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Executive Summary 

Task 3.2 contributes to the general aim of WP3 (i.e., collating successful and unsuccessful 

forest restoration practices across Europe) by describing the major practices and the 

historical evolution of forest restoration in Europe based on the analysis of national 

expert-based assessments. Specifically, we evaluated: 1) the ecological, social, political 

and economic characteristics of the main forest restoration initiatives across Europe, 2) their 

development over time and the main drivers of change, and 3) the lessons learned from 

past and present restoration practices to help guide future initiatives. To do so, national 

experts on forest restoration from 18 European countries (Austria, Belgium, Croatia, 

Denmark, Finland, France, Germany, Greece, Hungary, Italy, Netherlands, Poland, Romania, 

Slovenia, Spain, Sweden, Switzerland, UK) were identified and selected (n = 33). They were 

asked to develop a national narrative following a pre-designed template containing >2 time-

periods, 6 sections and 37 indicators to ensure consistency. After several rounds of revisions 

for quality control and harmonization, the final accepted versions were systematically analyzed 

and synthesized using text-mining methods.  

The results showed that three main forest restoration periods with distinct characteristics 

could be distinguished: 1) a protection-focused period (<1940), 2) a production-focused period 

(1940-1989), and 3) a multifunctionality-focused period (>1990). Some of the first restoration 

initiatives aimed to address the catastrophic natural disturbances (e.g., flooding, 

avalanches, drifting sands) that ensued centuries of forest degradation and deforestation in 

several countries. Many countries embarked on both passive (e.g., forest grazing bans) and 

active (e.g., large-scale plantation campaigns) restoration initiatives to safeguard the 

protective function of forests. In other countries, the main trigger were not natural disasters, 

but the economic disruptions related to timber demand (for the growing mining industry) not 

meeting supply. Fast-growing pioneer species (namely Pinus sp.) tended to be the species 

of choice during the first period, and initiatives were mostly promoted and funded by the State. 

This period saw moderate to good success in the achievement of goals such as erosion 

control, timber production and job creation. The ecological recovery, however, was mostly 

marginal as the established forests were mostly even-aged plantations managed with short-

rotation clearcut systems and little consideration for biodiversity or ecosystem functioning. The 

main obstacles during this first period were conflicting goals and local opposition (with farmers 

mostly), limited knowledge (species of choice, provenances, etc.) and lack of available public 

land.  

This first period was disrupted by a period of wars (namely World War I and II) and political 

instability, which greatly influenced the type and intensity of forest restoration. The geopolitical 

turmoil led to both further forest degradation and deforestation, but also to an increase in 

timber demand due to the need to reconstruct Europe. Hence, most countries entered a 

period in which the focus was mainly on increasing the wood biomass productivity in existing 

and recently established forests. In many cases, this was achieved by intensively managing 

even-aged, monospecific stands (mostly conifers – spruce and pines – but also hybrid poplars) 

with little consideration for biodiversity and ecosystem services other than timber production 

(although in some countries the protective function remained the highest priority). This 

challenges the current definition of forest restoration, but because reflecting on this period is 

crucial to understand the problems that European forests and forest restoration face these 

days, we have included these initiatives in the report. The nationalization of forests in several 

countries, the centralized management and solid funding mechanisms during this period 
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greatly contributed to efficiency in several countries, and forest cover and productivity 

increased considerably. However, much of this socioeconomic success came with an 

ecological price as structurally and compositionally poor plantations replaced habitats of 

ecological value (e.g., mixed beech-conifer stands, species-rich meadows and riparian 

forests, biodiverse pastures and heathlands, wet forests). However, note that there are also 

ecologically successful examples described in this period. 

This type of forest management increasingly showed its shortcomings in the form of increased 

vulnerability to disturbances such as forest dieback related to acid rain, droughts, bark beetle 

outbreaks, or massive windthrows between the 1970s and 90s. In parallel, society started to 

demand a greater recreational use of forests and had growing environmental concerns, 

and timber prices showed downward trends. All of these drivers converged and were picked 

up in strong policies in the 90s (even earlier in some countries) that sought multifunctionality 

by balancing protective, economic, ecological and recreational forest functions. This period is 

characterized by a shift in the focus of restoration from forest quantity to quality, as well as 

by the diversification of many restoration aspects (e.g., sources of degradation, restoration 

goals and activities, species used, sources of funding). Biodiversity conservation took 

center stage in most of the initiatives discussed in the narratives, following both segregative 

(e.g., designation of protected areas) and integrative (e.g., close-to-nature forest 

management) approaches, and EU policies and funding became pivotal to incorporate this 

restoration goal. Indicators such as the amount of deadwood or the proportion of deciduous 

species and mixed stands showed positive trends. However, multiple obstacles remain, with 

the most common ones being insufficient funding, conflicting land-use goals (agriculture vs. 

forest, timber production vs. conservation) in the form of inconsistent cross-sectoral policies, 

ownership fragmentation, browsing and climate change.  

Finally, we synthesize all the knowledge shared in the 18 narratives into 10 main lessons 

learned. In short, changes in forest restoration over the last two centuries have been driven 

by a combination of environmental (e.g., catastrophic consequences following natural 

disasters have triggered change), political (e.g., wars, forest nationalization and management 

centralization have strongly influenced the type, amount and/or efficiency of restoration), legal 

(e.g., strict and ambitious national and international policies have vehiculated change), social 

(e.g., rural abandonment and changes in societal values have enabled or demanded change) 

and economic (e.g., new funding mechanisms or market fluctuations have enabled or driven 

change) events. Conflicting goals among stakeholders but especially among policy sectors as 

well as short-term thinking seem to be long-standing obstacles to successful forest restoration. 

Therefore, we conclude by noting that multifunctional, multisectoral, holistic, long-term 

landscape thinking that is aware of the interconnectedness and dynamism of the system 

may be the only way to ensure that the many challenges that humanity faces are 

simultaneously addressed. 

 

Keywords 

Afforestation, drivers of change, ecological recovery, economy, Europe, forest restoration, 

historical, obstacles, political, social, success, war 
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1. Introduction 

One of the specific objectives of SUPERB is to gather practical knowledge on restoration in 

order to provide insights into the ecological, social, economic and political factors for 

successful (and unsuccessful – because also learning from failures is crucial) forest 

restoration activities in Europe. This practical knowledge has been collated through different 

mechanisms within Working Package 3 (WP3), one of which is through national-level expert-

based assessments in the form of narratives (Task 3.2). For these assessments, 33 national 

experts on forest restoration from 18 European countries provided detailed information on 

restoration actions within their countries. All the information was systematically analyzed and 

synthesized to elucidate the main factors and patterns that have guided forest restoration 

across Europe in the past 200 years. 

Thus, the aim of this deliverable is to describe the major practices and the historical 

evolution of forest restoration in Europe. Specifically, we aim to answer the following 

questions:  

1. What are the ecological, social, political and economic characteristics of the main 

forest restoration initiatives across Europe? 

2. How has the nature of these initiatives evolved over time and what have been the main 

drivers of change?  

3. What lessons can be learned from past and present restoration practices to help 

guide future initiatives? 

2. Methodology 

Narrative analysis is a type of qualitative data analysis that involves the documentation and 

analysis of narratives from a study group to understand events and phenomena. Although this 

approach has mostly been used in social sciences, it has also been successfully applied in 

environmental research (e.g., Jepsen et al., 2015). To conduct this study, national experts 

on forest restoration were selected following a systematic approach (2.1) and asked to develop 

a national narrative on the development of forest restoration in their country using a pre-

defined template (2.2). Then, the narratives were systematically analyzed, and the main 

patterns were identified and summarized in this report (2.3). 

2.1 National expert identification 

The process of selecting the national experts to write the narratives was conducted in two 

stages: 1) the identification of potential candidates, and 2) the assessment of the suitability of 

each candidate based on their previous experience. 

2.1.1 Candidate identification 

Potential candidates were identified following two complementary approaches. On the one 

hand, considering that many European countries are represented within SUPERB, we made 

use of all the experience and knowledge within the consortium to identify potential experts 

within their countries. Partners were asked by email to propose national experts that would 

have the knowledge, network and availability needed to write historical national narratives on 

forest restoration. In total, 17 partners from 14 countries responded and proposed a total of 

61 potential experts.  
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In parallel to this request, we conducted a literature search using Google Scholar for each 

country with the following keywords: forest restoration AND country OR forest regeneration 

AND country OR reforestation AND country. When a relevant publication (scientific article, 

report, chapter…) was found, a first screening of the authors of the publication was conducted. 

If their previous/current work was related to forest restoration and potentially relevant for the 

narratives, they were identified as potential experts for that particular country. Following this 

approach, 62 candidates from 20 countries were identified. After harmonizing the information 

obtained from both approaches, we compiled a list of 120 potential experts from 20 countries 

(Table 1). 

Table 1. The number of candidates identified to write the narrative for each country (columns) 
following two approaches (rows). 
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2.1.2 Candidate assessment 

All the potential candidates identified during the previous step were assessed and assigned a 

score (0-5) based on how related their previous work was to the contents of the narrative. The 

contents of the narrative were defined in advance in the form of a list of indicators that the 

experts would have to expand upon (see Section 2.2). Their suitability was quantified based 

on five criteria that defined the profile we were looking for:  

i. Forest restoration related work (2 p): This criterion had the most weight when 

assigning a score and measured how much of the expert’s past/present work is related 

to forest restoration. The more publications and the more direct relationship to forest 

restoration, the higher the score. 

ii. Historical perspective (1 p): Because the narrative aimed for a historical overview of 

the development of forest restoration, this criterion evaluated whether the expert had 

a historical overview of forest restoration or related aspects of forest management. 

iii. National scope (1 p): This criterion measured whether the expert had a national 

overview on forest restoration or forest management, rather than a local, regional or 

international focus.  

iv. Other aspects indirectly related to forest restoration (0.5 p): This criterion 

measured the work of the experts on aspects that are not directly related to forest 

restoration but that are relevant to understand forest restoration and to develop the 

narratives (e.g., techniques, stakeholders, policy).  

v. Others (e.g., productivity, seniority, network) (0.5 p): Seniority was positively 

evaluated with this criterion because it could give the expert a broader historic overview 

and he/she could have more freedom/availability to take on this type of commitments. 

