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Abstract

The study analyzes cost and utility-cost effective use of government funds for voluntary

conservation and government initiated conservation of forest in Norway from 2005 to

2013, to better understand bias in voluntary conservation when compared to govern-

ment initiated conservation of forested areas. This is accomplished by estimating a

mean opportunity cost for a decare of productive forest for the counties included in

the analysis, and to compute solutions to a optimization problem, where the different

criteria of effectiveness were chosen, to 1) evaluate if and how the two conservation

policies differ, and 2) determine the bias of the effectiveness criteria, using cost effective

criteria, and three utility-cost effectiveness criteria, targeting: old-growth forest, areas

under harvesting pressure, and areas with old-growth forest not under pressure from

harvest. Using contemporary available data for: prices, forest and forest distribution,

and conservation.

The results indicate that counties where there is perceived availability of forest for

harvesting, that for different reasons does not come under pressure for harvesting, were

not included in the voluntary conservation scheme. And, an indication that voluntary

conservation does not include counties with higher ratio of old-forest. While showing

no specific bias towards any of the cost- or utility-cost effectiveness criteria, for either

form of conservation.



Sammendrag

Denne studien analyserer effektiviteten av kostnad og biodiversitets-effektivitet for fri-

villig vern og statsinitiert skogvern i Norge, i perioden 2005 - 2013, for å bidra til å

forstå skjevheter i det frivillige skogvern, sammenlignet med statsinitiert vern av skog-

områder. Dette er gjort ved å estimere gjennomsnittlig alternativ kostnad for en dekar

produktiv skog, for de fylker som er inkludert i analysen, deretter så å løse optime-

rings problem, hvor forskjellige kriterier for kostnad- og biodiversitets-effektivitet er

benyttet, for å 1) evaluere om det er forskjeller mellom de to vernemetodene, og 2) un-

dersøke systematiske skjevheter for de forskjellige kriteriene: kostnadseffektivitet, og

tre kriterier for biodiversitets-effektivitet bestående av: antatt tilgjengelighet til gam-

mel skog, avvirknings trykk, og gammel skog antatt unnlatt fra avvirkning. Ved bruk av

tilgjengelig data for: tømmerpriser, skog og skogfordeling, og vern.

Resultatene indikerer at fylker, hvor det er antatt tilgjengelig gammel skog for av-

virkning, som av ulike grunner ikke blir utsatt for hogsttrykk, ikke blir inkludert i det

frivillige skogvern. Samt en indikasjon for at frivillig vern til dels ikke inkluderer fyl-

ker med større andel gammel skog. Mens det ikke ble funnet indikasjon for at noen av

effektivitetskriteriene blir vektlagt, verken for frivillig eller statsinitiert vern.
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1 Introduction

From the start of 2005 until the end of 2013, Norway has increased the conserva-

tion of productive forest1, from 1.71% (1 286.73 km2) to 2.97% (2 234.18 km2)

(Miljødirektoratet 2014, Skog og Landskap 2014) (summary found in the appendix,

table 7). Of this increase of 948.45 km2, about 320.72 km2 (34%) has been conserved

through the voluntary forest conservation scheme (Norwegian Environment Agency

2013a), while the rest has been conserved through different forms of government initi-

ated conservation of productive forest areas 2. Conservation of productive forest is part

of Norway’s goal to stop the loss of biodiversity by 2020 (Myhre 2012).

The two main aims of this study is: 1) To compare the effectiveness of using gov-

ernment funds for voluntary conservation versus government-initiated conservation

of forested areas, using four different criteria: cost-effectiveness, and three different

utility-cost measures for the amount of biodiversity conserved per unit cost. The three

proxy measures for utility in terms of the level of biodiversity are i) old forest: as a mea-

sure of the higher perceived biodiversity of old forests, ii) harvest pressure: as areas

of economic interest from forestry is evaluated as a negative effect on forest dwelling

species of the Norwegian red list, iii) old-growth forest with lower harvesting pres-

sure: as a measure of areas that to a lesser extent have economic interest, and because

of this could provide areas with potentially greater biodiversity with lower compen-

sations. These utility measures are the same as the governance targets specified by

Miljøverndepartementet (2003)3

2) To evaluate the bias of the cost- and utility-cost effectiveness criteria for both

voluntary conservation and government initiated conservation of forested areas, for the

same four measures of effectiveness, measuring to what extent the proxies can explain

the conservation bundle.

1Productive forests, forests with a growth greater than 0.12m3 per decare per year.
2Cannot be described as government initiated forest conservation, due to limitations in the observed

dataset for total forest conservation. However, it is still productive forest under some form conservation
3Klima- og miljødepartementet since January 2014
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This is done by creating an optimization environment and evaluating the corner

solutions with regards to observed conservation, for different goals of conservation

and effectiveness criteria, for both voluntary conservation and government initiated

conservation of forested areas for the period 2005 - 2013 for all counties in Norway,

except Troms and Finnmark. The solutions to the optimization problem were evaluated

with regards to the observed conservation bundle.

The rest of the paper is organized as follows. In section 1.1 I give a brief introduction

to the policy context of forest conservation. In section 1.2 I formalize the two main

hypotheses of the paper. Section 2 presents the methods for estimating opportunity cost

(section 2.1), and derive the optimization problem (section 2.2). Section 3 presents the

results (section 3.1) with a sensitivity analysis, discuss the policy implications (section

3.2) and limitations of the analysis (section 3.3). Finally, section 4 concludes.

1.1 Policy Context

In 1993 Norway ratified the Convention on Biological Diversity (CBD), where the goal

were to stop the loss biodiversity by 2010 (Myhre 2012). This goal was not reached,

and in October 2010 new negotiations were held in Nagoya (CBD COP 10) (Myhre

2012). At the meeting, a new binding goal towards 2020 were ratified, where Norway

committed to stop the loss of biodiversity in Norway by 2020 (the so called Aichi goals)

(Myhre 2012). As an essential part of this goal, forest conservation is a major part of

Norway’s strategy to reach these targets, as roughly 50% of species on the Norwegian

red list are fully or partially in forest habitats (Kålås et al. 2010).

A analysis of forest conservation in Norway conducted in 2002, found a highly un-

even distribution of the conserved areas, with regard to: geography, natural conditions

and forest type (Framstad et al. 2002). Further, the evaluation found that there is a lack

in the conservation of continuous old-growth forests, and several specific ecosystems

in forests (Framstad et al. 2002). At the time only 1% of the productive forest were

conserved, while 4.5% were deemed necessary to reach the 2010 goal (Framstad et al.
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2002).

The updated Aichi biodiversity targets from 2010 (Goal C, target 11 (CBD 2012))

specify that ”By 2020, at least 17 per cent of terrestrial and inland water areas and

10 per cent of coastal and marine areas, especially areas of particular importance for

biodiversity and ecosystem services, are conserved through effectively and equitably

managed, ecologically representative and well-connected systems of protected areas

and other effective area-based conservation measures, and integrated into the wider

landscape and seascape.” This goal was proposed, by the nature conservation orga-

nizations, divided into different measures, 10% strict forest conservation through the

Nature Diversity Act (Myhre 2012), while the residual 7% should be protected through

other area-based conservation measures, such as certifications, prioritized species, and

selected habitats (Myhre 2012).

