Collection costs and average crop were presented in integers so that decimals were omitted. By
omitting the decimal values the calculation capacity of the software (MicroCal Origin 1994) was not
violated. Thisled to the borders of the grid being vertical - in real-world the borders are, of course,
not so sharp. When the establishment costs are disregarded (subsidized by e.g. the government) the

a)

NPV, FIMhectare

NPV, FIMhectare

gg//@(_\ o 8 ’
lion
C%ts] F/ A/:
ﬁl‘l‘e

Figure 3.17. Net present value for a hectare of next-generation Scots pine seed orchard as a

function of collection costs and average annual seed crop without (a) and with (b) a government

subsidy. Only positive NPVsareillustrated. Discount rate 4%.
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net present value (FIM per hectare) is positive even with FIM 10 per litre collection cost, regardless
of the seed crop (within the range of 6-10 kg/hectare), at 4% discount rate (Figure 3.17b). It should
be noted that future costs are in this connection converted to reflect the cost levels of 1996, e.g.,
FIM 7 or FIM 10 per litre. Thisis done to relate the results to present decis on-making.

The effect of establishment costs, the amount of cones required for 1 kg of orchard seed and
average crop on the NPV are presented in Figure 3.18. When establishment costs are taken into
account, the net present valueis postive only when approximately 130 litres of cones are needed for
1 kg of seed (corresponding app. 17 pro mille), the average crop being 7kg and discount rate 4%

(Figure 3.183). Nevertheless, when establishment costs were omitted, even with 170 litres of cones
needed for 1kg (corresponding app. 13 pro mille), the NPV was positive with the lowest average

a) discount rate 4% b) discount rate 8%

NPV, FiMhectare
NPV, FIMhectare

Figure 3.18. Net present value for a hectare of next-generation Scots pine seed orchard as a
function of conesrequired for 1kg seed and average annud seed crop with government subsdizing
the establishment (b), and without government subsidy (a). Only positive NPVs areillustrated (Note

the different discount rates).
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crop, 6kg/hectare, and with 8% discount rate (Figure 3.18b). Presently, the former figure, 130
litres, seems to be too high avalue (see, Antolaet d. 1996). The establishment costs appear to be

the most dominant single factor affecting the business economical profitability of a seed orchard.

The best fitted formula for the purpose was nonlinear by nature (i.e., it cannot be transformed to
linearity by, e.g., taking logarithms on both sides of the equation: see Greene 1997). Formdly, it

was:

= o« +ccones +u +log (crop) [3.19]
NPV 1 l 2 ) 10 .
+ 0 xcolcost +w n(rate) +o price +o »managcost + €

where NPV = net present value per hectare, FIM
ccones= collected cones required for 1kg of orchard seed, litre
crop= average annual seed crop per hectare, kg
colcost= collection costs, FIM per litre
rate= discount rate, 4% to 10%
price= sales price of the orchard seed, FIM per kg
managcost= annual management cost, FIM per hectare

e = error term (see Appendix 25)

Formula[3.19] includes the establishment costs. Further, the underlying assumptions are asfollows:
a) timeto seed production is 15 years, b) a seed orchard producesfor 20years; i.e. the production
time is 20 years (during that time the average crop isfixed) and c) no constant (fixed) variableis
incorporated into the modd. Thislast assumption was based on the a priori ideathat if all values of
the independent variablesin formula[3.19] are set to close to zero, the NPV should be "insolvable"
- had we incorporated a constant this would have resulted in an inconsi stent interpretation with no
relation to reality whatsoever. The parameters of formula [3.19] and the asymptotic correlation
matrix of the parameter estimates are shown in Appendix 28. The main variables and their relative
effectsonthe NPV in formula[3.19] are expressed in Table 3.7. Formula [3.19] can beinterpreted
by various ways, but here the following procedure was adopted. For each variable so-called base
level was determined. A priori these base levels can be seen as the most relevant values, given the

present knowledge on the next-generation seed orchards (see, e.g., Antolaet d. 1996, Nikkanen et
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al. 1999), and the specific study context applied here (see Chapter 1.4). For each variable some
aternative values are also depicted. The base levels and these alternative values together form a
relevant scope with respect to present knowledge on the next generation. The calculated relative
importances of the variables can be compared to each other as such - thiswill aid decis on-making

considerably.

Table 3.7. Main variables, simulation ranges (with intervals), a priori chosen base levels and
smulation points of formula[319]. Percentage changesin the NPV corresponding a 1% changein
the base level, point 1 and point 2 are shown while keeping the other variables at their base levels.
With respect to present knowledge the points 1 and 2 are less likely to occur than the base levds,
but they can dso be considered to be relevant values. The absolute vaues of the NPVsfor the base

level, point 1 and point 2 are presented in parenthesis.

variable Simulation range | base level (NPV,FIM/hectare) | percentage change
simulation inter- point 1 (NPV FIM/hectare) inthe NPV corres-
vals point 2 (NPV ,FIM/hectare) ponding a 1%
change

in the base level
point 1

point 2,

ceteris paribus

ccones from135to0 180 litres | 150 litres (1268) 96 %
with 15 litreintervals 135 litres (13 404) 9.2%

165 litres (-10 869) 12.3%
crop from 6 to 11kg 10 kg (1268) 44 %
with 1 kg intervals 9kg (- 4 692) 12%
11 kg ( 6 659) 8.6%
colcost from 6 to FIM 10 FIM 8 (1 268) 98 %
with FIM 1 intervals FIM 7 (16 854) 6.5%

FIM 9 (-12 319) 10.0%
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rate from3to 10 percent | 4 per cent (1 268) 97%

with 0.5% intervals 5 per cent ( -12 072) 5.0%
3 per cent (18 465) 3.2%
price fromFIM 1900to | FIM 2400 (1 268) 170%
FIM 2700 /kg FIM 2 200 (-16 715) 11.8%
with FIM 100 inter-
FIM 2 500 (10 259) 22.0%
vals
managcost fromFIM 800to FIM | FIM 1000 (1 268) 12 %
1200 /hectare FIM 900 ( 2 852) 4.8%
with FIM 100 inter-
FIM 1100 (- 316) 55 %

vals

The results digtinctively emphasize the dominant role of pricing on the profitability (Table 3.7). For
instance, if the selling price of orchard seed is changed from the base level by a 1%, thisresultsin
a170% changeinthe NPV, the other variables being at their base levels (Table 3.7). However, dso
the changesin so-cdled biologica variables (such as ccones and crop) lead to significant changesin
the NPV (Table 3.7). Thisimpliesthat in the next-generation there are still factors which affect the
profitability considerably, and which cannot be fully controlled even by intensified seed orchard
management. In other words, there are some risky elements involved - to reduce the risks new
methods to improve, for instance, the predictability of annual seed crop are called for. On the other
hand, "correct” pricing compensates the risks of biological variables. This, however, requiresthat
the seed producer could also estimate the market demand for orchard seed - orchard seed prices
cannot beincreased arbitrarily.

The R square of formula[3.19] was 0.92, and residuals (n=630) were examined only visualy, snce
the plots showed satisfactory model behaviour with regard to normality (stem-and-leaf plot) and
homoscedadticity. In this connection, however, it should be pointed out that the model wasinitidly
based on simulated values, not stochastic observations (see Appendix 25). Residuals showed no
misbehaviour when plotted against discount rate. There was also no trend to be seen in the model
prediction regarding the NPV either. Additionally, in the scatterplot matrix no pattern between
standardized residuals and predicted values was observed. Finaly, in normal probability plot of
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sandardized resduals the points fell more or less on the normal line (no significant deviations from

the straight line).

Sengitivity analyses

The profitability wasmost sendtive to collection costs of cones, establishment costs and to annud
management costs prior to seed production (Figures 3.19a, b). If collecting costs would decrease
from FIM 8 to FIM 6 this would result in higher PV of sales revenues compared to those of costs

even with 6 per cent discount rate (Figure 3.19a). If establishment costs and annual management
costs prior to seed production (years 1 to 15from the establishment) areomitted (e.g., subsidized
by government), the seed orchard would be business economically profitable even with 10%

discount rate (Figure 3.19b).
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Figure3.19. Profit (mill. FIM per 20 hectares) with alternative cone collection costs (a), establish-
ment and management costs (b), production age (¢) and combined effect of average annual seed
crop and establishment and management costs (d). Solid lines (and asterisks) present base values
(see Table 3.6).
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Production time (i.e. time period under which seed orchard produces seed) had only a minor effect
on the profitability (Figure 3.19¢). However, the effect of an average annual seed crop (kg/hectare)
on profitability was dignificant (Figure 3.19d). Moreover, from the graph it emerges that an
"externa subsidy” isof vital importance: without the subsdy the average annual seed crop must be
very high (e.g. 14 kg/hectare) so that profits be attainable (Figure 3.19d). Currently, this seed crop

level isamost impossible to achieve (see, e.g., Antolaet d. 1996). On the other hand, if establish-

ment costs and annua management cogts prior to seed production arefunded externdly (e.g. by the
government), as low as 6 kg/hectare annual seed crop is sufficient to quarantee profits even with
10% discount rate (Figure 3.19d).

The effect of time to seed production (sometimes denoted as production lag) on profitability was
examined by changing it from 15 yearsto 10 years. The ideawas to estimate how much the annud
management costs could be increased during the first ten years so that the alternative (i.e. shortened
time to seed production) would be as profitable asthe original alternative. With 5 per cent discount
rate the increase in annual management costs within the first 10 years was some FIM 1300,
indicating a 130 per cent increase. This result suggests that more intensive management over the
first years after the establishmentiswdll justified if it leads to shortened production lag.

3.3 Private forest owner's viewpoint
3.3.1 Study 5: Financial profitability of using Scots pine orchard seed in direct sowing

3.3.1.1 Purpose and framework

Purpose

The initial purpose of the study was to estimate possible differencesin NPV's between pine stands
sown with stand seed and with orchard seed. Genetic gains were assumed to generate faster growth
rate resulting in an increase in the NPV of the outturns. This increase was examined at forest
holding level and from a private forest owner's point of view (Ahtikoski 1997). Assessmentswere
conducted with specia reference to initial sowing costs of both seed options (stand and orchard
seed). The profitability was determined according to formula[2.13].
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Framework

The simulations were executed for four former loca units of the FPS due to practicd reasons: the
software for tree growth and harvest scheduling modelling and detailed growth data were available
and operable (with reasonably small modifications) at the FPS (see, Ahtikoski 1997, p. 241). Due
to theinitia growth data (young stands of the FPS), some caution must be taken when applying the
resultsto private forests. On the other hand, in a preliminary comparison between growth characte-
ristics of young stands of the FPS and those of owned by private people no evidence of significant
divergences emerged (Ahtikoski 1997).

The basic assumption at this juncture was that the same amount of orchard seed (expressed in
g/hectare) was used in direct sowing. This leads to cost difference due to different unit prices of
stand and orchard seed. The cost data were primarily based on the calculations of Hanninen (1995)
whcih indicate that orchard seed is more expensive than stand seed. In Finland, however, the
prevailing prices of Scots pine stand and orchard seed vary considerably and there is no exact figure
to beused for a particular region. Inlight of this prospectitis convenient to illustrate the NPVsas

functions of consecutive sowing cost differences.

The benefits were simulated by incorporating genetic gains into the growth functions of MELA
program (see Appendix 13). The genetic gains reflected the latest progeny test results concerning

The percentages were 3%, 7% or 10%.

