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Research, part of a Special Feature on Ecological Restoration in Northern Regions
Driversof Ecological Restoration: Lessonsfrom a Century of Restoration
in lceland

Asa L. Aradéttir X, Thorunn Petursdottir 22, Gudmundur Halldorsson?, Kristin Svavarsdottir 2 and Olafur Arnalds?

ABSTRACT. We analyzed the main drivers for ecological restoration in Iceland from 1907 to 2010 and assessed whether the
drivers have changed over time and what factors might explain the changes, if any. Our study was based on a catalogue of 100
restoration projects, programs, and areas, representing 75% to 85% of al restoration activitiesin I celand. Catastrophic erosion
was an early driver for soil conservation and restoration efforts that still ranked high in the 2000s, reflecting the immense scale
of soil erosion and desertification in Iceland. Socioeconomic drivers such as farming and the provision of wood products were
strong motivators of ecological restoration over most of the 20th century, although their rel ative importance decreased with time
as the number and diversity of drivers increased. In the 1960s and 1970s, the construction of hard infrastructure, and moral
values such as improving the aesthetics of the countryside and “repaying the debt to the land” emerged as motivations for
restoration actions. In the late 1990s, the United Nations Climate Change Convention became a driver for restoration, and the
importance of nature conservation and recreation increased. Technological development and financial incentives did not show
up asdrivers of ecological restoration in our study, although there are some indications of their influence. Furthermore, policy
was aminor driver, which might reflect weak policy instruments for ecological restoration and some counteractive policies.

Key Words: birchwoodlands; drivers; ecological restoration; heathlands; land degradation; revegetation; soil erosion; wetlands

INTRODUCTION

Ecological restoration is driven by many interacting
motivations and mechanisms. Increased ecosystem
productivity is historically the main motivation of ecosystem
restoration, but often does not consider other long-term
ecological benefits or consequences (Hobbsand Norton 1996,
Marais et a. 2007). The provision of a number of ecosystem
services, such as clean water and climate amelioration, has
also been a strong motivator of restoration (Clewell and
Aronson 2006, Turpie et al. 2008, Suding 2011). Concerns
about conservation values and biodiversity are important
biotic rationales for restoration, including the preservation of
rare and endangered species, biotic communities, and
landscapes (Hobbs and Norton 1996, Clewell and Aronson
2006). The reversa of land degradation is another
environmental motivation for ecological restoration (Hobbs
and Norton 1996), often to compensate for ecosystem
destruction by construction (Clewell and Aronson 2006,
Suding 2011). Motivation for restoration can also beidealistic
or moral, e.g., to atone for past or present environmental
degradation, to reconnect with nature, or to seek spiritual
renewal (seee.g., Clewell and Aronson 2006).

Mechanisms that stimulate ecological restoration can be
financial or nonfinancial, or both. Financial mechanismsdrive
restoration projects by providing economic incentives such as
private market arrangements, voluntary private nonmarket
funding systems, governmentally runfinancial incentives, and
government-supported market creation (de Groot et a. 2007).
Nonfinancial mechanisms, on the other hand, involveindirect

incentives, such as governmenta intervention by laws and
legidlation, voluntary work of nongovernmental organizations
(NGOs), other voluntary ecological restorationwork resulting
from local action, and restoration work based on aesthetic
values, ethics, or faith (McGhee et al. 2007).

McGhee et a. (2007) suggested that a comprehensive
inventory of restoration projects could be a valuable tool to
inform decision makers and policy makers about the value of
ecological restoration. We propose that such an inventory
could also be used to analyze the factors driving ecological
restoration. We compiled areview of ecological restorationin
Iceland (Aradéttir and Halldérsson 2011) in relation to an
analysis of the extent, status, methods, and results of
restoration activities in the Nordic countries (Halldorsson et
a. 2012). The history of organized soil conservation and
restoration work in Iceland now spans more than a century
(Crofts 2011). Thus, our review provided an opportunity to
identify the factors driving restoration over along period of
time that involves profound changes in socioeconomic
conditions and scientific understanding, aswell as changesin
national and international environmental policy. Inthispaper,
we aim to anayze the history of ecological restoration in
Iceland, withafocusonwhat hasdrivenit. Weal so ask whether
driversfor restoration have changed over timeand, if so, what
factors might explain the changes.

BACKGROUND: DISTURBANCESAND LAND
DEGRADATION IN ICELAND

Iceland, one of the most active volcanic regions on Earth
(Thordarson and Héskuldsson 2008), has undergone severe
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ecosystem degradation and desertification over the millennia
since the Norse settlement (Amorosi et al. 1997, Arnalds et
al. 2001, Dugmore et al. 2009). An important contributing
factor is heavy utilization of its fragile subarctic to boreal
ecosystems, primarily by extensive clear-cutting of natural
woodlandsand livestock grazing (Gisladéttir et al. 2010). This
led to direct degradation and reduced resilience to natural
disturbances such as volcanic ash deposition, long-lasting
periods of unfavorable climatic conditions, and flooding
(Aradottir and Arnalds 2001, Greipsson 2012).

About 42% of Iceland isadesert with limited vegetation cover
(Table 1). The dominant soil type is Andosol, with organic
Histosols occupying some wetland areas, but the deserts have
sandy soils(Arnalds2008). Severeerosion problemsstill exist,
with considerable to very severe erosion occurring on about
50% of the country, and continuing land degradation problems
(Arnaldset al. 2001). Extensive areasthat still havevegetation
cover are degraded and have reduced soil organic carbon and
nutrient pools (Oskarsson et al. 2004). Not all desert surfaces
of Iceland are anthropogenic; some are formed by volcanic
eruptions and flooding, and many desert areas at high
elevations are above the natural vegetation limits.

Table 1. Vegetation and other main surface types of Iceland,
summarized by elevation belts. Based on the AUI Farmland
Database (Nytjaland; http://groa.rala.is/Kortavefsa/default.
aspx), simplified from Arnalds(2011). Areasaregiveninkmz,

m above sea level

Cover 0-400 400-800 > 800 Total % of
Iceland

Vegetated 31,194 14,509 470 46,173 4.8
Birch woodland/ 1194 11 1205 12
shrubland

Grassland 2209 165 1 2375 2.3
Heathland 19,393 11,839 458 31,690 30.8
Wetland 4346 1449 2 5797 5.6
Other vegetated 4052 1045 9 5106 49
Poorly vegetated/ 10,284 24,576 8556 43,416 422
barren

Glaciers 267 1147 9687 11,101 10.8
Rivers/ Lakes 1513 648 69 2230 2.2
Total 43258 40,880 18,782 102,920 100

Most of Iceland has been grazed by sheep since the Norse
settlement. The grazing practices used to include winter and
spring grazing, which had very damaging effects on
ecosystems. Overgrazing has been a common problem and
continuesto besoin places, althoughwinter and spring grazing
have mostly been discontinued since the 1970s (Arnalds and
Barkarson 2003).

From the 1940s until the late 1980s, extensive wetlands were
drained for agricultural production, mostly for improving
fields for haymaking and grazing, resulting in about 32,000
km of ditches, draining 50% to 75% of Icelandic wetlands
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(Oskarsson 1998). It has been estimated that this contributes
to an immense release of greenhouse gases, equaling all the
burning of fossil fuels in the country on a yearly basis
(Hallsdattir et a. 2010).

Other disturbances include road construction, with about
13,000 km of roadsin rural Iceland, and over 3000 registered
gravel mines (ICERA 2012). The construction of hydropower
plants has disturbed many watersheds, with concomitant
submersion of ecosystems by reservoirs. Likewise,
geothermal power plants causelocalized disturbances, e.g., in
the form of drilling platforms and pipelines. More recently,
urbanization of the Icelandic population (FAI 2009) is
claiming increased land areas, and rapidly growing tourismis
increasing pressurein vulnerable areas.

METHODS

Cataloging ecological restoration in I celand

For the review of ecological restoration in Iceland, we asked
public agencies, private companies, nongovernmental
organizations (NGOs), municipalities, and other known or
potential actors of restoration in the country (with the
exception of privateindividuals) to provideinformation about
their past and ongoing restoration projects. We contacted all
directly, and held meetings with their representatives, aswell
as administrators and members of the scientific community.
Not all of these parties were responsible for restoration
projects, but those 10 actors who were responsible provided
a short summary about their restoration activities, based on a
standardized template. This included a short historical
overview of their activitiesand their context, an overview table
of restoration areas/projects, a self-assessment by agencies
and actors of the outcome of restoration projects, and alist of
published materials, where applicable.

The data provided information on when the restoration work
started, the extent of the area, types of interventions, main
objectives, and cooperative parties. We encouraged the actors
to include photographs of the restoration activities, including
“before” and “after” photos when available, and additional
relevantinformation. Aneditorial group of restoration experts,
representing a wide-ranging knowledge of restoration in
Iceland, reviewed the contributions and selected which areas/
projects to include. The Society for Ecological Restoration
International Science & Policy Working Group (SER)
definition of ecological restoration and its nine attributes of
restored ecosystems, described in The SER International
Primer on Ecological Restoration (SER 2004), were used as
aguidefor the selection. Ecological restoration isalong-term
process and many areas and projects did not fulfill al the nine
attributes. A minimum requirement was set that the
interventions had to be based on approaches that were likely
to result in a trgjectory toward native ecosystems, such as
heathlands, birch woodlands, or wetlands, based on past
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Table 2. Main actors, number, and extent of ecological restoration areas in Iceland, 1907-2010. Two large-scale ecological
restoration programs Hekluskégar and Farmers Heal the Land are not included in the table (see explanations in text).