During the 90s there were at times disputes between the forest owners association

and environmental authorities’, and the situation was perceived as untenable, for both

sides (Skjeggedal et al. 2010). The results of these conflicts was the launch of the

voluntary conservation scheme by the Norwegian Forest Owners’ Association in 2000

and had wide political support (Skjeggedal et al. 2010). The main differences between

government initiated conservation and voluntary conservation on private land is to

what degree the forest owner can influence the process (Skjeggedal et al. 2010). In

voluntary conservation the forest owner is the proposer, and is included in all parts of

the planning of the nature reserve (Skjeggedal et al. 2010). While government initiated

conservation, the forest owner is not included in the planning process, and would to

a lesser extent be able to influence the results (Skjeggedal et al. 2010). However,

both voluntary conservation and government initiated conservation follow the same

process for estimating compensation for nature reserves, under the Nature Diversity

Act (Skjeggedal et al. 2010). These compensations should, in principle, reflect the

opportunity cost of choice to forgo harvest for the current and all future harvesting

opportunities (Skjeggedal et al. 2010). Although, government initiated conservation
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has been attributed higher transaction costs, in the form of negotiations, legal costs,

and increase use of time (Skjeggedal et al. 2010).

From 2003 nearly all new processes to conserve forest on private land were con-

served by voluntary conservation (Skjeggedal et al. 2010). However, as stated in the

start of the introduction, voluntary conservation amounts to 34% of the total conser-

vation of productive forest areas, in the period 2005 - 2013. The remaining areas are

either: government initiated conservation of forested areas in the form of regular for-

est conservation or conservation with other goals than forest conservation, areas which

had processes start before the wide spread implementation of voluntary conservation

(due to conflicts), or areas wholly owned by the government4, all situated in productive

forests.

According to Sørgård et al. (2012) ”There exist several area-based measures to

negate negative environmental impacts on forests apart from forest conservation. Sus-

tainable forest management is ensured through legal instruments, such as: the Forestry

Act, the nature diversity act, and the Outdoor Recreation Act. And most of Norwegian

Forestry is also certified, the certification requirements are based on the Living Forest

Standard”. With this certification there exists compensation up to a fixed amount for

one forest owner, that can be obtained from the authorities for forest set aside and

excluded from harvesting (Sverdrup-Thygeson et al. 2009), which is not a part of the

voluntary conservation scheme. However, the nature conservation organizations have

little faith that these measures represent enough security that areas with high conser-

vation value will be excluded from harvest, and are convinced that there is a need for

government initiated forest conservation (Skjeggedal et al. 2010).

4Statskog and Opplysningsvesenets fonds skogarealer
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1.2 Formalizing the hypothesis

The two hypothesis are expressed in table 1, all hypothesis are tested for the cost- and

utility-cost effectiveness criteria.

Table 1: Description of hypothesis, and formalization of their interpretation

Description H0 H1 H2

Hypothesis: 1 Cost and utility-cost
effectiveness of Voluntary
conservation does not differ
from government initiated
conservation of forested
areas.

V ol = Gov V ol < Gov V ol > Gov

Hypothesis: 2 There exists no bias of the
different forms of
conservation of forest w.r.t
cost and utility-cost
effectiveness.

V ol = 0.5
Gov = 0.5

V ol < 0.5
Gov < 0.5

V ol > 0.5
Gov > 0.5

Describing the hypothesis tested in the analysis. V ol is voluntary conservation, and Gov is government
initiated conservation of forested areas. The 0.5 measure in hypothesis 2, is represents a unbiased
conservation bundle, if its greater than 0.5 there is a bias toward either cost effectiveness, or utility-cost
effectiveness, if it is less than 0.5 there is a inverse bias, meaning that the conservation bundle does not
tend to cost or utility-cost effectiveness.
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2 Methods and data

2.1 Opportunity cost

The opportunity cost for the forest-owner to forgo harvesting of areas with a large

amount of restrictions is measured as the net present timber value (NPV) of harvesting

the timber without restrictions, for all future harvesting opportunities.

And a general representation of the NPV would take the form of equation 1.

NPVt = f(Pts, C,Qs, r) (1)

Where the net present timber value NPV for one decare can be derived as a function

of price Pts, the costs (C) connected to forest management, silviculture, and harvesting,

and cubic mass (Q) of timber for one decare, for a specific forest species s, and a

discount factor r, for each county. The discount factor r is set to 4%, which corresponds

with practice used when finding the net present value for the forest as grounds for

compensation (Myrbakken 2011). This NPV cannot be directly observed, thus a mean

net present timber-value was derived(N̂PV ), by obtaining mean cubic mass of timber,

and mean price for each county.

Mean cubic mass: The National Forest Inventory(NFI) has an established framework

for surveying forests in Norway using a grid of surveyed plots, where they survey: forest

type, biodiversity, terrain, vegetation and information about the given tree. Since 1919

the NFI has gathered information about forest growth and development, and published

their findings in rapports for each county. These rapports vary greatly in time from the

first to the last rapport, and as forests are dynamic entities, this information will only

be an approximation of the true forest values.

These rapports contain data for the main conifer species (Norway spruce (Picea

abies), and Scots pine (Pinus sylvestris)), and deciduous forests. Data containing infor-

mation regarding area distribution and cubic mass for the forest over site quality and
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development class, were extracted for each main species, for all counties except Troms

and Finnmark5, references for the NFI are found in table 6 of the appendix.

The reported cubic mass for each specified development class, soil quality, and

species are assumed to be directly connected with the reported areas specified in the

same division, and thus the average per unit (m̄sij) area unit (decare) were estimated.

The estimated opportunity cost does not include any fixed costs that would influence

the opportunity cost, so to discount for all future time periods, the mean per decare

cubic mass were discounted for future harvesting opportunities, equation 2.

s(d)sj =
N∑

n=0

1

(1 + r)Ysjn
(2)

Where s(d)sj is the discount factor for specified species s and the defined soil quality

j, Y is the amount of years until, on average, specified species and soil quality will

have reached maturity based on the mass principle, obtained from Skog og landskap

(2015)6. n is the number of rotation periods, cut of for these periods was set when

the sub-problem for all species and soil qualities were arbitrarily close to 0, which on

average is 7 periods (roughly 700 years).

Myrbakken (2011) states that ”the government does not see it probable that a area

subject to conservation will have all been cut in year zero, thus the harvest periods is set

to 10 years. This is done to have a realistic time horizon for when the forest would have

been harvested if there were no environmental significant interests for the government

to conserve the forest.”

Since this factor follows the same assumptions as discounting for rotation periods,

the scalar in equation 3 were created.

s(t) =

∑T−1
t=0

1
(1+r)t

T
(3)

5These counties was excluded due to lack in price data(Troms) and surveys done by NFI (Finnmark).
However, Finnmark is fairly close to the 17% goal of conservation of productive forest(appendix table
7), and would not influence the results of this paper.

