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a  b  s  t  r  a  c  t

Incentive  based  voluntary  conservation  programs  have  gained  prominence  as  a regulation  mechanism
to  protect  ecosystem  services  on private  land  either  through  the  set-aside  of land  for  reserves  or  by
altering  land  management  practices.  A crucial  challenge  for voluntary  approaches  is  however  to  ensure
private  landowner  involvement  and  get the  ecosystem  services  delivered  where  they  are most  demanded
by  society.  To  promote  participation  and  ensure  an instrumental  design  of  voluntary  initiatives  that  is
coherent  with  this,  there  is  a need  to  understand  the  motivations  of  the landowners  and  determinants
of  their  participation  choice.  We  investigate  landowners’  willingness  to participate  in  protecting  oak
scrub  sites  in  Denmark.  Combining  contract  data  of  the  landowners’  actual  choices,  GIS information  on
area  specific  characteristics  and  detailed  individual  level  register  data,  we  develop  and  implement  a
framework  for  analysing  revealed  choice  of  private  landowners’  in  voluntary  conservation  programs.

We  find  that  both  the physical  characteristics  of  the  property  and  the  sociodemographic  characteristics
of  landowner  in  question  matter,  along  with  the information  flow  provided  from  the  regulator.  Results
provide  impetus  into  the design  of  future  conservation  policies,  in terms  of  how,  to  whom  and  where to
target  efforts.

© 2017 Department  of  Forest  Economics,  Swedish  University  of Agricultural  Sciences,  Umeå.
Published  by Elsevier  GmbH.  All  rights  reserved.
 Introduction

In many parts of the world habitats, critical to the provision
f biodiversity and ecosystem services, are becoming increasingly
carce. In addition, a large proportion of agricultural and forested
and which hosts the habitats is privately-owned. The manage-

ent of private lands therefore has significant implications for
iodiversity and ecosystem services. Landowners seldom receive
ewards for enhancing them on their land, and economic theory
uggests that since ecosystem services constitute a public good, the
mount supplied on private land will be lower than optimal. With
abitat loss and degradation thought to be a main cause for the
ecline of biodiversity this poses a potential major threat to biodi-

ersity if unregulated. As an alternative to regulating the provision
f ecosystem services through land acquisition schemes or com-
and and control, voluntary conservation programs are gaining

∗ Corresponding author.
E-mail addresses: asn@dors.dk (A.S.E. Nielsen), jbj@ifro.ku.dk (J.B. Jacobsen),

st@ifro.ku.dk (N. Strange).

ttps://doi.org/10.1016/j.jfe.2017.10.003
104-6899/© 2017 Department of Forest Economics, Swedish University of Agricultural S
prominence as a regulation mechanism that can deliver ecosystem
services on private land by altering land management practices.
Numerous countries are allocating considerable large funds for vol-
untary mechanisms to safeguard environmental benefits such as
water services and erosion control, carbon sequestration, afforesta-
tion, and biodiversity conservation (Gren and Carlsson, 2012). One
example is the EU expenditure on agri-environment measures
from 2014–2020 which is predicted to be nearly 25 billion EUR
(European Commission, 2015).

Crucial requirements for the success of voluntary incentive
mechanisms are to get the ecosystem service delivered in the loca-
tions where it is most demanded by society, and to get it delivered
at the least cost. Voluntary conservation will only be effective if pri-
vate forest owners can be persuaded to participate in the offered
programs and are able and willing to supply the demanded level of
ecosystem services. To promote participation and ensure an instru-
mental design of voluntary initiatives that is coherent with this,

there is a need to understand the motivations of the forest own-
ers and determinants of their participation choice (Hanley et al.,
2012). Linking information on owner participation and character-
istics to the spatial distribution and quality of ecosystem services

ciences, Umeå. Published by Elsevier GmbH. All rights reserved.
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rovides insight into where conservation initiatives may  be suc-
essfully and effectively implemented (Knight et al., 2011). Further,
hese insights may  reveal the potential policy limitations of volun-
ary conservation programs on private land. In this regard, crucial
uestions are: do registered participation data reveal specific char-
cteristics of the forest owners who chose to engage in voluntary
onservation? Are the programs attracting owners of land with high
onservation value? And what are the consequences for the optimal
esign of the conservation contracts (de Vries and Hanley, 2016)

Mitani and Lindhjem (2015) group the literature on participa-
ion into two different methodological approaches. The first applies
nformation about forest owners’ actual or stated participation in
xisting programs and investigate the link between participation
hoice and forest and owner characteristics. The second method
pplies stated participation in a hypothetical program. Several
tudies have applied stated choice methods to analyse land own-
rs motivations for entering into existing voluntary environmental
ayment contracts (Broch et al., 2013; Langpap, 2004; Layton and
iikamäki, 2009; Matta et al., 2009; Nagubadi et al., 1996; Vedel
t al., 2015). While showing promise in analysing the underlying
orest owner motivations, the hypothetical nature of these surveys
an result in responses that are strategic or in some way  signifi-
antly different from actual behaviour (Arrow et al., 1993; Bateman
t al., 2002; Champ and Bishop, 2001). This also includes that
elf-selection may  be an issue, in that some potential participants
ould never answer to surveys. Mäntymaa et al. (2009) partially

ircumvent the hypothetical issue by combining survey informa-
ion with revealed compensation claims and Gren and Carlsson
2012) explore determinants of actual payment information at the
ounty-level in Sweden. They convincingly demonstrate the merits
f applying revealed compared to stated choice methods. However,
he error variance of stated and revealed data are often different,
nd stated choice models may  be less noisy due to the more focused
ature of the choice task (Adamowicz et al., 1994).

Following the same research direction, the aim of this study
s to use data from one of the most prominent forest conserva-
ion schemes in Denmark, The Oak Scrub Conservation Scheme,
o identify which land and forest owner attributes determine par-
icipation. High resolution spatial data on oak scrub provision,
sed by the regulator at the time of implementation, is merged
ith revealed contract data on participation in the conservation
rogram, and with socioeconomic characteristics of the owner
t parcel and individual forest owner level. The latter is based
n extensive Danish Civil Registration System data on each for-
st owner, with unique information about each owner. Such data
ccess to owner characteristics from credible official statistics
ombined with detailed spatial data on government reported qual-
tative characteristics of the oak scrub allows this study to directly
ink owner characteristics with the probability of participation in
he voluntary conservation scheme and infer about the importance
f how the regulator manages the program and provides infor-
ation to the forest owners. We  estimate the determinants of

articipation and analyse the role of forest owner, physical prop-
rty characteristics and information flows, and find that all matter
or the participation pattern. Since we do not rely on stated choice
ata, we can rule out any bias due to strategic or moral motivations
or not answering in accordance with actual behaviour.

 Forest owner participation

The literature on the adoption of conservation measures has

ainly been limited to modelling the discrete participation choice

f the landowner (Bell et al., 1994; Kauneckis and York, 2009;
ilgore et al., 2008; Langpap, 2004; Lynch and Lovell, 2003; Matta
t al., 2009; Nagubadi et al., 1996). Siikamaki and Layton (2007) and
st Economics 30 (2018) 1–12

Layton and Siikamaki (2009) extends the prediction of potential
participation to also include intensity of enrolment in a beta-
binomial model of Finnish forest owners, while the compensation
claim expressed as WTA  is studied for Norwegian forest owners in
(Lindhjem and Mitani, 2012) and US forest owners in Matta et al.
(2009). The willingness to sell is explored for US forest owners in
LeVert et al. (2009).

