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Abstract  
Ecologists recommend preserving a larger share of the old-growth forests in Norway, as half 
of the species have forests as their main habitat. However, progress has been slow and at the 
time of this study only 1.4 % of the productive forest area had been preserved. We investigate 
benefits and costs over a 50-year period of increasing this level to 2.8% (doubling), 4.5% 
(“ecologists’ minimum”) and 10% (goal suggested in public debate). The benefits are 
estimated based on a national contingent valuation (CV) survey of Norwegian households. 
Two independent measures of total costs are used; i) the actual compensation amounts paid to 
forest owners, and ii) results from a survey of forest owners’ minimum willingness-to-accept  
compensation to preserve. Results show that social benefits outweigh costs of all three 
conservation plans by a large margin. The middle option of 4.5% has the highest net present 
value. The results are robust to a range of assumptions, including considerations of potential 
hypothetical bias in benefit estimates. The results of this cost-benefit analysis reflect the 
preferences of the general population, the authorities and the forest owners with respect to 
biodiversity and ecosystem services preservation, and supplement the expert opinion of 
ecologists.  
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1. Introduction 

There is currently great interest among academics (beyond mere environmental economists), 

bureaucrats and policymakers in the economic significance, or value, of biodiversity and 

ecosystem services. Starting with the Millennium Ecosystem Assessment (2005) and taken a 

step further in the direction of valuation through the effort of the Economics of Biodiversity 

and Ecosystem Services (TEEB) initiative (Kumar, 2010), much emphasis to date has been on 

“recognizing and demonstrating” value as a tool to open public and private eyes to the 

potential loss of ecosystem service benefits (e.g. Chiabai et al., 2011). This has been effective 

in many countries, not the least in the UK with the National Ecosystem Assessment.3 

However, the next step forward is the introduction of mechanisms that can incorporate 

ecosystem service and biodiversity values in decision making, i.e. contribute to “capturing” 

such values (TEEB, 2010). Although the environmental economics literature has produced a 

large amount of primary valuation studies, few have been conducted for the specific purpose 

of contributing to or carrying out comprehensive cost-benefit analyses (CBA). Making the 

bridge from broad demonstrations of value to real-life CBAs of projects and policies that 

increase provision of, or impact, ecosystem services is essential for making non-market 

valuation more policy-relevant.  

This paper aims to make such a bridge by conducting a comprehensive CBA of the currently 

much debated policy question of whether to increase forest protection in Norway. Forest 

conservation is an essential part of any Norwegian strategy to fulfil its obligations under the 

Convention on Biological Diversity, since at least half of all red list species live in forest 

habitats (Kålås et al., 2010). In response to conflicts erupting over command-and-control 

conservation in the 1980’s and 90’s, a national voluntary forest conservation program was 

initiated in Norway in the early 2000s. In this program, forest owners can submit for 

                                                 
3 See e.g. press release and reports at: http://www.defra.gov.uk/environment/natural/uknea/  

http://www.defra.gov.uk/environment/natural/uknea/
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consideration the whole or a part of their forest for conservation. If their forests satisfy 

biological criteria, especially contributions to biodiversity protection, the forest owners are 

compensated for reserve establishment with a one-time payment for loss of net timber values. 

Although the interest from forest owners so far has been good, progress has been slow due to 

shortage of public funds for the program. The key question is if public biodiversity and 

ecosystem service benefits exceed costs for various levels and ambitions of forest 

conservation, and if so what level of conservation maximizes net benefits. If this level is 

higher than the current level of conservation, the program should be allocated more resources.  

We investigate this question conducting a CBA of the major cost and benefit components 

based on data collected for this specific purpose. First, we assess the benefits of biodiversity 

conservation based on a large, national contingent valuation (CV) survey of three alternative 

conservation plans compared to the status quo. These plans are based on actual policy 

alternatives that have been or are under consideration. The CV results yield willingness to pay 

(WTP) estimates primarily related to existence (non-use) value of increased biodiversity 

conservation, as reserves are often remote and inaccessible to the average recreationist. This is 

the primary component of the cultural ecosystem service benefits. Second, we investigate the 

main cost component, the opportunity costs of using the land for timber production, in two 

ways. First, we extrapolate total compensations that would have to be paid to private forest 

owners through the current conservation program based on actual compensation payments 

made from the start of the conservation program (Norwegian Directorate for Nature 

Management, 2013). Second, we conducted a CV survey of forest owners’ willingness to 

accept (WTA) compensation to set aside their forests for reserves. WTA may be different 

from actual compensations, as many forest owners derive personal utility from reserve 

establishment. We also add to the costs, the efficiency loss of collecting taxes (marginal costs 

of public funds) to fund conservation and the transaction costs of implementing the plans. The 
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total costs (and benefits) may to some extent depend on the policy mechanism chosen, as will 

be briefly discussed. The CBA follows the recent recommendations of the Norwegian public 

committee on CBA (NOU, 2012), for example in terms of choice of policy horizon of analysis 

and time-varying discount rates. We conduct a sensitivity analysis on the most important 

parameters for the CBA.  

This is the first study we are aware of in the area of forest conservation that analyse both costs 

and benefits based on primary data collected for the specific purpose. Kniivilä et al. (2002) 

and Lehtonen et al. (2003), for example, also consider costs of conservation briefly, but have 

their primary focus on the benefit side. A more recent study by Naidoo and Ricketts (2006) 

attempt a full CBA of biodiversity conservation in Paraguay, but base many of their estimates 

on the literature and use rough methods for benefit transfer. Other studies, such as Bostedt and 

Mattson (2006) (adjusting forestry for recreation) and Slaney et al. (2010) and Chang et al. 

(2012) (both on pest management) consider specific forest management measures 

individually, rather than full conservation. Our contribution lies in the stringent incorporation 

of primary data on costs and benefits of conservation into a formalized CBA framework 

suitable for analysing the primary academic and policy issues related to forest biodiversity 

and ecosystem service conservation.  

The paper is structured as follows. In the next section we briefly lay out the analytical 

framework of the CBA in terms of cost and benefit components and how they in principle are 

defined and measured. In section three we explain the underlying data for estimating costs and 

benefits. Section four presents results and the assumptions for the base case we analyse, 

compares costs and benefits over time in net present value (NPV) calculations, and conduct 

sensitivity analysis for key parameter assumptions. Even given fairly conservative 

assumptions regarding benefits, we find that they substantially outweigh the costs for three, 
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national conservation plans investigated. We conclude and discuss the implications of these 

results in the final section.  