Seniority may also translate into a broad network of subject-matter experts, which 

would help to cover the very broad set of indicators in the narrative.  
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After assigning a score, the potential experts were ranked and the two with the highest score 

were identified as the two most suitable experts to write the narrative for that country.   

2.1.3 Expert invitation 

In November 2022, the selected experts were contacted via email and invited to collaborate 

and write the national narrative for their country. This process was done in two different ways 

depending on whether the expert was a SUPERB partner or not.  

i. SUPERB partners: Because SUPERB partners cannot be subcontracted, the invitation 

to write the narrative was sent to only one person per country. The identified and 

selected candidates represented SUPERB partners in 6 countries (Italy, Austria, 

Sweden, Serbia, Germany and Croatia).  

ii. External experts: For subcontracting external experts, two invitations per country were 

sent by the SUPERB coordinator Elisabeth Pötzelsberger in the form of emails. This 

was done following H2020 Projects subcontracting rules, based on which at least two 

experts per country needed to be invited to pose a bid. The selection of experts was 

done following these criteria: 

(1) When two experts responded positively within the deadline, and the bid amount 

was the same, the expert with the highest score was selected (see section 2.1.2 

above). 

(2) When two experts responded positively within the deadline, but the bid amount 

was not the same, the expert with the lowest bid was selected. 

(3) When only one expert responded positively, that expert was selected. 

(4) Failing to respond within the deadline was interpreted as a negative response.  

(5) When there was no positive response for a given country, the next two experts 

in the list were invited until a positive response was received. 

(6) Experts were given the option to invite a co-author and a maximum bid amount 

of 3,000 euros per country was set.  

From all the invitations (n = 47) that were sent, both inside and outside SUPERB, 24 accepted 

the invitation to collaborate, 13 turned it down and 10 did not respond (Figure 1). With an 

acceptance rate of 50%, we managed to ensure the participation of experts from 20 European 

countries (Austria, Belgium, Croatia, Czechia, Denmark, Finland, France, Germany, Greece, 

Hungary, Italy, Netherlands, Poland, Romania, Serbia, Slovenia, Spain, Sweden, Switzerland, 

UK; Figure 2), thus exceeding the minimum set during the proposal phase (15 countries). 

Experts from two countries (Czechia and Serbia) did not manage to deliver the narrative. 

Therefore, this report has been written based on the input of 33 experts from 18 European 

countries (see Annex I). 
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Figure 1. The type of response received from the 47 candidates that were invited to collaborate in the 
narratives as national experts.   

 

Figure 2. The 20 European countries for which national experts were invited to write a narrative on 
forest restoration are shown in yellow (light – the experts are SUPERB partners; dark – the experts 

are external; stripped pattern – experts that did not deliver the narrative). 

2.2 The template for the narratives 

The template defined the structure and the indicators to be developed to ensure that all experts 

followed a similar flow and to facilitate the integration and synthesis of the information. The 
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final version of the template for the narratives was completed after two rounds of revisions 

within WP3 and one round of revisions among all WP leaders. This final version of the template 

(51 pages) consisted of three main parts: 1) Introduction, 2) Narrative, and 3) Summary table 

(Figure 3). 

 

Figure 3. Outline of the template for the narratives. 

In the introduction section, the experts were provided with the information needed to develop 

the narratives. Specifically, we started by contextualizing the survey and describing the 

objectives of SUPERB, WP3 and Task 3.2 followed by a short description of the narratives as 

a methodological approach. We also explained the structure of the survey and shared some 
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instructions on how to fill it in. Finally, we briefly described what is meant by forest restoration 

in the context of SUPERB to ensure that experts shared a common interpretation of this term. 

In the main body of the template, the structure and indicators to be developed in the narrative 

were specified. The main characteristics of this section were as follows: 

i) To capture the historical evolution of forest restoration in Europe, the survey was divided 

into two time periods (before (<1990) and after (>1990) European environmental policies), 

but experts were encouraged to go beyond this subdivision and to identify the most 

representative periods in the evolution of forest restoration in their country.  

ii) The narrative was guided by 38 indicators distributed into 6 sections:  

• Introduction: Historical evolution of forest restoration in your country. 

• Section 1: General overview – how much, when and where. 

• Section 2: Conditions prior to the interventions. 

• Section 3: Technical aspects of the interventions. 

• Section 4: Socioeconomic and political aspects of the interventions. 

• Section 5: Results, successes and challenges. 

iii) Experts were given the option to click on each of the 38 indicators (Table 2) and get an 

explanation as well as an example of what each represents.  

Table 2. The 6 sections or chapters (first row, blue) and the indicators within each section included in 
the template for the narratives. 
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iv. An imaginary narrative for an imaginary country (Restorland) was presented in grey as an 

example to give a sense of what we were looking for and to ensure that the end product 

was as comparable as possible among countries (Figure 4).  

v. A minimum length of 200 words per section and period was set to ensure that we had 

enough material for subsequent analyses. 

 

Figure 4. An example of the structure of each section within the template for the narratives. 

To complement the qualitative and descriptive nature of the narratives and facilitate 

quantitative analyses, some of the indicators were included in a table format to encourage the 

sharing of concise and quantitative information on the indicators for the different time periods.  

2.3 Data analysis and synthesis 

Experts were given 9 months to write the first draft of the narrative, and several extensions 

(up to 3 months) of the deadline were granted upon request. The quality of each received 

national narrative was assessed by checking whether the template had been followed, all 

sections had been completed and every indicator had been addressed. Additionally, once all 

the narratives had been received, a harmonization exercise was done to ensure that all the 
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narratives were as consistent as possible in terms of definitions (e.g., interpretation of the term 

restoration) and content (e.g., level of detail provided). Based on this, experts from each 

country were provided with specific feedback that included major and/or minor revisions and 

were asked to address them within one month and a half. This revision process was repeated 

until the quality of the narrative was deemed sufficient (or, in some cases, until the experts 

said that they were not able to further address the comments due to lack of time or lack of 

available information).  

We systematically analyzed and categorized the final versions of the 18 national narratives 

following text mining techniques in Excel. Each sentence or group of sentences was tagged 

with a country, period, type of initiative, section, indicator and keyword(s) to facilitate the 

thematic analysis of the narratives. Then, by using the filtering function according to the theme 

of interest, the results of the different countries on a specific topic (e.g., main drivers of 

degradation in the second period, funding mechanisms in the first period) were compared and 

synthesized to extract the main patterns. Because of the wealth of information provided by the 

narratives, a synthesis of the results was necessary when writing this report. Where 

necessary, the information provided by the narratives was complemented with the information 

available in the literature.  

3. Forest restoration definition – Solving discrepancies 

What is forest restoration? Responding to this question has been one of the main challenges 

when harmonizing the narratives as different experts had slightly different perspectives 

despite receiving a single definition with the instructions: “any activity within the restorative 

continuum that aims to improve the biodiversity, ecological integrity and provision of services 

in forest ecosystems” (Gann et al., 2019). In particular, Sweden and Finland differed from 

others as they only considered purely ecological restoration in their narratives. This is 

understandable considering that, unlike in other countries, the trigger for restoration in these 

two countries has not been a dangerously low forest cover, but a dangerously high share of 

homogenous clearcut rotation forestry with single species plantations. Therefore, most 

countries started their narratives by describing the afforestation (i.e., establishment of forest 

through planting or deliberate seeding on land that was under a different land use; FAO, 2020) 

or reforestation (i.e., re-establishment of forest on land classified as forest; FAO, 2020) that 

started a couple of centuries ago, while these two northern countries mostly focused on the 

biodiversity-oriented ecological restoration of the last few decades.  

This question was also key when deciding how to interpret the 1940-1990 period. This period 

is characterized by the overwhelming focus on increasing wood yield and provision at the 

expense of other forest ecosystem services. This slightly deviates from the chosen definition 

of forest restoration, and although most did, some experts did not feel comfortable with 

including these initiatives in the narratives. This is understandable considering that some of 

these purely productive initiatives resulted in ecological degradation or a decrease in 

biodiversity. But, according to the Gann et al. (2019) definition of the restoration continuum, 

rehabilitation is part of it (Figure 5) and refers to a management activity conducted to 

reinstate a level of ecosystem functioning to ensure the provision of ecosystem services. This 

also aligns with the importance that the United Nations declaration places on the 

socioeconomic aspect of sustainable development. Additionally, understanding this period is 

crucial to comprehend the problems that European forests face these days as well as to learn 

from past decisions and outcomes. Therefore, although the provision of a single ecosystem 
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service was targeted and this often caused forest ecosystem degradation, we have decided 

to discuss these initiatives in this report. The collected information, thus, better reflected the 

following definition: any activity within the restorative continuum that aims to improve the 

biodiversity, ecological integrity and/or provision of services in forest ecosystems. To work 

with this definition, a clear distinction was made between restoration success understood as 

the achievement of the restoration goals (e.g., timber production, erosion control, job creation, 

biodiversity conservation) and ecological recovery understood as the improvement in 

biodiversity, ecological integrity (composition, structure and function) and the provision of 

multiple ecosystem services. 

 

Figure 5. The Restorative Continuum, as defined by the Society for Ecological Restoration, 
showcases the different phases of restoration. As one moves from left to right, ecological integrity, 
biodiversity and the delivery of ecosystem services improve (Source: Gann et al., 2019; CC BY-NC 

4.0 DEED license). 
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4. Development of forest restoration in Europe 

Despite the sociopolitical, ecological and economic differences of the countries studied in the 

narratives, most of them have depicted a similar story regarding the development of forest 

restoration and have identified three main restoration periods (Figure 6): 1) protection-

focused period (<1940), 2) production-focused period (1940-1989), and 3) multifunctionality-

focused period (>1990). Below, we describe the main environmental, technical, social, political 

and economic characteristics of each of the three periods based on the response to the 

indicators provided by the experts for each section of the narratives (see 2.2, Table 2). 
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Figure 6. The main forest restoration periods defined by each narrative. 