Because the applied method (increasing annual growth level in MELA) affected the general
gructure of the stand , and thusresulted in various NPV's, a supplementary analysis was conducted.
In the analyses genetic gans were studied against the corresponding changesinthe NPV (%). These
were plotted in the same diagram. Furthermore, the harvest scheduling models including genetic
gains were tested against the models without genetic gains to look for potentia biases in the
simulation. This was done by forming diameter distribution for normal and improved stand, and

comparing them during the growth and at the end of rotation.
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To attain deeper knowledge with regard to main factors (discount rate, genetic gain, stumpage
prices and initial sowing costs) the effect of these on the simulated net benefits was examined. This
was done by testing different mathematical formulas applying the same principles asin Study 4 (see
Appendix 25 for modelling procedure). The formulas were constructed according to harvest

scheduling models of Jyvaskylaregion.

A priori there were two main factors affecting the financial profitability of using orchard seed in
direct sowing. First, the results depended on the genetic gain applied. However, no sensitivity
analysis concerning the genetic gains was conducted, since the results as such included different
genetic gains. Second, so-called market related factors were tested by sensitivity analysis. The
sengitivity to changes in trend stumpage prices ("no trend", "triple trend") and initial sowing costs
were analysed. In addition, the NPV s were recalculated based on Vuokila & Véliaho's growth and

yield models to study the effect of different harvest scheduling modes on the results.

3.3.1.2 Resaults

The net present vauesfor improved stands were similar in al regions (Figure 3.20). One reason for
the similarity was that these different growth regions were located in southern Finland where the
growth conditions with regard to climate and soil nutrition are more or less similar (Kuusipalo
1996), or at least the growth potential of Vaccinium type pine forests is of amilar magnitude. Even
with eight per cent discount rate the net present value was positive in al regions, the genetic gain
being the lowest, i.e. 3% (Figure 3.20).

For a 3% genetic gain the corresponding increases in the NPV varied between 5.9% and 7.9%
(Figure 3.21), the former value indicating the result for Hameenlinna, and the latter for Karstula
model (discount rate 3 per cent). Asarule of thumb, the increase in the monetary value (presented
by the NPV) was more than twice asmuch as theinitia genetic gain (expressed in percentage) when

discounting with 3 per cent.

With low genetic gains (from 3% to app. 8%) the proportionate increase in NPV was higher for

Hameenlinna model than for Karstulamodel (discount rate 5 per cent). Nevertheless, with high
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Figure 3.20. NPV (FIM/hectare) with dternative discount rates in Nurmes, Hameenlinna, Jyvaskyla
and Karstularegion (the FPS).
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Figure 3.21. The relative increase (%) in NPV corresponding the initial genetic gain expressed in
percentages. The lower lineindicates the results of Hameenlinna model for Vaccinium type, and the
upper line for Karstula model for Vaccinium type (). When discounting with 5 per cent the lines

intercept (b). The models for Jyvaskyld and Nurmeslie between these two "extremes'

115



genetic gains Karstulamodd resulted in greater proportionate increasesin NPV. These "controver-
sial" results are due to the fact that genetic gains were incorporated into the growth models of

MELA exogeneoudly, resulting in a nonlinear behaviour with respect to harvest scheduling.

The mathematical formulas were tested for Jyvaskyla region, but because of the similarity of the
NPVs in different regions (see Figure 3.20) the formulas can be applied dso to other regions with
caution. The best fitted formulafor estimating the effects of themain variablesin Jyvaskylaregion
was:

= ax In(rate) + o » y/gengain

+ o x relprice + o x costdiff + €

NB [3.20]

where NB= net benefit, FIM/ hectare
rate = discount percent, 3% to 8%, with half a per cent interval
gengain = from 1% to 10%
relprice= relative trend sumpage price level (+/-30% compared to the
original trend price level, with 5% intervals)
costdiff=initial sowing cost difference, FIM/hectare with FIM 50
intervals between FIM 50 and FIM 550

€ = efrror term

Parameter estimates and technical details of formula [3.20] are presented in Appendix 29. The
relative impacts of the variables on the net benefit are here demonstrated by the following. First, so-
called default value for each variable was chosen. These default values were based on several
Koponen 1997), and they can be consdered to be arelevant basiswith respect to current decision

making environment. In addition, the 4 per cent discount rate was chosen here asthe default value.

Thisisin accordance with the base level of discount rate in formula[3.19]: the 4 per cent discount
rate was the highest discount rate resulting in a positive net present value or net benefit for both the
seed producer and private forest owner, respectively. The main variables, default values and relative

importances of variablesin formula[3.20] are shown in Table 3.8.
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Table 3.8. Main variables and their default values of formula[3.20]. Percentage changesin the Net
Benefit (NB) corresponding a 1% change in the default value are presented while keeping the other
default valuesintact. For the sake of comparison another value for each variable (and the correspon-
ding percentage changein the NB) is dso presented. Thesealternative values are shown below the

default values, and they were selected on the basis of prevaling conditions.

variable default value percentage changein the NB
corresponding a 1% change
in the default or alternative
value, ceteris paribus
rate 4 per cent 4.4%
3 per cent 19%
geggain 3 % (in volume growth) 1.9%
5% 0.7%
relprice 1.0 4.5%
1.05 1.9%
costdiff FIM 250 / hectare 1.2%
FIM 350/ hectare 1.0%

Theresultsindicate that relative price and discount rate are the most dominant factors affecting the
Net Benefit , a least inthe neghbourhood of default values (Table 3.8). Overally, it seemsthat the
effects of the variables on the Net Benefit in formula[3.20] were condderably smaller than those of
formula [3.19] on the Net Present value. However, these effects in different formulas ([3.19] and
[3.20]) should be compared with extra caution, because @) the formulas are in the first place
estimated for different agents (seed producer vs. privateforest owner), and b) the primary ideawas
to "rank" the relative importances of the variables in each formula so that the ranking could aid

decision-making.

Als0 in this connection it should be pointed out that the error term (e ) only represents the misspeci-
fication of the mathematical formula as regards ssmulated net benefit values (see Appendix 25).
Therefore, the formula should be considered as a decison-making tool rather than a statistical

model in a traditional sense. This should be kept in mind when interpreting the results. In general,
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the model behaviour was satisfactory (see Appendix 29).

Sengitivity analyses

The difference investment method was applied by subtracting the initial sowing cost difference from
the net present values (of the outturns), resulting in net benefits. For example, if the initial sowing
cost difference was approximately FIM 600/hectare in Jyvaskyla region, then the genetic gain had
to be 7% in order for net benefit equaling zero, at 5% discount rate (Figure 3.22). A break-even
occurred when the initial sowing cost difference was FIM 700/hectare in Hameenlinna region, the

genetic gain and the discount rate being 3% (Figure 3.22).
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Figure3.22. Net present value (FIM/hectare) against initial sowing cost difference in Jyvaskyla (a),

Hameenlinna (b) and Nurmes (c) region. Different genetic gains and discount rates applied.

Vuokila & Vdiaho's growth and yield models resulted in considerably lower present values than
those of MELA modédlling (Figure 3.23a). The main reason for that was the difference in calculation
method. InVuokila& Vdiaho's models the genetic gains were estimated by increasng the outturns

and keeping harvesting times unchanged, whereas in the MELA simulation the genetic gainswere
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fed into the growth process themselves which resulted in changes in both the outturns and harves-
ting times. It can be argued that the MELA method simul ates nature more realigicaly. Moreover,
in Finland it is probable that thinnings are executed as early as possible, given the growth conditions
and law. Differencesin the NPVs originate dso from the different initid data sets used for VVuokila
& Védliaho's and MELA models. As a conclusion, the results according to former model could be
seen as "a lower boundary" for a given genetic gain, whereas the results reflecting the MELA

simulation can be viewed as "an upper boundary".
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Figure 3.23. Net present value evaluated by original MELA simulation ("Hameenlinna model " )
and by Vuokila& Véiaho's harvest scheduling models applying two different removal percentages
(a). Discount rate 3%. Senstivity to changesin trend stumpage prices with 3 per cent discount rate

(b) and 8 per cent discount rate (¢) for Hameenlinna model.

The results were only moderately sensitive to changesin trend stumpage prices (Figure 3.23b and

C).
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4. Conclusions

This research reports on the profitability of the present and next-generation Scots pine and Silver
birch seed orchardsin Finland. The specific goal of thiswork wasto determine the conditions under
which seed orchards are economically attractive for three a priori chosen agents. The conditions
were divided into biological and market related conditions. Then, these conditions were examined
with special reference to prevailing conditions and decig on-making process. Further insights were
provided in analyzing the extent at which the decis on makers (either at public or private level) can
control the variables creating the economicdly desrable conditions. Contradicting traditiona views
in the forest economics literature the concept of risk is here interpreted by the following. If the
relevant variables with respect to profitability can (to some extent) be altered through the decision-
making process, then the investment is characterized by low-risk elements. If, on the other hand,
these variables cannot be affected by the decision maker, then the investment is categorized as a
high-risk investment. The main topic was surveyed in five independent empirical studies by using

methods consistent to current theory of economics.

Prior to making conclusions, one particular issue should be emphasized to avoid misnterpretations.
Thetime period usedin the assessmentswas very long. This gave rise to various forms of uncertain-
ty, but most of them could be ignored due to the differential approach applied here. For example, it
can be expected that both improved and unimproved stands are under the same uncertainties as
regards, e.g,. fire occurrence, conservation, genera roundwood market shocks and time series
andysis. On the other hand, the long time horizon is a phenomenon per se consisting of uncertain-
ties which cannot be captured without making restrictive assumptions about the future. The
essential question is whether these restrictive assumptions are reasonable - this can be tested post

hoc by sengitivity analyses as was the case here.

This thesis has produced new information on the economical aspects of the Finnish tree breeding.
Especidly, the results provide new insightsinto @) detailed shadow pricing procedure of the annual
costs of the seed orchard activity, b) applicable methods for converting the genetic gains into
monetary values, ¢) mathematical tools for evaluating relative importancies and interrelations of the
main variables and d) estimation of relevant risk elements associated with tree breeding. Especially,
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the intuition behind the shadow pricing procedureis that it gives new knowledge on the true (net)
impacts of the tree breeding on social welfare. In addition, the research breaks new ground in
providing ashortcut method for assessng genetic gains. Namdy, to estimate theincrease (%) in the

NPV associated with a particular genetic gain at stand level.

The main results (Study 2) proved promising: with Scots pine next-generation seed orchards the
Net Present Values (NPV's) were positive even with 6% discount ratefor a 12% and 15% genetic
gain. Theresultsalowed considerable changesin variables (e.g. input prices, Ste qudity, costs and
harvest scheduling) which can be considered to be controlled by public decisons. However, the
results were very sendtive to changes in annual average seed crop which is partly affected by
biologica processes beyond the control of public decisions. Thisimplies that there will be some risk
elements involved with the next generation. On the other hand, the magnitudes of net benefits per
produced orchard seed kilogram hint to a possibility that risks can be reduced considerably by
directing relatively more subsidy (compared to present generation) into activities which improve
the biological conditions of the seed orchards. Further, the next-generation seed orchards will be
established in better soils than those of the present generation, let aone the fact that the risk of
background poallination is condderably lower with the next generation (Nikkanen & Antola 1998).

Both these issues contribute profitability significantly.

In general, investing in the next-generation Scots pine seed orchards seems to be charaterized by
low-risk elements. The results (Study 2) also indicated that activities contributing Scots pine's stem
quality warrant the extra cods involved. Surprisingly, the assessments resultedin similar outcomes
irrespective of whether market or shadow prices of inputs were applied. Thisismainly explained by
the resulting high benefit-cost ratios.