Studies on landowner motives for owning and managing forest
find increasing evidence that not all forest management decisions
are made to maximize the economic return of the forest. Finan-
cial versus non-pecuniary motivations seems to differ across owner
and parcel characteristics (Koontz, 2001), with small scale and fam-
ily forest owners relatively more motivated to own and manage
forest for non-pecuniary benefits such as aesthetics, nature protec-
tion, bequest, and privacy (Creighton et al., 2002; Gregory et al.,
2003; Maes et al., 2012; Petucco et al., 2015; Urquhart et al., 2010;
Urquhart and Courtney, 2011), compared to large scale owners.
Furthermore, hunting may  impose a direct economic profit if not
a motive itself for ownership (Meilby et al., 2006; Urquhart and
Courtney, 2011). These results are supported by an examination
of Danish forest owners. Boon (2003) finds that small-scale for-
est holders have a high emphasis on the aesthetic, recreational and
nature values of their landholdings. Larger forest owner also ranked
these as valuable, but placed more importance on the income and
investment opportunities in owning forest. The bequest value of the
forest within the family as well as possibilities for hunting either
for recreational purpose or as a source of income is likewise of high
interest for larger forest owners. Mitani and Lindhjem (2015) find in
a related study that Norwegian nonindustrial private forest owners
motivations to participate in a voluntary conservation program also
depend on expectations about additional income opportunities,
positive environmental attitude, but decreases if they find con-
servation regulations are too strict. Assumed hypotheses on how
property as well as owner characteristics are expected to influence
participation are further elaborated in Section 5.

Most studies have used data from questionnaires and mail sur-
veys to the landowners asking them about their management
objectives and preferences as well as property and sociodemo-
graphic characteristics to analyse their choice of whether or
not to adopt conservation methods (Boon, 2003; Boon et al.,
2004; Karppinen, 1998). Being able to couple survey data of
motives to landowner and property attributes may  leave the
researcher relatively well informed about the property in ques-
tion. On the downside such methodology is embedded with issues
of self-selection, response rate, and probably most importantly,
hypothetical bias (as also seen in the environmental valuation lit-
erature).

Two recent studies deviate from the path of using stated choice
and instead focus on the revealed choices of landowners. Gren and
Carlsson (2012) examine the determinants of payments accepted
by Swedish forest owners in mandatory and voluntary biodiver-
sity agreements. A county-level annual panel data set on payments
and area of conserved land under the two agreements is combined
with approximations for the ecological productivity, value of for-
est land, non-forest income, environmental preferences, climate,
area of protected forest and forest land, as well as learning. Pay-
ments are found to increase in the size of the protected areas and
decrease with spatial auto-correlation, indicating that there is a
learning effect from cooperation between regions that may  lead
to lower cost of biodiversity management and ultimately lower
payments. Mäntymaa et al. (2009) combines revealed choice with
survey data to examine the participation choice and compensa-

tion claims for a fixed term forest conservation program in Finland.
The study was  based on pilot project data describing the physi-
cal characteristics of offered forest stands for protection, combined
with survey data regarding forest owner attitudes, demographics,
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nd aims for forest management. Results indicate that voluntary
onservation should target forest owners who emphasize financial
nvestment as a motive for forest ownership, have positive attitudes
owards nature conservation, or own large areas of forest property.

The current study adds to the existing literature by exploring
ctual participation choice data at property scale level combined
ith detailed public records of socioeconomic data on forest own-

rs and detailed information on the location, size and quality of the
ak scrub parcels. Comprehensive data on forest owner behaviour
ay  hold potential for improved targeting of conservation actions

nd implementation of future conservation policies.

 The oak scrub program

To examine actual participation choices made by Danish forest
wners, the Oak scrub conservation program which was imple-
ented by the Danish Forest and Nature Agency (now named the
anish Nature Agency, DNA) is studied between 1998 and 2008.
he first agreements were signed with forest owners in 1998.
ak scrubs are thought to be remnants of the primeval forest in
enmark and today cover approximately 5000 ha (Fig. 1).

It is a naturally regenerated forest containing native tree species,
ainly dominated by oak (both Quercus petraea Liebl. and Quercus

obur L.) and mixed with aspen (Populus tremoloides Michx.) and
irch (Betula pubescens Ehrh. and Betula Pendula Roth). Oak scrubs
re usually found on poor soils and constitute a relative unproduc-
ive forest habitat type. Over the years many of the scrub areas have
een marked by grazing, coppice and the tear of wind and frost,
ausing the tree height to be relatively low, and trees to appear
endy and crooked. Oak scrubs represent not only a unique niche
or biodiversity but also aesthetic and cultural heritage values.

In principle oak scrubs are protected by the Danish Forest Act
f 1989, stating that “oak scrub are protected and must remain as
ak scrubs”.  The law is however somewhat unclear on what this
ntails, and no active management requirements are enforced. To
nsure better protection of the oak scrubs in general and deter-
ine which areas were worthy of conservation, the Danish Nature
gency (DNA), in the late 1990s, undertook a geographical regis-

ration and monitoring of all oak scrubs areas. Local forest district
fficers inspected forest properties holding oak scrub areas. For
ach oak scrub area different characteristics (height, age, degree of
rookedness, intermix of non-native trees, landscape and aesthetic
alue and flora of the forest floor) were recorded. Additionally, two
omposite measures describing the threat level and the quality
f the oak scrub areas were created and scored an integer value
etween 1 and 3, where 1 and 3 represent the lowest and highest
uality and threat level, respectively. Oak scrub areas with a qual-

ty score of 1 were deemed unworthy of conservation.1,2 A total of
45 distinct oak scrubs were registered, of which 428 were deemed

orthy of conservation.3 Around 1700 ha were already protected

hrough earlier conservation agreements and public ownership,
hile the rest was unprotected and located on private land.4

1 In the original data the ranking of quality goes from 3 to 1, with 1 representing
he most valuable oak scrubs. For ease of interpretation the scale has been flipped
ere.
2 The main requirements for a worthy oaks scrub are that the area covered should

e  larger than 0.5 ha, be comprised mainly of native, naturally regenerated tree
pecies, especially oak, and show signs of exposure to e.g. grazing, coppice, frost
nd wind conditions.
3 A total of 454 oak scrubs are in the data, but not all have a complete registration,

nd are therefore omitted.
4 Note that there is a discrepancy on how much area was  already conserved before

he  program was  initiated. The difference is approximately 500 ha between the
.200 ha of scrub area mentioned in publicly available DNA information (Danish
orest and Nature Agency, 2001) and the 1.700 ha of registered oak scrub data
rovided to the researchers from the DNA (1.700).
st Economics 30 (2018) 1–12 3

To support private owners in conserving the remaining area,
all owners of oak scrub deemed worthy of conservation were con-
tacted via mail by the local DNA district and offered an easement
contract wherein the oak scrub would be protected permanently
by judicial registration. In accepting the agreement, the owner
returned a signed declaration to the local DNA district. Questions
and requests in terms of compensation levels and new inspection
of the area were directed to the local DNA district. However com-
pensation levels were kept within pre-defined standard payments
(between 1000–10000 DKK per hectare).5 The highest payments
were only provided in cases where the stand consisted of larger
and valuable trees, e.g. on more rich soils. Any payments result-
ing from negotiations were within this range. Unfortunately data
on start offer and the process was  not available. The data shows
when an owner accepted the contract and the compensation paid.
Hence, this does not allow us to consider a more dynamic mod-
elling approach including e.g. information about the numbers of
years where a forest owner declines to enrol and then decide to
enrol. According to interviews with the forest officers the roof of
standard payments were decided centrally by the DNA. We  assume
that the value of waiting was small–i.e. there were no indication at
the time if payments would increase in the future at a later point.
Further it is not possible to renegotiate the contract. We  are not able
to distinguish between the characteristics of the forest owners who
made a decision about not to participate, and those who ignored
the choice. This is a trade-off when using revealed data compared
to stated ones where you can ask follow-up questions. Finally, data
on compensation levels offered to non-participants which showed
interest but refused at the end was  not available.