Actors (main responsibility) Habitat (no. of areas) Total of Size (knp?)
areas
Heathland Woodland Wetland
/grassland
Public bodies Soil Conservation Service of Iceland (SCSI) 1 27 14385
Forest Service (IFS) 26 1 27 186.3
Iceland Road Administration 7 7 2.2
Wetland Committee 10° 10 25
N-Iceland, Regional Afforestation Project 2 2 18
Energy companies Landsvirkjun 1 8 146.5
Orkuveita Reykjavikur 1 4 114
NGOs Grodur fyrir folk 11 13
Sum 30 19 96
Area (km?) 1573.1 191.7 257 1790.5

" The SCSI only reported on restoration areas 10 km? or larger.

¥ Many of these projects were jointly implemented by the |celand Road Administration and the Wetland Committee; in some casesinvolving local

landowners and NGOs.

$ Most of Landsvirkjun's heathland/grassiand restoration projects were carried out in close co-operation with SCSI.

research (e.g., Gunnlaugsdottir 1985, Gretarsdottir et al.
2004). This excluded areas that were dominated by, or were
likely to become dominated by, exotic species, such as those
seeded with Nootka L upine (Lupinus nootkatensis) or planted
with exotic tree species.

The review was published in Icelandic and contained 40
chapters, written by 35 authors (Aradéttir and Halld6rsson
2011). In addition to the summary of restoration activities, it
contained a catalogue of known current and past ecological
restoration research projects in lceland, giving information
about their aims, project leaders, and institutions involved,
together with alist of publicationsfrom each one. The review
also included background information about land degradation
and other disturbances, the history of ecological restoration,
information about ecological restoration education and
outreach activities, and apolicy framework review. Thepolicy
review was based on asystematic search of all activelawsand
regulations that could potentially apply to ecologica
restoration and on relevant policy documents issued by
governmental agencies and ministries.

Analyzing driversof restoration

The motivation for most restoration areas and projects was
described by the responsible actors in the review document
(Aradéttir and Halldorsson 2011). In some cases, the
motivation had already been described in origina project
descriptions of the Soil Conservation Service of Iceland
(SCSI, unpublished reports) or other related documents.
However, such information did not exist for many areas and
projects established decades ago, and hence the responsible
agencies were asked to give their evaluation of the main
motivations for these areas and projects. Based on this
information, the main drivers for each restoration area and

project and their order of importance were determined for each
of four periods: 1907 through the 1930s, 1940s through the
1960s, 1970s and 1980s, and the 1990s to the present. These
periods were based on revegetation periods defined by
Magnusson (1997), but with some adjustments. The drivers
were broadly categorized into environmental drivers,
socioeconomic drivers, law and policy drivers, and other
drivers, and subcategories were added as needed. The most
important driver was given the score 3, the second most
important driver the score 2 and so on; totaling a maximum
sum of 6 for each restoration areaor project withineach period.
We categorized the ecological restoration areas by their
prevalent habitat type and calculated the average score for
each driver within habitat typeand period. Becausethescoring
was value based, we did not analyze the data any further and
we present the results without units.

RESULTS

Overview of ecological restoration in | celand

The review of ecological restoration in Iceland included 96
restoration areas, covering nearly 1800 km? (Table 2). The
review included two large-scale restoration programs not
included in Table 2: Farmers Hea the Land (FHL) and
Hekluskégar. FHL is a cost-share program, organized by the
Soil Conservation Service of Iceland (SCSI), and covered
about 150 km? of restoration areasin 2010 (Petursdttir 2011).
It involves around 600 farmers who carry out revegetation of
severely degraded areas on their own land, but the SCS
providesfertilizer, extension services, and seed where needed.
Hekluskégar is a recent program that aims to restore native
woodlandsand shrublandson morethan 900 kninthevicinity
of the Mount Hekla volcano, but restoration actions have so
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far only been implemented on a part of this area (Oskarsson
2011a).

The SCSI wasby far thelargest actor of ecological restoration
in Iceland, with 27 restoration areas covering 1438 knv
(Halldorsson et a. 2011). The agency only reported on
restoration areas larger than 10 km?, which comprise nearly
80% of its restoration activities (SCSI unpublished data).
Other actorswereresponsiblefor about 350 km? of restoration
areas (Table 2). Our review did not include restoration by
private landowners, except when it was related to restoration
by agencies or to specific funding schemes, but we estimate
thisto belessthan 100 km?. Taking into account the 150 km?
restored within FHL, thetotal extent of restored areasor areas
undergoing restorationin lceland was at least 2300 kmz, 2.5%
of the country, excluding glaciers. Thus, we estimate that our
review covered 75% to 85% of restored areasin Iceland.

Heathland and grassland were the most extensively restored
habitats (Table 2), mostly restored by revegetation or
reclamation of eroded or other severely degraded land. The
difference between habitats was, however, not always clear-
cut, as birch woodlands have later started to col onize some of
the revegetated areas, and small wetlands may be formed in
areaswith ahigh water table. Most of the heathland/grassiand
projects were over 10 km2 (Table 3). The SCSI was the main
actor in heathland/grassland restoration (Table 2).
Landsvirkjun, the largest energy company operating in the
country, also contributed substantially toward ecological
restoration of these habitats, but its restoration projects were
often organized and carried out in cooperation with the SCSI
(Gunnarsdéttir and Adalsteinsson 2011). An NGO, Grodur
fyrir folk, reported on a number of small projects in these
habitatsthat primarily used organicresiduesfrom horsestables
in the capital region and from some other sources for
revegetation of eroded or severely disturbed sites (Jonsson
2011).

The Icelandic Forest Service (IFS) was the largest actor in
woodland restoration aimed at restoring native birch
woodlands (Table 2; Eysteinsson 2011). This type of
restoration was often passive, i.e., based on protection from
livestock grazing, thus providing an opportunity for natural
colonization of birch. In other cases, the restoration was
assisted by revegetation or other actions to promote birch
establishment. Themajority of thewoodland restoration areas
were small, under 10 kmz (Table 3). The energy companies
were also active in small-scale woodland restoration (Table
2; Gunnarsdéttir and Adasteinsson 2011). Regiona
afforestation programs, which are currently the major actors
in tree planting in lceland, only reported on two small
woodland restoration projects (Table 2; Thérsson 2011), but
most of their operations are based on slviculture with
nonnative tree species (Eysteinsson 2004).

Ecology and Society 18(4): 33
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Table 3. Size distribution of ecological restoration areas
excluding two large-scale ecological restoration programs
Hekluskégar and Farmers Heal the Land (see detailsin text).

Number of areasin each size class’

Habitats Actors <1 1-10  10-100 > 100
km? km? km? km?

Birch woodland Public 8 15 5 0
Energy 0 2 0 0
companies

Heathland/grassland Public 0 0 25 1
NGOs 11 0 0 0
Energy 2 4 4 0
companies

Wetland (incl. Public 18 0 1 0

streams and |akes)

Total no. of areas 39 21 35 1

" The sCSl only reported on ecological restoration areas 10 km? or larger.

A designated committee, formed by the Ministry of
Agriculture in 1996, was responsible for initiating a hnumber
of wetland restoration projects between 1996 and 2003
(Gardarsson et al. 2006, Oskarsson 2011b), many of which
were implemented jointly with the Icelandic Road
Administration (Table 2). Wetland restoration most often
involved the filling up of drainage ditches or installing small
dams to restore mires, fens, or small lakes that were mostly
less than 1 km? (Table 3). However, one large (> 10 km?)
wetland areawasformed after the revegetation of afloodplain
areawith a high water table, previously covered with entirely
barren sand (Rundlfsson et al. 2009).

In addition to the restoration areas and programs detailed
above, two projects dealing with restoration of animal
populations or their habitat are included in the review: the
Icelandic population of the White-tailed Eagle (Haliaeetus
albicilla) population (Skarphédinsson 2011) and the brown
trout (Salmo trutta) population of Lake Thingvallavatn
(Gunnarsdattir and Adalsteinsson 2011).

We aso catalogued 70 research projects on restoration
(Araddttir et al. 2011). The oldest one started in 1946, but the
number of projects increased sharply toward the end of the
20th century (Fig. 1A). The results of these research projects
were presented in over 220 publications, of which nearly two-
thirdswerepublishedin® gray literature,” i.e., reportsand other
non-peer-reviewed publications (Fig. 1B).

Driversof ecological restoration

The number of drivers increased with time in both birch
woodland and heathland, from four in the first period (1907
to 1930s) to nineinthelast one (after 1990), and somedrivers
remained important in all periods (Fig. 2). The drivers also
differed among habitats. Halting of soil erosion and protection
of vegetation and soils were the strongest environmental
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Fig. 1. (A) Number of new research projects related to ecological restoration in Iceland, starting in each decade and (B)
associated publications until 2010. No research projects related to restoration or revegetation are known before 1940.
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drivers for heathland/grassland restoration throughout the
20th century. For woodland restoration, nature conservation
and ecological restoration were the strongest environmental
drivers. Those drivers aso applied to the restoration of
wetlands, lakes, and streams, once this commenced in the
1990s. Theprovision of wood and grazing land wereimportant
socioeconomic driversfor woodland and heathland/grassland
restoration, respectively, although their relative importance
decreased with time. In the 1970s, other socioeconomic
drivers, such as mitigation associated with the construction of
hard infrastructure (roads and power plants), came into play,
and their importance increased after 1990, when there was a
noticeable shift in the number and diversity of factorsdriving
restoration (Fig. 2).