For Silver birch next-generation seed orchards (Study 2), positive NPV s were attainable only with
4 per cent discount rate. The attainable discount rates were generally lower than those of Scots
pine, which can be partly explained by the fact that future annual cultivation areas were forecasted

according to different time periodsfor Scots pine and Silver birch. The applied method can be said
to be "unfavourable' to Silver birch since its time-series included years in the 70s lowering the

derived annual average. On the other hand, the net benefits per produced orchard seed kilogram
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were distinctively high values implying that thereis a potentid toimprove the economic outcome
considerably. This can be done by directing relatively more subsidy into those activities which are
the most efficient from the society's viewpoint. For instance, to develop methods which enable
better correspondence between the seed production and orchard seed's market demand so that
overproduction problems (characteristic of present generation) can be avoided. The results werein
general senditive to changes in annual cultivation area and costs, as expected (benefit-cost ratios
were smaller than for Scots pine). These variables, however, can be considered to be the variables
which can be affected by public decision, at least to some extent. Thus, alsowith Silver birch next-

generation seed orchards low-risk elements are prevalent.

For next-generation Scots pine seed orchards of northern clones (Study 3), only a 3 per cent or less
resulted in positive NPVs. The significant difference in profitability between the seed orchards for
South and Central Finland (Study 2) and for northern Finland (Study 3) originates from severd
digtinctive facts. Firgt of dl, it should be pointed out that the breeding goals for southern and central
Finland and for northern Finland are separate (see, e.g., Nikkanen & Antola1998). It can be argued
that the breeding gods for southern and central Finland (growth yield and qudity) evidently lead to
economically more desirable outcomes than the corresponding for northern Finland (survivd). Part
of the difference can be explained by the different structures of original book-keeping records which
led to applying separate cost classes and divison of subactivities (see Appendix 12 vs. Table 3.4).
Second, relatively much higher differential costs (e.g., maintenance of the freeze testing capacity)
aretied up with seed orchards of northern clones than those for South and Central Finland. Thirdly,
smaller values for average seed crops were applied for northern Finland bearing in mind that a
profitability and seed crop are directly correlated. Finally, different absolute genetic gains were
applied - it can well be argued that higher absolute genetic gains are attainable in southern Finland
where growth potential generaly is higher than in northern Finland (see, Kuusipalo 1996). In other
words, the better the initial soil and climatic conditions, the higher gainsfrom tree breeding can be
obtained. Contradicting the results of Study 2 the NPV s of Study 3 were very sensitive to changes
in input pricing. One possible reason for that isthe different division of input categories, the other
being the fact that seed orchards of northern clones require more labour input relatively to other
inputs. Thus, changing the prices of labour input would directly affect the NPV considerably. As

expected, the results were senditive to changes in annual cultivation area, differential costs, average
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seed crop and harvest scheduling modelling, which all except the average seed crop can be conside-
red to be variables affected by public decisions. In this respect, investing into the Scots pine next-

generation seed orchards of northern clones can aso be characterized by |ow-risk elements.

Generally, the results (Studies 2 and 3) indicated that the minimum values for the main variables
required for a positive NPV are obtainable with reference to the present knowledge on biological
and economical conditions. In addition, the most relevant variables with respect to profitability can
be controlled by public decisions suggesting that low-risk elements are dominant with the next-
generation seed orchards. However, it can be argued that seed orchards to be established for the
northern Finland are significantly more dependent on public funding than those established for

southern Finland.

Theresults of Study 1 showed that present-generation Scots pine seed orchards are profitable (i.e.
NPV > 0) from the society's viewpoint only when the genetic gain in volume growth is over 7
percent, the discount rate being 3 per cent. The former seems to bea higher value than suggested
by the latest progeny test results (Vendlainen et al. 1994). It should, however, bereminded that the
assessment included all Scots pine present-generation seed orchards. This has effected the profitabi-
lity: for example, the net benefits per produced orchard seed kilogram were sgnificantly lower than
the corresponding of the next generation indicating fewer alternatives for decision makers to

redirect the annual subsidy into more efficient breeding activities.

With Silver birch present-generation seed orchards the highest genetic gains, 15% in South and 12%
in Centra Finland, resulted in postive net present value when discounting with 3% (Study 1). These
genetic gains (15% and 12%) seem to be attainable, given the latest progeny test results on the
present generation (Hagqvist & Hahl 1998). In addition, the high values of net benefits per produ-
ced orchard seed kilogram indicated that the subsidy could be redirected between the breeding
activities so that the overdl profitability would beimproved to some extent. The key issueinthe
near futureisto adjust seed production to correspond to market demand more accurately than in the
past - this can be best achieved by placing relatively more inputs to develop solid methods for
estimating market demand.
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The discount rate (3%) resultingin a pogtive NPV was relatively low with both species, athough
such arate could be“justified” in long-term public investments (e.g., Musgrave & Musgrave 1989)
and especidly in long-term environmental projects (Weitzman 1998). In general, the results of both
pecieswererobust with regard to site quality and stumpage prices. In this respect the present seed

orchards can be conddered to below-risk investments.

Principally, the main cause for the poor profitability (i.e. low discount rates for positive NPVs) of
present seed orchards is that they could not have been utilized with the magnitude which was
originally planned. However, the reasons for this defect are distinctive for the tree species in
guestion. With Scots pine the background pallination and poor soil conditions of seed orchards have
led to unbalanced seed production with respect to orchard seed demand. The background pollinati-
on has narrowed the origina utilization areas (confirmed by the Finnish Forest Research Institute;
see Nikkanen et al. 1999) of orchard seed, particularly in northern Finland, while in some parts of
southern and Central Finland there has been an excess supply of orchard seed due to overlapping
seed orchards. This background pollination can be considered to bea high risk element since there
have been only limited methods (for both decison makers and breeders) to reduce the level of
pollen contamination in the present seed orchards. Viewed in this fashion, the present-generation

Scots pine seed orchards involve more risks than those of the next generation.

With Silver birch, on the other hand, the chronic overproduction of seed during the recent years has
burdened the profitability considerably. The overproduction results from two separate facts, as was
mentioned earlier. First, production techniques have developed faster than anticipated leading to
higher production capacity (within the same polythene tunnel area) than was originally schemed.
Second, drastic fluctuations (during the early 90s) in annual cultivation area have reduced the
profitability. However, unlike Scots pine, both these effects can be controlled through decisions.
Thus, from the society's viewpoint lower risks are associated with the present-generation Silver
birch seed orchards than those of Scots pine.

The andysis on market environment for Scots pine and Silver birch present-generation orchard seed

(Study 4) implied that there are still economies of scale to be exploited with both species. Oneman

reason for the existence of economies of scalewithScots pine orchard seed production is theimpact
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of uncollected conesin seed orchards - the seed orchards have not been utilized in accordance with
the initial magnitude of the establishments. The surprising outcome of the analysis of the next-
generation Scots pine seed orchards (Study 4) was the essential importance of the government
subsidy -without the subsdy the NPV for a angle seed orchard is clearly negative even with low
discount rates. In addition, the smulation results indicated that the price of the orchard seed was the
most important variable for the financial profitability (Table 3.7). Thisimpliesthat viaright pricing
decisions some of the risks associated with biological variables can be compensated. At present
generation the total absence of the subsidy would most likely lead to higher prices for orchard seed,
and it seems that there would not be enough demand with those higher prices, especidly in case of

Scots pine (see Figure 3.15). For Silver birch, however, the absence of the subsidy would not affect
the profitability so drastically, since there might be enough demand for higher orchard seed prices
(seeFgure 3.16). Findly, the results clearly indicate the need to invest in methods which contribute

to seed crop - even large extra costsinvolved in developing are warranted by higher seed crops.

With Scots pine the discrepancy between the discount rate resulting in a positive NPV for society
(Study 2) and for a seed producer (Study 4) can be explained twofold. First, different set of prices
were applied: socia, i.e., shadow prices were used in examining the issue from the society's
viewpoint, whereas market prices were adopted for seed producers. These different prices can
partly explicate the discrepancy found. Primarily, the discrepancy originates from the fact that there
is a 15-year time lag between the establishment and seed production in a Scots pine seed orchard.

Thisisthe main cause which burdens the financial profitability.

For aprivate forest owner sowing with Scots pine orchard seed was profitable even with ashigh as
8 per cent discount rate (Study 5). According to the results (see Figure 3.20) the difference
(between the outturns of an improved stand and those of a normal stand) at present value is well
above the prevailing extra costs involved with orchard seed in direct sowing. In addition, an
interesting outcome was that the decison variables of the amulation (discount rate, genetic gain,
relative sumpage price and sowing cost difference) had similar impacts on the financial profitability
within the relevant scope of prevailing biological and economical conditions (Table 3.8). This can
be interpreted by saying that decisions are dominated by private forest owner's own preferences.

Furthermore, in practice private forest owners are willing to pay more for the orchard seed than for
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stand seed (Vendéinen & Koponen 1997). Thus, it seemsthat small increasesin orchard seed prices

(e.g. dueto apossible decrease in annual subsidy) would not limit the demand consderably.

With both species the significant difference in profitability between the present (Study 1) and next
generation (Study 2) can be explained by the effect of more efficient planning and establishment, and
by the underlying, better than assumed correspondence between anticipated orchard seed demand
and the magnitude of the establishment of the next-generation seed orchards. In the next-generation
there will be no large-scale excess seed supply to burden the profitability. Of course, the higher
genetic gains applied in the next generation affected the results, but they cannot explain dl of the
difference. Additionally, it should be emphaszed that the actual results of tree breeding cannot be
utilized until the next generation. Then, at the first time the individual trees are selected into

breeding popul ation according to progeny test results.

From the overal results (Study 1 and 2), it can be concluded that there might even be some welfare
improvements attainable in the next-generation seed orchards for both species in the sense that
higher discount rates, compared to the present generation can be applied. In other words, the
resources (in a form of inputs directed into breeding activities) tied up in the next-generation seed

orchards are more efficiently allocated from the society's point of view than the resources used in
the present generation. Hypothetically, if we assume that the present and next-generation seed
orchards were mutually exclusive projects society would gain by reallocating resources from the
present to the next-generation seed orchards. Furthermore, the absolute value of discount rate
applicable in the next generation appearsto be a high value as regards rawmaterid supply in primary

production.

Finally, the multilevel analysis resulted in a positive impact of tree breeding on each agent. In other
words, the results suggest that via the present government subsidy, which itself is economically
justified, the orchard seed production is made business economically profitable. Further, for a
private forest owner the produced orchard seed also seemsto be a profitable aternative to be used
in direct forest sowing. The above-mentioned applies even more with the next generation, when
lower risks are associated with theinvestment decisons, and higher genetic gains can be expected
(see, eg., Vendéinen et al. 1996b).
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SELOSTE (Finnish Summary)

Tutkimuksen tausta ja tavoitteet

Méaérétietoinen metsdnjalostustoiminta alkoi Suomessa mannyn (Pinus sylvestris L.) pluspuiden
vainndla. Varttamalla pluspuiden oksa perusrunkoihin perustettiin ensmmaiset avomaan siemenvil-
jelykset 1950-luvun keskivaihellla. Toiminta lagjeni 1960- ja 70-luvuilla lagjamittaisella ménnyn
semenviljelysten perustamisohjelmalla. Jalostustydn puolen vuosisadan mittaisesta historiasta
huolimatta Suomessa e kuitenkaan ole tarkasteltu metsdnjalostuksen taloudellisia perusteita
muutamaa tapaustutkimusta lukuun ottamatta. Tamatyo pyrkii osaltaan korjaamaan ko. epékohtaa.
Ensgjaisesti tydssi tarkastellaan ménnyn ja rauduskoivun (Betula pendula Roth) seuraavan polven
semenviljelysten talouddlista kannattavuutta. Metsénjalostustoiminnan kannattavuutta tarkastellaan
kolmen agentin (vatio, Semenentuottaja ja metsdomistgja) nékokulmasta. Lisaksi, kannattavuudelle
kriittis& muuttujanarvoja verrataan vallitseviin biologisiin ja taloudellisiin olosuhteisiin, jotta
padtoksenteossa voitaisiin ottaa huomioon my6s kannattavuuksiin liittyvét riskit.