4.1 First period (<1940): Protection 

4.1.1 Main drivers of change 

European forests experienced centuries of overexploitation as the growing population 

increasingly used forests to extract a wide variety of subsistence products (acorns, litter, wood 

for cooking, heating, construction, shipbuilding, etc.) as well as cleared them for livestock 

grazing and agriculture. For example, forest cover in Romanian territories almost halved 

between the 17th and 19th centuries (Axenciuc, 1996), with the southern plain areas bearing 

the most intense reduction (75% reduction approximately – Delagorj, 1893). In Poland, the 

forest cover dropped from 43.2% in 1772 to 20.8% in 1945 (Puchniarski, 2000), and in Italy, 

the forested area dropped from 11 million hectares in 1800 to 5 million by 1870. Such sharp 

declines led to historical lows in forest cover (Figure 7) that manifested in the form of 

adversity for society. On the one hand, the low forest cover led to natural disasters such as 

floods (e.g., Spain, Croatia, France, Austria, Greece, Italy, Switzerland, Slovenia), avalanches 

(e.g., Austria, Switzerland) and shifting sands (e.g., Belgium, Denmark, Spain, France, 

Poland, Hungary, Netherlands) that had dramatic effects on the population. On the other hand, 
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this depletion of forests led to wood shortages for the expanding mining and iron industries, 

which incentivized some countries to re-stock degraded forests and deforested lands.  

 

Figure 7. Minimum forest cover (%) reported by countries between the 19th and 20th centuries (solid 
filling) and the current forest cover (striped filling). 

4.1.2 Types of initiatives 

As a result, afforestation represented the main forest restoration initiatives in the 19th 

century and first half of the 20th century (Table 3). This included mountain slope afforestation 

to halt the problems resulting from torrential rains on bare slopes (flooding, avalanches…) in 

countries such as Spain, Italy, Greece, France, Austria and Switzerland, heathland 

afforestation to boost productivity and/or to stop the disasters caused by drifting sands 

(Belgium, Denmark, Netherlands, UK, Germany) (Figure 8), Karst afforestation to protect from 

the harsh conditions (e.g., strong winds, floods) and erosion that resulted from deforestation 

(Slovenia, Croatia, Austria), and afforestation of plains on sandy soils to reduce erosion 

(Hungary, Romania, Austria).  
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Table 3. The main types of forest restoration initiatives (columns) described in each of the 18 national narratives (rows) for each time period (1: <1940, 2: 
1940-1989, 3: >1990). The last three rows show the total number of countries that report a given initiative in a given time period.   

 

A
ff
o
re

s
ta

ti
o
n
 f

o
r 

 

e
ro

s
io

n
 c

o
n
tr

o
l 

A
ff
o
re

s
ta

ti
o
n
 f

o
r 

p
ro

d
u
c
ti
o
n

 

A
g
ri
c
u

lt
u
ra

l 

a
ff
o
re

s
ta

ti
o

n
 

A
ff
o
re

s
ta

ti
o
n
 f

o
r 

c
a
rb

o
n
 s

e
q

u
e
s
tr

a
ti
o
n

 

U
rb

a
n
/p

e
ri
u
rb

a
n
 

a
ff
o
re

s
ta

ti
o

n
 

C
o
n
v
e
rs

io
n
 t
o
 

p
la

n
ta

ti
o
n

 

R
e
fo

re
s
ta

ti
o

n
 f
o
r 

p
ro

d
u
c
ti
v
it
y
 

M
in

in
g
 r

e
h
a

b
ili

ta
ti
o
n

 

P
o
s
t 
n

a
t.

 d
is

tu
rb

a
n
c
e
 

re
s
to

ra
ti
o

n
 

D
e
s
ig

n
a
ti
o
n
 o

f 

p
ro

te
c
te

d
 a

re
a
s
 

S
u
s
ta

in
a

b
le

 f
o
re

s
t 

m
a
n
a

g
e

m
e
n
t 

E
c
o
lo

g
ic

a
l 
re

s
to

ra
ti
o

n
 

fo
r 

b
io

d
iv

e
rs

it
y
 

R
e
w

ild
in

g
, 

re
in

tr
o

d
u
c
ti
o
n
s
 

R
ip

a
ri

a
n

 r
e
s
to

ra
ti
o
n

 

D
iv

e
rs

if
ic

a
ti
o

n
 o

f 

p
la

n
ta

ti
o
n
s
 

P
re

s
to

ra
ti
o
n

 

D
e
m

in
in

g
 

In
v
a
s
iv

e
 c

o
n
tr

o
l 

F
o
re

s
t 
h
y
d
ro

lo
g
y
 

re
s
to

ra
ti
o

n
 

Austria 1, 2 
     

2 
 

3 3 3 
 

3 
 

3 
  

3 
 

Belgium 
 

1 3 
  

2 1, 2 
  

3 3 
      

3 
 

Croatia 1, 2 
     

2 
 

3 
 

2, 3 
   

3 3 3 3 
 

Denmark 1, 2 1, 2 3 
     

3 2, 3 3 3 
      

3 

Finland 
      

1, 2, 3 
  

2,3 3 3 
       

France 1 2 
    

2 
 

2, 3 3 3 
  

2, 3 
     

Germany 
 

1, 2 
   

1, 2 
  

3 2, 3 3 
   

3 
    

Greece 1, 2, 3 2, 3 3 
 

1, 2 
  

2, 3 1, 2, 3 3 
   

3 
    

3 

Hungary 1, 2, 3 2 3 
 

2 
    

2, 3 3 3 
  

3 
    

Italy 1 2 
  

3 
    

3 3 
    

3 
   

Netherlands 1 1, 2 
       

2, 3 
 

3 
  

3 
    

Poland 
  

1, 2, 3 
    

2, 3 3 2, 3 
    

3 
   

3 

Romania 1 
 

2, 3 
   

2, 3 
  

3 3 
        

Slovenia 1, 2, 3 
 

1 
   

2 
 

3 
  

3 
  

1, 2, 3 
    

Spain 1, 2, 3 
  

3 
 

2 1, 2 3 
   

3 3 3 
     

Sweden 
 

1, 2 
    

1, 2 
  

2, 3 3 3 2 
      

Switzerland 1, 2 2 
   

2 
  

3 2, 3 2, 3 3 2 2, 3 
 

3 
 

3 3 

UK 
 

1, 2, 3 
 

3 3 
 

2 
  

2, 3 3 3 3 
      

Total Period 1 12 6 2 0 1 1 4 0 1 0 0 0 0 0 1 0 0 0 0 

Total Period 2 8 10 2 0 2 4 10 2 2 9 2 0 2 2 1 0 0 0 0 

Total Period 3 4 2 6 2 2 0 2 3 9 15 13 9 3 4 7 3 1 4 4 



18 
 

4.1.3 Drivers of degradation 

The main drivers of degradation were overgrazing, overharvesting and erosion in most 

cases, but litter raking, fire, agriculture and browsing were also mentioned by some countries. 

These led to a bad ecological condition, with very poor soil conditions, low productivity and no 

trees even though the potential vegetation in most cases was mixed or deciduous (namely 

oak) forests or coniferous forests in the case of subalpine afforestation. Therefore, the land 

cover had been converted from forestland to pastureland, bare areas or low productivity 

farmlands.  

 

Figure 8. The historical and degraded heathlands of western Denmark illustrated by the painting 
“Shepherd on the heathland of Jutland” by Frederik Vermehren (1855), National Gallery of Denmark. 

Source: https://open.smk.dk/artwork/image/KMS1496. 

4.1.4 Restoration goals and activities 

The main restoration goals in this first period were the reduction of disaster risk, protection 

against erosion and production of timber, but improving water quality and creating jobs was 

also mentioned by several countries. To achieve these goals, countries reported a 

combination of passive and active approaches. The main passive activity was the cessation 

or attenuation of the degrading factor in the form of regulations that prohibited or limited forest 

grazing, litter raking or overharvesting such as the Croatian Forestry Ordinance from 1775, 

the Danish Forest Act from 1805 or the Belgian Forest Code from 1854. Because of the high 

degree of degradation, natural regeneration was failing in most cases and, thus, active 

approaches that involved planting or sowing were common during the first period. Soil 

preparation was very labor-intensive. For example, in the heathlands in Belgium and 

Netherlands, the vegetation was mowed, burned and manually spaded and the soil was 

labored up to 60 cm deep, and often a metal-slag fertilizer was added (Figure 9). In the case 

of mountain afforestation, such as in France, steep slopes had to be stabilized prior to planting 
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by reshaping slopes, using fascines, sowing herbs, etc. In the case of wet forests, draining 

was a common technique used before planting. For example, in one of the largest old forests 

in Denmark (5626 ha), the wetlands were reduced from 23.7% to 3.1% of the forest area after 

the construction of 564 km of open ditches (Rune, 1997). 

 

Figure 9. Afforestation with deep shovelling in the Netherlands (ImageBank Drents Landschap). 

Planting and sowing were usually done in high densities. For example, in the Slovenian Karst 

afforestation, seedlings were planted with a spacing of 0.3 m along trenches 0.5 m wide, 0.3 

m deep and 2 m apart, reaching densities of 6,000-10,000 seedlings per hectare (Massiello, 

1996; Perko, 2016). In France, densities also varied between 1,666 and 10,000 seedlings/ha 

(Vallauri, 1998), whereas in Belgium they were higher with a spacing of 0.5 x 0.5 m (40,000 

seedlings/ha). In Spain, afforestation began with sowing, but it was gradually replaced by 

planting, especially in poorer quality areas (44% of the area was sown and 56% was planted 

in this period). Sowing densities also varied across species and countries; for example, 5-10 

kg/ha of Pinus pinaster and 50 kg/ha of Pinus pinea were sown in Spain and 5-7 kg/ha of 

Pinus sylvestris in the Netherlands (Boosten, 2016). A common follow-up activity was the 

building of fences to protect the young trees from livestock grazing. For example, in Croatia, 

a total of 200 km of dry stone were built by the inspectorate for the afforestation of Karst 

between 1878 and 1942.  