New driversin the 1990sincluded mitigation of the effects of
tephra deposition by volcanic eruptions and reduction of
atmospheric greenhouse gases by carbon sequestration in
vegetation and soils as a part of the governmenta policy to
comply with the United Nations Framework Convention in
Climate Change (UNFCCC) commitments; the latter was
categorized as both apolicy and environmental driver. Onthe
other hand, conservation of biodiversity, per se, was rarely
included as an important driver. Furthermore, law and policy
did not show up as strong drivers of ecological restoration in
our analysis, athough they were among the listed drivers of
heathland restoration in the 1907 through 1930s and 1970s
through the 1980s (Fig. 2). Thefirst period coincides with the
passage of the 1907 Act on Forestry and Protection against
Soil Erosion, and the second period coincides with a
parliamentary resolution allowing for increased fundsfor land
reclamation and land conservation in 1974 (Table 4). Other
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recorded driversinclude moral drivers such asromanticideas
about restoring past ecological riches (“ paying the debt to the
land”) and preserving native birch woodlands, which were
strong drivers in woodland restoration throughout the study
period.

DISCUSSION

Changesin drivers of ecological restoration, 1907 to
2010

Deforestation, soil erosion, and declining agricultural
production motivated conservation actions in different parts
of theworldinthelate 19th and early 20th centuries (reviewed
by Galatowitsch 2012). In Iceland, alaw on vegetation and
soil conservation that marked the beginning of organized work
leading to ecological restoration and to the establishment of
agencies that later became the Soil Conservation Service of
Iceland (SCSI) and the Icelandic Forest Service (IFS), was
passed in 1907 (Table 4; Rundlfsson 1988).

From 1907 through the 1930s, the IFS emphasized the
protection of the remaining birch woodlands from livestock
grazing and attempted to establish trees by direct seeding
(Eysteinsson 2011). The woodlands were an important source
of firewood, which was initially a strong motivation for their
restoration, although romantic ideas about preservation of the
native woodlands also were influentia (T. Eysteinsson,
personal communication; Fig. 2). However, firewood
extraction from the woodlands was limited after fossil fuels,
hydropower, and geotherma energy became increasingly
available. The catastrophic soil erosion was combated by
protecting areas with advancing sand fronts from grazing,
constructing sand fences, and seeding native Leymus
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Fig. 2. Average score of main drivers of ecological restoration in Iceland by habitats and periods; 1: 1907-1930s, I1:

1940s-1960s, 111: 1970s-1980s, IV: after 1990.
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arenarius to stabilize moving sand (Kristmundsson 1958,
Halldorsson et al. 2011). Although these actions were mainly
motivated by the need to halt sand encroachment and preserve
farmland and rangelands (Fig. 2; Rundlfsson 1988), many led
to ecologica restoration of grassand or heathland
(Halldoérsson et al. 2011). The reduction of dust from soil
erosion near some fishing villages was also an incentive for
some early soil conservation measures (Kristmundsson
1958).

In the late 1940s and during the 1950s, emphasis in both
forestry and soil conservation shifted from being
predominantly protection oriented to more production
orientation (Magnusson 1997, Eysteinsson 2011). Emphases
on cultivation and utilization grew concurrently with
agricultural intensification and new technology that allowed
for larger scale operations than previously possible
(Halldérsson et al. 2011). The IFS increasingly focused on
silviculture for timber production, and it put less emphasis on
themaintenance and restoration of the native birch woodlands
than before (Eysteinsson 2011). Nevertheless, the protection
of afforestation areas from livestock grazing promoted the
expansion of birch woodlandsthrough natural regenerationin
many areas (Aradottir and Eysteinsson 2005).

In the 1950s, there was a rising concern over the growing
number of sheep and increased grazing pressure (Sveinsson

1958), resulting in large-scale revegetation to improve land
for grazing and hay making (Rundlfsson 1988). Thiswork was
likely influenced by the large-scal e revegetation of the Great
Plains of the United States following the Dust Bowl, because
there was considerable exchange between the U.S. Soil
Conservation Service and the SCSI at thistime (Sigurjonsson
1958). Ason the Great Plains (Galatowitsch 2012), imported
perennial grasses were used for revegetation, and the
revegetated areas usually required continued fertilization to
maintain productivity (Thorsteinsson 1991). However, a
number of successional studies of old revegetation areas have
shown that once management with seeding and fertilization
was discontinued, their vegetation often developed toward
native grassland, heathland, or birch woodland (e.g.,
Gunnlaugsdottir 1985, Gretarsdottir et a. 2004). The initial
inputs stabilized the soil surface, reduced frost-heaving, and
enhanced levels of nutrients and organic matter in the
ecosystem, thus accelerating soil formation and colonization
by native species (e.g., Gunnlaugsdottir 1985, Aradéttir 1991,
Magnusson 1997).

In the late 1960s and early 1970s, there was a growing
awareness in Iceland about the past and current treatment of
the land and its poor condition compared to past ecological
riches. The slogan “to pay the debt to the land” was widely
used and Landvernd, an NGO dedicated to reclamation and
environmental protection, was established. This stimulated
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Table 4. A summary of potential legal and policy drivers of restoration in Iceland, 1907-2010 (based on Rundlfsson 1988,
Aradéttir and Pétursdéttir 2011, Crofts 2011).

Y ear Title/ description Effects (potential or actual)
1907 Act on Forestry and Protection Stimulated actions to halt sand encroachment and protection of birch woodland remnants, in some
against Soil Erosion cases |eading to woodland restoration and extension.
1914 Act on Land Reclamation Government could fence off erosion areas to protect them from livestock grazing.
1923 Sand Reclamation Act Formal appointment of a reclamation specialist by the government. Land with active erosion could be
expropriated if owners could not or would not share land reclamation cost.
1941 Act Concerning Soil Reclamation The Sand Reclamation Service became an independent governmental institution with increased
and the Prevention of Drifting Sand  control over soil reclamation work.
1965 Act on Land Reclamation (istill in - A major revision of soil conservation law, more emphasis on protection of vegetation and soils, and
force with minor changes) sustainable land use than previous law. Formally established the Soil Conservation Service of Iceland.
1974 A resolution by Parliament regarding A substantial increase in funds for vegetation restoration, soil conservation, forestry, and research
land reclamation and land over five years (extended twice but with reduced funds). Some of the resulting actions lead to
conservation commemorating 1100  restoration of native habitats, especially heathlands and birch woodlands, research and growing
years of settlement in Iceland number of professionalsin the field.
1998 Farming act Land improvement should promote sustainable land use and take into account international
commitments regarding conservation of biodiversity.
1999 Act on Nature Conservation Among objectivesisto secure as much as possible of the natural development of Icelandic nature.
1999 Act on Agricultural Education Agricultural schools have arole in providing education in protection and restoration of land.
2000 Act on Environmental Impact Does not mention restoration explicitly, but EIAs are a part of the permission process for construction
Assessment (EIA) projects. In some cases, restoration as mitigation of environmental impacts has been a part of
permission conditions. Large-scale projects, including restoration projects, have to undergo EIA.
2000 Changes of Act on production, Enabled ‘eco-friendly’ subsidies for sheep products, based on rangeland condition, among other
pricing and trade of agricultural things. Revegetation plans can be a part of cross-compliance for achieving governmental support.
produce
2006 Act on Regional Afforestation Includes afforestation on degraded or eroded land with the aim of improving vegetation cover, soil
Programs quality, and hydrology, thus improving land-use opportunities. So far, only afew landowners have
opted for restoration of birch woodlands within these programs.
1994 Convention on Biodiversity (CBD)  Governmental policy regarding the CBD includes goals of protecting and restoring biodiversity of
2008 Implementation of CBD in Iceland Icelandic ecosystems, especially wetland ecosystems and native birch woodlands, and to limit
2010- 2008 distribution of alien, invasive species.
Aichi targets
1994- UNFCCC Governmental policy regarding the UNFCCC and the Kyoto protocol includes carbon sequestration in
2002- The Kyoto protocol soils and biomass as one of several means to reduce CO, emissions. These include actions of

revegetation, afforestation, and wetland restoration (that can lead to restoration).

of eroded areas was carried out in relation to the construction

publicinvolvement inland reclamation projects, analogousto
the growth in number of community groups focusing on
restorationinmany other countriesfromthe 1960stothe 1980s
(McDonald and Williams 2009, Stewart 2010, Galatowitsch
2012). Discussions in the Icelandic media about the state of
the land were also instrumental and included scientists,
governmental officials, and influential artists. Thisawareness
wasreflected at thegovernmental level, whereamajor revision
of the soil conservation law was approved in 1965 (see Table
4), placing anew emphasison soil and vegetation conservation
and revegetation of eroded land. A specia parliamentary
resolution in 1974 to commemorate 1100 years of settlement
in lceland alowed for dramatic increases in funds for
revegetation of eroded land and for research focused on land
resources (Table4). Thistargeted funding, commonly termed
“the gift of the nation,” resulted in a new focus on vegetation
and soil protection and a substantial increase in reclamation
work, which involved seeding and fertilization of degraded
land (Olgeirsson 2007).