6Decidious areas was attributed the rotation of Birch.
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Which for a discount factor of 4% and T = 10 the factor s(t) ≈ 0.84

The discounted m̄sij for all specified species, development class, and soil quality was

obtained, equation 4

m̂sij = s(t)s(d)sjm̄sij (4)

Assuming that, on average, the conservation distribution follows the same distri-

bution as the county over species, soil quality and development class, a conditional

probability can be constructed. Pr(Xsij|DCn), equation 5, express that a unit area of

X is located within a specific forest species (s), development class (i), and site quality

(j), subject to the subset (DCn) of development classes defined in table 2.

Υsij = Pr(Xsij|DCn) =
Xsij|DCn

∑
ij Xsij∑

ij|DCn
Xij

∑
sij Xsij

(5)

Table 2: Sets of Development Classes

DCn index Definition
Percentage of productive

forest in Norway

DC1−5 i = {1, 2, 3, 4, 5} D.C. I - V 100%
DC2−5 i = {2, 3, 4, 5} D.C. II - V 97%
DC3−5 i = {3, 4, 5} D.C. III - V 76%
DC4−5 i = {4, 5} D.C. IV - V 56%
DC5 i = {5} D.C. V 34%

Defining the subsets of different development classes DCn, where DC1−5 ⊃ DC2−5 ⊃ DC3−5 ⊃
DC4−5 ⊃ DC5. These subsets represent all forests within subsets of development classes, and will
decrease when fewer subsets are included. A measure of the amount of productive forest in each sub-
set is described as a percentage, the index describes the subsets included in different solutions to the
conditional probability (equation 5)

The sum of these conditional probabilities, s.t. DCn, shown in equation 6, equals

1. This is a criteria for the conditional probability of a unit area X will be distributed

across the main species s, development class i, and soil quality j.
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∑
sij

Pr(Xsij|DCn) = 1 ∀DCn (6)

Estimating the weighted arithmetic mean, equation 7, using jackknife re-sampling

to obtain variance coming from a unknown distribution, using a small sample.

Q̂ =
∑
sij

m̂sijΥsij (7)

Creating weights for the distribution of the species used for calculating the price,

was obtained by equation 8.

Q̂s =
∑
ij

m̂sijΥsij (8)

the weights are represented in equation 9

ws =
Q̂s∑
s Q̂s

(9)

Q̂ and ws were obtained for all counties included in the analysis.

Price: Spatiotemporal data-series for prices (Statistics Norway 2014b) and quantities

(Statistics Norway 2014a) were obtained for the period 1996-2013, and all prices were

CPI-adjusted to 2013NOK. The prices were reported in yearly averages, for each species

and each product for the period 1996 - 2013.

Myrbakken (2011) states that, ”..old forest will be harvested within a relatively short

time frame, however predicting timber prices for the future is not easily done, thus a

reference year prior to the forest conservation within a short time frame is chosen,

usually within 1-4 years.” To negate the issue with finding reference years for each year

(2005 - 2013), a moving average were taken over the 4 prior years.

Combining this with weights for quantity q and species s and product p, to negate a

bias in price, as pure average of price does not reflect the actual average price. These

9



weights are found for all species products and time periods, equation 10

wqspt =
qspt∑
spt qspt

(10)

Using weights for: the forest ws representing species distribution in a county, the

time weights wt = 1
4
, and wqspt, to estimate the weighted moving average price, equa-

tion 11 for all counties and time-periods.

P̂t =
4∑

t=1

wswtwqspt−tPspt−t (11)

P̂t was estimated for all counties where price information existed, using jackknife

re-sampling due to uncertainties about the distribution, and its corresponding variance,

and constructing 95% confidence intervals.

Costs: According to Myrbakken (2011) ”..10% of the gross cubic mass is deducted

from the total, as top, roots, rot, and waste. Another 5% is deducted for environment,

as specific trees are withheld from harvesting, used for natural reseeding, as specified

in the Living Forest Criteria.”

Damvad (2014) found, ”.. based on their data, the harvesting costs accumulates to

47% of the timber value. This includes costs connected different aspects of harvesting

including, distance to the loading site, number of timber assortment, clearing before

logging, operation size, rig costs (transport/moving to start-up) and planning.”

Another 10% is attributed to silviculture, as a mean cost of silviculture in 2013 for

private agricultural forests (NILF 2013), this factor is fairly uncertain, as it reflects the

forest owners effort in increasing timber value, and will vary.

Combining these percentages into a scalar of the form C = (1 − 0.47) ∗ (1 − 0.1) ∗

(1− 0.1) ∗ (1− 0.05) ≈ 0.407, to obtain net opportunity cost.

The mean net present timber value, for one decare of forest, now takes the form of

equation 12
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ÔCt = N̂PVt = P̂tQ̂C (12)

And is evaluated at the mean price for one decare, the upper bound confidence interval,

and the lower bound confidence interval for price or quantity, found for all counties and

time-periods.

Evaluating the estimated opportunity cost and observed compensation: Infor-

mation regarding the voluntary conservation has been obtained through Norwegian

Environment Agency, as a unpublished manuscript (Norwegian Environment Agency

2013a), this data represent time of conservation, the paid compensation, the names of

the nature reserves. This data was combined with the environmental agency database

of conservation areas ”Naturbase”(Norwegian Environment Agency 2015) to allocate

the specific area to a county. Where nature reserves crossed county lines, the area

was attributed to the county where the county governments office had conservation

authority.

The observed voluntary conservation Xvol
it , is evaluated in regard to estimates of

ÔCit, and compared to the different subsets of DCn
7, for county i and time-period t,

equation 13.

ÔC
vol

DCn
=

T∑
t=1

ÔCitX
vol
it|DCn

(13)

A comparison of ÔC
vol

DCn
versus the compensation, CPI-adjusted to 2013 NOK, can

be seen in figure 1, including the confidence intervals for cubic mass or price.

Using a paired t-test comparing ÔC
vol

it , and compensation for i and t, found that

DC4−5 fails to reject the null hypothesis of no difference at the mean against the al-

ternative. This is on par with the statements from Norwegian Environment Agency

(2013b) ”For a forest owner considering voluntary conservation, it is not attractive to

7Only DC3−5, DC4−5, and DC5 were in range of the compensation, thus DC1−5 and DC2−5 were
excluded from further analysis
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Figure 1: Comparing the cumulative estimated opportunity cost of voluntary conserva-

tion (
∑

ÔC
vol

it ) for different subsets of DCn within range of observed compensation in
the period 2005 - 2013, using either confidence intervals for cubic mass (m3) or price

offer young forests, or forest with a development class lower than 4, as compensation

for these areas will be much lower when the harvest is further away than 20 years,

thus young forests are paid comparatively little compared to mature forests. However,

some areas of lower quality are included to create a natural demarcation of the forest

reserve.”