4.1.5 Species used 

The species used in afforestation varied across countries, but mostly fast-growing pioneer 

species were chosen, with pines being the preferred trees in many initiatives. Pinus nigra was 

the main species used in Karst afforestation in Croatia (81%) and Slovenia (90%), as well as 

in France and in the Italian Apennines, and to a lesser extent but also considerably in Spain 

and the UK. Pinus sylvestris was the species of choice in heathland afforestation in the 

Netherlands, Belgium (P. pinaster was tried first but failed), UK and Germany. Interestingly, 

the first experiences with P. sylvestris in Denmark failed, so it was replaced by Pinus mugo. 



SUPERB – Deliverable 3.2 
 

20 
 

Other pine species include P. halepensis (Spain, Greece), P. pinaster (Spain, Italy), P. 

uncinata (Spain, Switzerland) and P. brutia (Greece). Picea abies was mostly used in the 

subalpine areas of Switzerland and Austria where it is native, but also in out-of-range areas in 

countries where it is native (e.g., in Germany, Denmark, Slovenia, Italy, UK) due to its 

economic value, wood quality and high growth rate (Figure 10). Larix decidua was marginally 

used in countries such as Austria, Switzerland, UK and France. Broadleaved trees (oaks, 

poplar and ash) were used to a lesser extent in countries such as Croatia, Spain, Switzerland 

and the UK, and private initiatives with the exotic Eucalyptus sp. are reported during this first 

period in Spain, Italy and Greece. The exception to this dominance of conifer species was 

found in the afforestation of sandy soils in Hungary and Romania, where the non-native and 

invasive Robinia pseudoacacia was widely used (>80% in Romania) (Boiarolu, 1890). In 

Hungary, besides black locust, other invasive exotic species such as Acer negundo, Ailanthus 

altissima, Celtis occidentalis, Fraxinus pennsylvanica and Prunus serotina were used in the 

afforestation of the Great Hungarian Plain, with thousands of hectares of non-native invasive 

species remaining in forests to this day (Korda, 2019).  

 

Figure 10. Norway spruce plantation on Pohorje (Slovenia) at the beginning of the 20th century 
(source: Slovenia Forest Service). 

4.1.6 Governance and funding 

Most of the afforestation was promoted and funded by the State and regional administrations 

during the first period. However, the land to be afforested was not only state-owned but also 

community-owned or private, especially in countries and regions with a high share of privately 

owned land. For example, back then, 97% of the forested land in the UK was in private hands 

(Forbes, 1904; Holmes, 1975). In France, more than half of the mountain area that was 
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earmarked for afforestation by the 1860 law was in private hands and the remaining was 

owned by municipalities. In Hungary, over three quarters of the land were owned by the church 

or by private owners in 1928 (Kollega Tarsoly, 1996). Therefore, the public administration in 

several countries had to either encourage private owners and communities to afforest their 

lands (e.g., by offering tax exemptions, technical support or forest reproductive material) or 

acquire their land by buying, expropriating or establishing agreements. Acquiring land 

represented a considerable expenditure of the total budget (e.g., 23.8% of the expenditure of 

the UK Forestry Commission 1920-1933). In Spain, the afforestation cost ranged between 120 

and 1445 constant euros2022 per hectare (1879-1940), to which the land acquisition cost of 

903 constant euros2022 per hectare had to be added. The governments spent considerable 

funds in these initial afforestation initiatives (Figure 11). For example, the French government 

allocated 10 million francs (44 million constant euros2023) for afforestation during the 10 years 

following the promulgation of the 1860 law on mountain afforestation, and in Romania, 150 

million lei (30 million euros, without considering inflation) from the state budget were spent 

between 1882 and 1887 for the afforestation of the southern degraded lands. However, lack 

of funding was one of the main constraints for restoration during this period. Note that there 

are exceptions to the state funding; for example, in the Netherlands, the afforestation initiatives 

initially took place on lands which were sold by the government and the commons to alleviate 

debts and bought by the wealthy nobility and industrialists who sought profits in these 

plantations (Boosten, 2016). From 1897 onwards, the afforestation initiatives became 

government-funded instead as these private investors were not addressing the growing issue 

of shifting sands (Thissen, 1991). 
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Figure 11. The money spent in afforestation by four countries (UK, Croatia, Switzerland, Slovenia) 
during the first period and the breakdown of the costs. 

In this period, the states established administrative units specialized in restoration to conduct 

the work and provide technical assistance. Examples include: 

i. Spain: The Reforestation Commissions (1888) were created to design and conduct 

the afforestation following the legislation on the restoration of hydrological basins. 

ii. Slovenia: The Karst Afforestation Commissions (1881) were established to identify 

areas for afforestation and prepare an afforestation cadastre. 

iii. Croatia: The "Royal Inspection for the Afforestation of Karst in the Croatian Military 

Border - inspectorate for the afforestation of Karst, bare rocky grounds and flood 

control" (1878) played a crucial role in afforestation efforts in the Mediterranean 

region and served as an excellent example of successful afforestation on 

previously degraded Karst areas.  

iv. France: A dedicated service for mountain reforestation (RTM) that gathered 32 

forest engineers was created following the 1860 law.  

v. UK: Forestry Commissions were established following the 1919 Forestry Act and 

were given wide powers to promote afforestation, the production and supply of 

timber, to establish timber industries, to acquire and plant land, to provide grants 

and to undertake research and education.  

4.1.7 Restoration success and ecological recovery 

Most of these initiatives were classified as having a moderate or good level of success in the 

achievement of the objectives, especially considering the degree of land degradation. Tree 
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plantations were successful in halting or reducing erosion and related problems in most 

countries. For example, in Hungary, fixing the shifting sands after afforesting 65,000 ha was 

an important achievement, in France and Spain the erosion problem was mostly halted, and 

in Croatia the last devastating flood hit the country in 1856 (i.e., no more floods after 19,000 

ha of Karst were afforested). The economic objective of increasing timber production was 

also achieved in countries such as Germany, Denmark and Belgium, as degraded former 

farmlands were turned into productive plantations. Job creation was also successful (Figure 

12) in countries such as Spain, where it is estimated that one million working days were 

created in relation to restoration during this period (Elorrieta, 1934). However, in several cases 

the success was poor or moderate as the defined targets were not met. For example, in 

Romania, most restoration objectives were not met due to the fragile mechanisms of control 

exercised by the state, insufficient involvement of stakeholders and conflicting goals with 

agriculture. Although 500,000 ha were afforested, most were destroyed by fire or grazing 

within a decade (Giurescu, 1975). In Hungary, more than 100,000 hectares were designated 

for afforestation in the GHP Afforestation Programme I, but only 65,000 ha were afforested 

(Halász, 1994; Kollega Tarsoly, 1996). Similarly, 250,000 ha were afforested in France, falling 

short from meeting the objectives initially set in the 1860 law (1.1 million ha). Nevertheless, 

most countries experienced an increase in forest cover during this period (Figure 13). The 

share of forests increased more than 10% in the Slovenian Karst region (Gams in Gabrovec, 

1999) and 35% in the Austrian Karst regions of the southern peripheral Alps. In Switzerland, 

the forested area increased from about 680.000 hectares around 1876 to about 1 million ha 

in 1939, with this success being mostly attributed to the strict Swiss Forest Act from 1876 and 

the decision to establish close-to-nature forest management as the basic principle. However, 

in regions such as the northern part of Belgium and the UK, afforestation efforts did not result 

in increased forest cover as they were ‘counterbalanced’ by further deforestation mainly on 

fertile soils for agriculture and infrastructure. 

 

Figure 12. Planting of barren lands in Slovenian Karst with black pine in 1895 showing a large number 
of workers bringing seedlings and soil (source: Slovenia Forest Service). 

Although the success in meeting restoration goals was classified as moderate/good, the 

ecological recovery was mostly marginal or moderate in most countries. The established 

forests were mostly even-aged plantations managed with short-rotation clearcut systems, and 

thus, poorer in biodiversity compared to reference ecosystems. For example, the black pine 
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plantations established in the Slovenian Karst and in France should be considered as an 

intermediate stage in the successional development of the forest towards late-climax oak 

woodlands, but most of the stands were poorly managed/thinned, so the return of native 

vegetation has been rather slow. In Hungary, black locust plantations were often created on 

former grasslands, which could mean a significant deterioration in ecological terms. Similarly, 

in Belgium, Netherlands and Denmark, the afforestation of transformed (i.e., resulting from 

previous deforestation) yet valuable open habitats such as heathlands and grasslands with 

conifer monocultures is considered to have resulted in a decline in biodiversity, and in 

Switzerland, clearcut prohibitions and continuous cover forest management put pressure on 

light-demanding species for decades. In several countries, species that were introduced as 

nurse species or productive species in forest restoration (e.g., black cherry) also became 

challenging invasive species at several site types, particularly in the open habitats protected 

and managed for their habitat quality.   

 

Figure 13. Development of percent forest cover (y axis) in Denmark since around 1770. Forest 
definition and inventory methods were changed both in 1881 and in 2006, shown in different colors 

(data source: Fritzbøger, 2023). 

4.1.8 Main obstacles 

One of the main obstacles for successful restoration reported by several countries for this first 

period was conflicting goals and local opposition. The subsistence nature of the economy 

in rural areas made forest restoration work difficult as neighbors lost their rights to the 

communal use of forest resources (generally grazing, crops and firewood) and hence showed 

resistance to the land use change (Figure 14). This opposition made forest restoration work 

difficult and sometimes impossible in countries such as Spain, Austria, Switzerland, Belgium, 

France, Hungary, Croatia and Slovenia. This was aggravated by related factors such as 

poverty, lack of enforcement and lack of stakeholder involvement. For example, in Croatia, 

many seedlings were plucked out by local population to ensure additional work and money in 

financially difficult times (Piškorić and Vukelić, 1992). In Spain and France, when private 

owners did not accept the voluntary sale of their lands for afforestation, forced expropriation 

was applied, which entailed a very slow administrative process and many conflicts. In Austria, 

lack of stakeholder involvement meant that the local population reverted to traditional 

management practices (e.g., cattle grazing in forests) that were prevalent before the 
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afforestation. In Romania, poverty, weak enforcement and incoherent policies across sectors 

(forest vs. agricultural policies) meant that many of the afforested lands were harvested, 

grazed or burned within a decade. For example, although the Romanian forest codes of 1881 

and 1910 stated that reforestation after harvesting was mandatory, the fines for not complying 

were lower than the cost of afforestation (Giurescu, 1975). 