Tutkimusmenetel mat

Valtion talouden tason tarkasteluissa (Osatutkimukset 1, 2 ja 3) laskelmat suoritetaan kustannus-
hyotyanayysilla (KHA) kiinnittéen erityistd huomiota a) varjohinnoitteluun ja b) erotuslaskenta-
menetelmé&an Varjohinnoittelemalla metsanjalostuksen erotushyddyt ja -kustannukset (verrattuna
metsikkokeruusiemen-vaihtoehtoon) voidaan laskelmissa evaluoida niiden todelliset vaikutukset
yhteiskunnalle, mita resurssien tehokas allokaatio edellyttddkin, Kannattavuuskriteerind on
Nettonykyarvo (NNA)- menetelmd, jalaskelmat suoritetaan vaihtoehtoisilla laskentakorkokannoilla
(2-6%). Finanssista andyyd a sovelletaan ykd tyi sen metsdnomistgjan (Osatutkimus 5) ja Semenen-
tuottgjan (Osatutkimus 4) nakdkulmasta tehtavissa laskelmissa. Liséksl, ns. MES- ja LAC-analyyse-
ja hyoddynnetddn médritettdessa nykyisten siemenviljelysten siementuotannon kannattavuutta
Siemenviljelyssemenen markkinakysynta formuloidaan yhtaldmuotoon molemmilla puulgjeilla
Myds metsdnomistagjalle ja semenentuottgjalle investointikriteerina pideté&n Nettonykyarvoa, joka
lasketaan vaihtoehtoisilla korkokannoilla. Herkkyysanalyyseissa lasketaan myos sisdisia korkokan-
toja. Seka yksityiselle metsdnomistgalle ettéd siemenentuottgalle muodostetaan matemaattiset
kannattavuusfunktiot mdlintamalla padmuuttujien lasketut arvot ja arvojen interrelaatiot. Menettely
tarjoaa helppokayttoisen ja suhteellisen luotettavan apuvéalineen pagtoksenteon tueks.

Tulokset

Tulosten mukaan seuraavan sukupolven mannyn ja rauduskoivun siemenviljelykset (Osatutkimus 2)
ovat taouddlisesti perustdtujainvestointeja yhteiskunnan kannalta, ainakin kun kaytetéén laskenta-
korkokantaa valintakriteerina (NNA on positiivinen mannylla 6%:lla, ja rauduskoivulla 4%:l1a).
Toisadta myods seuraavaan sukupolveenliittyy riskg& Tulokset ovat varsin herkkid keskimaaraisel-
le hehtaarikohtaiselle sementuotolle (manty). Lahitulevaisuudessa onkin syyta panostaa menetel-
miin, jotka takaavat riittdvan suuren siementuoton, ja jotka eivét kuitenkaan heikenna oleellisesti
saavutettavissa olevaa jalostushyttya. Lisdks, anayysien erotushytdyt pohjautuvat ex ante-
laskelmiin odotettavissa olevista jalostushyddyistd, silla toistaiseks e ole kéytettavissa jalkeléis
koetuloksia, jotka kattaisivat koko kiertogjan. Edellamainittua riskia on kartoitettu vahtoehtoidlla
jalostushyodyn arvioillaja kasvumalleilla (manty: MELA, Vuokila& Véiaho).

Erot laskentakorkokannoissa puulgien valilla johtuvat pddasidlisesti Sitg, etta tulevaisuuden
vuotuiset metsanviljelypinta-alat pohjautuivat puulgjeittain eripituisiin aikasarjoihin. Rauduskoivulla
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vaitun aikasarjan voidaan katsoa olevan "epasuotuisa’ sisditéen 1970-luvun alkupuolen lukuarvoja,
jotka laskivat selvasti vuosikeskiarvoa. Toisadta, rauduskoivun siemenviljelyssemenelle laskettu
korkea kilokohtainen NNA implikoi mahdollisuudesta kohdentaa valtion tukea tehokkaammin.
Vuotuisen tuen k&yttéa voidaan tehostaa (yhteiskunnan nékokulmasta) esimerkiks kehittamalla
entistd tarkempia menetelmia siemenen kysynnan ennustamiseks. Tahéan tarjoaa mahdollisuuden
myds viime vuosien aikasarjamdlinnuksen menetelmallinen kehittyminen. Tutkimustulosten mukaan
Pohjois-Suomea varten perustettavien mannyn siemenviljelysten kannattavuus (Osatutkimus 3) on
selkedsti huonompi kuin Etel&Suomen vastaavien. Kannattavuusero johtuu monista selkoista, joista
muutamiaon perusteltua nostaa téssa yhteydessd edlle. Enannékin, kloonien vdinta uusiin mannyn
ns. vaiosemenviljelyksiin perustuu Etel& ja Keski-Suomessa kasvuun ja laatuun kun taas Pohjois-
Suomessa panostetaan viljelyvarmuutta. Voidaankin sanoa, etté edellamainitut eteldisen Suomen
jaostustavoitteet (kasvu jalaatu) edesauttavat kannattavuutta enemman kuin viljelyvarmuus, jonka
rahamaaréinen arviointi on jo itsessdan vaikeaa. Toiseksl, Pohjois-Suomen valiosiemenviljelyksille
kaytettiin pienempia jalostushyddyn arvioita kuin Etel& ja Keski-Suomen vastaaville.

Mannyn semenviljelyssemenentuottgalle valtion subventio on sementa tuottamattomassa vaiheessa
ehdoton edellytys liiketaloudelliselle kannattavuudelle (Osatutkimus 4). liman valtion tukea
kannattavuus on negatiivinen jo varsin pienilla laskentakorkokannoilla. Toisaalta, nykyisilla mannyn
semenviljelyksilla on vield skaalaetuja hyodyntaméttd, silla viime vuosina on jétetty kerddmétta osa
siemenviljelyksien kdpysadoista. Alueellinen epédtasapaino siemenviljelyssemenen tuotannossa
johtuu pudlestaan taustapdlytysongelmasta - sementé e ainavoida kdyttédalkuperaisilla kohdeal u-
elllaan. Rauduskoivun nykyinen semenviljelystuotanto on liiketal ouddlisesti kannattavaa (Osatutki-
mus 4). Pédasiassa hyvéa kannattavuus on seurausta sitg, etta viljelyksen sementa tuottamaton
ganjakso on oledlisesti pienempi kuin mannylld, ja toisaalta muovihuoneviljelyksia voidaan
kontrolloida huomattavasti tarkemmin kuin avomaan vastaavia.

Y ksityisen metsanomistagjan on varsin perusteltua kayttéa mannyn kylvossa siemenviljelyssementa
(Osatutkimus 5), kunhan hehtaarikohtainen kylvokustannusero siemenviljelyssiemenen ja metsik-
kosemenen vdilla e keskimaarin nouseyli 300-800mk:n. Vahteduvdin alargalla (300mk) voidaan
kéayttda jopa 8%:n laskentakorkokantaa jalostushyddyn ollessa 10%.

K okonaisuudessaan tulokset implikoivat nykyisenkaltaisen valtion subvention olevan yhteiskunnan
kannalta varsin perugteltua. Liséks, yhteiskunnalle on odotettavissa Pareto-parannuksia siirryttéessa
nykyisistéa semenviljelyksista (Osatutkimus 1) seuraavaan sukupolveen (Osatutkimus 2).Tuki on
nykymuodossaan mahdollistanut myos semenviljdyss emenentuottgjalle liiketaloudellisesti kannatta-
van toiminnan. Kun eddldmainittuihin lisétéén se, ettd yksityiselle metsdnomistgjalle ndyttais olevan
perusteltua kayttdd siemenviljelyssementd kylvossa (manty), niin voidaan todeta, ettéd kaikille
kolmelle agentille on kannattavaa toimia metsénjalostuksen parissa. On syyta kuitenkin painottaa,
ettd osatutkimusten tulokset pohjautuivat arvioihin mahdollisesta jalostushyddysta - vasta realisoitu-
neiden ja kvantifioitujen jalostushy6tyjen avulla voidaan luotettavasti ex post selvittda suomalaisen
metsanjaostuksen kannattavuus. Téta ennen on paéttksenteossa tyydyttéava approksimeaetioihin, ex
ante-laskelmiin ja moniulotteisiin herkkyysanalyyseihin - kuten téama tutkimus.
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Appendix 1/ page 1

Genetic gainsand tree breeding

Genetic improvement of forest tree speciesistraditionally based on selection of superior individuals
and their crosses in seed orchards. The principle is that the breeding vaue of selected individuas
will be better than the average vaue of individuals in the population as a whole (e.g. Falconer &
McKay 1996). Genetic testing is necessary for any successful tree improvement program. It laysthe
foundation for genetic decisions involving management of seed orchards and provides the materid
and information that will be the basis for advanced-generation tree improvement efforts (Zobel &
Talbert 1984). In most breeding programs, genetic data are used to rank parents for their breeding
values and help choose candidatesfor selection (White & Hodge 1989). Animportant task in any
breeding program is toidentify the specific group of traits showing both high heritability and good
correlation with the future economic vaue of trees (Hagpanen et d. 1993, 1997).

All the genetic variation in wild stands is a result of recombination and natural selection in
heterogeneous environments in space and time. Different populationsmay exchange genes that will
increase genetic variation in the populations through gene flow. Due to differences in response to
environmenta factorsi.e.genotype-environment interaction, genotypes differ in viability and fertility.
They therefore contribute different numbers of offspring to the next generation (have different
fitnessvalues). Thisleadsto selection on individuals and changes of gene frequencies. If the number
of offspring contributed to the next generation is determined by human interest, selection is artificial
(Wricke & Weber 1986). Such selection may be very different from natural selection, the latter
favouring fitness, the former favouring yield (e.g. Wang 1996). In a breeding population of forest
treesthe variability in natural standsis packed by crossing and selection into individual treesin the
form of improved genotypes (Zobel & Tabert 1984). The primary objective of an applied tree
improvement program is to change the frequency of desired aleles that influence important tree
traits in such a way that the improved plants are superior in performance to unimproved material.
New genetic combinations are created by bringing together genotypes found in different natural
stands. The genotypes are found through progeny testing, which allows estimation of breeding

values and selection of parental trees based on the performance of their progeny. Of the
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combinations, the most useful genotypes are selected for use in future breeding work and practica
forest cultivation (Wricke & Weber 1986). Progeny testing is generally the most expensive and risky
phase of a tree breeding program. It is often also the most critical phase, largely determining the
progressand pradfitability of breeding (Mikola 1993b). In practice progeny test trids are established
in order to find out the breeding values of different plus trees (e.g. Vendldinen et a. 1994,
Namkoong et a. 1988) and to caculate the overal genetic gains with regard to, e.g. monetary value
(Fins & Moore 1984, Williams & deSteiguer 1990, Thomson et al. 1987, Venddainen et al. 1996a)
or growth potential (e.g. Haggvist & Hahl 1998).