Starting in the 1970s, energy companies became responsible
for anincreasing number of restoration projects. Revegetation

of power plants, with the primary aim to halt soil erosion in
their vicinity, generate a better environment for their
employees, and improve land for grazing (Gunnarsdéttir and
Adalsteinsson 2011). This work continued during the
following decades with diverse aims such as to compensate
for grazing pastures submerged by reservoirs, to reduce
sedimentation from soil erosion into rivers and reservoirs, to
enhance environmental quality near power plants, and to
restore land damaged by construction and gravel mines
(Fridriksdéttir and Hjartarson 2011, Gunnarsdéttir and
Adasteinsson 2011). Some of these were mandatory
compensation or mitigation actions (cf. Suding 2011); others
werevoluntary and/or apart of agreements between the power
companies and local farmers and other land users. These
restoration projects commonly addressed environmental
problems that were not directly connected to the construction
project in question, which might indicate efforts to
demonstrate corporate goodwill or social responsibility (cf.
McGhee et al. 2007).
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The diversity of drivers for ecological restoration increased
after 1990 (Fig. 2), asdid thediversity of goal sand approaches
to restoration and soil conservation. Wetland restoration was
predominantly motivated by nature conservation, but
mitigation to offset damage to wetlands caused by road
construction (cf. Mitsch et al. 1998) was also a driver
(Stefénsddttir 2011). Landownerswereincreasingly involved
inrevegetation, especially after thelaunch of the FarmersHesal
theLand (FHL) program. SCSI’ smotivationsfor establishing
FHL wereto increasefarmers’ responsibility in taking care of
the land, to increase their initiative and participation in the
conservation process, and to build mutual trust between
farmers and the agency (Arnalds 2005). A survey of FHL
participantsin 1999 (Schmidt 2000) showed that moral values
such as improved aesthetics of the countryside and awish to
deliver the land in better condition to the next generation,
together with environmental concerns, were important
motivations for their participation in the project. Potential
benefits of improved grazing management and direct financial
benefits did not weigh as much, even though most of the
participating FHL farmersused the reclaimed land for grazing
(Schmidt 2000). Later studies have confirmed that idealistic
or moral valuesareimportant driversfor farmers participating
in FHL (Petursdottir et al. 2013).

International policy is increasingly becoming a driver for
ecological restoration (see e.g., Bullock et al. 2011). Climate
change strategies of the Icelandic government have included
carbon sequestrationin vegetation and soil (Icelandic Ministry
for the Environment 2007), which has become one of the
justifications for governmentally funded restoration and
afforestation programs. Industry has increasingly supported
restoration for the same purpose. Currently, thereisagrowing
interest in curbing the immense release of greenhouse gases
from drained wetlands through wetland restoration, as the
rewetting of land with organic soil may become eligible as a
mitigation action under the UNFCCC (2011).

The main mativation of the Hekluskdgar project, initiated in
2007, was to increase the resilience of ecosystems near Mt.
Hekla to impacts of volcanic ash from frequent eruptionsin
the volcano (Aradottir 2007, Oskarsson 2011a). This
especially appliesto secondary distribution of ash by wind and
water, which can cause land degradation and soil erosion
(Thorarinsdottir and Arnalds 2012). Thus, the Hekluskégar
project exemplifies restoration to reduce adverse ecosystem
degradation under likely disturbances (cf. Mori 2011, Suding
2011).

Socioeconomic and environmental motivations for
ecological restoration

Motivations for restoration actions are often pragmatic and
aim at restoring natural capital and ecosystem services (cf.
Clewell and Aronson 2006, Suding 2011). Thiswas often the
case in Iceland, where the protection of woodland and soil
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resources, reversal of land degradation, increased forest or
rangeland productivity and provision of other ecological
services, especially amelioration of climate change, were
common drivers for restoration. Restoration in relation to
construction increased after 1970 and especially after 1990,
coinciding with growth of the energy sector and road
construction. On the other hand, the conservation of
biodiversity, per se, hardly showed up as a driver for
restorationin our analysis(Fig. 2) and our review yielded only
two examples of preservation of rare or endangered
populations. This separates | celand from most other European
countries, where biodiversity concerns are important
motivators of ecologica restoration (Madgwick and Jones
2002). A possible reason for thisis the immense scale of the
degradation in Iceland, and the importance of restoration
actions as a response to the environmental threat of
catastrophic soil erosion (Magntsson 1997). The importance
of soil erosion as an environmental motivator for ecological
restoration is more akin to emphasis in the Loess Plateau in
China (Chen et a. 2007, Fu et al. 2010) and the drier parts of
the USA and South America (e.g., Imeson 2012). As a
consequence, restoration objectivesin | celand have often been
rather vague and focus more on functionality, e.g., halting soil
erosion or restoring soil fertility, and broad ecosystem
structure such as birch woodland and heathland, rather than
aiming at specific community types or historical fidelity.

Financial and policy mechanisms affecting ecological
restoration

Financial incentives can be strong drivers for restoration (de
Groot et al. 2007). In essence, the mgjority of ecological
restoration projectsand programsin I celand have been funded
by the government in one way or another (Arnalds 2005). In
our study, funding was never identified as one of the three
most important driversfor arestoration project (Fig. 2), but it
is probably more important than our results indicate. For
example, lawsand policieswereprimarily identified asdrivers
when they resulted in specia funding efforts, such asthe“ gift
of the nation” or designated programs to stimulate carbon
sequestration. Thelarge scale FarmersHeal the Land program
is an example of a project funded by the government, which
would most likely not beactivewithout thisfunding. Thesame
applies to the Hekluskogar project, which did not commence
until substantial governmental funding was secured.

In contrast to the EU, where policies such as the habitat
directive, the bird directive, Natura 2000 networks, and the
EU-LIFE Nature financia instrument provide strong
mechanisms for ecological restoration (Madgwick and Jones
2002), Iceland has relatively weak policy instruments for
restoration (Aradéttir and Pétursdéttir 2011). The current acts
on forestry and soil conservation are from 1955 and 1965,
respectively, and are in many ways outdated. These acts did
not show up as influential in our analysis although they form
the bases for the work of IFS and SCSI, the agencies
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responsible for most ecological restoration work in Iceland.
Severa other actsin Icelandic law touch upon subjects that
can be interpreted as legal stimulus to restore degraded land
(Table 4), but none of them explicitly mention ecological
restoration (Aradéttir and Pétursdéttir 2011). This might be
changing as recent governmental strategy papers relating to
sustainable development and the implementation of the 2020
Aichi targets (http://www.cbd.int/doc/strategic-plan/2011-2020/
Aichi-Targets-EN.pdf) include ecological restoration (e.g.,
Icelandic Ministry for the Environment 2008).

Iceland has some policy mechanisms that may hinder or
compete with ecological restoration. For example, regional
afforestation programs offer substantial financial incentives
for afforestation that is mostly based on the planting of
introduced tree species (Eysteinsson 2004). This practice is
fortified by Icelandic tax authorities that in most cases do not
recognize native forestry as a commercia enterprise
qualifyingfor VAT refunds (Aradéttir and Petursdottir 2011).
Afforestation programs that encourage the establishment of
alien over native forests are not unique to Iceland, but they
can negatively affect the potential for ecosystem restoration
and result in a net biodiversity loss (Marais et a. 2007,
Lindenmayer et a. 2012). Governmental subsidies for sheep
farming in lceland pose another example of “perverse
incentives’ to ecological restoration (cf. Schuyt 2005). The
poor state of communal rangelandsin Icelandismostly related
to continuous grazing of sheep (Thorsteinsson et a. 1971).
Nevertheless, subsidies of the sheep farming have had limited
consideration of the state of the land, thus maintaining poor
land condition in large areas (Arnalds and Barkarson 2003).
In recent years, there have been some financial incentives to
improve grazing land under the auspices of quality measures
that have stimulated revegetation of privateland and highland
commons (Arnalds 2005, Crofts 2011).

Other potential driversof ecological restoration

At the beginning of the 20th century, the Icelandic popul ation
was predominantly rural, and most people had limited means
to provide for other than basic necessities (Karlsson 2000).
Iceland was under Danish rule, but gained home rulein 1904.
At that time there was a general wish for progress, and
awakening of national values with an emphasis on the land
(Kristmundsson 1958). For example, one mission of the
Icelandic Y outh Association, foundedin 1907, wasto “ protect
the country’s natural environment and to heal the wounds
which have been caused by theinteraction of the land and the
nation” (http://www.umfi.is'umfiQ9/veftre/umfi/um_umfi/).
Like the slogan “to pay the debt to the land,” this represents
an example of both an idealistic and romantic motivation for
restoration and isrelated to the " undertaking of restoration as
atonement for environmental damage’ (cf. Clewell and
Aronson 2006). Such idealistic rationales for restoration may
also relate to the love of the land or a wish to connect with
nature (e.g., Jordan 2003, Clewell and Aronson 2006), aswas
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seen in both the “romantic” notions in woodland restoration,
and the wishes of the FHL farmers to improve the aesthetics
of the countryside and deliver the land in better condition to
the next generation.