The goal of the program was  to enrol all oak scrubs worthy of
conservation that were not already protected. As such there was
no explicit targeting goal or budget constraint faced by the local
districts of the DNA and all owners of conservation worthy areas
were contacted. When a contract was signed the oak scrub should
be infinitely maintained as oak scrub but allowing naturally regen-
erated tree species, e.g. birch, aspen, lime tree and junipers, which
are characteristically for this habitat. Alien tree species must be
removed. All costs are incurred by the forest owner, who  may in
some years be able to apply for subsidies to remove alien tree
species. We  did not have access to data on subsequent subsidies
which the owner may have received for managing the oak scrubs.
If the owner wishes to harvest the stand and regenerate it, only
reproductive material (seed, seedlings, and plants) from the same
oak scrub stand or the material should origin from other local
and nearby registered oak scrub forests. Use of other reproduc-
tive material requires the approval of the Danish Nature Agency.
Further, the owner is not allowed to apply fertilizers, herbicides or
insecticides, or soil preparation. Overall this means that if the owner
enrols the oak scrub program the owner can still harvest the stand,
but is most likely facing management costs since the owner cannot
change tree species, most likely use more expensive and poten-
tially less productive reproductive material, and the owner needs
to manage alien species. The owner is allowed to apply certified
products or fencing to reduce browsing. Hunting is not restricted,
and the owner can apply for permission to allow cattle grazing in
the forest area. Permission is needed if the owner wants to set the
oak scrub aside as untouched forest reserve with no management.
These requirements are amended to the private land registration.
If the forest owner does not comply with the management require-

ments the entire payment needs to be returned, the owner will
receive a fine, and may  risk to be excluded from receiving any future
forest subsidies.

5 1 EURO equals approximately 7.4 DKK.
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Fig. 1. Geographical location of oak scrubs in Denmark (A) (sources: © Jørgen Strunge/Na
peninsula Jutland. Oak scrubs are remnants of the primeval forests and hosts important c

Table 1
Distribution of per ha compensation and area.

Variable Min  1st Median Mean 3rd Max

Compensation (DKK/ha) 1018.75 3500 8000 7046.4 8000 10000

N

w
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t

first step, and the forest owner’s own decision the second step, we

T
N

Area  (ha) 0.1 0.7 1.7 3.18 4.1 50.4

ote: Compensation per ha is in current prices for the given year they were granted.

Depending on the characteristics of the oak scrub, owners
ere paid an individually set up-front compensation between

.000–8.000 DKK per ha (in special cases up to 10.000 DKK per ha).
19 compensations where granted during the years 1998–2008, to
01 distinct properties enrolling approximately 2285.5 ha of oak
crub. The average per ha compensation rate was approximately
.000 DKK, with most properties receiving a rate of 8.000 DKK per
a. The size of the oak scrubs enrolled varied widely from 0.1 ha
o 50.4 ha, averaging around 3 ha (see Tables 1 and 2 for further
escriptive statistics and information on the timing of the enrol-
ent). It was reported by the DNA that close to 100 per cent of the

ak scrub owned by a forest owner was enrolled in each contract.

 Model

The behaviour of the forest owners is modelled assuming

tility-maximization. We  present a simple model of forest owner’s
ecision to participate in the oak scrub program, which follow
angpap (2004) and Mitani and Lindhjem (2015). We  assume that
he forest owner maximizes the present discounted value of the

able 2
umber of agreements, conservation area and compensations signed annually in the per

1998 2000 2001 2002 

Number of agreements 1 77 124 100 

Share (%) 0.14 10.71 17.25 13.91 

Area  (ha)
-  Mean 4 3.87 3.86 3.78 

-  Median 4 1.9 2.3 2.2 

Compensation (DKK/ha)
- Mean 1250 7467 7397 6498 

-  Median 1250 8000 8000 7000 
turen i Danmark). They are primarily located in the Western part of Denmark, the
ultural and biodiversity values (B) (photo: www.skive.dk).

stream of expected utility from the forest land. We  treat the data
as cross-sectional, and therefore we assume the choice of the for-
est owner is a one-time decision. Notice that this is as opposed
to Langpap (2004) and Mitani and Lindhjem (2015) who explic-
itly model when to enter the contract. Furthermore, our model
differs in that we categorize the variables into physical, socio-
demographic and incentive and information variables. The forest
owner can choose between two actions: participation (q = 1) and
non-participation (q = 0). Forest owner i’s utility, Ui, consists of the
present value of pecuniary as well as non-pecuniary benefits pro-
vided by the forest, see e.g. Beach et al. (2005). This may  include
privately gained utility from revenue, Ri, generated by timber or
firewood, revenue or utility from non-timber forest products, Wi,
and non-consumptive values, Si. If he enters a contract, he may
furthermore obtain a utility of the information and potential com-
pensation obtained, Ii. Ri, Wi, and Si and may  depend on the physical
characteristics of a property, pi, and the socio-demographic char-
acteristics of the owner si . The specific variables of pi and si are
described in details in Section 5.2. Ii also depends on pi and si but
may  further be affected by incentive and information campaigns,
ci. We do not model the decisions of the DNA explicitly. Since the
participation choice of the forest owner is essentially a two-step
procedure, in which the effort undertaken by the DNA in informing
about the program and encouraging participation comprises the
include in ci a variable to capture any spatial clustering of accepted
contrasts within DNA forest district j. The hypothesis is that if there
is a spatial effect of districts, it may  indicate that more consultancy

iod 1998–2008. Note that no data was available for 1999.

2003 2004 2005 2006 2007 2008

170 81 24 84 54 4
23.64 11.27 3.34 11.68 7.51 0.56

2.55 2.21 2.62 3.50 2.41 6.65
1.5 1.5 1.5 1.9 1.55 2.3

7530 7683 6916 5790 6277 7351
8000 8000 7668 5000 5872 7452

http://www.skive.dk
http://www.skive.dk
http://www.skive.dk
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larger areas, due to assumed fixed transaction costs of participation,
we expect the likelihood of participation to increase with larger
areas. Larger areas are also more likely to include more ecological

6 Changes in the property lines of forest properties tend to be relatively infre-
quent. Consequently, using cadastral information from a single year may  be a good
A.S.E. Nielsen et al. / Journal o

ffort and information has been successful in making DNA convince
orest owners to enrol. The value of information and incentive cam-
aigns may  also be affected by whether any neighbours to forest
wner i have already signed.

Letting Vi denote the present value of the forest owner’s future
tility, he chooses the action q which maximises Vi:

Vi = maxq (1 − q) [Ri (pi, si) +  Wi (pi, si) + Si (pi, si)]

+q [Wi (pi, si) + Si (pi, si) + Ii (pi, si, ci)] (1)

Notice, that while entering the contracts means that revenue
s lost, the forest owner may  still obtain non-timber benefits and
on-consumptive benefits.