 

Figure 14. Goat forest grazing was one of the drivers of degradation in the first period; thus, many 
restoration initiatives banned it (photo credit: Maitane Erdozain; taken in: Cazorla, Spain). 

Another common obstacle during this period was limited knowledge or lack of trained staff, 

which led to problems such as poor planting techniques or poor choice of species or 

provenances. For example, in Romania and Hungary the non-native species (e.g., black 

locust) that previously seemed to be the perfect solution on floodplains and sandy areas, 

showed several issues such as low timber quality and invasiveness. In Germany, the 

established conifer monocultures showed low resilience towards both biotic and abiotic 

disturbances such as wind, snow, diseases and pests, especially in areas with lower altitudes, 

as early as in the middle of the 19th century (Mantel, 1990). Despite this awareness at the 

beginning of the 20th century, large-scale alterations of the contemporary forest management 

practices did not ensue (Johann, 2006). In Croatia, additional planting in Karst afforestation 

was often needed on up to 80% of the restored area due to the poor technique and 

reproductive material that was used (Ivančević and Piškorić, 1986). Also in Austria, the primary 

obstacle of the period has been the provision of forest reproductive material (Johann, 1985). 

Finally, other obstacles include lack of funding, political instability, grazing/browsing and 

lack of post-restoration management. In Spain, for example, the low budget from the public 

sector was the major constraint limiting the ambitious afforestation plans. In Switzerland, the 

enforcement of the restrictions in the field by foresters was hampered by insufficient funding. 

In Slovenia and Croatia, the unstable political environment (e.g., wars, border changes) 

slowed down progress. In the Netherlands, ideas about employing forest management 

modeled after natural processes (close-to-nature management) did emerge during the first 
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half of the 20th century, but their incorporation was prevented by the geopolitical turmoil of the 

same period (Oosthoek and Hölzl, 2018). In Poland, the idea to introduce admixtures in spruce 

plantations appeared in the 1920s, but these were massively eliminated by wildlife. In France, 

recommendations to manage plantations were emitted, but first thinning operations were too 

costly and ignored until the 1980s, when an undesirable forest structure and composition was 

already established.  

4.2 Second period (1940-1989): Production 

4.2.1 Main drivers of change 

The beginning of the second period is marked by a geopolitical crisis accompanied by 

changes in the wood market that strongly influenced the type and amount of forest 

restoration. The two World Wars (WWs) greatly impacted forests in multiple ways: 1) 

thousands of hectares were degraded due to direct destruction (e.g., shelling) or indirect 

overexploitation (e.g., energy and material needed to support military action) during war, 2) 

timber demand skyrocketed due to the need to reconstruct the countries post-war, leading to 

further degradation and deforestation, 3) several restoration initiatives that had started at the 

beginning of the 20th century were temporality or permanently halted due to lack of funding or 

shifting priorities, and 4) deforestation for agricultural production became justified and easier 

to conduct due to the dim socioeconomic situation. The combination of these resulted in a 

marked decline in forest cover in the countries that were more actively involved in war 

(Figure 15), but also in a renewed interest in the restoration of forests for timber production. 

Additionally, timber production became integral for the economic growth and flourishing 

industry between the 50s and 70s, which further switched the focus to a single forest 

ecosystem service: timber. Finally, the new wave of rural abandonment following the 

socioeconomic crisis post-WW II further facilitated many of the large-scale 

afforestation/reforestation initiatives during this period. 
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Figure 15. Changes in forest area (in thousand km2) between 1900 and 2020 in 17 European 
countries. In blue are the countries showing a distinct decline in forested area during or post-WW I 

and/or -WW II (Data source: HILDA+ dataset, Winkler et al., 2020). 

4.2.2 Types of initiatives 

Although afforestation for protective purposes continued to be important in many countries, 

afforestation and reforestation for productive purposes became the most common initiative 

reported by most countries during this second period, including the conversion of low 

productivity coppice forests to productive monoculture plantations (Table 3). However, this 

period was not only about protection and production, but other ecosystem services such as 

aesthetic beauty, recreation, hunting or the provision of drinking water were also increasingly 



SUPERB – Deliverable 3.2 
 

28 
 

valued and protected by taking some forests out of management and designating protected 

areas (e.g., forest reserves, national parks). Other initiatives that were not discussed in the 

previous period but that a few countries include in this second period were the restoration post 

natural disturbances (e.g., fire, windthrow), post mining or rewilding by reintroducing extinct 

animal species. 

4.2.3 Drivers of degradation 

In the case of afforestation initiatives, they were mostly conducted on abandoned farmland 

that was usually located on marginal sites for agriculture, on grassland/heathland used for 

grazing, on peat bogs or on “wasteland” such as dunes. Regarding reforestation, low 

productivity forests such as beech or oak coppice forests were converted into productive 

plantations. Therefore, all these often ecologically very valuable but no longer profitable 

ecosystems were abandoned and transformed to meet the economic demands of the post-

war society. Additionally, forests that had been degraded by wartime activities (e.g., timber 

extraction, military operations, reparation fellings) were also targeted by reforestation 

initiatives at the beginning of this period. Finally, forests that had been hit by natural 

disturbances such as fire, drought, windthrow or pests were also restored. Hence, the main 

drivers of degradation during this period include but are not limited to agriculture, grazing, 

overharvest and natural disturbances. However, note that forests without earlier severe 

degradation were also targeted in the case of protected area designation, but also in the case 

of conversions to productive plantations.  

4.2.4 Restoration goals and activities 

The main restoration goal shared by all countries during this second period was timber 

production (Figure 16), followed by the reduction of disaster risk and job creation as 

reported by half of the countries. Towards the end of the period, other goals such as 

biodiversity protection, aesthetics and social acceptance became increasingly important, 

especially in relation to protected area designation, but these will be further discussed during 

the third period. Although there are no specific statistics on the objectives of forest restoration, 

some estimates have been made in Spain according to the species used, showing that 45% 

of the reforested area would have had a clearly productive objective, 24% a clearly protective 

objective and 31% a mixed objective (Vadell et al., 2017). Most afforestation and reforestation 

initiatives followed an active approach, but passive approaches became increasingly 

common by the end of the period as natural regeneration was encouraged and facilitated by 

rural abandonment and the designation of protected areas gained momentum. In Romania, 

for example, 2/3 of the regeneration were artificial during the second period, but this proportion 

changed after the technical norms from 1986 promoted natural regeneration. Passive 

approaches were also favored post-fire in countries such as Spain, Greece and France due 

to the fire-tolerant nature of the Mediterranean vegetation.  
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Figure 16. Timber production was the main restoration goal between 1940 and 1990 (Photo credit: © 
Susanne Raum 2021). 

Restoration activities were similar to those employed in the previous period, including soil 

preparation (ploughing, draining…), planting and fencing. Soil preparation was increasingly 

mechanized throughout the period (Figure 17). Planting was still done in relatively high 

densities, although densities tended to decline over time. For example, in Romania, in the 

early decades of the period, 10,000 seedlings per hectare were planted, but this was reduced 

to <5,000 seedlings in the later decades. In the UK, newly planted land often required initial 

fencing against deer and rabbits. There was, however, a burst of natural colonization by 

native trees and scrub on old grassland and heathland in the 1950s after the rabbits died off 

from myxomatosis (Thomas, 1960). Weeding, herbicide/pesticide application and thinning 

were also used in many countries during this period to boost tree growth. All these active 

approaches were accompanied by passive approaches such as the cessation/attenuation 

of the degrading factor by means of policy instruments. For example, in Greece, in case of 

a wildfire, the forest service issued a prohibition on grazing (5 years for sheep- and 10 for 

goat-grazing). While in many countries draining was a prerequisite for afforestation, in 

Mediterranean countries water retention was key for successful establishment. In this sense, 

the techniques implemented in the driest areas of Mediterranean Spain (Navarro-Garnica et 

al., 1977) attracted international attention due to their success and low cost (FAO Secretariat, 

1958). 
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Figure 17. Early plough and D2 Caterpillar Tractor used in afforestation in the UK, 1946 (source: © 
Crown Copyright Forestry Commission, Jim Christie and Forestry Memories). 

4.2.5 Species used 

Conifer tree species, namely spruce and pine, were widely planted in all countries. Norway 

spruce (Picea abies) became very popular due to its economic value and rapid growth: not 

only was the dominant species in countries within its natural range (e.g., Sweden, Austria and 

Switzerland), but it was also artificially expanded to sites outside its natural growth area in 

Switzerland (lowlands), Italy, Croatia, Denmark, France, Germany, Hungary, Slovenia, 

Romania, Netherlands and the UK. For example, in Romania, Norway spruce occupies more 

than 1.4 million ha, but it is estimated that in ~164,000 ha it was planted outside its natural 

range (Nicolescu et al., 2003). In Hungary, 15-20,000 hectares of Norway spruce were planted 

in the North Hungarian mountains and in the West Hungarian Borderland mostly far away from 

the optimum of the species. Spruce was usually planted in higher soil quality sites, whereas 

pines were used in poor quality sites. Among pines, Scots pine (Pinus sylvestris) was a 

popular choice in Germany, Hungary, Netherlands, Poland, UK and Sweden, and not that 

popular but also common in Hungary, Croatia, France and Spain. Pinus nigra was also widely 

planted in countries such as UK, Spain, France, Slovenia, Croatia, Austria, Hungary and Italy. 