2. Analytical framework 

2.1 Present value and policy options considered 

We investigate different levels of biodiversity conservation by establishing reserves on private 

forest land. This is the main vehicle for forest conservation in Norway, though there are also 

environmental regulations and policies governing commercial forestry activities on state and 

private land. We consider three alternative conservation levels measured as a percentage of 

the productive forest area4:  2.8%, 4.5% and 10%. At the time the CV surveys of the general 

public and forest owners were carried out (end of 2007), the conservation level was 1.4%, so 

2.8% represented a doubling of the existing level at that time. According to an authoritative 

biological assessment, at least 4.5-4.6% was considered a minimum to satisfy public policy 

goals (Framstad et al., 2002). This is the basis for the second alternative. A more recent 

assessment concludes that especially low lying, very productive forests and endangered 

species and habitat types in southern parts of Norway are still highly underrepresented in the 

protected area network (Framstad et al., 2010). At least 10% protection has also been 

discussed as a longer term goal, and recently put forward by various interest groups as a 

minimum level (WWF et al., 2012). We therefore also analyse this alternative.  

By January 2013 almost 2.7% of Norwegian productive forests were conserved in reserves 

(Ministry of Environment (MD), 2013), but the last few years progress has been slow, as also 

noted by a recent OECD evaluation of Norwegian biodiversity policy (OECD, 2011). By 

including the 2.8% option, we can analyse retrospectively if the increase to the current level 

                                                 
4 Productive forest is forest with a production potential of at least 1 m3 per hectare and year. Measuring conservation as a 

percentage of the productive forest area is a common way in many countries.  
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was sensible from a cost-benefit perspective. The two more ambitious alternatives are still 

policy-relevant options.  

As pointed out by for example Boadway (2006) the decision rule in an intertemporal context 

is the net present value (NPV) criterion implying that the policy-maker should set a 

conservation level that maximizes welfare W in terms of the net present value of the future 

(change in the) flow of net forest benefits comparing the three conservation levels with the 

status quo situation, as given in equation (1): 

𝑀𝑎𝑥 𝑁𝑃𝑉 = 𝑀𝑎𝑥  𝑊 =: ���
∆𝐵𝑡𝐴 − ∆𝐶𝑡𝐴

(1 + 𝑟𝑡)𝑡
�

𝑇

𝑡=1

� 

where ∆B is the change in the ecosystem service and biodiversity benefit flow, ∆C is the 

change in the cost flow,  r is the social discount rate (which may vary with time), T the time 

period of the policy (which in principle for forest conservation is indefinite)  and A the 

conservation alternative considered (2.8, 4.5 and 10%). This NPV formula can be used to rank 

the policy options from an economic point of view, taking account of both benefits and costs 

of the conservation policy to society. We will return to our assumptions for key parameters.  

2.2 Benefits 

When a reserve is established, the forest owner relinquishes his right to forestry activities for 

eternity. Hunting, mushroom, and berry picking and other recreational activities that do not 

involve setting up permanent facilities (e.g. hunters’ camp) in the reserve are still allowed. 

Most current and proposed reserves are remote, fairly small, inaccessible and not much used 

by the average recreationists who rather prefer more actively managed and open forests 

(Gundersen and Stange, 2011). Hence, conservation of this kind can be assumed to provide 

mainly existence (non-use) values related to biodiversity and habitat services and cultural 

services. The social value of this total stream of benefits can be defined and captured by the 



 7 

beneficiaries’ willingness to pay (WTP). WTP may be defined by the underlying conditional 

indirect utility function (e.g. Bergstrom and Taylor, 2006):  

(2)          𝑉𝑗�𝑃𝑗𝐴,𝑌𝑗 −𝑊𝑇𝑃𝐴;𝑄𝑗𝐴,𝑄𝑈𝐴𝐿𝑗𝐴, 𝑆𝑈𝐵𝑗𝐴,𝐻𝑗 , 𝐼𝑗� = 𝑉𝑗�𝑃𝑗0,𝑌𝑗;𝑄𝑗0,𝑄𝑈𝐴𝐿𝑗0, 𝑆𝑈𝐵𝑗0,𝐻𝑗 , 𝐼𝑗� 

where, P is a vector of prices of market goods facing the individual (in the status 

quo/reference case, 0, or for conservation alternative A),  𝑌𝑗 is household income of individual 

j, Q is a measure of the quantity of forest reserves (as a percentage or number of hectares), 

QUAL a measure of quality of the forest reserves (e.g. a proxy for biodiversity),  𝑆𝑈𝐵𝑗 is a 

measure of substitutes for the forest reserve services, 𝐻𝑗   is non-income characteristics of 

individual j’s household, 𝐼𝑗 a measure of information available to individual j5. Solving this 

equation for WTP, which is identical when summed over the population, the annual change in 

benefits from equation (1), yields6: 

(3)          ∆𝐵𝑖𝐴 ≡  𝑊𝑇𝑃𝐴 = 𝑓(𝑃𝑗𝐴 − 𝑃𝑗0,𝑄𝑗𝐴 − 𝑄𝑗0,  𝑄𝑈𝐴𝐿𝑗𝐴 −  𝑄𝑈𝐴𝐿𝑗0,  𝑆𝑈𝐵𝑗𝐴 −  𝑆𝑈𝐵𝑗0, 𝐻𝑗 , 𝐼𝑗)  

Both QUAL and Q will increase with higher conservation levels, if conservation is 

implemented in accordance with its intentions.7 When assuming constant prices and measures 

of available substitutes, which are both reasonable assumptions, (2) and (3) define WTP, the 

amount that can be subtracted from the individual’s income so that she is indifferent between 

the current conservation level and the alternative and higher level A. We define the market for 

                                                 
5 The information available to consumers is rarely perfect, and hence it is important to consider the amount and type of 

information available to individuals when valuing public goods, especially complex goods such as biodiversity (e.g. 
information given in a questionnaire as discussed subsequently).  