Thus, the opportunity cost for one decare of forest in each county, and time period,

was attributed a mean distribution within development class 4 and 5, and using the

confidence intervals for price, as they are consistent across development classes, and

due to the small sample size for the mean cubic mass. A presentation of the opportunity

cost for one decare can be found in table 8 of the appendix.
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2.2 Optimization problem

The mathematical optimization problem is divided into subsets describing linear opti-

mization problems, obtaining vector solutions, for all included counties (c), for maxi-

mization (Xmax
t ) and minimization (Xmin

t ), where X is a measure of area size(decare),

for all time periods(t). The general form of the sub-problem for one time period is

expressed as the linear program:

min \max(Z) =
∑n

i=1 EcXct (14)

s.t.∑n
i=1 ÔCctXct ≤ Bt (15)

Xct ≤ XUB
c −

∑∞
p=1 Xct−p (16)

Xct, Bt, ÔCct, X
UB
ct , Z ≥ 0 ∀c, t (17)

Where the objective function (equation 14), is optimized w.r.t. to efficiency criteria

Ec, a predefined efficiency target, and Xct, the vector that optimizes Z. Equation 15

defines that the summed cost at optimum can only be less then or equal to the bud-

get constraint. This is a necessary construct of the linear optimization problem; the

optimum solution will be at the margin of the budget constraint, as long as no other

constraints are met.

The budget constraint Bt is the sum of estimated opportunity cost for voluntary or

government initiated conservation of forested areas, for a given time period.

In the evaluation of the opportunity cost, the DC4−5 quantity option was found to

fit the compensation. Thus the budget constraint in a given period (BV ol
t ) for voluntary

conservation was obtained by finding the linear combination of conserved areas of

voluntary conservation and mean opportunity cost.

Equation 16 describes the per county possible conservation, expressed as percentage

13



goals of productive forest, this constraint is per county upper bound, for all perceived

goals of conservation, described in table 7 in the appendix, subtracted conservation in

the county prior to the evaluated period, and the solution vector obtained for the prior

optimization period.

This optimization is done for all 9 periods (2005 - 2013), where the opportunity

cost vector for each year, and the conservation constraint change as long as the budget

is larger than zero.

This linear program can be solved using the dual-simplex algorithm8 due to the

assumptions in 17.

The resulting corner solution matrix (including all counties and time periods) for

voluntary conservation , is evaluated as a ratio equation 18.

∆V ol =
E ′(Xobs

V ol −Xmin
V ol )v′

E ′(Xmax
V ol −Xmin

V ol )v′
(18)

Xobs is the observed conservation matrix, Xmin and Xmax is the corner solution for

the problem at the given constraints, E is the effective criteria the optimization problem

was evaluated for, v is a vector consisting of ones 9

For government initiated conservation of forested areas, the total conservation of

productive forest was obtained by combining two maps, AR50 and Protected areas.

The AR50 (Area resource map - Precision: 1:20 000 - 1:100 000) has several uses:

overhead planning, as a basis for impact assessment, natural resource management,

and as a reference map (Skog og Landskap 2007). Mapped resource in the form of

shape files10(Skog og Landskap 2014), ArcGIS were used to extract numerical area(m2)

information of forested areas for each county. This information is divided into several

different themes and can be used to find specific information using selection criteria.

The extracted information in this analysis is limited to the distribution of productive for-

8Matlab has been used to do this linear optimization, as it provides a suitable framework for conduct-
ing solving linear programs of this type

9Can represent time-weights, which have not been used, as the effectiveness criteria is non-changing
over time.

10Shape files are used in several GIS software.
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est, even though the mapped resource also divides the information into site quality and

forest types, it was found that there were great differences from this information and

the information provided in the NFI. Mapped information about Protected areas was

obtained from map catalog for the Norwegian Environment Agency (Miljødirektoratet

2014). This map gives vectordata(Polygon) information of protected areas in Norway

(precision: 1:5 000 - 1:50 000), and time of implementation for given protected area.

This information is used in combination with the AR50 mapped resource to obtain spa-

tiotemporal information regarding forest conservation in Norway for each county in the

period 2005 - 2013, a summary can be seen in table 7 in the appendix. However, infor-

mation about voluntary conservation cannot be directly linked to this dataset, neither

with time, nor area. This is due to difference in definition in either dataset, or missing

information.

The budget constraint for government initiated conservation of forested areas (BGov
t ),

was obtained by finding the linear combination of total conservation and mean oppor-

tunity cost in a given time period, and subtracted the budget constraint for voluntary

conservation in the same period.

The government initiated forest conservation was evaluated as the total conserva-

tion of productive forests, subtracted the voluntary conservation. And was evaluated

as a ratio equation 19.

∆Gov =
E ′(Xobs

tot −Xobs
V ol −Xmin

Gov )v′

E ′(Xmax
Gov −Xmin

Gov )v′
(19)

Since Xobs
Gov, is unobserved, and does not reflect strict government initiated forest con-

servation, the assumption was made that it represent a conservation bundle for pro-

ductive forest as it would have been without the voluntary conservation scheme.

Solutions were computed for constructing the confidence intervals for the analy-

sis, the upper and lower bound opportunity cost were obtained and the optimization

problem was solved for both ends, while holding the budget constraint fixed.
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Cost and utility-cost proxies: E in the linear program can be changed to reflect some

utility proxies for the different counties, the cost and utility-cost effectiveness criteria

are expressed in table 3.

Table 3: Description of the environmental proxies

En Description

E1 The cost effective criteria, E is a vector of 1. Targeting areas of low cost of conser-
vation.

E2 The amount of forest in development class 5 (old growth forest), as a ratio of
the total in Norway. Targeting areas where there is perceivable more old growth
forest. Created using data from NFI (table 6 in the appendix)

E3 The cumulative harvested timber 2005 - 2013 for each county, as a ratio of the
total harvested timber in Norway, for the same period. Targeting areas where the
forest is under pressure of economic interest. Created using data of harvested
roundwood in Norway (Statistics Norway 2015)

E4 The the amount of standing timber in development class 5, as ratio of harvested
timber in the period 2005 - 2015 for each county. Targeting areas of old growth
forest not susceptible to harvesting.

A representation of the different criteria tested. En is the vector representation of the effectiveness
criteria, including a description of the vector. E1 is the cost effectiveness, while E2−E4 are the different
utility-cost criteria.
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3 Results, policy implications and limitations

3.1 Results

The results from comparing observed conservation to the corner-solutions of the opti-

mization problem are expressed in table 4, and evaluated in table 5 with regard to the

specified hypothesis (table 1 in the introduction).

Table 4: Results - Evaluation of the optimization problem

Conservation constraint
Type of conservation En 4.5% 10% 17%

Voluntary

E1
0.27 0.20 0.16

(0.12 - 0.42) (0.10 - 0.29) (0.08 - 0.24)

E2
0.43 0.37 0.33

(0.37 - 0.49) (0.33 - 0.41) (0.28 - 0.38)

E3
0.39 0.40 0.40

(0.34 - 0.45) (0.34 - 0.45) (0.34 - 0.45)

E4
0.09 0.06 0.05

(0.08 - 0.10) (0.05 - 0.07) (0.04 - 0.06)

Government

E1
0.45 0.37 0.29

(0.21 - 0.65) (0.22 - 0.50) (0.19 - 0.38)

E2
0.52 0.48 0.43

(0.44 - 0.59) (0.42 - 0.54) (0.39 - 0.47)

E3
0.34 0.35 0.35

(0.30 - 0.39) (0.30 - 0.39) (0.30 - 0.39)

E4
0.38 0.24 0.19

(0.35 - 0.41) (0.23 - 0.26) (0.18 - 0.20)

Results evaluating different cost- or utility-cost effectiveness criteria, for voluntary conservation and gov-
ernment initiated conservation of forested areas, evaluated from zero to one, where one is the maximum,
and zero the minimum obtainable subject to the budget and conservation constraint. Using jackknife re-
sampling to obtain the mean price, and its corresponding variance, constructing confidence intervals
for lower bound and upper bound price, subject to a scalar representing conditionally weighted jack-
knife re-sampled average of mean cubic mass per decare for a specific county. E1 cost effective criteria,
E2 distribution of development class 5 (”old forest”), E3 distribution of harvested timber from 2005 -
2013, E4 the ratio of development class 5 over harvested timber as a representation of old forest not
under pressure of harvesting. Evaluated over the three different conservation constraints (4.5%, 10%
and 17%).
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There are three main results of interest:

First, the results indicate that at higher conservation constraints, voluntary con-

servation is less effective than government initiated conservation of forested areas at

targeting counties with a higher ratio of old forests.