Migration from rural to urban areas may offer opportunities
for ecological restoration (McGhee et a. 2007, Wang et a.
2011). During the 20th century, the population of Iceland
changed from being predominantly rural to predominantly
urban, and the population of rural areas decreased from about
60,000 to about 20,000 (FAI 2009). A growing number of the
rural inhabitants do not make their primary living from
traditional agriculture. After the intensification of the sheep
farming during most of the 20th century, sheep numbers
decreased by nearly half inthe 1980s (Jonsson and Magnisson
1997, FAI 2009). Hence, grazing pressure by sheep has been
reduced in many areas, and some have been completely
protected from grazing. These changes in demography and
land use have created opportunities for both intended and
unintended restoration, but their extent has not been
documented. However, thefree-roaming grazing systemsused
in Iceland (Arnalds and Barkarson 2003) limit the potential
effects of this shift.

It hasbeen argued that scientific advancements (technological
drivers) and astrong conceptual basisareessentia for progress
in restoration (Hobbs and Harris 2001, Galatowitsch 2012);
especially because restoration actions are often implemented
before adequate field tests of methods (Palmer 2009). Toward
the end of the 20th century, coinciding with the development
of Restoration Ecology as a discipline, restoration research
activity in lceland increased markedly (Fig. 1), as did the
number of scientists working in this field (Crofts 2011).
Revegetation techniques and selection of grass species and
varieties, mostly imported, were the main focus of early
restoration research. Later on, the focus shifted to a greater
variety of methods and native species, along with research on
the trajectories and mechanisms of ecological succession and
restoration of ecosystem services following restoration
interventions. Although our analysisdid not elucidate research
or technological development asamajor driver of restoration,
they have at least influenced the objectives of restoration
projects and have stimulated new approaches to restoration.
For example, the inclusion of carbon sequestration in
vegetation and soils in the climate change strategies of the
I celandic government was in part based on research showing
significant carbon sequestration by afforestation (Snorrason
et a. 2002) and by revegetation of eroded areas (Araddttir et
al. 2000, Arnalds et a. 2000).

CONCLUSIONS

Our results show that although the diversity of drivers for
ecological restoration in Iceland increased markedly over
time, some main drivers were important over most of the last
century. Intermsof area, halting of soil erosion and protection

This content downloaded from 130.208.196.213 on Wed, 06 May 2020 17:45:45 UTC
All use subject to https://about.jstor.org/terms


http://www.cbd.int/doc/strategic-plan/2011-2020/Aichi-Targets-EN.pdf
http://www.cbd.int/doc/strategic-plan/2011-2020/Aichi-Targets-EN.pdf
http://www.ecologyandsociety.org/vol18/iss4/art33/
http://www.umfi.is/umfi09/veftre/umfi/um_umfi/

of soils and vegetation were the strongest drivers, which
reflects the immense scale of the degradation and the
importance of restoration actions as a response to the
environmental threat of soil erosion. Idealistic or moral values
were also important motivations of restoration interventions
throughout the period.

Socioeconomic drivers such as farming and the provision of
wood products motivated restoration over most of the 20th
century. However, their rel ativeimportance decreased toward
theend of the century. This coincided with changesin grazing
pressureandland use associ ated with ademographic shift from
rural to urban areas and a reduction in the number of sheep.
Growth of the energy sector and the transportation
infrastructure also contributed to the change in drivers,
although the specified rationales for restoration were diverse,
ranging from erosion control and mitigation actions to
demonstrations of corporate goodwill. In the 1990s, climate
change mitigation emerged as a driver and the importance of
nature conservation and recreation increased, which reflects
an increased emphasis on environmental issues in the post-
Rio eraas well as lifestyle changes of an increasingly urban
population.

Our study did not reveal technologica or scientific
advancements, or financial incentives or policiesasimportant
driversof ecological restorationinlceland. Neverthel ess, there
are someindicationsthat these factors can indirectly motivate
ecological restoration and affect itsobjectivesand approaches;
however, different methods are needed to assess their
importance. We propose that the main reason for the low
importance of policy asadriver isthe weak and outdated law
and policy framework for ecological restoration in Iceland. It
is urgent to strengthen and update the policy framework so
that it is more in tune with current environmental paradigms,
scientific knowledge, and international development. Such an
update should also address “ perverse incentives’ that hinder
restoration or pose athreat to biodiversity, including subsidies
to farmers utilizing severely degraded land and subsidies for
afforestation with exotic tree species.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i ssues/responses.

php/5946
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A Social-Ecological System Approach to Analyze Stakeholders
| nteractions within a L ar ge-Scale Rangeland Restor ation Program

Thorunn Petursdottir ¢, Olafur Arnalds? Susan Baker 3, Luca Montanarella® and Asa L. Aradéttir 2

ABSTRACT. Large-scale restoration projects are normally part of acomplex social—ecological system where restoration goals
are shaped by governmental policies, managed by the surrounding governance system, and implemented by the related actors.
The process of efficiently restoring degraded ecosystems is, therefore, not only based on restoring ecological structure and
functions but also relies on the functionality of the related policies, the relevant stakeholder groups, and the surrounding
socioeconomic and political settings. In this research, we investigated the SES of rangeland restoration in Iceland to estimate
whether social factors, such as stakeholders' attitudes and behavior, can be used to evaluate the effectiveness of agri-
environmental policieson rangeland restoration and improved land management. We used qualitative approaches, interviewing
15 stakeholders. Our results indicate that social factors such as attitude toward restoration and land management practices can
be used as indicators to evaluate the effectiveness of restoration policies. They also strongly indicate that lack of functionality
in the governance system of social—ecological systems can reduce the desired progress of policiesrelated to large-scale natural
resource management projects, such asrangeland restoration, and possibly halt the necessary paradigm shift among stakehol ders
regarding improved rangel and management.

Key Words: agri-environmental policies; ecological restoration; evaluation; natural resource management; social—ecological

systems

INTRODUCTION
Ecological restorationisthe process of assisting the
recovery of an ecosystem that has been degraded,
damaged or destroyed. — Society for Ecological
Restoration Science and Policy Working Group
(SER) (2004).

The desired outcome of restoration is a resilient and self-
sustaining ecosystem with respect to structure, species
composition, and function. The restored system should also
be integrated into the larger landscape and support the
sustainable livelihood of societies that rely on using land
resources(SER and [UCN 2004). Such coupled human natural
systems are defined as social—ecological systems (SESs),
encompassing distinct but interacting subsystemsand internal
variables (Anderies et a. 2004). An SES definestheintricate
links between an ecol ogical and asocia system and how they
affect and shape each other (Ostrom 2009). Its sustainability
relies on well-structured policies, as well as efficient
institutional governance and cooperative resource users, al
aiming to sustain and strengthen the functional capacity of the
SES (Holling 2001).

An SES of ecological restoration builds on interventions
aiming at repairing degraded ecosystems and seeksto support
therel ated interactionsbetween humansand nature (Bradshaw
and Bekoff 2001, Hobbs et a. 2011). Even though the
restoration of ecosystem structure and functions are given as

the main objectivesfor restoration (SER 2004), the process of
sustaining or restoring ecosystemsisalso highly related tothe
motivation of related stakeholder groupsand the effectiveness
of the correspondent socioeconomic and political settings
(Ostrom 2009, Hobbs et al. 2011). These multiple approaches
are emphasized in the design of restoration programs and, in
recent years, they are also stretching into the evaluation of
restoration outcomes (Clewell and Aronson 2006, Aronson et
al. 2010).

The methods of economics are increasingly used to evaluate
the achievements of ecological restoration, in addition to the
standard measurements of ecological parameters such as soil
and vegetation components (e.g., Herling et al. 2008, Weber
and Stewart 2008). Economic approaches can capture some
of the market value of restoration derived from the actual use
of a restored ecosystem good or service but are vaguer
concerning the nonmarket values that are not expressed in
prices (Daly and Farley 2004). The most effective leverage
points for successful restoration and improved land
management practices may not even lie within the economic
system, but instead in social factors like rules, information
transfers, and paradigms constructed around the related SESs
(Meadows 2008). Stakeholders' attitudesand/or behavior and
the level of consistency within the governance system may,
therefore, facilitaterestorati on activitiesand progress, or cause
dysfunction within the SESs that can lead to reversal or even
elimination of the desired ecological progress (Berkes and
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Folke 2000, Hobbs 2007, Hobbs et al. 2011). Achieving
successful restoration outcomes requires the design of new
approaches that can measure and link both ecological
functions and human well-being (O’ Farrell et al. 2011).

To investigate the possible effects of social factors on
restoration outcomes we explored the SESs of large-scale
rangeland restoration in Iceland, focusing on the system’s
main stakehol der groupsand their interrel ationships. We used
Iceland as a case study because the country’ s government has
supported and financed restoration of degraded rangeland and
improved land management for over acentury. Thelong-term
effectiveness of restoration and sustainable land management
policies have, however, never been evaluated. For this study,
we interviewed selected stakeholders about their attitudes
toward rangeland restoration and land management practices.
We aso asked about their views on related policies and the
governance system to assess whether social factors, such as
stakeholders'  attitudes and behavior, could be used as
indicators for evaluating restoration impacts and more
generally inrelationto sustai nableland management practices.