6 Note, as pointed out by Bergstrom and Taylor (2006), that in the case of demand and/or supply uncertainty, terms capturing 
these effects will have to be included and the resulting WTP then measures option price. 

7 Regarding the QUAL variable, it has been questioned in Norway to what extent voluntary conservation areas fill stated 
conservation gaps (Framstad and Blindheim, 2010). However, this is a matter of setting strict enough biological 
requirements for new enrolments in the program, and not our primary concern here. In tropical countries, a problem may 
be related both to the Q and QUAL variables if sufficient monitoring and enforcement are not in place to halt further 
degradation/deforestation after national parks/reserves are set up.   
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the non-market good, given the geographically wide distribution and the high share of non-

use values, as the population of Norway.8 

In addition to these existence values related to habitat services and biodiversity that we 

attempt to measure using a CV survey, there are also other, more limited ecosystem services 

from reserves not considered here. First, carbon sequestration services could have been 

calculated separately. However, the net effect in the long term of boreal forest reserves on 

carbon storage and atmospheric carbon compared to current forest management is uncertain 

and much debated (Framstad et al., 2013).  The net effect depends on many factors, including 

the storage of carbon in soils (which is very high in northern forests), the effect of albedo9, 

what timber products replace in terms of energy, building materials etc. (Holtsmark, 2012). 

Second, the recreational (and associated health improvement) benefits related to hunting, 

fishing and normal everyday recreation in and around reserves will be positive, but as argued 

above, likely not large on a national scale due to inaccessibility and remoteness of majority of 

reserves. The most important recreational benefits occur in forests in and around the 

population centres that are typically subject to multifunctional forest management, rather than 

reserve protection (Lindhjem and Magnussen, 2012). The reserves will also have some 

marginal positive effects for flows of other regulating and supporting services, such as erosion 

control, water purification, flood control etc. However, such benefits are likely to be relatively 

limited, due to among others their relative abundance in Norway, and are therefore not 

included here.  

2.3 Costs 

The costs of conservation have three main components: (1) opportunity costs of taking 

reserves out of timber production, i.e. loss of timber provisioning services, to use the 

                                                 
8 There may be reasons to include also non-Norwegians, as some areas may be of at least Nordic or European significance. 

However, to be conservative, we limit the population to the domestic population. 
9 How much of incoming sunlight is reflected from the surface, which depends e.g. on whether harvested forest areas are 

covered in snow or not. 
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ecosystem service terminology; (2) Transaction costs related to the establishment of reserves 

(i.e. negotiations, biological surveys, court settlements etc.); and (3) The distortionary costs of 

necessary taxation to collect funds for conservation (marginal costs of public funds). Given 

that taxes are distortional to the economy, i.e. it is costly in efficiency terms to collect them 

(Sandmo, 1998), a substantial increase in conservation funding will, ceteris paribus, increase 

the marginal costs of public funds required to compensate forest owners and cover other costs. 

Hence, total social costs given in equation (1) can be broken down as: 

(4)      ∆𝐶𝐴 = ∆COCA + ∆CTA + ∆CMA  

Where ∆COC is the annual change in opportunity cost for conservation alternative A, ∆CT 

change in transaction costs and ∆CM the change in marginal costs of public funds. Currently, 

forest owners are compensated for their lost timber revenues over a standard period, 

subtracted harvesting costs, discounted to present values using a rate normally set at 5%. The 

harvesting costs typically depend closely on distance to roads, topography of the terrain etc. 

Some forest areas, so-called zero-areas, are protected by the current timber prices, in that they 

are not worth harvesting.   

Note that the transaction costs in many cases depend on the policy mechanism; command-

and-control reserve establishment gave higher process costs than the voluntary conservation 

program in Norway (Skjeggedal et al., 2010). There may also be other costs from reserve 

establishment for example related to loss of work locally (an issue e.g. raised in Kniivilä et al. 

2002). However, in Norway there is in practice full employment, and only small friction costs 

related to changing jobs. It is also unlikely that increased reserve protection will lead to 

significant loss of jobs.    
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3. Measuring costs and benefits: Methods, data and assumptions  

In this section we explain the methods used for data collection and the key assumptions made 

in estimating the costs and benefits of increased forest protection. We will return to the 

sensitivity of the results to these assumptions.   

3.1 Contingent valuation survey and benefit estimation approach  

3.1.1 Survey design 

The survey was designed following similar forest protection surveys well tested and tried in 

the Nordic context (see e.g. Lindhjem (2007)), and followed recent best practice guidelines in 

the CV field (e.g. Bateman et al (2002), SEPA (2006)). The survey consisted of several sub-

samples and design elements, some of which were utilized in Lindhjem and Navrud (2009, 

2011a), where more detailed descriptions of the instrument are given. Here, we only note the 

central features of the survey of relevance for benefit measurement. The status quo situation 

was described using graphs showing share of species in forests and other nature types, by 

using neutral pictures of red list species and by providing a map of the current reserves (see 

Figure 1). 

Figure 1 Status quo protection level (1.4%) in the southern part of Norway as displayed to 
respondents  
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Legend: Red spots are existing reserves, dark green productive forests, light green unproductive forests. 

The status quo or baseline envisaged a decline in forest biodiversity unless action was taken. 

Each respondent was then asked to consider two different conservation plans as an alternative 

to the current conservation level of 1.4%: 2.8% and either 4.5 or 10% in turn, following an 

advance disclosure procedure recommended by Bateman et al. (2004). The changes were 

described using a table noting the percentages and the hectares of conservation and the likely, 

general improvements that could be expected for major species groups associated with the 

increases in reserves (e.g. lichens, mosses, plants, fungi, insects and mammals). Since the 

exact location of potential new reserves had not been decided (which was noted to 

respondents) maps generated by GIS scaling up the polygons of existing reserves to resemble 

accurate depictions of the geographical extent of future reserves were provided (see an 

example for the largest plan of 10% in Figure 2).    
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Figure 2 Alternative, higher protection level (here 10%) in the southern part of Norway as 
displayed to respondents  

Legend: Red spots are higher level of reserve protection illustrated by scaling up existing reserves, dark green 
productive forests, light green unproductive forests.  