The forest owner’s utility in the two states is not observed. How-
ver, by using the random utility framework (McFadden, 1974)
e may  describe the utility of landowner i as Vq

i
= xi  ̌ + εi which

onstitute both an observable and an unobservable part. Here xi

s a vector of the variables pi,si,ci, affecting utility components
i,Wi,Si and Ii and  ̌ is a vector of corresponding parameters.

f the forest owner has a well-defined utility function he/she
ill choose participation when V1

i
> V0

i
and non-participation

hen V1
i

< V0
i

, and hence the observed choice between the two
eveals which of the alternatives provides the greater utility. Thus
he probability of observing of participation (q = 1) can be writ-
en as: Prob(V1

i
> V0

i
) = Prob(ˇ1′

xi + ε1
i

> ˇ0′
xi + ε0

i
) = Prob(ε1

i
−

0
i

> ˇ0′
xi − ˇ1′

xi) (Mitani and Lindhjem, 2015). We  assume ε1
i

−
0
i

follows a normal distribution and a probit model can be used for
he estimation (Greene, 2011; Mitani and Lindhjem, 2015).

 Data

.1 Data sources

The data for the analysis was compiled by combining GIS
nformation of actual participation data with detailed longitudi-
al socioeconomic information about the owners of the properties
olding assessed scrub areas. The data was primarily collected
hrough the DNA and Statistics Denmark (SD). The DNA delivered

 sets of data:

) A GIS layer containing all registered and eligible oak scrub areas.
This ensured that participating forest owners were only com-
pared to forest owners also eligible for the Oak scrub program.
In addition the layer contained information on physical and aes-
thetic characteristics, quality and threat levels for each oak scrub
area, see Section 3, as well as information on size, level of pro-
tection and share of public ownership. Similar information was
used by the DNA when implementing the Oaks scrub program to
determine which owners where eligible for compensation.

) A dataset contained contract information on properties enrolled
in the program, compensation size, and size and year of the
enrolled area.

) A georeferenced biodiversity data set consisting of 190 plants,
20 bird, 312 fungi and 71 insect species, which was applied as a
proxy of the biodiversity richness of a given property.

The real property number is used as the identifier for the anal-
sis. Since the GIS layer of all oak scrubs was identified by an oak
crub number and not the real property number, it was necessary to

erge these data with a layer of all cadastral units in Denmark con-

aining information on the associated real property number. Such
 layer was provided for 2009 from the National Survey and Cadas-
re of Denmark (now named Danish Geodata Agency, DGA), and all
st Economics 30 (2018) 1–12 5

owners were assigned a participation dummy  variable (q = 1 in case
of participation and otherwise q = 0).6

Finally, to gather socioeconomic information on the owners, the
compiled data from the DNA and DGA was merged with individual-
level longitudinal register data from SD in the period 1998-2008.
A link between the property number and individuals was  formed
using an owner register also from SD from the period 1998–2008,
such that information on each owner eligible for the program,
their property characteristics and socioeconomic information was
known. The data is a mix  of longitudinal socioeconomic information
and cross-sectional physical attributes. To deal with this, owners
who participated in the program are merged with the correspond-
ing socioeconomic information for the year that they agreed to
participate in the scheme. For owners who  did not participate we
use the average of their socioeconomic information over the full
period that they are in the sample. Further, for properties with more
than one owner a representative owner is randomly sampled once,
so that each participation choice is analysed for only one owner per
property.7 Some problems arise in the compilation process, causing
the data analysed to contain slightly different numbers from what is
described in Section 3. These arise as a consequence of data impreci-
sion and different registration units of the contract (property level)
and registration layer of oak scrubs (oak scrub level), hindering
linkage of all contracts to the corresponding oak scrubs and effec-
tively reducing our contract sample. Similar uncertainties prevail
when connecting properties to their owners, and as a consequence,
out of the initial 2041 potential scrubs we end up with a sample
for estimation that covers the years 2000–2008, with 737 obser-
vations, distributed on 374 participants and 363 non-participants,
representing approximately 2.000 ha of oak scrub eligible for the
program.

5.2 Description of variables

The variables for pi, si , and ci are chosen based on theoretical con-
siderations and previous empirical findings (see Section 2) as well
as data availability. Table 3 shows the descriptive statistics for all
owners, participants, and non-participants as well as which param-
eter in equation 1 it is hypothesized to affect and the expected sign
of the parameter.

5.2.1 Physical characteristics
To capture the physical characteristics of the oak scrub in ques-

tion we include variables on the size (AREA) and productivity of the
area (PROD), the assessment scores of threat (THREAT) and qual-
ity (QUALITY) levels, biodiversity richness (SPECIES), and hunting
potentials (HUNTING).

The variable AREA is calculated as the total area (ha) of oak scrub
on the property. Although oak scrubs generally represent low eco-
nomic use values compared to other forest land uses, the area may
still provide the owner with some income related assets, e.g. fire
wood and to a lesser extend timber. Since the oak scrub program in
practice places no new restrictions on the management of these
assets and there are economies of scale benefits from enrolling
alternative to the computational heavy use of cadastral information for every year.
7 Other sampling strategies were also examined when the property was  owned by

more than one owner. E.g. selecting the oldest owner or an owner with an agricul-
tural education or who is working in the agricultural sector. The different sampling
strategies did not impact the overall results (results not included).
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Table 3
Variable description and descriptive statistics.

Parameter
affected in eq. 1

All owners N = 737 Participants N = 374 Non-Participants N = 363

Exp. sign Variable Description Mean Std.dev Mean Std.dev Mean Std.dev
PARTICIPANT 1=participation, 0=otherwise 0.51 0.50 1 0 0 0

Physical attributes, pi

Ri + AREA Oak scrub area on property (ha) 2.59 3.29 3.18 3.57 1.98 2.86
Ri − PROD Area belongs to high production

class = 1; else = 0
0.09 0.29 0.09 0.28 0.10 0.30

Si ,Ii + THREAT Registered threat to the oak scrub (1-3) 1.80 0.57 1.77 0.57 1.83 0.56
Si ,Ii + QUALITY Registered quality of the oak scrub

(1-3)
2.12 0.32 2.12 0.32 2.11 0.31

Si ,(Ii) +/− SPECIES Number of unique indicator species on
the property

0.95 1.82 0.95 1.80 0.96 1.84

Wi , − HUNTING Number of hoofed game shot in the
municipality

30.81 12.34 30.10 11.42 31.53 13.20

Socioeconomic attributes, si

Ri, Wi, Ii + AG-EDU Agricultural education = 1; else = 0 0.24 0.43 0.24 0.42 0.22 0.41
Ri, Wi, Ii + AG-OCCUP Agricultural occupation = 1; else = 0 0.71 0.45 0.56 0.50 0.85 0.35
Ri, Wi, Si +/− CHILDREN Children in the household under 18 = 1;

else = 0
0.43 0.50 0.36 0.48 0.46 0.50

Ii − AGE Age of owner 53.28 12.87 53.22 13.23 53.91 12.19
Ii +/− OWNERS Number of owners of property 1.26 0.56 1.21 0.46 1.32 0.64
Si, +/− RESIDENCE Oak scrub and residence in the same

municipality = 1; else 0
0.87 0.34 0.83 0.38 0.91 0.28

Incentive and information attributes, ii
Ii + PDIST Prioritized district by DNA = 1; else = 0 0.49 0.50 0.51 0.50 0.47 0.50
I + NEIGHBOUR Share of neighbours who  previously

ub pro
0.29 0.28 0.28 0.28 0.29 0.27
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signed up for the oak scr

ote: Income was among others a variable that was omitted from the analysis as it

alues. Depending on how this is incorporated into the compensa-
ion level larger areas may  increase the likelihood of participation
hrough an increased interest from the DNA, potentially increasing
he compensation level, see Section 6.1.