Other pine species include P. halepensis (Spain, Greece), P. pinaster (Spain, Italy), P. 

uncinata (Spain, Switzerland), P. mugo (Denmark) and P. brutia (Greece). In Spain, the 7 

autochthonous pines were used to reforest 83% of the area, while allochthonous or exotic 

species (P. radiata, Populus sp. hybrids and Eucalyptus sp.) were used to reforest 15% 

(Figure 18). Other conifers that were used during this period include Silver fir, European larch, 

Sitka spruce, Douglas fir and Nordmann fir. 
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Figure 18. Species used in the afforestation/reforestation projects in Spain during the second period 
(source: Vadell et al., 2019, 2022). 

Among deciduous species, the fast-growing poplar hybrids became popular for the 

afforestation/reforestation of riparian areas due to its economic value in the expanding paper 

industry. In Hungary, 173,500 hectares of hybrid poplar plantations were created during 

floodplain afforestation (Figure 19), and in Flanders, 15,000 ha. The land close to the major 

rivers and lakes were also afforested using poplar plantations in Greece, France and Spain.  

In the Netherlands, when the province of Flevoland was created from the Zuiderzee sea, parts 

of it were afforested using willow and poplar hybrids. The invasive and fast-growing black 

locust (Robinia pseudoacacia) was still a popular species used in the afforestation of barrens 

and sandy areas in Hungary (Figure 19), Greece, Croatia or Romania. Despite conifer and 

non-native deciduous species dominated the choice of species in most countries, there were 

examples where native broadleaved species were planted. For example, in the afforestation 

efforts of Slovenian Karst, increasingly greater numbers of native broadleaves such as oaks, 

Acer pseudoplatanus, Celtis australis and Castanea sativa were used in enrichment planting. 

Between 1947 and 1953, about 12 million conifer seedlings, 9,000 kg of conifer seeds, just 

under 5 million of deciduous seedlings and 50,000 kg of deciduous seeds were used (Beltram, 

1954). By the end of the period, once the vulnerability of conifer monocultures became 

obvious, enrichment planting with beech (Fagus sylvatica) or black cherry (Prunus serotina) 

became more common in countries such as Germany and the Netherlands. The quality of the 

forest reproductive material used became increasingly important. For example, in Romania, 

the old standard on the quality of forest seeds was updated in 1957, with tests being carried 

out on 77 forest species used nationwide (Cristescu, 1957). Finally, in addition to tree species, 

extinct animal species with implications for forest restoration were also re-introduced during 

this period in countries such as Switzerland (lynx and beaver) and Sweden (beaver).  
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Figure 19. Tree species proportion of the afforestation in Hungary between 1945-90 (total 
afforestation: 615,000 ha) (Lett, 2021). 

4.2.6 Governance and funding 

Like in the previous period, forest restoration happened in public and private lands, and it was 

mostly promoted by the government that aimed for higher self-sufficiency and provision of raw 

materials after the war. However, unlike the previous period, the second period is 

characterized by a considerable nationalization of privately owned forests post-WW II in 

Romania, Croatia, Slovenia, Hungary and Poland as well as by a strong and centralized state 

control of forest management (in these and other countries such as Greece, Spain and Italy). 

These changes in ownership and governance facilitated the efficient implementation of the 

projects, and, thus, large-scale afforestation/reforestation goals were mostly achieved. In 

countries where the private ownership was still prevalent, the motivation to plant trees was 

often economically driven as timber demand and prices were high during this period. Similarly, 

state funding mechanisms were often derived from the sale of timber. For example, in 

France, the state created by law in 1945 the National Forestry Funds (Fonds Forestier National 

or NFF), which was mainly financed by a tax on timber sale and used to financially incentivize 

owners in the form of subsidies, allowances, low-interest cash loans or contracts. This fund 

collected 6.7 million of constant euros2022 between 1947 and 1999, which were spent to 

reforest an area of 2.2 million hectares with mostly (82%) conifers (Cottin, 1995). In Slovenia, 

a biological depreciation fund was set up from forestry income to cover the costs of the public 

forest service, covering most of the Slovenian initiatives during this period, including the Karst 

afforestation, the diversification of conifer monocultures and the reforestation of scrubland and 

low-yield forests (Winkler & Krajčič, 1998). 

The main restoration goal of this period was reflected in policies. For example, the German 

forest law from 1952 concerning the creation of the state forest enterprises stated the objective 

of "consolidation and development of the forestry sector as a supplier of wood as a raw 

material for the national economy" (Zundel and Schwartz, 1996) and the UK Forestry Act of 

1951 requested the Forestry Commission to “promote the establishment and maintenance of 

adequate reserves of growing trees” (HMSO, 1951). Such goals were vehiculated in the form 

of regulations (e.g., obligations) or financial incentives (e.g., tax benefits). For example, the 
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1962 Forest Act in Netherlands codified into law the obligation for forest managers to replant 

a forest within three years after felling (Van Laar & Van de Kamp, 2000). In Poland, no land 

tax was paid in the 50 years following the afforestation, and the cost of afforestation incurred 

by the owner was deductible from the taxpayer's income. In Spain, the state acquired 

2,945,369 ha of land in consortiums, i.e., contracts signed between the landowner and the 

State whereby the State reforested at no cost to the landowner and the landowner repaid the 

investment costs once the created stand generated a profit. Policies reflecting environmental 

conservation became increasingly common throughout the period as well, which were 

instrumental to promote the declaration of protected forest areas. Also, legal frameworks 

supporting multifunctional and close-to-nature forest management (e.g., the Slovenian 

Forest Act 1949, the Austrian Forest Act 1975, the Romanian Forest Law 1976) started to be 

published throughout this period. 

4.2.7 Restoration success and ecological recovery 

This tight and centralized state control and funding resulted in large areas being 

afforested/reforested in many countries during the second period (Figure 20). This contributed 

to forest cover increasing in most countries (e.g., by 7% in Switzerland, Poland and UK). 

From an economic perspective, these initiatives can be considered successful as the new 

plantations delivered profitable goods to the industrial market. In Spain, for example, wood 

production in 1984 was 10 times higher than in 1940, and nowadays, 81% of the wood volume 

harvested per year (20 million m3) is produced in the plantations of fast-growing species 

created at that time. The growing stock in the German forests also saw a sharp increase 

between 1949 and 1990: from 60 to 190 m3/ha in East Germany and from 95 to 300 m3/ha in 

West Germany (Reichenstein, 1950, as cited in Zundel and Schwartz, 1996; BMEL, 1994). In 

Switzerland, the standing stock also increased from 250 to 367 m3/ha between 1950 and 1990 

(Waldbericht, 2005). In the UK, the goal of planting five million acres (2.024 million ha) over a 

50-year period was achieved slightly ahead of schedule (Forest Research, 2022), resulting in 

forest cover more than doubling between 1919 and 1990. In Romania, the implementation of 

the 1 million ha afforestation/reforestation plan was accomplished by 1963. In Italy, around 

30,000 hectares were afforested annually for almost 20 years mainly using black pine (but 

these forests have proven economically unsatisfactory today due to low wood quality). 
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Figure 20. Afforested/reforested area (solid columns, secondary y axis) and percentage of the country 
(stripped columns, primary y axis) reported by different countries in the narratives for the second 

period (~1940-1990). The countries that report the area for the first and second periods combined 
(<1990) are shown with an asterisk. 

The afforestation for protective functions was also considered successful in countries such 

as Spain, the Netherlands, Italy, Slovenia and Hungary. In the Netherlands, for instance, 

afforestation was so successful that drifting sands and heather fields became threatened and 

consequently protected ecosystems since the 1960s (Thissen, 1991). In Hungary, the 

country's forest cover increased from 12.3 to 18.2%, leading to a reduction in erosion (Lett, 

2021). In the Slovenian Karst afforestation program, the success rate of the first post-war 

attempts was modest (30%) but gradually improved up to 70-80% by the end of the period 

(Perko, 2016), with approximately 10,000 ha being restored over the whole period. New 

nurseries were established in proximity to the reforestation facilities, while forest workers were 

increasingly educated and mass campaign planting by lay people and youth was discontinued. 

The restoration goal of job creation was also successful in Spain, as it is estimated that an 

average number of 3 million daily wages per year were generated in the 1940s reaching a 

value of 13 million in 1954 (Figure 21) (Vadell et al., 2017). In Romania, 100-120,000 workers 

were employed for planting in the largest afforestation campaigns. However, in the 

Netherlands, harsh working conditions and insufficient salaries led to strikes and consequent 

dismissals, so the goal of job creation was only moderately achieved (Stolk, 1988).  
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Figure 21. A group of forest workers during the 1960 reforestations in Aineto (Spain) (Source: Archivo 
Tradición Oral Pirenaica). 

However, much of this socioeconomic success came at a high ecological price. Many of the 

initiatives did not result in a clear ecological recovery, but to the contrary, were a driver of 

ecological degradation as structurally and compositionally poor plantations replaced 

habitats of high ecological value. Examples of such replacements include the plantation of 

Norway spruce in mixed beech-coniferous stands (e.g., Switzerland, Romania), the expansion 

of acacia in oak-favorable sites (e.g., Hungary, Romania), the substitution of native species-

rich meadows and riparian forests with hybrid poplar plantations (e.g., Belgium, Spain, 

Greece), the creation of conifer monocultures for cellulose production in biodiverse heathlands 

and grasslands (e.g., Netherlands, Denmark), and the drainage of functionally important 

wetland forests (e.g., Sweden, UK). For example, in Sweden, about 25% of the wetland area 

(1.25 million ha) was lost during the 20th century and about 80% was affected by draining. The 

use of invasive species oftentimes prevented the establishment of native species (e.g., Italy, 

Hungary), and the even-aged single species plantations showed low resilience to disturbances 

(e.g., Germany, France). Additionally, this period saw a marked shift in the European tree 

composition, with a considerable increase in the share of coniferous trees and associated 

consequences for the forest communities and their biodiversity. For example, in the UK, the 

share of conifers increased from 41% in 1947 to 67% in 1965 (Mason, 2007) (Figure 22). In 

Austria, the percentage of forest area covered by conifers increased from 65 to 85% between 

1600 and 1988 (Hafner, 1994; Hillgarter and Johann, 1994). In Switzerland, it is estimated that 

the lowlands, characterized by natural beech forests, were replaced with conifers in mixed 

(57,000 ha) and pure (98,000 ha) stands.  