Usually breeders are confronted with the question of how much gain per generation can be
sacrificed in the interest of saving time. By selecting some time before rotation age, often called
early selection, one is able to shorten the breeding generation only at the expense of gain per
generation, since performance of genotypes at young ages is imperfectly related to that at
"maturity” ( Lambeth 1980). With the common Finnish tree species the time lag between selection
and rotation age is without exception very large. Correlated gainin the mature trait after selection
on the juvenile trait, also called generalized predicted gain (Williams & deSteiguer 1990), isgiven
by:

G - ihjhrG. c [1]

m-j,m pm

where G=gain
i= selection intensity
h,= square root of heritability at selection age |
h = squareroot of heritability at rotation age m
'G; ;= additive genetic correlation between traits j, m

o ,m= phenotypic standard deviation for trait m
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Differential costs

The differential costs, C* of formula[2.1] can be derived from the following:

First setting:

L N
f:g(c SO,C CO,C m’c cu,C ma) _ E Clso . (Dp)l + E Cnco . (Dp)n
L n

M K z
Y G D) X CT A D) YD) [1]
m ky 7

where f (C*, C*, C¥, C*, C™)= cost function for seed orchards
C®= annual establishment costs, management costs and
progeny testing costs of the seed orchards

C®=annua cdlectian costs of the conesin seed orchards

C* = annual extraction costs of the seed orchard cones

C®=annual cultivation costs of improved stands

C™= annua management costs of improved stands
(induding e.g thinning costs of saplirys, harvesting
costs)

D= discount factor (see Table [2.1])

, and:
N M
HCeC=C*Cm™ =Y C7 D)+ Y CF+ (D))"
n my

K R
YT @) Y ) [2]
ky n

where f,(C®, C*, C*, C™)= cost function for (normal) stand seed acquisition
C® =annud cdllectioncosts of the conesin normd stands

C* = annua extraction costs of the normd stand cones
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C%=annual cultivation costs of normd stands
C™= annua management costs of normd stands
(induding e.g thinning cods of saplings, harvesting
costs)

D= discount factor (see above)

Thenapriori assuming that r > z (see e.g. Ahtikoski 1997). Thisindicatesthat possible higher e.g.
harvesting costs of improved stands are (implicitly) offset by the lower discount factor due to the
abovementioned unequdity. In addition, it should be stressed out that the future costs are forecasted
by the linear trend equation which further favours the applied procedure, given that the trend is
increasing (as is the case in Finland: unit costs have rather increased than declined during recent
years). It should be emphasized that explicit cost functions cannot be formulated due to inaccuran-

cies related to the initial cost data at forestry board level. Cultivation costs are assumed to be
identical for both dternative with the caveat that possibledivergenciesin direct sowing costs (Scots
pine) are at the aggregate level only marginal. To some extent thisis supported by the fact that at
the forestry board level the areas sowed with either orchard or stand seed cannot even be identified

leading eventually to situations where the unit costs of sowing cannot be separated either.

From the abovementioned reasoning it follows that the four terms on the right-hand sdes of the
equations [1] and [2] can be considered to be identical, leading to that f(-) >f(-) by the amount

which eventually stands for the term differential cost:

L
c .Y c (Dp)l [3]
ll
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Sumpage prices as shadow prices

In the assessmentsmadefr om the society's point of view shadow prices coincided with the stumpa-
ge (market) prices, although the roundwood market may not be competitivein Finland (Kuuluvai-
nen & Mikkola 1993). On the other hand arecent study (Toppinen 1998) reported that thereis no
clear-cut evidence against the competitive market model, indicating that stumpage prices can be
used as approximations for the equilibrium prices of the competitive market. However, most
empirical modelling of the Finnish roundwood market is based theoretically on the perfect competi-
tion (Toppinen 1995), so it is impossible to say how sensitive the results are with respect to the
assumption of perfect competition, let doneto that at present there are only afew significant buyers
(indicating oligopolistic market structure), and that the forest industry has gained supernormal
profits during the past few years (indicating that theindustry might have been able to pay somewhat

more for the wood) and that e.g. the fluctuations in the sawnwood export markets are efficiently

carried into the Finnish sawlog market (Toppinen 1997).

As from the abovementioned can be concluded there are arguments for and against the use of
stumpage prices as socia prices (i.e. shadow prices) as such, but in this dissertation the pros
exceeded the cons. Primary, the use of stumpage prices as appropriate social prices is coherent with
theinitid problem setting of the thesis (bearing in mind that in the first place the andysis waslimited
to stumpage - tree breeding was assessed isolated from e.g. the wood processng industry).
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Time series, linear regression equations for forecasting future stumpage prices and costs.

FIGURES. Graphson the linear regress ons and sequence plots.
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Linear regression for Scots pine pulpwood
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TABLE. Linear regressions (OLS) for forecasting. In each study, after the year 1995 annua
stumpage prices and differential costs were forecasted by these linear regressions. Standard errors
are presented in parenthesis below the coeffcients. R?s are presented in bold. COST = cost (depen-
dent) at year t, STUMP= stumpage price (dependent) at year t according to the equation, Y EAR, =
actual year (independent). (Note: the application of softwood logs for forecasting the future values

of Scots pine sawlogs, and the method for forecasting future differential costs are discussed in more

detail in Chapter 2.4).
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Time series Time horizon for Linear regression (by OLS) equation
observations
costs 1970-1995 COST, = 1.068198* Y EAR, - 2078.133
(0.089) (176.609)
0.86
Softwood logs 1950-1995 STUMP= 0.475093* YEAR, - 726.284512
(0.426) (840.363)
0.03
Scots pine pulpwood | 1950-1995 STUMP=0.711788* YEAR,- 1313.66
(0.303) (598.46)
0.11
Silver birch veneer 1975-1995 STUMP=1.010268* YEAR, - 1768.2214
(0.9244) (1835.46)
0.06
Silver birch pulp- 1950-1995 STUMP=1.085198* Y EAR, - 2076.66056
wood (0.2758) (543.99)
0.26

Due to poor dtatistical behaviour of the linear regressions auxiliary regressions were modelled.
These regressions included dummies, and can be considered to be far more sophisticated (hence-
forth denoted as sophisticated model) than those presented in the table above. However, in this
Appendix only one auxiliary modd is presmted (due to paucity) with relevant diagnostics. Observa

tions for this sophisticated model of Scots pine pulpwood were, distinct from initial linear regres-

sions, from 1950 to 1998.
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Variable Coefficient Sd.Error t-value t-prob.
Constant 61.260 4.7136 12.996 0.0000
dumb2 117.58 15.842 7.422 0.0000
dum68 -37.001 15.455 -2.394 0.0211
dum 75 82.342 15.432 5.336 0.0000
dum92-93 -37.384 9.6955 -3.856 0.0004
Trend 1.1485 0.16870 6.808 0.0000

R'y=0.742885 F(5, 43) = 24.848[0.0000] a&=15.2528 DW=0.852 RSS=10003.90191

AR 1- 2F (2, 41) = 9.9254 [0.0000] **
ARCH 1F (1, 41) = 5.3518 [0.0258] *

Then, model validation was tested for both the original linear regression and sophisticated model.
It was expressed by relative bias, and it was calculated according to the following formula (see e.g.
Hynynen 1995):

1995

RB - E |:(yi_ Ayi)/Ayi

i=1950

/ n [1]

, Where RB= relative bias
y ; = observed value of i:th observation (Scots pine pulpwood stumpage price)
My, = predicted value of i:th observation

n = number of observations (here n=46)

For the original Scots pine pulpwood model the relative bias (between 1950-1995) was 0.013, and
0.021 for the sophisticated model (incl. dummies). These figures indicate that both models underes-
timate the ssumpage priceswithin that time horizon. In addition, the relative bias between these two
modelswastested, resulting in that the sophisticated modd underestimated the stumpage prices by
5.9% when compared to the modd predictions of the original linear model. In each case the relative

bias can be conddered to be moderate.
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Table. Procurement costs of the land for present Scots pine seed orchards. Due to inaccurate
original contracts of sae the figures are based on only 10 purchase prices between 1971-1974
assuming that the rest of the purchase prices would have adhered to these realized prices. The
average purchase pricewas FIM 2 646 per hectare (in 1972 money value). Thisfigure was applied
in order to attain annual total costs of procurement between 1965-1974. (Note: here is presented
only app. 2 500 hectaresinstead of tota of 3 000 seed orchard hectares).

Y ear Total cost of procurement, FIM
1965 432 092
1966 322 018
1967 586 883
1968 903 874
1969 311434
1970 879 266
1971 982 460
1972 786 920
1973 662 823
1974 735 853

10
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Table. The proportions of input categoriesin each key or sub activity, Scots pine Study 1.

Key or sub | labour intermediate | contrac- rents | land "miscel- | total

activity non-trated tors (resl laneous"

goods fees estate)

Procure- 10% 90% 100%

ment (sub)

Establish- | 26% 6% 60% 8% 100%
ment (key)

Progeny 80% 5% 15% 100%
testing
(key)

Annual 40% 5% 50% 5% 100%
manage-

ment (key)

Cone cal- 30% 5% 60% 5% 100%
lection
(sub)

Admini- 68% 4% 8% 5% 15% 100%
stration

(key)

11
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Shadow prices of theinputs, Sudies 1, 2 and 3

Labour

In Finland, trade unions have a considerable role in wage determination. Further, the unionization
rate in agriculture and forestry is high, approximatey 80% ( Santamaki-Vuori & Parvianen 1996)
which suggests that the so-called ingder and outsder factors (see, e.g., Solow 1987) could have a
relevant effect on the wage determination in Finland. This is supported by a recent study from

Kauhanen (1998). Thus, corrections of market wages are calledfor.

The labour force was divided into two groups. "semiskilled" labour and "specialized" labour. The
shadow prices for these two groups differed according to the assumption that semiskilled persons
could be drawn from the involuntary unemployment and specalized persons could work esewhere.
The shadow wage rate of semiskilled labour was estimated to be 0.65 times the market wage rate,
i.e. approximately the same as the unemployment benefit in Finland. As a starting point for the
shadow wage rate of specialized labour the value of 0.8 was applied. Both coefficients (0.65 and
0.8) entail aconnotation that the effect of trade unions on wage determination istaken into account.
The higher value for specialized labour merely indicates better opportunities to find another job
(i.e.higher opportunity costs involved). After shadow pricing, income taxes and socia security
payments were excluded. The average tax rate for semiskilled labour was 27% and for specialized
labour 33% (Tilastokeskus...1997).

I ntermediate goods

The short rule for pricing intermediate goods is that they should be vadued at margind social cost
(Pearce & Nash 1989). The category of intermediate nontraded goods here was wide, including for
example building materials, office equipment, elk fences, tools, fence poles, fertilizers, detergents
and lubricants. However, because the intermediate nontraded goodsformed at most only about 5%
of the total costs in each subactivity, the same principles were applied in the shadow pricing to dl
goodsin this category, athough there were differencies with regard to prevailing market structures.
It was assumed that al the intermediate goods were sold in oligopolistic markets where prices

exceeded marginal costs with the extent that price adjustment mechanism was needed. In addition,

12
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becauise most of the goods included some sort of tax (e.g. from 1995 avalue added tax, VAT, 22%)
the tax was subtracted from all the goods prices before shadow pricing them. The estimated shadow
prices were 0.7 times the market prices, and a sendtivity analysis on different price levels was

conducted.