METHODS
Background

Sheep farming, rangeland management, and restoration
Livestock farming hasbeen practiced in | celand ever sincethe
country was settled in the late Sth century. From the 13th
century, sheep farming has been one of the most important
sources of subsistence in Iceland (Ingimundarson 2010), and
since early 20th century, this farming has been mainly geared
toward themeat production market. Accordingtothelcelandic
Agricultural Statistic (IAS) (2010), there were 1318 sheep
farms and 138 mixed sheep/dairy farms operating in 2008,
compared with 581 dairy farms. The average farm holds
around 300 adult sheep, and the average farmer is54 yearsold
(IAS 2010). The mgjority of the farmsteads are located in
lowland areas, with the lowest density near urban areas
(J6hannesson 2010).

Because of Iceland’ s northerly location and erodible volcanic
soils, itspristineecosystemswerehighly vulnerableto grazing
and the wood harvesting practiced by the settlers. Frequent
volcanic eruptions and a harsh climate made the ecosystems
even more fragile and less resilient in the face of human
intervention (McGovern et al. 2008). Severelossof fertile soil
and vegetation throughout the centuries created vast areas of
degraded ecosystems that are, to this day, still dysfunctional
to some extent (Arnalds and Barkarson 2003). Their natural
succession is often hindered by instability of the soil surface,
arising from factors like erosion, cryoturbation, lack of
nutrients in the topsoil layer, and ongoing unsustainable land
use (Arnalds 2008).
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I celandic sheep farming practices have changed over the past
50 years, even though a significant proportion of the country
is still used as rangeland. Earlier, the sheep were commonly
grazed all year round, but a strong focus on breeding and
improved winter fodder has led to shorter grazing periods,
down to approximately 6 months on average (June-
November). Early spring and late autumn, the flocks are
commonly grazed in fenced pastures next to the farm.
However, rangeland management in the summer is generally
still based on old traditions, rooted in centuries-old legislation
that alows for communal grazing areas, or commons,
provided by local communitiesfor grazinganimals(Barkarson
and Johannesson 2009). In late June, the farmersrelease their
sheep into summer rangelands in the lowlands (commonly
held in private ownership but seldom entirely fenced off from
the neighboring estates) or highland commons, where the
sheep roam free until they are rounded up in September and
brought back home again (Arnalds and Barkarson 2003).
Sheepfarmersstill havevery stronglegal rightsregardingland
use and access to unenclosed land, which has caused conflicts
in some regions over the changing land-use system resulting
from changes in ownership of farmsteads, with a growing
number of landowners who are not engaged in farming
(Arnalds 2005).

In recent decades, many farmers have practiced restoration of
natural or near-natural systemson their private lands, both on
their own and in collaboration with the governments through
public projects. In some regions of the country, farmers have
also created local restoration nongovernmental organizations
(NGOs) targeting collaborative restoration work in the
commons (Crofts 2011). The most common restoration
methods are spreading organic residue (e.g., manure or old
hay) and/or spreading inorganic fertilizer, combined with
restricted grazing while the area is undergoing a restoration
process (Pétursdéttir 2011).

The governance system for sheep farming, rangeland
management, and restoration

The Icelandic government approved the first environmental
Act on soil conservation and afforestation at the beginning of
the 20th century (Rundlfsson and Agustsdottir 2011). It was
followed by the establishment of an environmental agency
(known today asthe Soil Conservation Service (SCS)), under
theauspicesof theMinistry of AgricultureandtheAgricultural
Society (AS) (Crofts 2011). In the mid-20th century, the
agency achieved self-autonomy, but links to the AS existed
formally until 1996 (Alpingi 1996). A further division between
the agricultural and environmental agencies took place in
2008, when the SCSI was transferred from the Ministry of
Agriculture to the Ministry of Environment.

Agricultural policiesin the 20th century focused primarily on
marketing and pricing of agricultural produce (Stefansson



1998). The period between 1960 and 1980 was largely driven
by production policies and a subsidy system that encouraged
sheep farmers to increase production, regardliess of domestic
market needs. The excess meat production was exported to
external markets and, in the late 1970s, the Icelandic market
consumed only around 9800 tons of the 15,400 tons produced
annually (Stefénsson 1998). Meat exportation was
unprofitable, and in the early 1980s, the government finally
removed the export subsidies and make drastic changes to
subsidize the system through the use of quotas (Arnalds and
Barkarson 2003). The importance of sustainable land use and
environmental protection in sheep farming was stated for the
first timein the Agricultural Act of 1993.

Another significant strategic change took place after 2000,
when a new sheep farming subsidy system was approved by
the government. As before, al farmers that had production
guotas were entitled to get subsidies, but under the new
agreement, a part of the total payment was directly linked to
aquality management program. The agricultural Act of 1993
and the subsidy agreement in 2000 reshaped policies on
rangeland restoration and sustainable land use and provided
the first signs of an integrated agri-environmental policy on
sheep farming and sustainableland management (Arnaldsand
Barkarson 2003).

The period between 1960 and 1980 was al so, however, driven
by conservation policies (Aradéttir and Petursdottir 2011). In
1971, one of the government’ s policy targets was the creation
of a national strategy on restoration and sustainable use of
resources (Croft 2011). In 1974, the Icelandic parliament
followed this up by approving the establishment of a state-
funded 5-year program to support restoration, afforestation,
and improvement in land management (Arnalds 2005).

Throughout the 20th century, the AS provided consultation to
sheep farmers, with a strong focus on breeding and improved
winter fodder, but a limited number of advisors served the
whole country (Jonsson 1985). In the early 1990s, the newly
established Farmers Association (FA) started to develop
regional advisory centers to provide more robust agricultural
consultation (Bjarnason 1992). During the same period, the
SCSI established district offices, parallel to the agricultural
advisory centers, and strengthened itswork inthefield of agri-
environmental research, which had previously mostly been
served by an agricultural research institute (Crofts 2011). In
1990, the SCS| also established a cost-share restoration
project, “Farmers Heal the Land” (FHL), which is based on
collaboration between farmersand the SCSI but without direct
participation of the FA (Arnalds 2005). The main reason
behind its establishment was to use direct and indirect
incentivesto trigger rangeland restoration and improved land
management; however, it also aimed to find new waysto build
collaboration and mutual trust between farmers and the SCSI
(Arnalds 2005).The FHL project and the following
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Fig. 1. General overview of soil erosionin Iceland and the
geographical location of Skaftarhreppur and
Skutustadahreppur. (The map is based on results from a
national survey on soil erosion, published in 1997 (Arnalds
et a. 2001)).

participatory approaches started as an experimental projectin
only one region but soon devel oped into anationwide project,
based on voluntary participation. In 2010, around 600
landowners participated in the project (Petursdottir 2011).

Visiting and I nterviewing Stakeholders

Our case study was based on two qualitative surveys, where
semistructured interviews were used to interview presel ected
stakeholders. Thefirst survey (A) wasconducted in June 2009,
when 10 sheep farmerswerevisited and interviewed by ateam
of two experts, a national expert (Petursdottir) and a visiting
European expert (Montanarella). The farmers were asked
about their attitudes toward land use, soil conservation,
restoration, and agri-environmental policies. The second
survey (B) consisted of interviews conducted by the lead
author with five agricultural or environmental officialson the
same discussion topics as in the previous survey.

(A) Sheep farmers

The survey was conducted within two rural municipalities
(Skaftarhreppur in the southeast and Skutustadahreppur in
northeast Iceland) that have in common a strong reliance on
sheep farming (Table 1) and tourism (Jaliusdéttir et al. 2009).
Both municipalitieslie within the volcanic belt of Iceland and
have severely degraded ecosystemsthat are, in part, still under
the threat of soil erosion (Fig. 1). Sheep farming is the main
agricultural activity in both municipalities (Table 1), but
tourism isalso an important economic activity (Jaliusdéttir et
a. 2009). The municipalities are located far from urban areas
but both contain a small village that serves the surrounding
countryside (Table1). Vatnajokull national park stretchesinto
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Table 1. Background information for Skaftarhreppur and Skutustadahreppur

Skaftarhreppur Skutustadahreppur
Demographic (number)
Total population 443 385
Villages/population Kirkjubagarklaustur/115 Reykjahli®/160
Total farmsteads 34 26
BGL participants 27 15
Livestock (total number)
Sheep 20,574 4799
Cattle 1824 392
Horses 632 111
Geographic
Location SE coast NE inland
Elevation (m.a.s.l.) <100-300 350450
Mean annual temperature (°C) 45 14
Annual precipitation (mm) 1645 435
Area (km?)
Total size 6946 6036
Size of lowland 1411 931
Size of highland 2761 3858
Restoration areas 208 137
V egetation condition (%)
Vegetated lowland 25 42
Poorly vegetated lowland 49 32
Barren lowland 26 25
Vegetated highland 5 0
Poorly vegetated highland 31 1
Barren highland 64 98
Vegetated restoration areas 6 20
Poorly vegetated restoration areas 25 23
Barren restoration areas 69 57

both of the municipalities, and both of them contain also other
types of protected areas. The presence of a hydropower plant
withinthe Skutustadahreppur region providesinhabitantswith
access to more varied job opportunities than those available
totheinhabitantsof Skaftarhreppur. However, Skaftarhreppur
isoneof several rural areasin Iceland that have officially been
defined as highly dependent upon sheep farming, and
therefore, farmers in Skaftarhreppur benefit from somewhat
higher subsidiesthan those in Skutustadahreppur (Jaliusdéttir
et al. 2009).