PROD indicates that the oak scrub is present in an area that has
he highest production class.8 Higher production classes are related
o increased profitability of the area, increased management (e.g.
f alien species), and higher potential opportunity cost of placing
ermanent management restrictions on the area, and hence we
xpect a lower likelihood of participation.

The variables THREAT and QUALITY were assessed by the DNA
s part of their national registration of the oak scrubs areas and are
ncluded as proxies of how well the local DNA district target their
ontracting. THREAT indicates how large the perceived threat of the
ak scrub is. The THREAT assessment is primarily concerned with
egative impacts of in-growth of alien species, flooding or eutroph-

cation from neighbouring agricultural fields if they are present.
he variable ranges from 1-3 where 3 indicates an area with the
ighest threat level and hence also the oak scrub areas with the
ighest risk of losing conservation values without protection and

mmediate conservation management. QUALITY indicates the per-
eived quality or conservation value of the oak scrub area, including
ts cultural and aesthetic values. The variable ranges from 2 to 3,

here 3 are assigned to areas of highest quality.9 Based on inter-
iews with officers in the DNA we expect owners of relatively high
uality and threat status to be of high priority for the DNA. This
ould be reflected in higher campaigning efforts targeting impor-

ant land owners, as well as a potentially higher compensation. Both
re expected to increase the likelihood of participation.

8 We use the production class for beach as a proxy for profitability of the area
Nord-Larsen et al., 2009). Three different production classes are present for the
ak  scrub. PROD is binary variable which takes the value 1 if the oak scrub area is
eographically located in the highest production class, otherwise zero.
9 If there is more than one oak scrub on the property, the threat and quality

ariables are calculated as an area weighted average.
gram

nsignificant and correlated with other socio-economic attributes.

SPECIES measures the number of unique forest biodiversity indi-
cator species (0-16 species) on the property. The indicator species
are related to birds, fungi, insects and plants, which for some own-
ers may  represent a private value (e.g. bird watching and aesthetic
values), while at the same time capturing the level of heterogeneity
in the landscape. Although the variable is of high policy relevance,
the data we  used for specifying this variable was not available to
the local DNA district at the time of contract negotiation, and only
few forest owners are presumed to be able to identify important
species. Therefore, we hypothesize that the variable SPECIES has
no, or a positive effect on the probability of participation.

The variable HUNTING is measured as the number of hoofed
games shot in a given municipality and is a proxy of the hunting
potential in the area. Hunting accounts for more than half of the
income from forest properties in Denmark (Lundhede et al., 2015).
Aside from the production value of income from game meat and
hunting leases, hunting mostly represent a non-consumption and
recreational value for forest owners if it is not leased out to hunters.
Despite the current contract is not restricting hunting rights, setting
up conservation contracts may  induce a fear of future restrictions
on hunting and associate an opportunity cost with the contract
(Kauneckis and York, 2009). As a consequence, we expect the like-
lihood of participation to be smaller in good hunting areas.

5.2.2 Forest owner characteristics
Attributes concerning the forest owner characteristics are AG-

EDU, AG-OCCUP, CHILDREN, AGE, OWNERS and RESIDENCE.
AG-EDU and AG-OCCUP are dummies indicating whether the

forest owner holds a degree related to forestry or agriculture as

his highest level of education, or if the same person has his main
occupation within these fields.10 Owners holding an occupation
or education within forestry or farming are thought to be bet-

10 Agriculture and forestry is defined broadly to include education and occupa-
tions related to all aspects of agriculture and forestry such that aside from the more
technical functions, consulting etc. is also included.
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Table 4
Regression analysis of compensation level and size, productivity, quality and threat
levels of participating properties.

Variable Coeff. Std.

THREAT 382.30*** (113.3)
QUALITY 240.6 (197.7)
AREA −19.18 (17.75)
PROD −46.80 (227.1)
Constant 5079.6*** (464.2)

estimation strategies were also explored, however results of these
did not differ substantially.13 We took the log of AREA to reflect
diminishing marginal participation effect, and it proved a better

12 To ensure that the learning process happens forward in time, not simulta-
neously, properties that have participated in the oak scrub program only count
neighbours that have applied for participation in the program before their own
application date. Since we do not observe the timing of the properties choosing non-
participation, no distinction is made between them and all participating neighbours
are  counted.
A.S.E. Nielsen et al. / Journal o

er informed about the available conservation programs, be more
ctively engaged in the land management, be better to identify eco-
ogical values and take advantage of the economic opportunities on
he property, as well as incur less transaction costs related to under-
tanding and coping with the requirements of an environmental
rogram. Both dummies are expected to have a positive impact on
he likelihood of participation.

CHILDREN is a dummy  taking value 1 if there are children under
he age of 18 in the household of the forest owner. The variable
s included to capture bequest motivations. Participation can be a

ay of securing the land, but can also be seen as a restriction for
uture generations (Miller et al., 2010). Thus the expected sign of the
ariable is ambiguous. AGE indicates the age of the representative
erson in the household. We  generally expect younger owners to
e more likely to participate in the program.

OWNERS indicate the number of owners (between 1 and 12)
f the property. Depending on the organization of the owners,
ore owners could make it more difficult to agree on management

ecisions (increase in transaction costs of unanimous agreement),
aking it less likely that they participate. More owners could

owever also indicate that the property is not owned for produc-
ion reasons, increasing the likelihood of participation, making the
xpected sign ambiguous.

RESIDENCE is included to proxy that owners living close by or on
he property may  better capture private non-pecuniary values, e.g.
ecreational or aesthetic values, from the protection of oak scrub
reas. This corresponds to a general finding that recreational val-
es are expected to increase by proximity between residence and
he recreational site (Bateman et al., 2006; Campbell et al., 2013).
ess participation could be expected if the residence value is com-
romised by further restrictions and governmental interference on
he land. There we expect the sign of coefficient to be ambigu-
us. The variable is measured as a dummy  indicating whether the
ak scrub and residence of the forest owner is located in the same
unicipality.