Contractors fees

In some subactivities (e.g. initial establishment, management of the seed orchards) the contractors
feesresulted in alarge proportion (30% to 60%) of thetotal costs. The feesincluded atax which
was removed before shadow pricing. The contractors' fees were shadow priced by the following
procedure. The aternative use for these contractors is most likely in agriculture to some extent,
athough all of them cannot be directed into that area (because some of them are dready working
asfarmers, they are only "part-time contractors'). On the other hand, at the time of cone collections
(autumn and early winter) there would not be much work in the farm, so the contractors would
most likely be unemployment. Further, the fee paid in the seed orchardsis presumably higher than
the contractor could earn in agriculture or the unemployment benefit since otherwise some of the
contractors would not have taken a second job as an enterpreneur in the seed orchards, but would
have stayed in agriculture or unemployed instead. Thus an estimate (partly based on oral interviews)
of the output forgone in agriculture is 0.8 times the market price of the contractor's fee. Another
reason for this relatively high "salary” for a contractor (compared to the net salary in agriculture)
isthat among the contractorsin the seed orchards thereis an oligopoalistic market structure, which

leads to market prices (i.e. fees) exceeding marginal social costs.

Land

Theoretically the market value of the land required reflects the present discounted value of the
future stream of benefits that could be obtained from the land in its next best use. In this study it
was clear that the opportunity cost of the landshould be valued as the output forgone in agriculture.
The market prices of arable land are said to reflect well enough the future stream of benefits in
Finland (e.g. Kiinteistgjen...1996). Thus the opportunity cost was the market price of the arable

land, which was estimated to be the same as the vaue of the average purchase price of the land

13
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(FIM 12 000 /hectare) in the provinces where the land was bought, i.e. the shadow price and the
market price of land were identical here. On the other hand, there has been a tendency for the
market prices of arable lands to decrease during the past ten years (Kiintastgjen...1996), and this

might have the effect of reducing the market prices as well as opportunity costsin the near future.

Rents

The opportunity cost of rents on properties in terms of some forgone alternative is estimated by
assuming that the properties could be rented for purposes other than seed orchard activity at the
same prices. By other purposes hereis meant for example companiesin other branchesof industries
which demand the same office buildings for renting. The market in which office buildings are
supplied for renting in Finland is considered oligopolistic in the sense that there are relaivedy few
actua suppliers, and this usually leadsto market prices exceeding the social marginal costs. On the
other hand, when evaluating the opportunity costs the next best aternative is what really matters,
and in this connection the next best adternative isto rent the office building to another company at

the same price. Thus here the shadow prices of the rents equalled their market prices.

"Miscellaneous'

This category included those services and "goods' which could not be divided into the existing input
categories (e.g. labour, land, intermediate goods). The costs in this input category were the most
heterogeneous, including for example employees advanced training costs, recreational services
costs, carage service costs, heating costs, water and waste water payments, printing costs and
employees hedlth care costs. The market structures of these services and "goods" also differed
widely, from a pure monopoly (carage services) to "perfect” competition (recreational services,
advanced training). However, it was assumed that al the firms which supply the inputs (services and
"goods") to the seed orchard activity fail to price at margina costs, and thus price adjusments were
needed. A relatively modest estimate on the shadow price was applied (0.7) due to the fact that in
some markets of this category there was monopoly power involved. On the other hand, the mgjor
part of thetota costsin this category ( approximately 60-75%) occured under "perfect” competiti-

on. Thus, a sensitivity analysis was conducted in order to find out how sensitive the final results

14
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wereto shadow pricing procedure. In addition, difficulties arose in removing the transfer payments,
becausein the cost database (Tietopankki 1996): some of the servicesand "goods' included taxes
and some did not. Thus a conservative estimate of the effect of taxes wasincluded in the process by

setting the average tax rate at 20%.

15
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Genetic gain estimates for Scots pine's present and next-generation seed orchards

There are more than 1 300 progeny test trids of Scots pine (Pinus sylvestrisL.) mostly long-term
field tests (e.g. Mikola 1984) in conventional plantation forestry conditions, covering nearly 2 000
hectares (YrjandKetola & Karvinen 1997). However, the genetic gains (and breeding values of

test tridsin breeding zones 1-4 (see breeding zonesin e.g. Vendanen et d. 1994, p. 16)

Vendanen et d. (1994) studied the survival, height growth rate and so-called height sum of Scots
pine plus tree progenies compared to reference material originated from natural stands. A height
sum usually describes better the possible total yield than a height growth rate done, becauseit dso

takesinto account the survivd of the seedlings (e.g. Marklund 1981). The survival of theplus tree
progenies exceeded that of the natural stand progenies by 3.5%, and the height sum was 7.2%
higher (Vendanen et al. 1994). With progeny test results as a guide, the 3% and 7% were used as
estimates for the possible genetic gains in stem volume in the assessments of present-generation
(phenotypic) seed orchards. In addition, another figure, 10% was introduced as an upper-limit,

because the progeny test results might underestimate to some extent the attainabl e genetic gains due

to the background pallination, i.e. when female flowers of the clonesin seed orchards are pollinated

by the surrounding natural stand trees (Pakkanen et al. 1991, Vendainen et al. 1994, Pulkkinen
1995).

For the attainable genetic gains of the next-generation seed orchards the basic procedureis that only
the best 10-20% of the present 1st-generation plus trees (according to progeny test trials) are
accepted for the phase 2 (so-caled 1.5 generation) seed orchards (Mikola 1995). It has been
estimated that possible gain in an annua growth rate (which is further composed of combined height
and diameter growth rates) might be approximately 12% compared to the present seed orchards
(Venddinen et . 1996h), and thus even more when comparing to normal, unimproved stands. The
genetic gains of the next-generation seed orchards in this dissertation are estimated to be 8%, 12%

or 15%. Possible genetic gain in a form of better quality is ignored, athough there are some
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Genetic gain estimates for Slver birch's present and next-generation seed orchards

More than 160 progeny test trids have been established in order to evaluate the gains of selection
on the whole and breeding values of different Silver birch plustrees. The progeny test trids cover
nearly 300 hectaresin breeding zones 1-3 (see breeding zones in e.g.Pgaméki & Karvinen 1996, p.
9), and they are in most part set up asfield tests (Finnish Forest Research Institute: Forest Genetic
Register 1998, unpublished).

The breeding of Silver birch has proceeded faster than the breeding of Scots pine. Reasons for faster
advance in Silver birch breeding are many: al seed orchards are in polythene greenhouses (Viher&
Aarnio 1994), i.e. there is practicaly no background pollination, less time is needed for seed
production (e.g. Haggvist et al. 1991, Koski 1991) which enables among other things more crosses
in the same time period and generaly more controlled management of seed orchards (e.g. Hagqgvist
et d. 1991, Viher&Aarnio 1994). However, because of the unfavourable soil conditions and severe
damage caused by mammal herbivores (elk, hare and vole) severd birch trids have been destroyed

(Viher& Aarnio 1989, 1994), which lessensthe reliability of the resultsto some extent. Generdly,
most of the progeny test resultsin Scandinavia show that the obtainable genetic gain in stem volume
with present seed orchardsis between 10% and 30% (e.g. Rosvall & Pamer 1988, Viher&Aarnio
1989, Danell & Werner 1991, Hagqvist 1991, Hagqvist & Hahl 1998). However, the genetic gain,
e.g. inform of veneer at thefina cutting, will not be known until the oldest progeny tests reach an
adequate Sze (Viher&Aarnio 1994). The genetic gain in Central Finland is expected to be less than
the corresponding gain in South Finland (Haggvist & Hahl 1998) dueto, e.g. different structuresin
seed orchards established for different breeding zones (multiclonal vs. biclonal seed orchards ).
After due consideration following genetic gain levels were applied: for present seed orchards 7%
and 5%, 10% and 8% or 15% and 12%, for next-generation seed orchards 10% and 8%, 15% and
12% or 20% and 14% (in each pair, the first figure is applied to South Finland and the latter to
Central Finland).
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Table. By the year 2019 60% (10 460 hectares) of the total annual Scots pine sowing areain South
and Central Finland (temperature sum > 950 d.d) is sowed with the improved material.

Y ear sowing, ha planting, ha
2010 870 1800
2011 1740 3600
2012 2610 5400
2013 3480 7200
2014 4350 9000
2015 5572 10800
2016 6795 12600
2017 8017 14400
2018 9239 16200
2019 10460 18000
2020 10460 19800
2021 10460 21305*

* Inthe year 2021 all the planted areas are cultivated (21 305 ha) with the next generation seed
orchard seed.
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Table. The establishment, procurement and additional costs of Scots pine and Slver birch breeding,
estimated according to the calculations of the Finnish Forest and Park Service (Lahtinen 1995) and

recent experience of, e.g. the purchases of the land and establishments.

Additional costs Scots pine Silver birch
Estimated annual costs after | FIM 5,422 million FIM 2,071 million
2010 (including administra-

tion, progeny testing and
annual management): derived

from the deflated annual costs of
seed orchards between the years
1990-1995

The procurement of theland | FIM 12,00 thousand / hec- Not significant because the
for new seed orchards tare seed orchards are in polyt-

hene tunnels

The establishment costs of FIM 52,00 thousand/hec- | Approximately FIM 7,00
the new seed orchards (inclu- | tare thousand per 1000m 2 *

ding fences, roads, grafting)

*The approximation is based on the assumption that new polythene tunnels are not established
(Lepistd 1996) until the year 2005.
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Table. The proportions of the main inputs in "key activities' (k) and subactivities (s). The
percentages in parentheses represent average tax rate on each input category. The tax rates can

differ within the same input category depending on the prevailing circumstances.

activity / input | socia la- inter- | contrac- | r |land | "mis- | Totd,
S | hour | me- tor's e cel- | %
payments diate fees n la-
nontra- t neou
ded S s'
goods
procurement of | 3 5 90 2 100
the land (s) (27%) (10%)
initial establish- | 3 15 5 63 14 100
ment (s) (27%) | (12%) (27%)
grafting (s) 11 80 4 5 100
27%) | (12%)
administration | 9 65 2 5 19 100
(k) (33%) | (22%) (22%)
annua manage- | 11 44 3 31 11 100
ment of the (27%) | (22%) (22%) (22%)
seed orchards
(k)
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MELA simulation program and genetic gains

In MELA smulation the materia was processed before feeding into the MEL A software so that the
growing stands were transformed by Weibull function to mean taper curves by diameter class
(Laasasenaho 1982) of eight description trees. In Finland, each tree in the National Forest |nventory
(NF) sample plots represents 2 m?%/ha (relascope factor 2) resultingin an average of eight trees per
sample plot (Kilkki & Pé&vinen 1986). The Weibull function has been widely used to describe the
diameter distribution of thetrees (e.g. Cao & Burkhart 1984, Green et al. 1984, Kilkki et al. 1989,
Hokkaet d. 1991). For the Weibull distribution, if the median diameter is known (median diameter
is particularly measured in the NFI sample plots), one of the Welbull parameters can be estimated
from the two other parameters and from the median diameter (Kilkki & Pavinen 1986). Thismakes
the Weibull function applicable for the estimation of the basal area dbh-distribution.

The growth prediction (with genetic gain) under breast height (young stands, average height<1.3m)
was separatively simulated from the growth prediction of the higher, i.e. h >1.3m, trees (Ahtikoski
1997). The effect of the genetic gain in young stands (trees <1.3m) was here taken into account by
decreasing the achievement ages of breast height (Ahtikoski 1997, p. 242). This manner of procee-
ding indicated the possible faster growth rates in young stands cultivated with the orchard seed
compared to those young stands cultivated with natural stand seed (e.g. Ackzell 1994, Vendainen
et a. 1994). The decreases of the achievement ages of breast height did not change the harvest
scheduling models considerably, given the initial harvest criterion (Ahtikoski 1997, p. 242).