The colour maps were zoomable in the web mode of the survey (see next section) and hard-

to-avoid technical terms in the text (such as “biodiversity”, “nature reserve” etc.) were 

explained in boxes that would pop up when the cursor touched underlined words.10 The 

biological information was provided by a team of leading biologists in Norway, and checked 

by foresters to ensure a balanced presentation of the status quo and future plans. The 

respondents were for each of the two conservation plans given a WTP question asking the 

most, if anything, the household would be willing to pay in an additional annual tax 

earmarked to a public fund for increasing forest conservation from the current 1.4% to the 

                                                 
10 In the mail survey version a list was provided at the end of the questionnaire explaining these terms. 
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alternative levels. Note that the WTP question required an annual payment for eternity. This 

was chosen as these ecosystem services will be provided for eternity, and for the sake of 

realism as new taxes rarely are time-limited. People could then indicate their maximum WTP 

in a payment card  in the form of a drop-down menu in the websurvey (table in postal survey) 

with a non-linear scale containing 23 amounts (ranging from 0 to NOK 1500011), including 

“don’t know” (at the end). The amounts were chosen on the basis of previous CV studies (e.g. 

Lindhjem (2007)). Payment card was chosen as response format over dichotomous choice, to 

avoid yea saying (at the expense of theoretical incentive compatibility) (Boyle, 2003). The 

payment vehicle (an earmarked tax to a forest protection fund) was chosen because it is a 

fairly neutral, for example compared to an income tax, is realistic and reduces people’s 

scepticism that the money would not be spent on forest protection. A typical budget reminder 

was included. The survey included conventional follow-up questions to determine whether 

zero and don’t know respondents were protesting and to judge validity of the answers, 

including socio-economic background information of the respondents which was merged with 

the panel information held about the respondents (see next section). 

3.1.2 Sampling and administration 

The data were collected from an Internet survey as part of a large nation-wide multi-mode CV 

survey of forest protection in Norway. Although personal interviews have been recommended 

for CV in the past (Arrow et al., 1993), this mode also has drawbacks, especially high cost 

and potential social desirability bias. Internet CV surveys have been shown to give reasonable 

response quality and potentially lower social desirability bias leading to more conservative 

WTP estimates (Lindhjem and Navrud, 2011a, b). A randomly recruited panel of ca. 50,000 

respondents, maintained by the professional survey firm TNS Gallup was used for the survey. 

Norway has one of the highest Internet broadband penetration rates (at reasonable speeds) in 
                                                 
11 There was also an option to choose “more than 15000”, in which case a box would pop up where the exact amount could 

be specified. 1 NOK = 0.11UK  £ = 0.13 euro = 0.18 US $ (nominal exchange rates April 2013). 
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the world at around 95%. The survey was conducted on a representative sample of the 

Norwegian adult (>15 years of age) population in October-November 2007.  To be sure to 

cover the older part of the population who normally are less computer literate, two additional 

small samples were recruited from the same panel to cover this group of respondents and a 

survey version adapted for a normal mail survey. The net sample was 2881completed 

responses in four main samples. Table 1 gives an overview of the samples used for calculating 

mean WTP.  

Table 1 Samples, sample sizes and splits on survey mode and valuation scenarios 
 Web survey Postal survey 

 Sample I Sample II Sample III Sample IV 

# observations (gross) 900 2250 250 250 

Protection levels 2,8% & 4,5% √  √  

Protection levels 2,8% & 10%  √  √ 

Notes: The number of observations for the 2.8 and 10% are higher than for 2.8 and 4.5% because there were 

some additional split samples for the former protection levels that for simplicity are pooled here.   

Before fielding the survey, the instrument went through thorough testing in focus groups and 

two pilots, requiring only small changes before implementation. 

3.1.3 Econometric estimation of mean WTP 

Answers to the WTP questions using a payment card return interval data. For simplicity we 

take respondents’ true WTP as interval mid-points (except for zeros, see below) and estimate 

the simple mean of the distribution following procedures described in e.g. Cameron and 

Huppert (1989).12 Given the many payment card amounts, the distribution should follow the 

true WTP distribution fairly closely (others using this approach is e.g. Bateman et al., 2005).13 

                                                 
12 Note that we for simplicity treat the two WTP responses from each respondent as independent (i.e. no panel data 

considerations). 
13 An alternative to this is to use an interval estimation approach (see e.g. Mahieu et al., 2012) where WTP >0 is assumed to 

have a log normal distribution. We also tested this alternative and found similar (but slightly higher) values compared to 
those reported in Table 2 below. 
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Respondents that stated zero or don’t know were interpreted, following coventional CV 

procedures, either as a statement of true zero (conservative) and included, or as protesters and 

therefore removed (base case, assuming in effect that protesters have WTP equal to the 

average), if they stated at least one protest reason out of two possible reasons from a battery 

of alternatives.14 We also use a procedure sometimes applied in the CV literature to remove 

some of the outliers, identified as WTP amounts higher than 2% of stated household income 

(see e.g. Veisten et al., 2004). This is a conservative choice.  

The survey did not specify explicitly when respondents could expect the plan to be 

implemented, but it was clear that it would happen in the very short term. For the analysis, we 

assume the benefits starting from the first year.    

3.2 Opportunity cost measurement – actual and hypothetical compensation 

3.2.1 Actual compensation payments  

Actual compensations are paid as a one-time amount to reflect the true opportunity costs of 

forest owners related to commercial forestry activities. From the Norwegian Directorate of 

Nature Management we have obtained the complete data on actual payments made during the 

voluntary forest conservation program from the start in 2003 until January 2013. In 2012, no 

new areas were established due to lack of funds. The data contain 138 new reserves, out of 

which we have disclosed compensation payments for 132. The data contain variables for total 

size of the forest, the productive part of the forest, a five scale biological quality indicator, the 

location of the reserve down to the municipality level15 and the payment made. We use these 

data to derive a simple cost estimate for expanding the current forest reserves, assuming for 

simplicity that the chosen conservation level can be reached in year one.16  

                                                 
14 All other reasons than clear statements of no benefit from or no budget for conservation were interpreted as protest.   
15 The actual coordinates of the reserves are currently not public information. 
16 A more realistic scenario would be for example to assume a plan that implements e.g. 10% of the conservation increase 

each year. However, this complicates calculations, both for costs and benefits, and is not in line with what respondents 
were presented in the survey. We therefore stick with this simplifying assumption. 
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3.2.2 Forest owner WTA survey data 