Second, Voluntary conservation is less effective than government initiated conser-

vation of forest areas at targeting counties where there is a perceived higher ratio old

forest not susceptible to harvesting pressure, for all conservation constraints.

Third, none of the cost- or utility-cost effectiveness criteria were found to show a

bias toward being of specific interest in either voluntary conservation or government

initiated conservation of forested areas.

Table 5: Results - Hypothesis

Conservation constraint
Hypothesis En 4.5% 10% 17%

Hypothesis 1:

E1 V ol = Gov V ol = Gov V ol = Gov
E2 V ol = Gov V ol < Gov V ol < Gov
E3 V ol = Gov V ol = Gov V ol = Gov
E4 V ol < Gov V ol < Gov V ol < Gov

Hypothesis 2:

E1
V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov < 0.5

E2
V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov < 0.5

E3
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

E4
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

A representation of the evaluation of the hypothesis presented in table 1, for all hypothesis, measured
effective criteria, and conservation constraints. V ol is the voluntary conservation, Gov is the government
initiated conservation of forested areas, E1 is the cost effective criteria, E2 is the utility-cost criteria for
targeting forest in development class 5 (old-growth forest), and E4 represent the old growth forest not
susceptible to harvest.
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Sensitivity analysis: Two different types of sensitivity analysis were done to check

how robust the analysis is to change.

Type 1 error: Assuming that the price alone can reflect the price change could

lead to a type 1 error, as the confidence intervals for quantity are greater when scaled

with price, compared to the confidence intervals scaled by quantity (as shown in figure

1 in section 2.1). There is a concern that estimating the joint confidence intervals

will lead to Type 2 errors, due to a joint variance, as price is an indirect measure of

quantity per area, and quantity per area will affect price. To investigate type 1 errors,

the solutions were found using the confidence intervals for quantity, as the assumed

”true” joint confidence intervals should lie between that of price, and that of quantity,

given larger samples for quantity. Table 9 and table 10 in the appendix, shows the

evaluated observed conservation in the optimization problem, and the results from

the hypothesis, respectively. For hypothesis 1, the results change so that for E1, E2

and E3 all fail to reject the null of no difference between voluntary and government

initiated conservation. But, for E4 the results are unchanged. Underlining a difference

between voluntary conservation and government initiated conservation of areas of old

growth forest not susceptible to harvest. The measures change, but there is still no

evidence that the cost- or utility-cost effectiveness criteria show bias toward being of

specific interest in either voluntary conservation or government initiated conservation

of forested areas.

Excluding counties: Looking at subsets of different counties to include, with re-

gard to their influence on the results.

First Nordland was removed, as it has the lowest opportunity cost (connected to

cost effective criteria E1), and highest utility for old growth forest not susceptible to

harvest (connected to utility-cost criteria E4). The results, table 11, and hypothesis

evaluation, table 12, can be found in the appendix. Show that, by excluding Nord-
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land, voluntary conservation is not different than government initiated conservation

of forested areas for all cost- and utility-cost effectiveness criteria, except for targeting

counties with higher ratio of old forest not susceptible to harvest. It also shows a bias

towards cost effective conservation bundle for voluntary conservation, at the 10% and

17% conservation constraint.

Second, both Nordland and Hordaland were removed, as Hordaland has the next

greatest utility for old growth forest not susceptible to harvest (connected to utility-cost

criteria E4). The results, table 13, and hypothesis evaluation, table 14, can be found

in the appendix. Show that by excluding both Nordland and Hordaland, all criteria

for cost and utility-cost effectivity, fails to reject the null hypothesis of voluntary con-

servation and government initiated conservation being equal. While the bias towards

effectivity, change for the cost effectivity criteria for all levels of conservation for vol-

untary conservation, and for government initiated conservation of forested areas show

bias toward effectivity, for 10% and 17% conservation constraint.

Third, Hedmark was removed, as it has the highest ratio of old growth forest(connected

to utility-cost criteria E2), and harvesting pressure (connected to utility-cost criteria

E3). The results, table 15, and the hypothesis evaluation, 15, can be found in the

appendix. Show that, by excluding Hedmark, voluntary conservation becomes less ef-

fective than government initiated conservation of forested areas for criteria E1, E2, and

E4, while for E3 they are equal. A bias towards cost effective conservation for govern-

ment initiated conservation of forested areas for the 4.5% conservation constraint is

observed.

Fourth, both Hedmark and Oppland were removed, as Oppland has the next great-

est ratio of old growth forest, and harvesting pressure. The results, table 17, and the

hypothesis evaluation, 17, can be found in the appendix. Show that, by excluding Hed-

mark and Oppland, voluntary conservation becomes more effective at targeting areas

with higher harvesting pressure, then government initiated conservation of forested ar-

eas, for 10% and 17% conservation constraint. While were worse at targeting areas
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with higher ratio of old forest, and areas with old forest not susceptible to harvest for

all conservation constraints. And, where found to be worse for cost-effectiveness, for

10% and 17% conservation constraints While no criteria show bias towards cost or

utility-cost effectiveness.

3.2 Discussion & Policy implications

The results indicate that government initiated conservation of productive forest have

greater utility-cost effectiveness, without showing bias toward effective use of govern-

ment funds, for conservation of old growth forest when evaluating the higher conserva-

tion constraints. This observation could be the result of lags in the information criteria

for the conservation goals, as it is non-different at 4.5% forest conservation. When

controlling for type 1 error, the results also change so that voluntary and government

initiated conservation are not different. And only a indication can be drawn from the

results.

There is however, a strong indication that voluntary conservation does not target

counties with old forest not susceptible to harvest, when compared to the government

initiated conservation of productive forests. While neither conservation scheme show

a bias towards conservation in counties with old forest not susceptible to harvest, only

the utility-cost effectiveness bias for voluntary conservation of old forest not susceptible

to harvest had a bias below 0.1. Indicating exclusion of these counties in the voluntary

conservation scheme.