The effect of genetic gain on the growth of higher (older) trees was simulated by increasing the
annual growth level according to the percentage reflecting the genetic gain (Ahtikoski 1997). The
criterion for the thinnings (and final cut) was set by the Forestry Development Centre Tapio
(Silvicultural recommendations 1989). The criterion was fulfilled when the basa area and the
average height of the pine stand exceeded the standards. This criterion indicates mainly the
silvicultural aspects, and did not mean that the net present value of the stand is optimized (cf. e.g.
Pesonen & Hirveld 1992, the "Faustman solution”; Lofgren 1995 ). Some of theinitial parameters
of MELA software were changed. These changes reflected more properly the regional differences

in the silvicultural practicesin Finland than the initial parameters (Ahtikoski 1997).
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Table. Study materia (Study 2) used in the MELA simulation. Standard deviation and number (n)

of sample plotsin each local unit are given in parentheses.

local unit forest sitetype number of height breast age
stems per ha (meters) diameter, cm (in years)
Hameenlinna MT (n=38) 1937 (792.4) 3.6 (1.13) 4.9 (1.58) 14 (3.25)
Hameenlinna VT (n=47) 2238 (1078.35) | 3.9(1.12) 5.2 (1.72) 15 (3.97)
Jyviaskyla MT (n=36) 1827 (488.50) 4.01 (1.01) 5.3 (1.60) 14 (3.0)
Jyviaskyla VT (n=44) 1950 (530.61) 3.9 (1.24) 4.6 (1.47) 15 (4.01)
Karstula MT (n=28) 2018 (341.95) 3.8(0.82) 5.2 (1.02) 14 (2.49)
Karstula VT (n=46) 1571 (325.69) 4.2 (0.54) 5.6 (0.69) 16 (2.21)
Nurmes MT (n=24) 1771 (246.13) 3.3(0.82) 5.0 (1.30) 13(2.05)
Nurmes VT (n=21) 1590 (341.91) 4.2 (1.04) 6.9 (1.22) 13(2.83)
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Figure. Growth regions 1-4, Scots pine.
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Table. The proportions of the growth regionsin annual sowing and planting (Scots pine, Study 2),
e.g., 27.2% of the annual total sowing area is sowed in growth region 2. Former forestry board
districts (by numbers. see, e.g., Statistical yearbook...1995, p. 34) belonging to the particular
growth region are given in parentheses. According to these percentages, the annual adjusted sales

of the orchard seed were directed to the growth regions (in hectares).

Growth regions Planting, % Sowing, %
growthregionl |21.3 211
(1,2,3,4,6 and 8)

growthregion2 | 27.7 27.2

(5,7,9 and 12)

growthregion3 | 314 28.0

(13, 14 and 15)

growthregion4 | 19.6 23.7

(10 and 11)

growth regions 1-4 100.0 100.0
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Supplementary analyses

The effect of harvest scheduling model on the NPV of next-generation seed orchards was examined
by constructing two alternative models incorporated with genetic gains. First, the original MELA
models (dtogether 4* 2 different models) were dtered by hypotheticdly assuming that genetic gain
would affect harvest scheduling only through increasing outturns, leaving the times of thinning and
final cut unchanged (denoted as "modified MELA"). Second, the assessments were recalculated
with Vuokila& Véiaho's growth and yield models by increasing outturns of the harvest scheduling
models with a percentage reflecting the genetic gain. The anaysis, however, involved assumptions
which should be studied in detail. Vuokila & Véaiaho's (1980) region " Pohjanmaa-Kainuu" was
equalled with growth region 4 (see Appendix 15), assuming that in Vuokila & Véaiaho's models
height index H,,,= 21 mindicates on average both Myrtillus and Vaccinium type forests of Nurmes.
Bascdly, this"drastic" assumption originates from the results in which the site classfication system

and height-over-age system are compared (Vuokila& Vaiaho 1980, Table 2 on page 26).

The region "southern Finland" in Vuokila & Vdiaho's models was equalled to combined area of
growth regions 1, 2 and 3 (see Appendix 15), assuming further that pine forests in "southern
Finland" grow on only two height indexes, H,,,= 24m and H,,,= 27m, the former indicating
Vaccinium, the latter Myrtillustype. Thisresulted in that the region "Pohjanmaa-Kanuu" covered
approximately 20% of the annually cultivated area, and 80% of the totd hectares were cultivated in
"southern Finland". In Vuokila & Vdiaho's harvest scheduling models 25% average remova
percentage in thinnings was applied (Vuokila & Valiaho 1980, pp: 208, 221, 231). In the sengtivity
analysis of harvest scheduling models (modified MELA and Vuokila & Véaiaho's models) only a
15% genetic gain was applied , because it can a priori be expected that the highest percentage of
genetic gain resultsin the highest difference between the NPVs.

Furthermore, an analysis concerning the magnitude of the establishment was conducted. Theinitid

purpose of the analysis was to examine how many hectares are required to be established in order
to that theanticipated annua cultivation area (app. 32 000 hectares) isfulfilled by the orchard seed,
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given an annual average seed production of 10 kg/hectare. There were two underlying assumptions
in the analysis. First, the calculations were based on the original time schedule with a 5-year
postponing, and second, the annual total orchard seed production was assumed to be divided into
seedlings and direct sowing by the following. 40% of the total annual orchard seed (expressed in
kilograms) isdirected to nursery planting (to make seedlings), and 60% to direct sowingin terran.
The percentagesreflect the averagesin Patama nursery between 1978-1995. In the calculations the
principle was that when the annual planting area (21 305 ha) isfully supplied by the orchard seed,

then each new seed orchard produces seed for direct sowing, given the original time schedule. The
time horizon was the same as in the original assessment. Another purpose of the analysis was to
examine how much the annual total costs (incl. administration, progeny testing and annual manage-
ment) can be increased (within the original time period for costs: 1995-2035) in order to attain the
annual average seed production of 10kg/ha so that the new NPV's would still break-even with the
NPV s of the origina assessment. The result would giveingght about whether theincreasein annud

average seed production is worth pursuing in an economicd sense.

Appendix 18
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Compensation schedul e between present and next-generation orchard seed, Slver birch

The production time of the next-generation seed orchards is estimated to last 17 years. The linear
compensation between the present-generation and next-generation orchard seed takes 5 years.

In South Finland the next-generation orchard seed starts to compensate the present-generation
orchard seed in year 2004, and the present-generation orchard seed is fully compensated by the year
2009. In Centrd Finland, the compensation would not start until in 2010 (due to differencesin seed
orchard compositions), and in 2015 the present-generation orchard seed is fully compensated by the
next generation. The total annual cultivation area is estimated to be app. 1 700hectares. Thus, in
each year during the compensation period (5years) the next-generation orchard seed compensates
the present-generation orchard seed by app. 170 hectares in South and Central Finland ([1700/2]
/5). In the light of present knowledge this compensation rate can be seen reasonable (see Man-
nyn...1997).
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Table. Proportions of the inputsin subactivities, Silver birch (Study 2). Key activities are presented

in parenthesis. The percentages do not necessary add up to 100% due to the rough division into

input categories and to inaccurancies in the initial book-keepings.

subactivity/input social security payments | |abour/ labour/ interme- | "miscel-

semiskil- | skilled diate laneous’

led nontra-

ded
goods

test maintenance (pro- | 16% 28% 45% 8% 5%
geny testing)
selection (progeny tes- 16% 23% 45% 5% 6%
ting)
Crossings (progeny tes- | 16% 28% 45% 3% 8%
ting)
roguing (annual manage- | 16% 28% 40% 3% 6%
ment)
fertilization (annual 16% 28% 40% 10% 4%
management)
genetic thinning (annu- | 16% 28% 40% 5% 8%
al management)
artificial lightning 16% 28% 40% 10% 3%
(annual management)
supervision (administra- | 18% 22% 48% 3% 7%
tion)
planning (administrati- | 18% 22% 48% 3% 5%
on)
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Specific assumptions of Sudy 3

There were principally two underlying assumptions in the calculations. First, contradictory to the
original report the annual average seed production wasnot fixed to 7kg/hectare (Mannyn...1997),
but varied instead between 5.8 and 6.7 kg/hectare. This was due to the following ground: the
primary goa with regard to next-generation seed orchardsisto ensure the annud seed supply within
thetime period of 2024-2045 (establishment year 1999 plus 25 years) so that all the seed required
for nursery planting and half of the seed needed for direct sowing (Mannyn...1997) would be
produced by the seed orchards by the year 2045. The importance of seed supply was emphasized in
this connection due to "chronic" lack of seed material in northern Finland during recent years (see,

e.g. Sami 1995). Second, the hectares between 2024 and 2045 were assumed to increase by the
following: the total area, 15 107ha (planting 11 484 ha, sowing 3 623 ha), was divided by the
amount of establishments which was 14 (modified from the original report; see Mannyn...1997, p.

14, Table 5) assuming further that each establishment would increase the cultivation area by the
same absolutefigure regardless of the establishment area. This assumption can be considered to be
reasonable with the caveat that along the establishment process, during 1999- 2020, the annual
average seed production can be expected to increase due to e.g. experience and technical and
biological innovations. Furthermore, the annua average seed production never exceeded

7kg/hectare.

In addition, in order to estimate the annual average seed crop (which was, however, not of the
primary interest) the annua cultivation hectares were convertedinto produced seed by thefollowing
coefficients. seed-to-plantable seedling ratio was 1kg to 75 000 seedlings (indicating that 1kg of
orchard seed suffices for 30 hectares, the planting intensity being 2500 seedlings per hectare), and
1kg sufficesfor 3 hectaresin direct sowing (i.e. app. 330g of seed used per hectare). The seed-to-
plantable seedlings ratio applied here was different than the figure in the origina report (Man-
nyn...1997). Thefigure used here was based on arecent inquiry (Ahtikoski 1996b) which indicated
that higher than 50 000 seedlings from 1 kg are attainable due to a new "single seed patch" method.
Contradicting arecent study (Ahtikoski & Pulkkinen 1998) it was further assumed that the same

amount of orchard seed and stand seed was used in direct sowing.

29



Table. Tree stand characters of the young stands in Taivalkoski-region, Study 3. The number of

sample plots and the standard deviations (SD) are presented in parenthesis.

Appendix 21

forest site type number of stems | height, meters breast diameter, | age, years
per hectare (SD) | (SD) cm (SD) (SD)

Myrtillus (N=28) | 1543 (394.08) | 4.09 (0.80) 5.61(1.21) 14 (2.05)

Vaccinium (n=24) | 2036 (809.20) | 3.05 (0.58) 4.77 (0.87) 12 (1.10)
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FIGURE

Taivalkoski
region
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Appendix 23
LAC curvesincorporated with past establishment and management costs, Scots pine

Past establishment and annual management costs were taken into account as combined fixed cost
variable with 5 per cent interest rate. In practice the establishment and past annual management
costs were prolonged to the base year 1997 and added to existing average costs. Prior to prolon-
ging the costs were deflated by the wholesale price index. In this context the total amount of
established seed orchards was 656 hectares (Lahtinen 1998), indicating theamount of "active" seed
orchards (n > 30) which have produced the particular amount of orchard seed during 1993-1997.
The combined fixed cost variabdle of establishment and annual management costs wasformed by the

following:

£} ) 1997
C,- |Y E(1.05) Y Mn(1.05)"}/ Y kG, [1]
726 ns 1993
where C; = fixed cost variable, FIM/KG
E, = establishment costs in year n so that "32" indicates the year
1965, FIM
M = annual management costinyearn, FIM
KG,= the produced orchard seed in kilogramsin year t
(1.05)=prolonging factor, discount percent 5

By applying formula[1] the past establishment and annual management costs could be directed so
that ther effect on the LAC wastaken into account properly. It should be pointed out that formula
[1] overestimates the long run average costs, because the realized costs of these producing seed
orchards are taken into the calculationssince 1965, but the produced seed only since 1993, dthough
the particular seed orchards had produced meaningful amounts of seed dso before 1993. However,
long-run average costs with the fixed cost factor according to formula [1] can be considered as

"upper boundary", and the procedure as sensitivity andysis.
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An estimated market demand curve for Scots pine orchard seed

The salesfrom Patama nursery were estimated to correspond to approximatey 75-80% of the totd
annud orchard seed demand in Finland (Myyntikirjaudistat...1995, Statistica yearbook...1990/91-
1996). The sales data were based on severa dozens of purchase events each year, 1993-1997. The
prevailing unit prices (FIM/kg) were expected to be the same asthe prices of Patama nursery due
to price rationing which occured, especialy between 1993-1997, in Finland. Some restrictive
limitations, however, had to be made in the calculations. First, orchard seed is purchased in different
"vitality classes' which each indicate different quality and thus different price, although all the seed
go through the same manufactoring process (only one exception, which does not include large seed
lots). Strictly speaking, these different vitality classes should be considered asdifferent products, but
therelaxation of thisfact in this context does not ater the results essentially. In this study only the
two most demanded vitality classes in each year were taken into account. By taking more than two
vitality classes into the calculations would have resulted in even more hypothetical demand curve
(cf. Parkin 1997) than the one obtained here. These two most purchased vitality classes in each year
included approximately 75-90% of the total amount annually sold from Patama.