In addition to the actual compensation data, we also conducted a CV survey of forest owners 

to assess their WTA to enrol their forests into the voluntary forest programme. The motivation 

for this was that forest owners may derive some utility themselves from conserving their 

forests and therefore not necessarily require full compensation (Raunikar and Buongiorno, 

2006).  However, there are several challenges in revealing true WTA through a survey like 

this, for example the risk of strategic responding.17 The CV data were analysed in Lindhjem 

and Mitani (2012), and more details of the survey are provided there. The main part of the 

questionnaire concerned whether the forest owner would consider enrolling the whole or parts 

of his forest given sufficient compensation. If so, there were questions about approximate 

share of the total forest property to enrol, and questions zooming in on the characteristics of 

that parcel in terms of harvesting costs, richness in timber and presence of 10 key biological 

elements (such as dead trees, known red list species, significant presence of deciduous trees 

etc). Following this, was an open-ended WTA question, aided by a payment card18, asking 

about the minimum compensation per 5 dekar19 as an annual payment to set aside the forest 

for reserve. Annual payment was chosen to make it easier for forest owners to arrive at a 

WTA estimate, but it may have drawbacks, since this is different from the one-time payment 

that some forest owners probably were familiar with.20 Similar to a general CV survey, the 

survey ended with follow-up questions about WTA/enrolment and socio-economic 

background information. 

                                                 
17 It was made clear that the answer would not be used to estimate compensation for this forest in particular, to remove any 

worries about our intentions and potentially reduce strategic answering. 
18 Amounts ranging from NOK 0 to 2000 were chosen in consultation with forestry experts to cover the typical value range of 

rents from timber in a Norwegian forest.  
19 A common area unit for forestry in Norway, corresponding to 0.5 hectares (ha). 
20 Note that compared to the CV survey of the environmental benefits above, where the good people value is the same across 

respondents (except of course for subsamples getting different-sized conservation plans), the WTA stated in the forest 
owner survey may depend both on the different characteristics of the forest property as well as the preferences of the 
forest owner. That is the reason for collecting the extra information about the specific plot forest owners would like to 
enrol. 
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Early versions of the survey instrument were tested in two video-taped focus groups 

conducted in two separate locations and the survey also underwent pilot testing among forest 

owners and managers. The sample frame was an official list with the names and contact 

information of Norwegian forest owners obtained from government forest tax records. All 

forest properties located in the ten counties in southern, middle and eastern Norway (covering 

the large majority of forests of potential interest for conservation) larger than 25 hectares were 

selected to an adjusted list.21 2007 forest owners were then randomly drawn from the adjusted 

list. The questionnaire and a cover letter explaining the objective and importance of the study 

were mailed to the forest owners in November 2007 by TNS Gallup following an approach 

modified from Dillman (2000). Data collection ended in January 2008.  

Since the stated WTA was given for the total forest area the respondent would enrol, we used 

the sample estimate of productive forest share to adjust the WTA. We use this mean, annual 

WTA estimate for sensitivity and the real compensation data for the base case. 

3.3 Transaction costs and marginal costs of public funds  

The transaction costs associated with reserve establishment, ∆CT, are likely to vary with the 

size and number of reserves, and with the policy mechanism chosen. We do not have detailed 

data about the transaction costs, and this is in principle also hard to measure (Brouwer et al., 

2011). For simplicity, we estimate ∆CT as a fraction of the opportunity costs, i.e. the 

compensation payment, ∆COC. Skjeggedal et al. (2010) estimate, based on a large forest 

owner survey used to evaluate the functioning of the voluntary program, transaction costs of 

around 20% for the voluntary program and 35% for the command-and-control program that 

was used previously.   

                                                 
21 The cut-off point of 25 ha was chosen because, from an ecological perspective, smaller properties would not contribute 

significantly to conservation purposes. 
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Estimating the marginal costs of raising public funds, ∆CM, we follow the guideline by 

Norwegian Ministry of Finance (2005), which recommends assuming that 1 NOK for a public 

project or policy in tax costs 0.2 NOK to raise. This means in practice that we add 20% to the 

opportunity costs and transaction costs of conservation.  

4. Analysis and results 

4.1 Estimation of benefits 

The weighted response rate for the samples in Table 1 of the CV survey was 69%, which is 

very high also by Internet panel standards. The samples showed fairly good representativeness 

compared to the Norwegian population along dimensions of gender, age distribution and 

education.22 Table 2 and Figure 3 display the estimated mean WTP for the three conservation 

plans.  

Table 2 Midpoint estimates of annual, mean WTP per household for the three forest 
conservation plans, measured in October 2007 NOK.    

 Mean WTP, only outliers excluded* Mean WTP, protesters and outliers 
excluded, base case** 

Conservation 

plan 

Mean  

WTP 

95% CI 

 (LB, UB) 

Sample 

size 

Mean  

WTP 

95% CI 

(LB, UB) 

Sample 

size 

1.4% to 2.8%  693.1 643.3  742.9 2855 1038.7 968.5 1108.9 1837 

1.4% to 4.5% 796.3 678.8  913.7 793 1248.4 1068.4 1428.4 480 

1.4% to 10% 871.6 801.8  941.3 2035 1300.3 1202.8 1397.9 1334 

Notes:   
* Don’t know and zero responses are interpreted as WTP = 0, no protest responses dropped.  

**Don’t know and zero responses interpreted as protest and removed if at least one (out of a possible two) stated 
reasons indicated protest. 

For both estimations outliers (WTP > 2%) of household income were excluded. For * the number of outliers 
removed were 26, 8 and 32 for conservations plans, 1.4-2.8%, 1.4-4.5%, and 1.4-10%, respectively.  For ** an 
additional 1018, 313, and 701 observations were removed for conservations plans, 1.4-2.8%, 1.4-4.5%, and 1.4-
10%, respectively 

                                                 
22 There was some slight overrepresentation of higher educated, males in the age group 30-44, which is often observed in 

such surveys. Since public information about the income distribution is not easily available, we instead compared the 
income data for respondents and non-respondents in the webpanel. A t-test revealed no significant difference in income 
levels between respondents and non-respondents. We decided not to weigh the data. 
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Figure 3 Midpoint estimates of annual, mean WTP per household for the three forest 
conservation plans, measured in October 2007 NOK. 95% CI in vertical bars.   