This result support the claim by the conservation organizations, that voluntary con-

servation does not necessarily target all forests of interests, this can be a result of higher

production costs in these counties due to topological difficulties, and could have a con-

siderable amount of ”zero-areas”, that would in it self be conserved due to no economic

interest of harvest. But, if technologies were to be developed in the future that lower

harvesting costs, or an increase in the construction of forest roads occurred, these areas

would become economically viable to harvest. If these areas were found to have several
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large environmental restrictions, would end up being offered as part of the voluntary

conservation scheme, as long as the scheme is in place.

Reaching the Aichi goal to stop the loss of biodiversity in Norway by 2020, with

”areas of particular importance for biodiversity and ecosystem services, are conserved

through effectively and equitably managed, ecologically representative and well-connected

systems of protected areas and other effective area-based conservation measures” (CBD

2012). Measures will need to be implemented so that these counties are included.

Since the scheme of government initiated forest conservation, is attributed a high

level of controversy, and increased costs, incentives to the forest owner to offer the

forest to voluntary conservation could be considered. These incentives could take the

form of decreasing the perceived cost for harvesting inaccessible areas, assuming either

forest roads, or decreased costs due to assumed technological advances. Otherwise,

government initiated conservation will have to be used.

3.3 Limitations

There are several fundamental limitations to the analysis conducted in this paper, due

to limitations of the data. First of all, there is a perceived difference between voluntary

conservation, and government initiated conservation of forested areas. The voluntary

conservation scheme specifically targets forest conservation, while the government ini-

tiated conservation of forested areas, is quite ambiguous as to what the specific goal of

the conservation is.

When conducting this analysis, discrepancies were found for the dataset containing

voluntary conservation, as not all areas were defined strictly as conservation of forest,

but rather some other form of habitat, when investigating the areas in the ”Natur-

base”. This could affect the results of the analysis, as the quantity measured would

vary greatly. This is however negated somewhat by the assumption of ceteris paribus,

everything else equal, and the results are still quite sound.

Another aspect found was that, the data-sets differ greatly when it comes to their in-
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herent structure, and being quite coarse grained. The National Forest Survey, specifies

three main groups of species, two being conifers, and one being deciduous. The conifers

being the main interest when harvesting round-wood, and were divided into their re-

spective price groups, while the deciduous forest were a relatively narrow dataset for

price, and does not vary across the deciduous species. Areas with large amount of spe-

cific deciduous trees would not be attributed their correct value, but are deemed to

have lower opportunity cost than the conifers.

When comparing the fine grain data from the (Skog og Landskap 2014) to the rap-

ports of the National forest survey, there were a great shift in distribution of the conifers,

deciduous, and mixed forest, across subsets of soil quality. Making it impossible to im-

plement a more fine grained analysis of the data, within counties, as there would be no

way of finding the distribution of the conservation.

Data-sets of greater detail, would increase the precision of the analysis conducted

in this paper, there is currently half finished maps, containing forest distribution of

species, development class, soil quality and species, and a distribution of environmental

indicators. When these maps are completed, this analysis could be done at the within

county level, or even the municipality level, and would increase the accuracy of the

analysis.

4 Conclusion

The main results found in this analysis indicate 1) that voluntary conservation ex-

press less effective use of government funds versus government initiated conservation

of forested areas for: conservation in counties with old forest with lower harvesting

pressure, and to a lesser extent counties with a higher ratio of old forests. 2) No strong

bias towards any of the cost- or utility-cost effectiveness criteria were found, which is

interpreted that no single criteria is weighted higher than the rest, for either form of

conservation. However, the bias for voluntary conservation regarding counties with old
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forest with lower harvesting pressure is significantly lower than the rest.

The implications of voluntary conservation not including counties with old forest

with lower harvesting pressure, could be due to difficulties in harvesting, due to ter-

rain and technology limitations. A technological shift or an increase in forest road

construction, both measures reducing harvesting costs, would open these areas up to

harvest. And as the areas become of economic interest, could be found to have several

large environmental restrictions, which would create incentive for the forest owner to

implement voluntary conservation.

To answer the title question ”Do they get what they want?”, the short answer is ”It

depends”. The goal is to stop the loss of biodiversity by 2020, and if the areas with

lower economic interest can be implemented as they become viable for conservation

through the voluntary conservation scheme, there is no need for any specific measures

to target these counties. But, if the goal is to be reached via measures of conservation

before 2020, incentives in these counties would have to be considered for them to be

implemented via the voluntary conservation scheme, otherwise government initiated

forest conservation would have to be used to supplement the conservation. Either way,

they would have to pay to get what they want, i.e. reaching the goal of stopping the

loss of biodiversity by 2020.
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Appendix

Table 6: Summary of sources for The National Forest Inventory

Table number
County Period Quantity (m3) Area (ha) Reference

Østfold 1995-99 53, 54, 55 14 Tomter & Eriksen (2001b)
Akershus & Oslo 1995-99 53, 54, 55 14 Tomter et al. (2002a)
Hedmark 2000-04 52, 53, 54 13 Eriksen et al. (2006b)
Oppland 2000-04 52, 53, 54 13 Eriksen et al. (2006c)
Buskerud 2000-04 52, 53, 54 13 Eriksen et al. (2006a)
Vestfold 2000-04 52, 53, 54 13 Eriksen et al. (2006e)
Telemark 2000-04 52, 53, 54 13 Eriksen et al. (2006d)
Aust-Agder 1995-99 53, 54, 55 14 Tomter et al. (2001)
Vest-Agder 1995-99 53, 54, 55 14 Tomter & Eriksen (2001a)
Rogaland 2005-09 51, 52, 53 13 Andreassen et al. (2013b)
Hordaland 2005-09 51, 52, 53 13 Andreassen et al. (2013a)
Sogn og Fjordane 2005-09 51, 52, 53 13 Andreassen et al. (2012)
Møre og Romsdal 2000-04 52, 53, 54 13 Eriksen et al. (2006f)
Sør-Trøndelag 2000-04 52, 53, 54 13 Eriksen et al. (2006g)
Nord-Trøndelag 1995-99 53, 54, 55 14 Tomter et al. (2002b)
Nordland 2005-09 51, 52, 53 13 Andreassen et al. (2011)

A presentation of the sources for individual counties from the The National Forest Inventory, surveyed is
the period the county were surveyed, table number in the rapports connected to either quantity or area,
and a direct reference to the rapport.
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Table 9: Sensitivity analysis - Results: Using confidence intervals for cubic mass

Conservation constraint
Type of conservation En 4.5% 10% 17%

Voluntary

E1
0.27 0.20 0.16

(0.04 - 0.52) (0.06 - 0.35) (0.05 - 0.32)

E2
0.43 0.37 0.33

(0.31 - 0.55) (0.28 - 0.46) (0.24 - 0.44)

E3
0.39 0.40 0.40

(0.29 - 0.49) (0.29 - 0.49) (0.30 - 0.49)

E4
0.09 0.06 0.05

(0.07 - 0.11) (0.05 - 0.08) (0.04 - 0.07)

Government

E1
0.45 0.37 0.29

(0.08 - 0.80) (0.14 - 0.62) (0.13 - 0.47)

E2
0.52 0.48 0.43

(0.35 - 0.66) (0.35 - 0.61) (0.32 - 0.53)

E3
0.34 0.35 0.35

(0.26 - 0.43) (0.25 - 0.43) (0.26 - 0.43)