.2.3 Variables affecting campaigning and information provision
As mentioned in Section 4 the forest owners’ participation

hoice could be influenced by implicit information target-
ng/campaigning from the local DNA district, which actively have
een approaching owners and encouraged them to participate. Fur-
her, we contemplate that an additional information flow could
ccur within the local community between neighbouring forest
wners. To capture such potential mechanisms we  include two
ariables related to the information flow to the forest owner. PDIST
s a dummy  variable measuring whether the oak scrub is located in

 top 5 district that generally has oak scrubs registered as having
reas which are large, of high quality, and high threat.11 We assume
hat the DNA has been more active in approaching forest own-
rs in areas of high importance, and therefore forest owners could
otentially have been subject to more campaigning and received
ore information than districts of less importance. Unfortunately

o data on campaigning intensity was available nor of the nego-
iation process of the contract. In any case the dummy  variable
aptures potential unobserved differences across districts. Further-
ore, areas of high importance may  also receive relatively higher

ompensations. A second dummy  NEIGHBOUR is included to try to
apture the diffusion of experience and information related to the

ak scrub program, and conservation programs in general, amongst
he local community. The variable is formed as a spatial lag in par-
icipation, indicating the share of neighbours (excluding the forest

11 A total of 13 local forest districts were located in areas containing oak scrub at
he time of the oak scrub registration process. The top 5 districts were defined as
hose with the highest average aggregate values of AREA, THREAT and QUALITY.
Observations 374
R2 0.038

owner in question) within a 1 km radius of the property’s centroid
that has entered the oak scrub program before the forest owner in
question forms his participation choice.12 Both dummy variables
are expected to increase the likelihood of participation

6 Results

6.1 Compensation and contracting

Aside from the contractual terms of a program, and the infor-
mation processed to the forest owner, an important determinant of
forest owner participation in conservation programs is the level of
compensation received by the forest owner. The data only included
information on the up-front compensations paid to the forest own-
ers participating in the program and not the compensation levels
offered to non-participating forest owners. Therefore the com-
pensation level is not included directly in the model. Instead the
variables THREAT, QUALITY, AREA, and PROD are applied as proxy
variables that may  have played a role in the contracting and deter-
mination of compensation. To examine a correlation between the
conservation importance and compensation level a simple OLS
regression was implemented (Table 4). Note that the regression
is based on data on actual compensation paid per hectare, not land
owned by non-participants. The compensation paid per area unit
(ha) of protected land increases significantly with THREAT score
(382 DKK per ha, respectively). There are no significant effects of
area size, quality or productivity. This may  indicate that THREAT
has been an important parameter when negotiating the size of
compensation.

6.2 Determinants of forest owner participation

The main model for the forest owners’ participation choice is
estimated using a probit model and the results and marginal effects
for each of the significant variables are reported in Table 5. Other
13 The model was also estimated using a RE panel and RE Chamberlain approach
to  allow for the possibility of heterogeneity not captured in the included variables.
However, the panel structure is in any case questionable since we have no data on the
timing of active non-participation decisions. Further a heteroskedastic version was
estimated, with the heterogeneity represented by AG-EDU, AG-OCCUP, CHILDREN,
AGE and RESIDENCE. The model reported no signs of heteroskedasticity. A two-stage
Heckman model was also applied for testing if not only the participation choice but
also the intensity of enrolment. Since most properties enrolled with close to a 100
pct.  of their oak scrub area the model was discarded (of the owners to enter con-
tracts, 90% of the area is contracted for. Finally, a logit model was also tested, which
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Table 5
Probit regression of participation and physical, socio-economic and information
proxy variables.

Parameter estimates Marginal effects

Variable Coeff. Std. Coeff.
Physical attributes
log(AREA) 0.358*** (0.0464) 0.00113
PROD −0.140 (0.183)
THREAT −0.115 (0.101)
QUALITY −0.000648 (0.169)
SPECIES −0.0788** (0.0291) -0.0250
HUNTING −0.00883 (0.00485)
Socioeconomic attributes
AG-EDU −0.217 (0.139)
AG-OCCUP −1.085*** (0.124) -0.353
CHILDREN −0.464*** (0.135) −0.147
AGE −0.0252*** (0.00548) −0.00797
OWNERS −0.287** (0.101) −0.0907
RESIDENCE −0.527** (0.165) −0.166
Information and campaigning
PDIST 0.466*** (0.118) 0.145
NEIGHBOUR −0.0110 (0.184)
CONSTANT 3.446*** (0.582)

Observations 737
Pseudo R2 0.193
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Log-likelihood −412.16

t to data than a linear specification. From Table 5 we see that
hile log(AREA) and SPECIES are the only significant physical char-

cteristics, the model suggests a strong influence of heterogeneous
orest owner characteristics on the participation choice. Most for-
st owner characteristics included are highly significant and have

 negative impact on the participation choice. The significant neg-
tive result for SPECIES and AG-OCCUP are unexpected. The local
NA district had no access to information on SPECIES at the time of
ontracting and mainly relied on the assessment scores related to
he size, quality and threat level of the scrub areas. This indicates
hat such strategy may  be counterproductive in terms of protect-
ng species richness. We  would expect occupation within forestry
r agriculture to positively affect the likelihood of participation
n voluntary conservation programs. Likewise we would expect
igher participation among well-educated forest owners as they
ay  be more familiar with voluntary environmental schemes and

old a higher capacity to engage them self. Among the two remain-
ng information variables, only PDIST is significant and with the
xpected positive sign. No significant neighbour effect was  found in
he data. Overall the results suggest that a relatively younger single
wner of a large oak scrub, inhabiting few indicator species, with
n occupation outside of forestry and agriculture, with no children
n the household, residing away from the oak scrub, who has been
rioritized by the local district office of the DNA will be relatively
ore likely to enrol in the program.
A model of fit was run to identify if the model presents a rea-

onable prediction of the actual participation choice. 70% of the
bservations are correctly classified with almost the same ability to
redict non-participation (71.6%) compared to participants (68.7%).

Since the longitudinal socioeconomic information on for-
st owners is not generally available to the public, and
he task of linking these to contract information and phys-
cal attributes is relatively cumbersome, we  test whether

 model focusing only on physical characteristics performs

qually well as the full model, thus testing H0: AG-EDU = AG-
CCUP = CHILDREN = AGE = OWNERS = RESIDENCE = PDIST

onfirmed the results from the probit model. The estimated coefficients differed but
he marginal effects were almost similar.
st Economics 30 (2018) 1–12

= NEIGHBOUR=0 in a likelihood ratio test. The hypothesis is rejected
at a 1% significance level.

To look further into the effects of the explanatory variables on
the probability of participation we calculate the average marginal
effects for the significant variables and the impact on the expected
area enrolled in the program of changing PDIST. The marginal
effects should be interpreted as a percentage point (pps) change in
the probability of participation for a unit increase in the explanatory
variables.14 Since dummy  variables only take on values of either 0
or 1 this corresponds to comparing the pps change in going from
the reference group to the alternative in case of the PDIST as being
in a prioritized district compared to a non-prioritized district. This
has the advantage that the size of the marginal effects of dummies
can be directly compared, as opposed to the marginal effects for
continuous variables that only make sense interpreting against the
scale and units of the given variable.

Increasing the log(area) of the oak scrub with 1 unit, increases
the participation probability with 0.11 pps, while an increase in
the number of indicator species decrease the participation prob-
ability with 2.5 pps. Putting this into context, an owner of 11 ha
of oak scrub has a 0.11 pps higher likelihood of participation than
an owner of 1 ha of oak scrub. Likewise increasing the number of
indicator species on a property from 1 to 5 would decrease the
participation probability with only 10 pps. In terms of forest owner
characteristics the biggest influence on the participation is whether
or not the owner is employed within forestry or agriculture. We
observe a decrease in the likelihood of participation of 35.3 pps
if he is occupied within these sectors. The influence of children
and having residence in the municipality of the oak scrub causes
about half the decrease in the likelihood of participation compared
to occupation, with a 14.7 pps decrease for CHILDREN and 16.6 pps
for RESIDENCE. A unit increase in the number of owners of a prop-
erty causes a drop in the likelihood of participation by 9.1 pps, while
increasing the age of the owner by a decade reduces the probability
by 8 pps. Finally, being in a prioritized district increases the likeli-
hood of participation by 14.5 pps. This variable is of considerable
policy interest, as it is the only factor where the DNA is really in
control and may  directly affect participation. PDIST was formed to
qualify in which districts the DNA may  likely have asserted more
effort in securing participation. By examining the aggregate share of
participation, and the corresponding expected area enrolled in the
program, we can evaluate how big a change in participation can be
brought about, through prioritization of the DNA, without explicitly
targeting the heterogeneity in the forest owner characteristics.