For the samples and WTP questions taken together around 386 indicate “don’t know” and 824 

zero. The mean WTP is therefore quite sensitive to the treatment of zero/don’t know 

respondents.23 The most conservative approach of treating all don’t knows and zeros as true 

zero responses (main column 2 in Table 2, lower graph in Figure 3) yield annual, mean WTP 

estimates from NOK 693 to 872 depending on the scope of the plan. Looking instead at the 

reasons people state for their responses, give a more nuanced (and likely truer) picture and a 

higher mean WTP from NOK 1039 to 1300 depending on the plan (main column 3 in Table 2, 

higher graph in Figure 3). Note that due to a lower sample size, the confidence interval is 

wider on WTP for the 4.5% plan.  

A full validity check of the data, which is recommended for fully-fledged CV studies, is 

beyond the scope of this paper, but we offer a few observations. First, note that mean WTP is 

not significantly higher for the 4.5% and 10% plans compared to 2.8%, since the confidence 

                                                 
23 An alternative procedure for excluding protesters of requiring both statements to be related to protest yield the following 

intermediate mean WTP estimates: NOK 857 (797.4, 916.6) for 2.8%, NOK 1009.9 (862.4, 1157.3) for 4.5% and NOK 
1080.6 (996.4, 1164.8).  
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intervals overlap. However, a more correct test of internal scope would be a paired t-test since 

each respondent received two WTP questions where the second question concerned a higher 

protection plan. Using paired t-tests on the midpoint estimates, we find that the WTP for the 

larger conservation plans are significantly (p<0.02) greater than for the smaller plan.24 Thus, 

visual inspection of the table gives the incorrect impression of internal scope insensitivity. 

However, we did not find a significant difference between mean WTP for 4.5% and 10% in 

split samples (i.e. comparing mean WTP for those who received 4.5% and 10% as their 

second WTP question).25 Putting too much weight on the lack of external scope as a sign of 

unreliable data would be too simplistic, as there may be good reasons for not having higher 

WTP for the 10% plan compared to the 4.5% plan (Amiran and Hagen, 2010; Lindhjem, 

2007). Marginal existence value may be diminishing (Rollins and Lyke 1998) or respondents 

may even feel that as long as a sufficient amount of biodiversity is preserved for the species 

not to be threatened anymore, it is good enough (Jacobsen et al., 2012). The detailed reasons 

behind scope (in)sensitivity in these data is a topic of on-going research. For our purpose her, 

we use the mean WTP estimates for the respective plans in the cost-benefit comparison.26 

Aggregate WTP for all Norwegian households can be estimated  by multiplying the estimates 

of mean WTP from Table 2 by the number of Norwegian households in 2007, which was 

1 998 822. We use these totals as basis and adjust with the increase in the consumer price 

index (CPI) to 2013 and household numbers in the CBA comparison below to get the 

aggregate WTP in 2013 NOK.    

                                                 
24 More correct would be to conduct this test by comparing mean WTP when only WTP>0 respondents are included. We 

conducted such a test, excluding outliers, and found that WTP for the 4.5% plan was greater than for the 2.8% plan (one-
sided test, p<0.05) and that the WTP for the 10% plan was greater than for the 2.8% plan (one-sided test and two-sided 
test, p <0.01). 

25 Two-sample t-test with unequal variances, showed no significant difference between means. This held both with and 
without zero responses included. 

26 As a validity check we ran some simple regressions (results left out for brevity) for our specific samples explaining 
variation of WTP. These show that WTP vary with variables expected from theory and previous empirical research, such 
as income and frequency of recreational use. Lindhjem and Navrud (2009, 2011a) also carry out validity checks of some 
of the subsamples from the same dataset and find responses reliable (and no less so than the part of the data collected 
through personal interviews as analysed in Lindhjem and Navrud 2011a). 
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4.2 Estimation of costs  

4.2.1 Costs based on actual compensation payments 

The mean compensation payment per hectare productive forest was estimated at NOK 27 537 

with 95% confidence interval of (24 637, 30 437). Note that there is not much variation in the 

compensation payments. We use the mean estimate to scale up the compensation costs. The 

total costs, including transaction and taxation costs are displayed in Table 3.   

Table 3 Total costs for the three conservation plans, measured in NOK Jan. 2013.    
Conservation 

plan 

Extra 

ha*  

Compensation 

costs 

Transaction costs 

voluntary 

program (CAC)§ 

Taxation costs 

(incl. CAC cost) § 

Total costs 

(incl. CAC costs) § 

1.4% to 2.8%  105 000 2 891 385 000 578 277 000 

(1 011 984 750) 

693 932 400 

(780 673 950) 

4 163 594 400 

(4 684 043 700) 

1.4% to 4.5% 225 000 6 195 825 000 1 239 165 000 

(2 168 538 750) 

1 486 998 000 

(1 672 872 750) 

8 921 988 000 

(10 037 236 500) 

1.4% to 10% 635 000 17 485 995 000 3 497 199 000 

(6 120 098 250) 

4 196 638 800 

(4 721 218 650) 

25 179 832 800 

(28 327 311 900) 

Notes:   
* As of 2007 and the info provided in the CV survey of WTP. 

§ CAC = command and control conservation, i.e. administrative expropriation of land. Numbers in brackets are 
showing these costs instead of the assumed costs of the voluntary program. 

The total costs are ca. 4.2, 8.9 and 25.2 billion NOK in total for the three conservation plans. 

Using the mean compensation estimate per hectare as a measure of opportunity costs of 

expanding the conservation network makes sense if we assume that the additional enrolled 

productive forests will resemble the land currently enrolled, i.e. in terms of size of reserves 

etc. We have no good reasons to do otherwise, i.e. to make assumptions regarding the 

curvature of the cost function. A simple regression analysis of the compensation data indicate 

a near log-linear relationship between the compensation amount paid and the productive 
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forest size enrolled, i.e. the compensation increases percentage wise at almost the same rate as 

the size.27 We did not find a time trend in compensations, above general increase in the CPI. 

Transaction costs are highly uncertain and there may be reasons to assume that they will 

decline as program administrators learn. We use, however, the current estimate as our best 

guess.   