SUPERB – Deliverable 3.2 
 

36 
 

 

Figure 22. Development of the forest area (in thousand hectares) of Britain by main forest type 
(principal y-axis, bars) and of the proportion of coniferous forest cover (secondary y-axis, line) over 

the period 1945-2000 (Data source: Mason, 2007 (Forest Research, Woodland Surveys)). 

However, there were also cases of good ecological recovery. For example, the degraded 

and deforested Karst area in Slovenia was replaced by mature black pine plantations with a 

broadleaved tree understorey by the end of the period, resulting in improved microclimatic and 

soil conditions as well as the colonization of native animals and plants (Figure 23). In parallel, 

with the decree of the Ministry of Agriculture and Forestry on the underplanting of deciduous 

trees in the early 1950s, an era of active conversion of spruce monocultures began in 

Slovenia, resulting in the successful diversification of many plantations during this period 

(Kecman, 2001) (Figure 24). Additionally, the increasing number of protected areas during 

this period meant that some forests (albeit limited in space) were being spared from 

degradation. In Sweden, for example, 350,000 ha of forest (1.5%) had been strictly protected 

by 1990, and in the UK, about 16% of the total area of ancient woodland in England and 10% 

in Wales had been designated as nature reserves or Sites of Special Scientific Interest by 

1990 (Spencer & Kirby, 1992). In Poland, 15 national parks covering 0.65% of the country 

were established between 1945 and 1990.  
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Figure 23. Black pine plantation on former bare Karst area in Slovenia sixty years after planting. 
Native vegetation of shrubs and deciduous trees has already developed on the forest floor. 

 

Figure 24. A timeline of the main restoration activities in Slovenia divided in three periods. Above the 
timelines are the personalities or events that had a significant impact on the beginning of the activity. 

The timelines in grey represent the core of the activity, while the dotted timelines represent the 
beginnings or fading out of the activity. 

4.2.8 Obstacles 

The main obstacles during this period were conflicting goals, browsing, severe degradation, 

lack of knowledge, issues with the forest reproductive material, lack of management and lack 

of stakeholder involvement. As it was the case in the previous period, conflicting goals 

between agriculture/farming and forest restoration led to limitations in the land available for 

1820 1850 1880
1900

1920 1940 1960 1980
2000

2010 2020

KollerRessel

Restoration of degraded Karst

Mlinšek

Period 3: >1990 Period 2: 1945 - 1990 Period 1: < 1945

Natural expansion of black pine

Pahernik

Hufnagel

Forest Fund

Sela Fire

Earth Summit

Knez Slovenia Forest Service

Reforestation of abandoned farmlands

Restor. of low yield forests

Conversion of conifer monocultures

Improving biodiver.

Restor. following disturbances



SUPERB – Deliverable 3.2 
 

38 
 

afforestation in countries such as Spain, Romania, Greece and the UK. Additionally, in this 

second period, conflicts between forestry and nature conservation stakeholders started to 

emerge as reported by Hungary, Sweden and Austria. For example, the majority of protected 

forests in Hungary still remain under the management of forestry companies, and the conflicts 

of interest with nature conservation have not been addressed on a policy level. Despite a 

reduction in livestock grazing, the density of wild ungulates surged during this period, posing 

a challenge to the natural regeneration of deciduous and fir tree species due to intensive 

browsing in countries like Austria, Germany, Hungary and Slovenia. Also, in these and other 

countries, the lack of initial knowledge and adequate forest reproductive material for 

restoration with deciduous tree species contributed to their failure (Miklavžič, 1958; Mlinšek, 

1990; Zundel & Schwartz, 1996; Diaci, 2006; Bartsch et al. 2020).  

Severe stages of degradation and harsh abiotic/biotic conditions were also reported to 

negatively affect restoration initiatives in Croatia, Denmark, Greece and Hungary. For 

example, the average establishment success rate of afforestation in the Croatian Karst was 

67% but, considering the very harsh conditions that foresters had to face, this is considered a 

very successful example still up to date (Matić et al., 2011). In countries such as Spain, Italy, 

France and Poland, lack of management post-restoration is reported to hinder the success 

of afforestation/reforestation. The lack of tending of the established forests (e.g., thinning) has 

resulted in dense stands of single pioneer species that are vulnerable to natural disturbances 

(e.g., pests and fire). In fact, disturbances such as fire (e.g., Slovenia, Greece), pests (e.g., 

pine processionary – Slovenia, Greece), acid rain (e.g., Belgium, Netherlands) and windthrow 

(e.g., Poland) are reported to be another common obstacle to the success of the initiatives 

during this period. Finally, lack of stakeholder involvement (Greece, Italy, Romania, Spain, 

UK and Sweden) and bureaucracy (Greece and France) are also described to obstruct or 

delay forest restoration in several narratives. For example, in Sweden, the exclusion of 

stakeholders other than the forestry industry (including marginalized groups such as the 

indigenous Sami people reindeer husbandry) hampered diversifying restoration efforts at the 

landscape level. 

4.3 Third period (>1990): Multifunctionality 

4.3.1 Main drivers of change 

This period is characterized by a shift in the focus of restoration from forest quantity to 

quality, as well as by the diversification of many restoration aspects such as the sources of 

degradation, restoration goals and activities, forest functions that are promoted, sources of 

funding or stakeholders involved. This shift was facilitated by the coming together of several 

environmental, social, political and economic drivers of change between the 70s and the 

90s: 1) severe disturbances hit the forests leading to huge economic losses that highlighted 

the vulnerability of monospecific even-aged plantations to acid rain, drought, wildfires, 

windthrow or bark beetle outbreaks, which are being exacerbated by climate change, 2) 

societies started to demand change based on a growing interest in recreation and tourism, 

as well as growing environmental concerns (Figure 25), 3) the value of timber decreased due 

to a lower demand (e.g., closure of mines) and the opening of the international timber market, 

and 4) the increasing influence of environmental international and EU policies (e.g., the 

Convention on Biological Diversity 1992, the EU Habitats Directive 1992) elevated the 

significance of biodiversity conservation on national political agendas.  
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Figure 25. The cover photo “The Forest is Dying” in the German news magazine Der Spiegel from 
autumn 1981. Media was influential on social views and creating pressure on tackling acid rain.  
Forest dieback: Cover photo, Der Spiegel (1981), published in: German History Intersections, 

https://germanhistory-intersections.org/de/wissen-und-bildung/ghis:image-26. 

4.3.2 Types of initiatives 

In addition to providing materials and protective functions, forests were increasingly expected 

to provide recreation and tourism opportunities as well as to contribute to biodiversity 

conservation and climate change mitigation and adaptation. Thus, a multifunctional forest 

restoration approach was increasingly undertaken. This was done following both 

segregative and integrative forest management strategies (with varying ratios across 

countries). Segregative strategies spatially differentiate forest zones with different 

management priorities (e.g., a unit is designated and managed as an even-aged monoculture 

for timber production, while another unit is designated as a forest reserve for biodiversity 

conservation) and were widely reported by most countries in the third period (see Table 3 

“designation of protected areas”). Integrative strategies, on the other hand, seek to 

simultaneously provide multiple ecosystem services at each management unit (e.g., close-to-

nature forestry) and became as common as segregative strategies during the third period 

(Table 3, “sustainable forest management”). Afforestation/reforestation initiatives for 

productive purposes were mostly absent from the narratives, while afforestation/reforestation 

for protective purposes was not discussed as much as in previous periods. Instead, ecological 

restoration initiatives for biodiversity conservation and the diversification of plantations 

were commonly included in the third period of the narratives. Finally, new types of initiatives 

that aimed to address current challenges were described and included: post-natural 

disturbance restoration, forest hydrology restoration, invasive species control, riparian 

restoration, initiatives of rewilding or nature-based solutions, afforestation for carbon 

sequestration, urban/periurban forest restoration and prestoration.  
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4.3.3 Drivers of degradation 

The main sources of degradation from previous periods (i.e., agriculture, overgrazing, 

erosion) were still reported by several countries, especially in relation to riparian forest 

degradation, albeit in lower intensity during this third period (Figure 26). Overharvest was also 

mentioned by several countries. For example, reports from the forest inspectorates show that 

by 2002 almost half of the forests that were first privatized upon the fall of the communist 

government in Romania were clearcut or overharvested (Nichiforel, 2005). However, in 

addition to these, new sources of degradation (many of which, interestingly, derived from 

the type of restoration conducted in the previous period) appeared and attracted much 

attention in forest restoration post-1990. Excessive homogeneity in European forests 

became a source of concern during this period, which resulted from either intensive rotation 

forestry in some countries (e.g., Finland, Netherlands) or from the abandonment of diversifying 

silvicultural treatments such as thinning in others (e.g., Spain, Italy), as well as from the 

suppression of natural diversifying elements such as fire (e.g., Finland, Spain). This 

homogeneity negatively impacted forest resilience and biodiversity. In Finland, for example, 

there are currently 816 endangered forest species and the extinction debt of forest species 

because of forestry is estimated at around 1,000 species (Hyvärinen et al., 2019). Other 

current drivers of degradation related to past forest management activities include drainage 

and invasive species. For example, Prunus serotina, which was introduced in the previous 

period to enrich pine plantations (e.g., Netherlands, Belgium) turned out to be an invasive alien 

species that dominated the understorey of thousands of hectares, obstructing the natural 

development of a mixed native admixture. Similar problems were encountered with, for 

example, Acer negundo or Robinia pseudoacacia in countries such as Hungary and Croatia. 

 

Figure 26. The number of countries that include these drivers of forest degradation in the third period 
(>1990) of the narratives. 

Natural disturbances were reported as an important driver of degradation during this period, 

which were related to both the vulnerability of homogeneous plantations derived from past 

afforestation/reforestation campaigns, and to the increasing frequency and intensity of natural 

disasters due to climate change. Extreme drought events, windthrows and wildfires started 

to become increasingly common and causing large-scale forest damage in most countries. 