The aggregate participation share is calculated as the average
predicted participation probability. The share of participating forest
owners in the estimation sample of 737 forest owners is 50.72 per
cent (374 forest owners). The aggregate share when no forest own-
ers are prioritized is 43.64 (322 forest owners), while the aggregate
share when all forest owners participate is 58.18 or 429 forest own-
ers. With no districts prioritized the expected enrolment is 1092 ha,
which increases to an expected area of 1369 ha if all districts are pri-
oritized. As is evident from both the aggregate participation share
and the expected areas enrolled, the effect of changing PDIST is
relatively minor compared to the option of explicitly targeting the
socioeconomic and physical characteristics of the owner.

7 Concluding discussion
This study uses a standard framework for analysing the revealed
participation choice of private forest owners in the voluntary Dan-
ish Oak Scrub Conservation Scheme. We  find that both the physical

14 For log(AREA) the unit increase is estimated per 1% change in the size of the
area.



f Fore

c
e
a
t
o

7

i
w
O
t
t
o
b
t
t
2
m
m
e
a
l
p
b
e
t
i
2
i
(
t
d
t
t
p
p
t
g
t
w
m
t
r
o
a
(
t
r
i
(

a
t
i
t
l
t
u

7

e
i

A.S.E. Nielsen et al. / Journal o

haracteristics of the property and the socio-demography of for-
st owner in question matter, along with potential indications of
n information flow provided from the Danish Nature Agency. Fur-
her, we find that predicting forest owner behaviour based merely
n a model with physical characteristics is inadequate.

.1 Owner and land characteristics matters for participation

In terms of characterizing specific owner types that are more
nclined to enter into voluntary nature conservation agreements,

e find strong empirical support that AG-OCCUP, CHILDREN, AGE,
WNERS and RESIDENCE all decrease the likelihood of participa-

ion. The negative coefficient on AG-OCCUP is somewhat contrary
o the expectation and findings from previous literature. Forest
wners occupied within forestry and agriculture are thought to
e more actively engaged in land management decision, and bet-
er prepared to take advantage of the economic opportunities on
he land (Bell et al., 1994; Koontz, 2001; Layton and Siikamäki,
009; Matta et al., 2009; McLean-Meyinsse et al., 1994). The result
ay  however reflect a dis-utility of placing a permanent manage-
ent restriction on the land, stemming from a general dislike of

xternal regulator sources restricting land management choices
nd/or a perceived loss in market value, compared to the relatively
ow compensation offered. This interpretation receives some sup-
ort through the negative coefficient of CHILDREN indicating that
equest based option value considerations also reduces the for-
st owners willingness to engage in voluntary conservation and
hrough the negative impact on being resident in the same munic-
pality as the oak scrub (Kabii and Horwitz, 2006; Siebert et al.,
006). Other studies on national voluntary conservation programs

n Scandinavia have found similar results. Mitani and Lindhjem
2015) found that participation decreased with age and if the owner
hinks regulation is too strict. Further, they found that participation
ecreased with how high the owner assesses the economic impor-
ance of timber. In the current study, economic return is expected
o be of less importance. Oak scrub is slow growing and has little
roduction potential. Consequently, it is less surprising that the
roxy for foregone profit, PROD, is not significant. It is possible
hough, more detailed information on management cost and fore-
one profit of not growing more profitable tree species would affect
his result. Unfortunately, we did not have access to such data. We
ould expect participation to decrease with increasing manage-
ent cost and foregone profit. However, it is left for future studies

o investigate such effects on participation. Aside from production
elated impacts of placing restrictions on the land use, many forest
wners perceive their own options for use of the land for recre-
tional purposes as important (Boon et al., 2004). Broch and Vedel
2012) find a reduction in compensation claims for afforestation if
here is a withdrawing option in the contract. Placing a permanent
estriction on the land reduces this option value, especially if there
s uncertainty about future regulation, and what that might entail
Thorsen, 1999).

The variable AREA is the only physical variable found to have
 large marginal effect on the likelihood of participation. From
he forest owners’ perspective, the enrolment of larger areas may
mpose relatively lower transaction costs per ha on the owner. On
he other hand, the DNA may  also have been more eager to secure
arger scrub areas since they may  represent relatively larger cul-
ural and ecological values and smaller administration cost per area
nit compared to smaller scrub areas.

.2 Targeting of conservation values
We  find that the Oak scrub program has been successful in
ngaging owners of large oak scrubs, but less successful in secur-
ng oak scrubs that may  be small, but are of high value and threat.
st Economics 30 (2018) 1–12 9

Transaction costs may  have been a prohibitive factor. If there is a
wish to protect these areas, the DNA should consider either low-
ering the administrative burden associated with participation or
increase the compensation level to overcome transaction costs and
make participation worthwhile for the owners. Further, an often
used argument in the Danish nature conservation context, as seen
in relation to the governmental green growth strategy in 2009, is
that biodiversity will benefit from any increase in forest cover or
forest protection. This study challenges that viewpoint. We  find a
decrease in the likelihood of participation for species rich prop-
erties, implicitly suggesting that the Oak Scrub program does not
directly support higher conservation of biodiversity and may even
perform poorer than a random sample of forest owners. This raises
a need for voluntary conservation schemes to explicitly target bio-
diversity rich areas, if biodiversity protection is the goal.

This result is complemented by no significant relation between
THREAT and QUALITY and the likelihood of forest owner participa-
tion. However, from regression results on negotiated compensation
level and THREAT, QUALITY, PROD and AREA, see Table 4, it may
be that THREAT has been important in determining how much
compensation per ha the oak scrub was granted. With the level of
compensation offered in the current program, this is not enough in
itself to secure the protection of oak scrubs of high threat and qual-
ity. It is not evident from the analysis that the DNA has had emphasis
on directly targeting oak scrub of high quality and threat other
than through the compensation level and PDIST. The Oak scrub pro-
gram studied here was unique in terms of the modest requirements
imposed on the forest owner, the low compensation rate granted,
and the lack of budget constraint and explicitly stated targeting
of the DNA. As such the results shown here could be expected to
alter if active management was  imposed or the forest owner or the
scheme became more economically attractive from the viewpoint
of the forest owner. The revealed approach as well as the process
decided by the DNA prohibited the inclusion of compensation data
of non-participants in the analysis.

PDIST is also significant and quite large. It is the variable that
the DNA most likely could influence directly and it is therefore
potential useful for the future policy conservation policy design.
However, despite its relatively large size the effect on the expected
area enrolled in the program is expected to be relatively small. This
indicates that increased success of participation cannot be achieved
solely by the effort of the regulator. Rather the DNA would need to
take into account a more comprehensive set of information sources.
It is possible that an endogeneity problem exist in relation to the
parameters THREAT, QUALITY and PDIST, as PDIST was purposely
chosen to reflect areas of higher priority by the authorities, i.e. the
better scrubs. If so, it would likely capture a non-linearity in the
parameters THREAT and QUALITY. Reasons for such non-linearity
are likely related to PDIST. So while we  cannot rule out endogene-
ity, the results here still carry the information that regulation effort
is likely to matter.