4.2.1 Costs based on WTA data  

The CV survey of forest owner resulted in 756 usable responses and an overall adjusted 

response rate of 38.5%, which is quite good for this kind of survey.28 The mean WTA 

compensation from the CV survey of forest owners was estimated by Lindhjem and Mitani 

(2012) at around 1800 (NOK 2007) per hectare of total forest enrolled per year, or more 

accurately NOK 1790.50.29 Utilizing the sample average productive forest share of 73.6%30, 

we adjust this estimate to be applicable per hectare of productive forest to NOK 2433. 

In Table 4 we have summarized the annual compensation costs for the three plans, based on 

this estimate. This annual “rental payment” will exceed the one-time compensation payment 

above, depending on assumptions for the time horizon of payments and the discount rates.  

Table 4 Annual costs for the three conservation plans based on WTA CV survey data, 
measured in NOK 2007.    

Conservation 

plan 

Extra ha*  Compensation 

costs 

Transaction 

costs voluntary 

program 

Taxation costs Total costs 

1.4% to 2.8%  105 000 255 465 000 51 093 000 61 311 600 367 869 600 

1.4% to 4.5% 225 000 547 425 000 109 485 000 131 382 000 788 292 000 

                                                 
27 Coefficient of 0.775 on log productive forest area, t-value of 19.43. 
28 There were some signs of non-response bias, as analysed by Nybakk et al. (2009), in that respondents had significantly (p < 

0.05) higher education and were significantly (p < 0.05) younger than nonrespondents. None of these variables were 
significant in the analysis of Lindhjem and Mitani (2012), so we decided for simplicity not to weigh the data. 

29 Taking the mean of the two estimates in Table 3 of Lindhjem and Mitani (2012). The corresponding standard error of this 
estimate is 220.3. 

30 Table 2 of Lindhjem and Mitani (2012). 
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1.4% to 10% 635 000 1 544 955 000 308 991 000 370 789 200 2 224 735 200 

* As of 2007 and the info provided in the CV survey of WTP. 

The total, annual costs in this case vary from 367 million to 2.2 billion NOK. Lindhjem and 

Mitani (2012) model WTA as a function of a number of variables, and show some degree of 

validity in responses, e.g. that WTA depends on the size of the proposed reserve, the 

productive forest share and whether the owner resides locally. This is information that may be 

used for targeting the program to reduce costs, which we will discuss subsequently. For the 

base case, we use the mean WTP estimate for all additional hectares conserved assuming that 

increased protection will resemble the sample, mean forest owner and property characteristics.   

4.3 Cost-benefit comparisons for the base case 

In this section we compare the benefit and cost estimates for our base case. In addition to the 

assumptions substantiated above for the individual, mean estimates, we need to add a few 

more here. First, the time horizon we choose is 50 years, i.e. from 2013 to 2063. Although the 

benefit flow from conservation in principle is eternal, a limit for the practical CBA has to be 

set, not least since uncertainty related to key parameters becomes large in the longer term.  

NOU (2012) recommends for example 40 years for major infrastructure projects and does not 

rule out much longer time horizons. The Norwegian Government has recently presented a 

White Paper making predictions for Norway until the 2060s (Ministry of Finance, 2013), and 

we therefore conveniently adopt assumptions made there related to growth in GDP and 

number of households for the next 50 years. We use the risk adjusted discount rates 

recommended in NOU (2012) of 4% for the first 40 years and 3% years thereafter.31 A key 

question is how people’s preferences for forest conservation develop over time, e.g. due to 

increasing scarcity of biodiversity and increasing incomes. Due to limited knowledge about 
                                                 
31 The international debate on the choice of discount rate is extensive and a «second wave» of research was initiated in the 

wake of the Stern Review from 2006, which recommended lower discount rates for climate mitigation than economists 
traditionally had used in CBA. Recommendations on discount rates currently vary between countries. The UK Green 
Book from 2003 (HM Treasury, 2003), for example, differ from the Norwegian NOU (2012). NOU (2012) recommends 
3% until year 75 and then 2% beyond, while HM Treasury (2003) recommend several time horizons and lower rates. 
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this, NOU (2012) recommends not to adjust WTP according to income growth, though they 

refer to some literature showing a span of elasticities from 0.3 to 0.6. We follow the 

conservative recommendation of not adjusting here. We adjust the WTP estimates with the 

CPI starting from 2007. Cost estimates based on actual compensations will be incurred today 

and are in any case not subject to price or value adjustments. Table 5 below summarises the 

net present values for the three conservation plans.  

Table 5  Present value of cost and benefit components for the three conservation plans for 
the base case, changes in NOK million 2013.  

  
Conservation plan: 2.8%  4.5% 10% 

Present value of benefits:  
Total quantified conservation benefits  152 291.0 183 036.6 190 646.0 
Present value of costs:  
Compensation costs (opportunity costs) 2 891.4 6 195.8 17 486.0 
Transaction costs 578.3 1 239.2 3 497.2 
Inefficiency costs of taxation 693.9 1 487.0 4 196.6 
Total quantified costs  4 163.6 8 922.0 25 179.8 

    
Net present value (NPV) of net benefits 148 127.4 174 114.6 165 466.2 

 

The NPV of the forest conservation benefits are estimated at 152 billion for 2.8%, 183 billion 

for 4.5% and 190 billion for 10%. The costs vary from 4 to 25 billion. The NPV of net 

benefits of conservation are therefore from 148 to 174 billion, with the middle option of 4.5% 

as the best, which is the minimum conservation level recommended by biologists. This means 

that retrospectively, the increase from 1.4% to around 2.7% today also was an efficient 

choice. There is a large gap between benefits and costs. The robustness of this conclusion we 

discuss in the next section.   
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4.4 Sensitivity analysis  

We first include the more conservatively estimated mean WTP from Table 2, where outliers 

are excluded but all zero and don’t know responses are interpreted as “true” zero. This gives 

the results in Table 6. 

Table 6  Present value of cost and benefit components for the three conservation plans for 
the case where don’t know and zero responses = true zero, NOK million 2013.  