Secondly, the unit prices for the two vitality classes were estimated according to themgority of the
prevailing purchase prices in those classes (the price was not homogeneous within a class). Then,
the sold quantities of the two vitality classes (">95%" and "91-95%") were summed up, and further
combined with the weighted (by quantity demanded) unit prices so that quantities would correspond
to prices: a demand curve for Patama sales was constructed. In this connection, the approximation
of demand curve was seen as a sufficient expedient - furthermore, aformal modelling would have
required much more detailed data set, and given the accurary of sales book-keepings it appearsthat
satisfactory modelling could not have been even possible to conduct. A linear fit (OLS method; e.g.

Koutsoyiannis 1981) for the demand function was used for smplicity.

Finaly, amarket demand curve for Scots pine orchard seed was estimated by~ shifting horizontally
(e.g., Varian 1987) the calculated demand curve (indicating the sales from Patama) by 100%.
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Technically, thiswas conducted by halving the p coefficient (Y= « + $X). The underlying assump-
tion was that these two vitdity classes of Patama correspond a hdf of the total annud demand of

Scots pine orchard seed in Finland.

Due to the fact that the constructed demand curve was hypothetical (in a sense that no actual
vitality class corresponded to the weighted price) the price elasticity was evaluated for the two
vitality classes separately.

Table. Initial quantities of the two most purchased vitality classes and weighted unit prices of Scots
pine orchard seed in 1993-1997 from Patama Seed Centre. Unit prices were deflated according to
the base year 1997 by the wholesale price index of domestic goods.

Year 1993 1994 1995 1996 1997

quantity demanded | 967.6kg | 1204.1kg | 1034.9kg | 831.7kg 1102.4 kg

weighted" unit price | 1936.9 1551.6 2163.3 2517.9 2311.4
FIM/kg | FIM/kg FIM/kg FIM/kg FIM/kg

1 For ingtance, in 1993, 631kg of vitality class">95%", and 336.6kg of vitality class "91-95%" were demanded, the deflated unit price for the former
being 2003.4 FIM/kg and 1812.6 FIM/kg for the latter <--> [(631/967.6) *2003.4 + (336.6/967.6) * 1812.6 = 1936.9]

An estimated market demand curve for Slver birch orchard seed

Each year (1992-1996) only the most purchased vitality class of Haapastensyrja Breeding Centre
was taken into the calculations, and the average price (deflated by the wholesale price index) was
estimated according to the "mgjority price" (also Silver birch's seed pricesin each vitality class were
not homogeneous) linked with that vitdlity class. Then these average unit prices were combined with
the corresponding quantitiesin order to form a demand curve. This procedure wasmore smplistic
than that of Scots pine, but was considered to give a sufficient approximation on orchard seed

demand.
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A market demand curve for Silver birch orchard seed was estimated by assuming that the sales of

Haapastensyrja Breeding Centre would correspond to 60% of the total annual Silver birch orchard
seed salesin Finland (Finnish Statistical...1997, Sales report 1998, unpublished).
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A flowchart on the different stages and applied expedientsin aprocess of calculating
the effectsof different variableson the NPV. Scotspine, Study 5. In Study 4 there were

no underlying harvest scheduling models,; instead the modelling was based on spreadsheet calculations

MELA program
(* initialy the data was
obtained from real-world
observations, including

stochastic elements)

Harvest scheduling models
according to tree growth
modelling program

Y

Conversion into net present
value (NPV) at stand level
according to

different variables -

Spreadsheet program
(* exact functional relationships
between the variabl es defined by

calculation formulas)
Recalculating the NPV's by changing the

values of the variables according to a

\
\
\
|
priori chosen intervals  J

//// an m* n- matrix: \\\\
_ “vaiableC  variableG variebleD  vaiableR N o
- C, G, D, R, NPV,
/ C, G, D, R, NPV, AN

/ C, G, D, R, NPV, \
/ \

| C, G, D, R, NPV,
\ J
\ (* the intervals were equally spaced within each variable /

\ - the indexes do not refer to magnitude, i.e. C, < C, ; theindexes solely /
N demonstrate that various values for each variable were simulated. ) /
N ~
Y : -
~ o —
Model formulations 4 - == Symbols:
/ stage
\ ’ — P fdlows
= T T = -—p | pedent- computer softwara
( o . N stageinterrelation applied
N Statistical modelling P - — —p functiond
~__ - interrelation I
" technical procedure™
* = notification ~ -
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Underlying limitations in the ssmulation procedure

The smulations for estimating the effects of various variables on NPV (Study 4) were conducted
under the following restrictions. The discount rate fluctuated from 4% to 10% (with 0.5% inter-
vals), theamount of collected cones required for 1kg orchard seed was from 130 litresto 180 litres
(with 15 litre intervals), average seed crop varied between 6kg to 10kg per hectare (with 1kg
interva), collection cogsfrom FIM 6 to FIM 10 per litre (with 1litreinterva), annual management
costs were from FIM 800 to FIM 1200 per hectare (with FIM 100 intervals), and selling prices
changed from FIM 1900 to FIM 2700 per kg. The abovementioned costs and prices reflect the
1996 and 1997 levels, respectively, and it should be emphasized that the future costs and pricesin

the modelling process wereforecasted according to thelinear equationsmentioned earlier.
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Solving the profit maximization conditions, Scots pine

The profit maximization condition was examined by the following procedure: long-run margind
cost function was obtained from the long-run average cost function (formula [3.20]) by first
multiplying it with output x and then differentiating the total cost function (f;c). Formally for LMC:

-(0.00047 x> -2.212744 x +3771 .02)« x [1]

= * Output
Jre = Juacr oulp - 0.00047 x? -2.212744 x? 3771 .02x

df TC

-IMC -0.00141 x? -4.25488 x +3771 .02 2]

Long run marginal revenue (MR) function was obtained by multiplying the demand function (now
reflecting the sales from Patama nursery) by quantity (x), resulting atotal revenue function f,, and
then differentiating it. The demand function (a linear approximation, R?*= 0.73, residuals checked
visually from e.g. scatterplots) where the price was expressed as a function of quantity (so-called
inverse demand function; e.g. Deaton & Muellbauer 1980, Varian 1987):

p(x) =-1.93747 x +4088 22347 [3]
~frm -D(xX)+ quantity --1.93747 x? .4088 22347 x

df
E = MR =-3.87494 x +4088 .22347 [4]

Finally, equating the long run margina cost function and marginal revenue function, a profit

maximization point was found, i.e:

- MR =0.00141 x? -4.25488 x+3771 .02 --3.87494 x +4088 .22347 [5]
=0.00141 x> -0.37994 x -317 .2034 -0

Solving formula[5] for positive x gives x= 627.8 kg.
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Table a. Parameter estimates (and their asymptotic standard errors) of formula[3.19].

Appendix 28

Parameter Estimate Asymptotic standard error
o, -809.12 63.584

o, 130 248 1064.5

oy -15586.7 688.51

oy -59778.4 2136.1

o 89.914 4.122

g -15.842 1.568

Tableb. Asymptotic correlation matrix of the parameter estimates of formula[3.19].

oy o oy oy ®s Xe
oy 1.0000 -0.2345 -0.1822 -0.1822 -0.2445 -0.2009
o, -0.2345 1.0000 -0.2853 -0.1954 -0.3843 -0.2881
0y -0.1822 -0.2853 1.0000 -0.0752 -0.2445 -0.1845
0y -0.1822 -0.1954 -0.0752 1.0000 -0.1124 -0.0981
s -0.2445 -0.3843 -0.2445 -0.1124 1.0000 -0.2335
g -0.2009 -0.2881 -0.1845 -0.0981 -0.2335 1.0000
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Parameter estimates and technical details of formula [ 3.20]

Table. Parameter estimates and their asymptotic standard errors, formula[3.20].

Parameter Parameter estimate Asymptotic standard error
o -843.42 15.89
o, 422.13 8.986
o, 858.9 28.13
oy -0.928 0.031

There were alltogether over 700 smulated values for the NB. Technically, al the parameters in
formula [3.20] were estimated simultaneously using an iterative nonlinear regression algorithm in
SPSS software applying Marquardt's method with the convergence criterion set to 10 (SPSS
1994).The asymptotic correlation matrix indicated that themode was certainly not overparameteri-
zed; correlation coefficients fluctuating between -0.03 and -0.65 (cf. SPSS 1994).

In addition, a Goldfeld-Quandt test (e.g. Greene 1997) for homoskedasticity, a Durbin-Watson test
(e.g. Greene 1997) for autocorrelation and also a Shapiro-Wilks test (e.g. SPSS 1994) for the
normality of residuals were conducted.The null hypothesis in Goldfeld-Quandt test was that
residuals are homoskedastic, i.e. with equal variance. First, approximately hundred simulated Net
Benefits, NBs, ("observations') were omitted, and the remaining NBs were divided into two sub-
samples of equa Size according to discount rates (chosen here as an explanatory variable). Then, the
sum of squared residuals for both sub-samples were obtained, and these sums were further compa-
red in order to attain the F ratio. The F distribution had 82 degrees of freedom for both the
numenator and denominator, and the observed F* was compared with the theoretical value of F
with 82,82 degrees of freedom. The null hypothesis (i.e. equal variances) was accepted with the

signifigance level of 5 per cent.

Because Goldfeld-Quandt test assumes normality and serialy independent disturbances (e.g.
Koutsoyiannis 1981), the normality of the residuals was tested by Shapiro-Wilks test and the
possible autocorrelation between the resduals was tested with Durbin-Watson test. In the latter, the
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sample residuals were used to compute the empirical value of Durbin-Watson statistic, d” which was
1.79 indicating a dlight positive autocorrelation. However, further analysis was not called for,
because the test statistic was between 1.5 and 2.5 whichisarule of thumb for not applying further
analysiswith regard to autocorrelation (SPSS 1995).

The normality of the residuals was tested by Shapiro-Wilks test (abreast with graphic plots such as
stem-and-leaf plot). The test resulted in a significance value of 0.745 which indicated that the

assumption of normality was not violated (SPSS 1995).

Figure. Residuals (+/- standard deviations) of the model [3.20] plotted against discount rates.

Residuals +/- standard deviation
o

T -7 77
3 38 4 45 5 55 6 65 7 75 8
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