E4
0.38 0.24 0.19

(0.30 - 0.46) (0.20 - 0.29) (0.15 - 0.22)

Results, using confidence intervals for cubic mass, evaluating different cost- or utility-cost effectiveness
criteria, for voluntary conservation and government initiated conservation of forested areas, evaluated
from zero to one, where one is the maximum, and zero the minimum obtainable subject to the budget
and conservation constraint. Using jackknife re-sampling to obtain the mean price, subject to a scalar
representing conditionally weighted jackknife re-sampled average of mean, and its corresponding vari-
ance, constructing confidence intervals for lower bound and upper bound cubic mass per decare for a
specific county. E1 cost effective criteria, E2 distribution of development class 5 (”old forest”), E3 distri-
bution of harvested timber from 2005 - 2013, E4 the ratio of development class 5 over harvested timber
as a representation of old forest not under pressure of harvesting. Evaluated over the three different
conservation constraints (4.5%, 10% and 17%).
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Table 10: Sensitivity analysis - Hypothesis: Using confidence intervals for cubic mass

Conservation constraint
Hypothesis En 4.5% 10% 17%

Hypothesis 1

E1 V ol = Gov V ol = Gov V ol = Gov
E2 V ol = Gov V ol = Gov V ol = Gov
E3 V ol = Gov V ol = Gov V ol = Gov
E4 V ol < Gov V ol < Gov V ol < Gov

Hypothesis 2

E1
V ol = 0.5
Gov = 0.5

V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov < 0.5

E2
V ol = 0.5
Gov = 0.5

V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov = 0.5

E3
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

E4
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

A representation of the evaluation of the hypothesis presented in table 1, using confidence intervals
for cubic mass, for all hypothesis, measured effective criteria, and conservation constraints. V ol is the
voluntary conservation, Gov is the government initiated conservation of forested areas, E1 is the cost
effective criteria, E2 is the utility-cost criteria for targeting forest in development class 5 (old-growth
forest), and E4 represent the old growth forest not susceptible to harvest.
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Table 11: Sensitivity analysis - Results: Excluding Nordland

Conservation constraint
Type of conservation En 4.5% 10% 17%

Voluntary

E1
0.59 0.69 0.74

(0.39 - 0.79) (0.52 - 0.84) (0.62 - 0.87)

E2
0.53 0.56 0.57

(0.45 - 0.62) (0.48 - 0.64) (0.49 - 0.64)

E3
0.40 0.41 0.41

(0.34 - 0.46) (0.35 - 0.46) (0.36 - 0.47)

E4
0.18 0.16 0.16

(0.16 - 0.21) (0.14 - 0.18) (0.14 - 0.18)

Government

E1
0.50 0.56 0.64

(0.26 - 0.72) (0.39 - 0.73) (0.49 - 0.79)

E2
0.47 0.50 0.52

(0.39 - 0.55) (0.42 - 0.57) (0.45 - 0.59)

E3
0.34 0.34 0.35

(0.30 - 0.38) (0.30 - 0.39) (0.30 - 0.40)

E4
0.35 0.29 0.25

(0.31 - 0.40) (0.26 - 0.32) (0.23 - 0.28)

Results, excluding Nordland, evaluating different cost- or utility-cost effectiveness criteria, for volun-
tary conservation and government initiated conservation of forested areas, evaluated from zero to one,
where one is the maximum, and zero the minimum obtainable subject to the budget and conserva-
tion constraint. Using jackknife re-sampling to obtain the mean price, and its corresponding variance,
constructing confidence intervals for lower bound and upper bound price, subject to a scalar represent-
ing conditionally weighted jackknife re-sampled average of mean cubic mass per decare for a specific
county. E1 cost effective criteria, E2 distribution of development class 5 (”old forest”), E3 distribution of
harvested timber from 2005 - 2013, E4 the ratio of development class 5 over harvested timber as a repre-
sentation of old forest not under pressure of harvesting. Evaluated over the three different conservation
constraints (4.5%, 10% and 17%).
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Table 12: Sensitivity analysis - Hypothesis: Excluding Nordland

Conservation constraint
Hypothesis En 4.5% 10% 17%

Hypothesis 1

E1 V ol = Gov V ol = Gov V ol = Gov
E2 V ol = Gov V ol = Gov V ol = Gov
E3 V ol = Gov V ol = Gov V ol = Gov
E4 V ol < Gov V ol < Gov V ol < Gov

Hypothesis 2

E1
V ol = 0.5
Gov = 0.5

V ol > 0.5
Gov = 0.5

V ol > 0.5
Gov = 0.5

E2
V ol = 0.5
Gov = 0.5

V ol = 0.5
Gov = 0.5

V ol = 0.5
Gov = 0.5

E3
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

E4
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

A representation of the evaluation of the hypothesis presented in table 1, excluding Nordland, for all
hypothesis, measured effective criteria, and conservation constraints. V ol is the voluntary conservation,
Gov is the government initiated conservation of forested areas, E1 is the cost effective criteria, E2 is the
utility-cost criteria for targeting forest in development class 5 (old-growth forest), and E4 represent the
old growth forest not susceptible to harvest.
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Table 13: Sensitivity analysis - Results: Excluding Nordland and Hordaland

Conservation constraint
Type of conservation En 4.5% 10% 17%

Voluntary

E1
0.70 0.74 0.74

(0.55 - 0.85) (0.61 - 0.86) (0.61 - 0.86)

E2
0.56 0.57 0.57

(0.48 - 0.64) (0.49 - 0.64) (0.49 - 0.64)

E3
0.41 0.41 0.41

(0.35 - 0.46) (0.36 - 0.47) (0.36 - 0.47)

E4
0.29 0.28 0.28

(0.25 - 0.32) (0.25 - 0.32) (0.24 - 0.32)

Government

E1
0.55 0.64 0.65

(0.39 - 0.70) (0.52 - 0.75) (0.55 - 0.75)

E2
0.47 0.50 0.50

(0.40 - 0.54) (0.43 - 0.57) (0.44 - 0.57)

E3
0.34 0.35 0.35

(0.30 - 0.39) (0.31 - 0.40) (0.31 - 0.40)

E4
0.33 0.32 0.31

(0.28 - 0.38) (0.28 - 0.36) (0.28 - 0.35)

Results, excluding Nordland & Hordaland, evaluating different cost- or utility-cost effectiveness crite-
ria, for voluntary conservation and government initiated conservation of forested areas, evaluated from
zero to one, where one is the maximum, and zero the minimum obtainable subject to the budget and
conservation constraint. Using jackknife re-sampling to obtain the mean price, and its corresponding
variance, constructing confidence intervals for lower bound and upper bound price, subject to a scalar
representing conditionally weighted jackknife re-sampled average of mean cubic mass per decare for a
specific county. E1 cost effective criteria, E2 distribution of development class 5 (”old forest”), E3 distri-
bution of harvested timber from 2005 - 2013, E4 the ratio of development class 5 over harvested timber
as a representation of old forest not under pressure of harvesting. Evaluated over the three different
conservation constraints (4.5%, 10% and 17%).
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Table 14: Sensitivity analysis - Hypothesis: Excluding Nordland and Hordaland