Conservation plan:  2.8%  4.5% 10% 

Present value of benefits:  
Total quantified forest conservation benefits 101 605.5 116 751.1 127 791.3 
Present value of costs:  
Compensation costs (opportunity costs) 2 891.4 6 195.8 17 486.0 
Transaction costs    578.3 1 239.2 3 497.2 
Inefficiency costs of taxation    693.9 1 487.0 4 196.6 
Total quantified costs  4 163.6 8 922.0 25 179.8 
    
Net present value (NPV) of net benefits 97 442.0 107 829.1 102 611.5 

This reduced the present value of benefits by around 30%, but the overall conclusion is the 

same as above. Table 7 displays the case where costs instead are calculated using the 

estimated WTA. Since we are considering a time period of 50 years, the WTA-based costs 

that are annual becomes higher in present value terms than the one-off compensations in 

Tables 5 and 6. Again, all three conservation plans are socially beneficial, with the middle 

plan as the preferred. Note that the WTA estimates are more uncertain than the costs estimates 

based on actual compensation payments. 
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Table 7  Cost and benefit components, annual changes in NOK million 2013. Cost method 
2: WTA Compensation.  

Conservation plan:  2.8%  4.5% 10% 

Present value of benefits:  
Total quantified forest conservation benefits 152 291.0 183 036.6 190 646.0 
Present value of costs:  
WTA  12 988.7 27 832.9 78 550.5 
Transaction costs 2 597.7 5 566.6 15 710.1 
Inefficiency costs of taxation 3 117.3 6 679.9 18 852.1 
Total quantified costs  18 703.7 40 079.3 113 112.8 
    
Net present value (NPV) of net benefits 133 484.7 142 957.3 77 533.3 

Finally, we added the higher transaction costs for the command and control type conservation, 

which increase costs somewhat, but not enough to outweigh benefits by a large margin. 

In a real-world CBA such as the one conducted here, it is necessary to make a number of 

assumptions. Many of the ones we have made are relatively conservative in terms of not 

overestimating benefits. In principle, for example, there are good reasons to expand the 

horizon to eternity, use a lower discount rate or to adjust benefits by increase in GDP over 

time.32 These would all increase benefits substantially. It could also be argued that opening 

for much longer horizons, higher losses for the forests owners need to be calculated, included 

option values (e.g. using the land for recreational home development) currently not compen-

sated. However, note also that the transactions costs we have assumed are linear, e.g. not 

incorporating any likely efficiency or learning gains achieved once the relatively new 

voluntary program have been in operation for more years. The cost estimates we have used 

are more likely on the high than on the low side (see conclusions).  

So, are benefits “real” and as real as the costs, which come directly out of taxpayers’ pockets? 

The most serious critique of the CV method has been hypothetical bias, i.e. that respondents 

state higher WTP than they would actually pay if faced with a real trade-off in the 

                                                 
32 Note that for certain combinations of discount rates and elasticities with respect to income, the benefit side may not 

converge. 
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marketplace. This is generally a valid criticism, though we are far from understanding fully 

why such bias exists (Loomis 2011). Loomis (2011) discusses several approaches to deal with 

the bias ex ante in survey design and ex post in data calibration. There is evidence that self-

image associated with morally commendable behaviour, for example “donating” to 

biodiversity conservation, gives higher hypothetical bias than paying for more morally neutral 

goods (Johansson-Stenman and Svedsäter 2012). Two much-cited meta-analyses investigating 

the bias find factors of stated to actual WTP from 1.35 to 3 (Murphy et al 2005; List and 

Gallet 2001). Note that in our base case for costs to be equal to benefits the hypothetical bias 

factor would have had to be 36.6, 20.5 and 7.6 for the three plans, respectively. There is no 

evidence in the literature for such high factors. For the even more conservative WTP 

estimates in Table 6 above, the same factors would have had to be 24.4, 13.1 and 5.1, which 

are still unrealistically high. This means that our main conclusion is robust also to 

hypothetical bias calibration ex post.   

5. Concluding remarks 

We have conducted a real-world CBA of the social costs and benefits of forest conservation in 

Norway, with particular emphasis on the cultural ecosystem services derived over a 50 year 

time horizon. The results show clearly that benefits are substantially higher than the costs, and 

that the middle option of increasing protection from 1.4% of the productive forest area to 

4.5% is the most beneficial plan. This result is highly robust, also if a factor of potential 

substantial hypothetical bias in the WTP estimates is included in the considerations. 

Although there are many studies in the stated preference literature attempting to value 

biodiversity conservation and cultural services, very few take the next step to conduct a full 

CBA. Our investigations showed that making this step requires a number of assumptions, e.g. 

about people’s preferences for such services over time, for which there is little knowledge in 

the literature. More research clearly needs to go into this area for CBA results to stand on 
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firmer ground. And given the lack of knowledge, the risk is in our opinion an underestimation 

of the value of environmental goods over time, rather than overestimation. NOU (2012), for 

example, was not comfortable recommending adjustments of the value of environmental 

goods over time based on estimates of the elasticity of WTP with respect to income.33   

We have in our analysis not investigated spatial differentiation explicitly, partly due to lack of 

such information but also because we prioritised to investigate the issue on a general and 

principal level. With more knowledge of the spatial variation in opportunity costs and 

biologically valuable areas, it would have been possible to target conservation to those areas 

that give the highest biodiversity gains for the lowest opportunity costs. This would have 

given the basis for more specific cost and benefit estimates for the three conservation plans – 

and most likely lower overall costs as a result. See e.g. Naidoo and Ricketts (2006) or the UK 

NEA for illustrative spatially explicit applications.  

As we have seen, the way conservation is implemented may have implications for transaction 

costs. It is also clear, though not explicitly analysed here, that the instrument (or mix of such) 

may also help reduce compensation payments. With knowledge of forest owner preferences, 

e.g. as investigated in Lindhjem and Mitani (2012) and Langpap (2004), programs can be 

targeted to specific groups, types of forest land or geographic areas or similar. Another option, 

much discussed in the literature and implemented in several countries already, is procurement 

auctions. Considering such implementation options is the next step from a CBA, to “capture” 

conservation values at the lowest possible costs. Even if benefits of conservation clearly are 

higher than costs in many cases, and as shown here, reducing costs may still be important to 

get public acceptance for implementation.   

 

                                                 
33 They made, however, such a recommendation for the value of time and the value of statistical life (both elasticity = 1) 
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