In terms of knowledge sharing between neighbours, the find-
ing that NEIGHBOUR is insignificant indicates that local knowledge
sharing is not important in framing the individual forest owners’
participation choice for this program. This supports results from
Frondel et al. (2012) but is in contrast with findings from Gren
and Carlsson (2012) and LeVert et al. (2009), where the influence
of learning from cooperation decreases compensation claims for
voluntary conservation.

Our results demonstrate how observable characteristics on indi-
viduals physical and sociodemographic characteristics can help
predict the likelihood of private forest owners’ participation in

voluntary conservation programs. The results can be used in dif-
ferent ways. Within the given contractual design, a more informed
regulator may  choose to target individuals specifically based on
their physical characteristics and socio-demography, such that only
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wners of large areas with an occupation within forestry or agricul-
ure are offered an easement contract, or a prioritized hierarchy of
wners is created to indicate the order in which owners should
e contacted. Alternatively, the regulator may  modify the con-
ractual design to target specific sociodemographic and physical
haracteristics of the affected owners and properties. While such
pproaches offer a direct implementation of our found results, eth-
cal considerations are embedded, questioning the legitimacy of
uch an approach. It would be questionable to design contracts
hat favour e.g. owners with children or old people because they
re more reluctant to go in; or vice versa to get a large area cost
ffectively. As a less rigid option, the information may  be used
o identify where to put an extra effort in the form of strength-
ning information provided to these owners of the importance of
heir oak scrubs if spatial connection of conserved area is needed.
his is important as the need for spatially interconnected areas
s often considered one of the main disadvantages of voluntary

echanisms. One owner choosing non-participation in a spatially
ntegrated conservation network can hinder conservation. Another
pplication of the results is to directly consider the spatial linkage
etween demand and supply as e.g. Broch et al. (2013). With the
ecent focus on spatial mapping of ecosystem services (Bateman
t al., 2013; Maes et al., 2012) it may  allow explicit consideration of
he forest owners’ preferences in providing information, contacting
nd designing contracts that ensure the participation of owners of
rucial habitat in the conservation networks.

A basic premise for the success of voluntary programs is that pri-
ate owners will support the initiatives through participation, and
he locations ecosystems services are provided in, coincide with the
ighest societal demand. While this study to some extent has been
ble to infer about the prioritization of the DNA through access
o registration data used by the DNA to implement the program,
ncluding information on QUALITY and THREAT, a natural exten-
ion in future research is to develop the link between demand and
upply, and incorporate models of private forest owner participa-
ion into spatial optimization models. This would allow for a spatial
nalysis of whether the areas available to conservation is in fact also
he areas where conservation is needed, and could help to illustrate
he limitations of voluntary conservation on private land in estab-
ishing representative conservation networks. A few articles have
ut the first turf on this (Guerrero et al., 2010; Knight et al., 2011;
edel et al., 2015) but stay within the stated methodology and only
xamine willingness-to-sell.

Finally it should be noted that there are pros and cons of both
evealed data and choice data approaches. Considered in a similar
ecision context the results of revealed and stated choice analysis
ay  be similar (Carlsson and Martinsson, 2001). The current study

lso confirms the results from similar revealed as well as stated
hoice studies (Boon et al., 2010; Horne, 2006; Langpap, 2004;
itani and Lindhjem, 2015). The stated choice data approaches are

ften criticized for being biased as they are measuring hypothet-
cal actions. In settings like landowner participation, a particular
mphasis can be on strategic answers and self-selection bias. Using
evealed data typically involves data merging where observations
re lost when data cannot be merged. When this is subject to sys-
ematic differences, it may  cause selection bias. In our case, the
easons for the loss of data through merging, is expected to be
ncorrelated with preferences and consequently not an issue. In
tated choice studies, self-selection may  be a large reason for dif-
erences to revealed studies. Consequently, selection bias may  be
resent in both types of studies.

One main reason to use stated choice data is that revealed data

rom participation in implemented programs may  be outside the
ange of data relevant for predicting participation in new programs
here the decision context has changed (Adamowicz et al., 1994).
espite, the hypothetical nature of stated choice questionnaires
st Economics 30 (2018) 1–12

you may  be able to reveal non-use values or other types of val-
ues which are otherwise hard to observe. While the focus of these
values is often discussed for public good provision, they may  also
have a private value (cf. discussion in Section 2 and in Boon, 2003).
Nevertheless, one important limitation of stated choice data is that
they reveal behavioural intentions, not actual behaviour.

7.3 Selection bias and perspectives for use of register data in
future research

While the data foundation for this analysis included access to
high resolution data at forest owner level, the data revealed some
restrictions in linking the geographical information and contract
data to the entire population of oak scrub owners. The final sample
used for the estimation only represents about half the population
of oak scrub owners. These missing data linkages may  cause our
sample to over-represent non-participants, as properties that may
not contain oak scrub are counted as eligible for participation. This
means that properties with conserved oak scrub areas in some cases
are counted as non-participants. As a consequence, the group of
non-participants may  be more representative of the average for-
est owners in general, than the population of non-participant oak
scrub owners. Although we avoid issues of self-selection, response
rate and hypothetical bias by using revealed data, the approach
forces us to rely on proxies for motivations, e.g. children is applied
as proxy of the owner’s bequest value. The data only includes infor-
mation on number of children younger than 18 years who  are part
of the household. Defining the presence of children as children
in the household, means effectively excluding any children who
has moved away from home and are older than 18. This contrasts
with simple logic which would suggest that these are relevant in
the context of bequest motivations. Further we face limitations in
imprecise knowledge on factors such as the timing of the partici-
pation decision and our knowledge of site specific information is
limited to what is available through different GIS sources. More
detailed information on the production value of the oak scrubs
for each site to better assess the opportunity cost of participa-
tion would strengthen the analysis. These types of trade-offs can
be difficult to avoid when estimating revealed choices due to the
dependence on observable outputs that are available to planners.
Likewise, revealed analysis is restricted to focus on already imple-
mented instrumental design and program objectives. For areas with
poor data registration and little variation in the implemented pro-
gram, these challenges pose a major methodological restriction.
The problems encountered in carrying out this analysis are likely
to also be prevalent when examining other programs. This analysis
benefits from having relatively precise information on the loca-
tion of eligible non-participants. Such information is not commonly
found, which could confound analysis for other programs and
increase uncertainty in the over representation of non-participants.

The discovered issues of data compilation must be seen in the
light of combining an array of different datasets, from different
sources, that to a large extent was  created for administrative pur-
poses, not analysis and program evaluation. If however, this was to
become a mainstay in planning, implementing and evaluating con-
servation efforts through voluntary private ecosystem supply, data
would be actively used, and hence more actively managed, mer-
iting optimism in terms of future use. We  suggest that revealed
data and potentially in combination with stated choice data could
potentially be a cost-effective way to predict which forest owners
to target in future conservation programs. With an increased focus
in governmental bodies on evaluating the performance and par-

ticipation in implemented voluntary conservation programs, we
encourage the Danish Nature Agency and similar institutions in
other countries to setup a coherent data registration strategy to
enhance spatial targeting of conservation efforts. Further, it would
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ontribute to an increased learning about private forest owners’
otivations for conservation.
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