The main criteriaused for selecting the participants were: (1)
farmswith morethan 200 adult sheep, (2) farmersparticipating
in the FHL restoration program, and (3) dissimilar attitudes
toward land use and restoration. Local SCS| district officers
were asked to identify and contact several farmers who they
believedwouldfulfill thesepreset criteria. All thefarmerswho
were contacted agreed to participate. Ten farmsteads were
visited, and the farmers interviewed informally. The
participants’ ages ranged from 40-65 years, and all had
practiced sheep farming for 20 years or more. Eight of the
participants had additional sources of income apart from that
gained through farming, such as through tourism or paid

employment outside the farm. The farmers were informed
beforehand about the research background, and matters of
research ethics, such as participants' anonymity, were clearly
stated.

Theinterviewswere based on several key questionsrelated to
land management, soil conservation, and restoration, but the
interviewees could also discuss other issues. In cases where
the interviewee did not speak English, the national expert
translated the conversation. Most of the visitstook 3—4 hours.
They started at the interviewee’ s home but were followed up
by fieldtripsto exploreeach farmstead’ srestoration areas. The
interviewswere not recorded, but the main discussions points
were documented by the interviewers after each visit.

(B) Agricultural and environmental officials

Five officials were defined as key informants, all with
considerable experience in working in the public sector and
in direct involvement in management and policy settings for
agri-environmental topics. The officials were contacted by
email and asked to participate. They were al so informed about
theresearch background, and again, mattersrelated toresearch
ethics were clearly stated. All the contacted people agreed to
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Table 2. An overview of the participants' attitudes on land use/restoration, collaboration, and governance.

Profession Location Land use/restoration Collaboration Governance

Farmers

1 Sheep farmer Skaftarhreppur 0 0 0/-
2 “ “ ++ + +/-
3 “ “ ++ ++ 0
4 “ “ ++ ++ +/-
5 Sheep/Dairy farmer " ++ ++ ++
6 * Skutustadahreppur ++ + 0
7 Sheep farmer “ ++ + +
8 “ “ ++ + +/-
9 “ “ ++ + +/-
10 “ “ ++ ++ ++
Officials

1 Director Reykjavik ++ ++ +/-
2 Parliamentarian “ ++ ++ ++
3 Director “ ++ ++ +/-
4 Director “ ++ ++ +/-
5 Director “ ++ + +/-

participate. They were interviewed during the period from
October to December 2009. Each participant was visited at
higher office and interviewed for about 1.5 hours. The
interviewswere semistructured, i.e., theinterviewer followed
alist of open questions based on the preselected topics used
in the previous survey. This list of questions was followed
through in each interview, but the participants could also
discuss other related issues.

All theinterviewsweretaped, andintwo cases, theinterviewer
added additional information from her field notes. Afterward,
each interview was typed up and treated by a coding method
(Taylor and Bogdan 1998). The average length of each
completed interview was about 30 pages. Duetothesmall size
of the Icelandic agri-environmental public sector and in order
toprotectinterviewees anonymity, officialswerecoded based
on the sector in which they were employed and not based on
their profession.

The results from both surveys were divided into three
categories: (a) Land use/Restoration, (b) Collaboration, and
(c) Governance. Thesethree categories were used asthe setup
for a table where each participant’s attitude was roughly
ranked, based on hisher view in comparison with the other
participants’ views on the same category. The symbols “+”,
“-" and “0" were used to distinguish among their attitudes,
where “-" signified a negative view, “0” a neutral view, and
“+" apositive view. Two symbolswere used if the participant
expressed a strong positive or strong negative view.

RESULTS

Land use/Restoration
Theinterviewed farmers usually agreed on the importance of
soil conservation and restoration and claimed that rangeland

management had improved during the last three decades
(Table 2). They mentioned several reasons for this
improvement, including improved technol ogy for hay making
leading to more quantity and quality of fodder for the sheep
duringthewinter andin early spring, and lessgrazing pressure
due to fewer sheep. They maintained that, due to improved
information provided by the advisory services, farmers are
now more aware than in the past about the degradation risk
associated with following winter and early spring grazing, a
customary practice until the 1970s. They particularly noted
that the restoration support system offered by the SCSI had
increased awareness among farmers about how rangeland
restoration and rangeland management could be improved.

The farmers mentioned severa reasons why they practice
restoration. Those most commonly acknowledged wererooted
in moral values, such as respect and care for the land. They
stated that it was their responsibility to “heal” degraded land
for its own sake and improve its condition for future
generations. The majority of the farmers were also restoring
to improve rangeland condition or the land’s esthetic values
as a tourist attraction, but only a few of them mentioned
economic reasons, such asimproved productivity, asthemain
rationale for their restoration activities.

The officials aso usually agreed with the importance of soil
conservation and viewed sustainable land management and
restoration as important factors in maintaining healthy
ecosystems and in improving the condition of degraded
ecosystems (Table 2). However, their view on restoration was
based on different perspectives. Those working in the
agricultural sector claimed that restoration activities should
primarily be aimed at optimizing land use. As one of them
said: “...in my mind, restoration is a certain activity made to



trigger vegetation growth... to change the color of sparsely
vegetated or barren land to a green one.” In contrast, the
interviewees working in the environmental sector mentioned
the importance of restoring ecosystem services and improved
biological diversity as the main reasons for restoration. One
of them stated: “...very important factors are of course to
protect/maintain what still exists and restore lost vegetation
and degraded ecosystems.” They also noted the national
obligations to fulfill commitments related to international
conventions, such as the Convention on Biological Diversity
(CBD) and the United Nations Convention to Combat
Desertification (UNCCD).

Collaboration

Restoration activities appeared to have a strong socia value
among the farmers we interviewed in Skaftarhreppur. Some
of them were volunteersin restoration projects and covered a
substantial part of the projects’ direct costs themselves. Most
of thefarmerswerea so membersof thelocal restoration NGO
(Landgraedslufélag Skaftarhrepps). ThisNGO wasfoundedin
1994 by local stakeholders with the aim of supporting
restoration of degraded land within Skaftarhreppur and
strengthening the inhabitants' awareness of and education on
the issue. All the work conducted by the NGO is undertaken
onavoluntary basis, but the SCSI provideschemical fertilizer
and grass seed when needed.

In Skutustadahreppur, restoration activities appeared to have
less social value. The farmers worked individually on
restoration on their own farmland, generally in collaboration
with the SCSI, but did not seem particularly motivated to
participatein voluntary work outsidethefarm. Therestoration
activities in Skutustadahreppur appeared to be more directly
related to the avail ability of direct incentives, such asexternal
funding, compared with Skaftarhreppur, and even though
there was one large joint restoration project ongoing in
Skutustadahreppur, it was managed through an NGO
(Hasgull) from an adjacent area, and the work within the
project was mainly carried out by contractors.

All the participants interviewed considered restoration
projects to some extent to have societal aswell as ecological
importance. They commonly felt that the design of restoration
projects and the corresponding action plans should be based
on collaboration between stakeholders and that the majority
of the annual costs of ecological restoration projects should
be funded by the government, irrespective of the ownership
of the degraded land in question.

The participants favored the use of participatory approaches
regarding restoration activities, seeing themasleadingtomore
efficient outcomes than activities where decisions and related
management are organized in a top-down manner by the
authorities. As one of the agricultural officials phrasedit: “...
thefact that when people work together; it increases trust and
it shares knowledge....” The officials especialy mentioned
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“bottom-up” methods, including working with stakeholders
on a local scale, as examples of successful collaboration
between farmers and the related governance system.

Governance

Some of thefarmersfelt that they lacked astronger connection
to agri-environmental agencies. They felt that officials often
lacked adeeper insight into sheep farming and should visit the
countryside more often to build up and strengthen mutual trust
between farmers and the relevant authorities.

The participants generally stated that there was a lack of
comprehensive government policy regarding land use and
management. The officials argued that such a policy should
not be based on the vision of individual ministries but should
instead be devel oped jointly by the concerned ministriesusing
multidisciplinary approaches. The following statement by an
environmental official reflected thisview: “...asthelcelandic
governanceis designed, we have put emphasison, in contrast
to many other countries, to have small ministries and strong
agencies and actually put it into the hands of these agencies
to formulate their own policies and prioritize projects and as
itisbuilt, it has mostly been in their [the agencies] hands.”

According to some of the officials, thissituation has given the
agencies freedom to shape their own policies. Consequently,
it seems to have given them more autonomy to focus on
specificsingleissues. Thesetypesof singlepolicy targetshave,
over the years, become informally accepted by the national
governments (although they were never legally valid), as part
of governmental lawsor legislations. Thisdevel opment seems
to have caused friction between governmental agencies and
obscured whoistheleading authority within different political
or scientific fields. As one of the environmental officials
phrased it: “...well, | say that some of the agencies are far too
small... and they areindividually given projectsthat should be
handled by only one agency....”

Many of the officials felt that the optimal solution would be
for the government to set a broad overal policy framework,
within which the governmental agencies have the freedom to
shape their policies. They considered this an efficient way
becausethe professional knowledge needed for policy making
is located within the agencies, and they themselves are,
therefore, best suited to identify how best to use their
resources. However, officialswere somewhat pessimistic and
mentioned that perhaps the governments lacked the will to
create such a comprehensive policy framework. One of the
agricultural officials said that: “...humans never want to give
up the power they had, you see, although it serves the public
intereststo do so ... | think it'sassimple asthat.” In addition,
an environmental official stated that there was strong
opposition to such a move among many stakeholder groups:
“.there are such strong forces that don't want a
comprehensive overview.”