Conservation constraint
Hypothesis En 4.5% 10% 17%

Hypothesis 1

E1 V ol = Gov V ol = Gov V ol = Gov
E2 V ol = Gov V ol = Gov V ol = Gov
E3 V ol = Gov V ol = Gov V ol = Gov
E4 V ol = Gov V ol = Gov V ol = Gov

Hypothesis 2

E1
V ol > 0.5
Gov = 0.5

V ol > 0.5
Gov > 0.5

V ol > 0.5
Gov > 0.5

E2
V ol = 0.5
Gov = 0.5

V ol = 0.5
Gov = 0.5

V ol = 0.5
Gov = 0.5

E3
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

E4
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

A representation of the evaluation of the hypothesis presented in table 1, excluding Nordland & Horda-
land, for all hypothesis, measured effective criteria, and conservation constraints. V ol is the voluntary
conservation, Gov is the government initiated conservation of forested areas, E1 is the cost effective
criteria, E2 is the utility-cost criteria for targeting forest in development class 5 (old-growth forest), and
E4 represent the old growth forest not susceptible to harvest.
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Table 15: Sensitivity analysis - Results: Excluding Hedmark

Conservation constraint
Type of conservation En 4.5% 10% 17%

Voluntary

E1
0.48 0.40 0.34

(0.43 - 0.54) (0.36 - 0.43) (0.30 - 0.38)

E2
0.33 0.26 0.22

(0.30 - 0.36) (0.24 - 0.28) (0.19 - 0.24)

E3
0.44 0.44 0.44

(0.38 - 0.50) (0.38 - 0.50) (0.38 - 0.50)

E4
0.11 0.08 0.06

(0.11 - 0.12) (0.07 - 0.08) (0.05 - 0.07)

Government

E1
0.64 0.55 0.48

(0.55 - 0.71) (0.49 - 0.61) (0.44 - 0.51)

E2
0.52 0.41 0.35

(0.47 - 0.57) (0.37 - 0.45) (0.32 - 0.37)

E3
0.47 0.44 0.44

(0.41 - 0.52) (0.38 - 0.50) (0.38 - 0.50)

E4
0.41 0.26 0.20

(0.38 - 0.43) (0.25 - 0.27) (0.19 - 0.21)

Results, excluding Hedmark, evaluating different cost- or utility-cost effectiveness criteria, for volun-
tary conservation and government initiated conservation of forested areas, evaluated from zero to one,
where one is the maximum, and zero the minimum obtainable subject to the budget and conserva-
tion constraint. Using jackknife re-sampling to obtain the mean price, and its corresponding variance,
constructing confidence intervals for lower bound and upper bound price, subject to a scalar represent-
ing conditionally weighted jackknife re-sampled average of mean cubic mass per decare for a specific
county. E1 cost effective criteria, E2 distribution of development class 5 (”old forest”), E3 distribution of
harvested timber from 2005 - 2013, E4 the ratio of development class 5 over harvested timber as a repre-
sentation of old forest not under pressure of harvesting. Evaluated over the three different conservation
constraints (4.5%, 10% and 17%).
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Table 16: Sensitivity analysis - Hypothesis: Excluding Hedmark

Conservation constraint
Hypothesis En 4.5% 10% 17%

Hypothesis 1

E1 V ol < Gov V ol < Gov V ol < Gov
E2 V ol < Gov V ol < Gov V ol < Gov
E3 V ol = Gov V ol = Gov V ol = Gov
E4 V ol < Gov V ol < Gov V ol < Gov

Hypothesis 2

E1
V ol = 0.5
Gov > 0.5

V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov = 0.5

E2
V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

E3
V ol = 0.5
Gov = 0.5

V ol = 0.5
Gov = 0.5

V ol = 0.5
Gov = 0.5

E4
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

A representation of the evaluation of the hypothesis presented in table 1, excluding Hedmark, for all
hypothesis, measured effective criteria, and conservation constraints. V ol is the voluntary conservation,
Gov is the government initiated conservation of forested areas, E1 is the cost effective criteria, E2 is the
utility-cost criteria for targeting forest in development class 5 (old-growth forest), and E4 represent the
old growth forest not susceptible to harvest.
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Table 17: Sensitivity analysis - Results: Excluding Hedmark and Oppland

Conservation constraint
Type of conservation En 4.5% 10% 17%

Voluntary

E1
0.44 0.36 0.31

(0.39 - 0.49) (0.33 - 0.39) (0.27 - 0.34)

E2
0.28 0.22 0.19

(0.26 - 0.31) (0.21 - 0.24) (0.16 - 0.21)

E3
0.44 0.42 0.42

(0.40 - 0.48) (0.37 - 0.47) (0.37 - 0.47)

E4
0.11 0.07 0.06

(0.10 - 0.11) (0.07 - 0.07) (0.05 - 0.06)

Government

E1
0.53 0.46 0.40

(0.47 - 0.59) (0.41 - 0.51) (0.37 - 0.43)

E2
0.42 0.32 0.27

(0.38 - 0.45) (0.29 - 0.35) (0.25 - 0.29)

E3
0.38 0.32 0.32

(0.34 - 0.41) (0.29 - 0.36) (0.29 - 0.36)

E4
0.39 0.25 0.19

(0.37 - 0.41) (0.24 - 0.26) (0.18 - 0.20)

Results, excluding Hedmark & Oppland, evaluating different cost- or utility-cost effectiveness criteria,
for voluntary conservation and government initiated conservation of forested areas, evaluated from zero
to one, where one is the maximum, and zero the minimum obtainable subject to the budget and conser-
vation constraint. Using jackknife re-sampling to obtain the mean price, and its corresponding variance,
constructing confidence intervals for lower bound and upper bound price, subject to a scalar represent-
ing conditionally weighted jackknife re-sampled average of mean cubic mass per decare for a specific
county. E1 cost effective criteria, E2 distribution of development class 5 (”old forest”), E3 distribution of
harvested timber from 2005 - 2013, E4 the ratio of development class 5 over harvested timber as a repre-
sentation of old forest not under pressure of harvesting. Evaluated over the three different conservation
constraints (4.5%, 10% and 17%).
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Table 18: Sensitivity analysis - Hypothesis: Excluding Hedmark and Oppland

Conservation constraint
Hypothesis En 4.5% 10% 17%

Hypothesis 1

E1 V ol = Gov V ol < Gov V ol < Gov
E2 V ol < Gov V ol < Gov V ol < Gov
E3 V ol = Gov V ol > Gov V ol > Gov
E4 V ol < Gov V ol < Gov V ol < Gov

Hypothesis 2

E1
V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov = 0.5

V ol < 0.5
Gov < 0.5

E2
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

E3
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

E4
V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

V ol < 0.5
Gov < 0.5

A representation of the evaluation of the hypothesis presented in table 1, excluding Hedmark & Opp-
land, for all hypothesis, measured effective criteria, and conservation constraints. V ol is the voluntary
conservation, Gov is the government initiated conservation of forested areas, E1 is the cost effective
criteria, E2 is the utility-cost criteria for targeting forest in development class 5 (old-growth forest), and
E4 represent the old growth forest not susceptible to harvest.
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