Some mentioned that parliamentarians might also lack the
political strength needed to run such multidisciplinary actions.
Local pressure from the electorate could also influence their
decision making and possibly outweigh unpopular decisions.
As one of the agricultural officials stated: “...if only it was,
well just astrong political leadership here... we know always
how the politicians are....”

The officials seemed to view the agricultural and the
environmental sectors as distinct entities. They felt that the
environmental and agricultural agencies and ministries often
have a tendency to operate in a too ingtitutionally “self-
centered” manner, not being receptive to cooperation or
transparent discussions on joint topics. They stated that this
could increase the risk of overlapping or duplication of work
and most likely decreasetheinstitutional efficiency intheagri-
environmental field. As one environmental official putit: “...
we are a society with an enormous “ silo-mentality” when it
comesto ingtitutions’ structure....#8221; another environmental
official said: “...just to talk straight out... this system is
obviously asystem of “chiefs’ monarchy”....”

There seemed to be an underlying tension between the
environmental and agricultural sectors, and the transfer of the
SCSI from the Ministry of Agriculture to the Ministry of
Environment in 2008 may have increased this friction. The
agricultural officials felt the transfer had already weakened
the ties between these two sectors and could probably lead to
even further policy fragmentation. Nevertheless, environmental
officials embraced these governance changes and felt they
would lead to even more ecologically sound approaches to
restoration.

DISCUSSION

The social—ecological system of rangeland restoration and
rangeland management in Iceland is driven by agri-
environmental policies, controlled by law, regulations, or
other direct governmental decisions and supported and
managed by related ministries and agencies. By interviewing
selected sheep farmers and officials, we gathered information
about their attitudes toward restoration and rangeland
management and how they felt that agri-environmental
policies, and the related SESs, were functioning.

For over a century, the importance of soil conservation and
restoration has been emphasized in the political setting and
scientific discussions in Iceland, and in recent decades, there
has been increasing awareness among farmers of the need to
adopt a solution-orientated approach to policy making
(Barkarson and Johannesson 2009). In this research, sheep
farmers showed, by and large, a positive attitude toward soil
conservation and restoration, in line with results from other
studies (Schmidt 2000; Berglund et a. 2013).

A national survey of soil erosioninlceland completedin 1997
revealed severe soil erosion in 40% of the country (Arnalds et
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al. 2001). Current summer grazing on most of these highly
eroded areas, especially inthehighlands, islimiting thenatural
succession of degraded ecosystems (Magnusson and
Svavarsdottir 2007). Despite this, the majority of sheep
farmers still apply traditional methods and practices of land
use (Arnalds and Barkarson 2003). Aside from shortening the
grazing period over the past 50 years, from year-round to about
6 months with still shorter periods (2-3 months) in the
highland commons, most of the farmers we interviewed
continue to practice rangeland management in the traditional
way of free-range grazing on commons. Only one of the
interviewed farmers had entirely changed his grazing
management, grazing only on fenced-off, private |land instead
of on the commons.

Even though sheep farming is highly subsidized by
government, the annual income of a sheep farm is relatively
low and, in many cases, not sufficient to make a living
(Jaliusdottir et al. 2009). The majority of the farmers we
interviewed had to generate additional income outside their
farm. Nevertheless, they seemed to have a strong cultural
disposition toward protecting their land. The farmers
emphasized moral values, such asrespect and carefor theland,
as reasons for restoration and the duty “to pay the debt to the
land” seemed to be deeply rooted in their mindset. Severe
problemswith drifting sand in thefirst half of the 20th century
are still relatively close in time, and stories from that period
continue to shape and influence the values that are held by
current farmers (Crofts 2011). For several decades, the slogan
“to pay the debt to theland” was used to rai se awareness about
soil conservation and land restoration (Aradéttir et al. 2013),
whichmay a so haveinfluencedfarmers’ attitudestoward land
restoration (Arnalds 2005).

Governments have a critical role in natural resource
management. A well-structured governancesystemthat brings
well-designed regulations, policies, and incentivesisessential
to understanding and maintaining the sustainability of an SES
(Liu et a. 2007). According to Basurto and Coleman (2010),
strong institutions at higher levels can maintain trust and
stability while also facilitating adaption to ecological
conditions and social concerns at finer scales. Our results
indicate that the SESs of rangeland restoration might be
lacking such institutional strength. They point to key
weaknesses, such as the lack of transparency within the
governance system and the perceived lack of institutional
cooperationand collaboration at higher levels. Theseproblems
havethepotential toreducethecoherenceof political decisions
on rangeland restoration and sustainable land management.

The interviews with the farmers demonstrated noticeable
differences in the farmers willingness to cooperate in
communal restoration activities between the two
communities. Thefarmersliving in Skaftarhreppur seemed to
be collaborating more actively and taking more part in



voluntary work, compared with the farmers in
Skutustadahreppur. Before 1990, the SCSI commonly used
top-down approaches to carry out soil conservation and
restoration, mostly without any direct local cooperation and
involvement (Arnalds 2005). This often led to tensions and
disagreementsbetween the agency and thefarmers(Barkarson
and Johannesson 2009). This was the case in
Skutustadahreppur, where strong resistance to the SCSI
eventually led to the establishment of the FHL project in 1990
(Arnalds 2005).

Using participatory approachesrequiresunderstanding of how
participation can impact on project implementation, because
the outcomes of participatory projects depend mostly on how
process factors, such as project aims, power division, and
interactions between participants, are attended to in the
implementation process (Berglund et a. 2013). That the FHL
project started in Skutustadahreppur, when participatory
approaches were poorly developed, possibly led to fewer
participatory practices between farmersand SCSl inthat area.
This factor and the previously mentioned resistance to the
SCSI may help explain why the farmersin Skutustadahreppur
seem to perceive the incentives provided by the SCSI as a
direct subsidy, as opposed to the farmers in Skaftarhreppur,
who may well see the incentives more as a stimulus for
restoration and cooperation. The lower social importance of
restoration activities in Skutustadahreppur than in
Skaftarhreppur may, however, also be related to other issues,
such asmore employment opportunitiesin Skutustadahreppur
or differencesin the local advisory service.

Our results indicate high awareness among the farmers of the
importance of restoration. Furthermore, bottom-up approaches
seem to have successfully motivated al the farmers we
interviewed to practice restoration. However, they have
apparently not managed to trigger any general shifts toward
improved rangeland management, even though that was the
underlying policy target. The lack of change in behavior can
possibly be ascribed to the traditions of land use, as cultural
inertia can make it difficult to make necessary changes (cf.
Liuetal.2007). Butit could also berelated tothelack of strong
ingtitutional structure and strong regulations and/or to
underlyinginstitutional sluggishnessand resistanceto change
(Barkarson and Johannsson 2009).

Management systems should be dynamic, but too often the
internal inertia between and within institutions tends to
dominate many aspects of natural resource management (e.g.,
Liu et al. 2007). The agencies involved may lack the
administrative capacity to take a systematic approach to the
design of restoration or land management programs and may
fail tousepolicy instrumentsthat are consi stent with economic
conditions, landholders needs, and attitudes toward land
management (Tarlock 1993). In our case, the current
institutional structure splits the agri-environmental subjects
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into small administrative units managed by separate agencies,
resulting in fragmentation and maintenance of the perceived
institutional “silo mentality.” These results agree with the
findingsof Niedziatkowski et al. (2012), who found that power
relationshipsand vested interests can becomethemain drivers
of a governance system without bringing gainsin legitimacy
or new policy options.

It can be complicated to reach a desired ecological outcome
from restoration activities, especidly in larger areas where
inhabitantsbasetheir livelihood on using thedegraded systems
in question. The progress of a large-scale restoration,
therefore, relies not only on ecological and environmental
factors but also on the sustainability of the related SESs
(Berkes and Folke 2000). These complications are clearly
demonstrated by theoutcomeof theinterviewsinthisresearch,
e.g., how the farmers positive attitudes toward restoration
apparently fail to influence their rangeland management
practices, or the perceived lack of cooperation between the
agricultural and environmental sectorsthat may be preventing
desired policy effectiveness.

Impacts of natural resource management projects are mainly
evauated by focusing on the attitude and behavior of those
who are using the resources, but less emphasis is placed on
analyzing the attitudes of other related stakeholder groupsand
relevant governmental and nongovernmental officials
(Tuvendal and EImgvist 2011). Our results strongly indicate
that lack of effectiveness in the governance of the SESs can
hamper the desired progress of policiesrelated to large-scale
natural resource management projects such as rangeland
restoration. It can aso block the necessary paradigm shift
among stakeholders regarding rangeland management. We
conclude that the sustainability of the SESs can be improved
by the establishment of more comprehensive agri-
environmental policies and by strengthening the interconnections
between the different institutional agents and actorsinvolved
in the governance of this policy arena. But, as this study is
based on results collected from a small sample, it only gives
certain indications as to the existence of gaps and
disconnectivities within the SESs.

We find an SES analysis useful for exploring the impact of
restoration programs. But to achieve more robust results, we
suggest afurther development of the method to use on alarger
scale, preferably anationa one. Such analysiswould behighly
valuable for the development of stronger agri-environmental
policies and for enhancing the sustainability of rangeland
restoration and rangeland management within the SESs.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i SSUes/responses.

php/5399
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