Pests (e.g., bark beetle, pine processionary) and diseases (e.g., ash dieback caused by an 
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invasive fungal pathogen) also raised concern and attracted much attention and resources in 

restoration. Bark beetle outbreaks recently caused great havoc in Central Europe and left 

thousands of hectares in need of restoration. For example, in Germany, a severe drought in 

2018-2020 facilitated bark beetles to spread at an uncontrollable rate, resulting in entire 

Norway spruce monocultures turning into skeleton forests (Schuldt et al., 2020; Möhring et al., 

2021). Finally, forests degraded due to acidification and eutrophication resulting from 

pollution were restored in countries such as Denmark, Belgium, Netherlands, Germany and 

Poland. In this third period, the main land cover and use prior to restoration were plantation 

forests with rotation forestry management.  

4.3.4 Restoration goals and activities 

This third period is also characterized by a clear shift in and diversification of the restoration 

goals. Although the goals from previous periods (i.e., timber production, erosion control and 

reduction of disaster risk) remained relevant, biodiversity conservation took center stage 

and was highlighted by most countries, followed by restoration for tourism and recreational 

uses (Figure 27). Restoration for climate change related issues (mitigation, adaptation and 

carbon sequestration/storage) was also a new goal driving forest restoration in several 

countries. 

 

Figure 27. Forest restoration goals and the number of countries that identify them as important during 
the third period (>1990) of the narratives. 

The types of activities also diversified in response to the diversification of threats and goals. 

Passive approaches gained relevance and included activities that range from landscape-

level protection (e.g., restriction of active management in strictly protected forest reserves) 

to tree-level protection (e.g., retention of habitat trees during forest management). In 

Switzerland, for example, the goal of establishing 5% of the forest area as strict forest reserves 

by 2030 was set in 2001 (BAFU, 2013); in France, 1% of the state forest area should be a 

strict reserve and one habitat tree per hectare should be retained. Assisted forest 

restoration also became very prevalent during this period, with techniques such as 

management for old-growth forest and the emulation of natural disturbances being employed 

in ecological forest restoration initiatives. The creation and retention of deadwood was one 

of the most commonly used techniques to favor species that depend on deadwood (e.g., white-

backed woodpecker), which was usually done by felling trees and leaving downed logs or by 
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girdling trees and leaving standing dead wood. Some of the first experiments to restore 

deadwood by girdling trees were carried out in 1994 in the Finnish Mäntsälä region. Because 

the suppression of natural disturbances negatively impacted light-demanding species in 

uniformly dense plantations, restoration techniques that emulate these disturbances (e.g., gap 

creation, prescribed burns) were increasingly used in countries such as Sweden and 

Finland (Figure 28). In Sweden, for example, 5% of the clear-felled area on dry and mesic 

ground should be subject to prescribed burning every year. In Switzerland, an online tool was 

developed to help managers decide where open forest could be created to promote 

biodiversity (Imesch et al., 2019).  

 

Figure 28. Restoration techniques used to emulate natural disturbances: (from left to right) Pulling 
down trees to imitate storm damage; girdling of trees to make them die slowly, imitating the tree death 

in forests; creating small openings to imitate gap dynamics (adapted from Tukia et al., 2003). 

Close-to-nature forest management was increasingly adopted by several countries 

throughout this period, which promotes aspects that favour forest restoration. The 

cessation/attenuation of degrading factors as a restoration activity started to increasingly 

be incorporated into forest management, including the prohibition to use hazardous pesticides 

or intensive soil preparation, the obligation to retain habitat trees and deadwood, or the 

limitations on clearcutting. The diversification of plantations was a widespread objective that 

was pursued through the promotion of natural regeneration in forest management when 

possible, or by planting deciduous species. Because of the growing browsing pressure, 

fencing, tree protectors and the regulation of wildlife populations became very common 

assisted restoration activities (especially when broadleaved species were being promoted). 

Sanitary fellings also became an increasingly important (albeit controversial) restoration 

technique in countries such as Germany, Poland, Croatia and Slovenia and could represent a 

high percentage of the total annual harvest due to the growing incidence of pests and diseases 

(Figure 29). Hydrological interventions such as the rewetting of forests by blocking or filling 

ditches to restore the original species association was reported by several countries such as 

Sweden, Denmark and Switzerland. In Sweden, for example, 58 km2 of wetland forests were 

re-wetted between 2010 and 2020.  
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Figure 29. Harvesting by main sanitary causes and shares of sanitary harvesting in total annual 

harvest by year in Slovenia, 2001-2021 (ZGS, 2022). 

4.3.5 Species used 

Although planting was less prevalent than in the previous period, active approaches that 

involve the introduction of biota were still common in the third period (e.g., in the afforestation 

of agricultural land, restoration post-disturbances or diversification initiatives). In general, 

planting densities decreased (e.g., 1,700-2,500 conifer seedlings/ha in Austria, 5,000-8,000 

in Hungary, 1,600 for oak in Romania, 4,000-6,000 for deciduous in Poland) and there was a 

clear diversification of the species used compared to previous periods. The most common 

species from previous periods (i.e., pines and spruce) were and are still planted, for example 

in post-fire restoration in Greece or in Karst afforestation in Slovenia (until 2022, when the 

largest ever fire in the Karst targeted especially black pine plantations). Despite the 

shortcomings of spruce monocultures that became increasingly apparent during this period, 

the share of spruce was still relatively high in plantations due to its high survival rate compared 

to other species (especially broadleaves; Fidej et al., 2017), low cost for producing seedlings, 

relatively low susceptibility to browsing, forest owners' preferences and market considerations 

(Figure 30). Black locust was still a popular species in Hungarian afforestation of sandy soils 

(Figure 31) or in post-mining restoration in Greece.  
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Figure 30. Tree composition (%) of planted seedlings in Slovenia 2006-2016. 

However, there has been a clear shift towards the promotion of native deciduous species. 

For example, beech was widely planted to enrich spruce plantations in Germany, and oak 

species (namely Q. ilex) were more commonly planted than pine species in Spain during this 

period. Other deciduous species that were increasingly incorporated to enrich forests include 

Acer pseudoplatanus, Sorbus aucuparia, Ulmus glabra or Tilia sp. Additionally, fruit-bearing 

species (e.g., Malus sylvestris, Prunus avium, Sorbus sp., Crataegus sp.) are increasingly 

being favored to support animal biodiversity, and native riparian species (e.g., Alnus glutinosa, 

Populus sp., Salix sp., Fraxinus sp., Platanus orientalis) are being introduced to replace exotic 

poplar hybrid plantations from the previous period (Figure 31). It is also worth noting that 

recently attention has been paid to the selection of species that are adapted and resilient to 

anticipated climate change impacts (i.e., prestoration). For example, the Bavarian State 

Forest Agency has recommended having at least four economically important tree species in 

all stands, three of which must be climate change tolerant. Yet, beyond policy 

recommendations and research, very little progress has been made on the ground in most 

countries. However, provenances are increasingly being taken into account when planting, 

with decision support tools being developed to help foresters decide what the best alternatives 

are considering the current and future site conditions (e.g., Austria, Denmark).  
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Figure 31. Tree species proportion of the afforestation in Hungary post-1990 (Lett, 2021). 

Finally, several countries reported that animals were also introduced as part of restoration, 

including birds, wild species valued as game (deer, roe deer, fallow deer, mountain goat), 

large domestic herbivores (e.g., cows and mares), and predators (e.g., bears, wolves, lynx). 

For example, in Spain, the use of wild horses, "Tauros" or European bison, which act as 

functional substitutes for the wild equids and bovids that inhabited the Peninsula before the 

Neolithic and which, together with the predators that regulated the ungulate populations, 

played a key role in the maintenance of heterogeneous forest mosaics, has begun to be 

tested. 

4.3.6 Governance and funding 

The governance and funding of the initiatives also diversified during this period. If before 1990 

almost all the work was centralized in the state forestry administration, after 1990 not only did 

the administration fragment (i.e., decentralization) into regional and local administrations 

(e.g., Spain, UK, Netherlands, Belgium, Denmark, Greece), but new actors emerged which, 

on occasions, became as important or even more so (e.g., associations, foundations, 

companies, research centers, neighborhood communities). In addition, the beginning of the 

third period was characterized by ownership privatization in countries that nationalized 

forests during the second period (e.g., Slovenia, Romania, Hungary). These two movements, 

in general, slowed down the implementation or led to regional divergences in policies, 

approaches and implementation. For example, in Romania, the financial and bureaucratic 

challenges related to privatization, the fragmentation into nearly one million properties 

alongside the low involvement of the new owners in forest management reduced the volume 

of restoration activities (Palaghianu, 2018). However, strong national regulatory policies that 

became very important for the implementation of multifunctional forest restoration were also 

developed, including the Romanian Law on the Conservation, Protection and Development of 

forests (1986), the Flemish Forest Decree (1990), the Swiss Forest Law (1991) and the Danish 

Nature Protection Act (1992). Additionally, a very influential new actor entered the restoration 

arena and elevated the importance of biodiversity conservation in national and regional 

policies: EU policies. In particular, the EU Habitats Directive (1992) and its key instrument 
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(i.e., the Natura 2000 network) were mentioned by several narratives to have been a 

cornerstone for nature conservation in their countries. 

The lack of available public land for restoration was perceived as an obstacle due to the 

fragmentation of holdings, the large number of owners and their perceived disinterest in forest 

restoration (UN and FAO, 2019). In this third period, three financial policy instruments 

became very relevant to overcome this limitation and encourage private owners to restore 

forests: subsidies or payments for ecosystem services, certification and EU funding. In several 

countries (e.g., Finland, Belgium, Austria, Germany UK), landowners that adhered to higher 

ecological standards (e.g., prohibition on clearcutting and the use of fertilizers and pesticides, 

or the promotion of native deciduous species and deadwood) received a greater subsidy to 

compensate for potential income loss or increased costs. This oftentimes influenced the type 

of restoration, as shown for example in Spain, where, contrary to previous periods, the 

plantation of oaks became more common than that of pines (subsidies were higher for 

deciduous than conifer tree species). Contracts between forest owners and the administration 

also became increasingly common in countries such as Switzerland, Finland, Sweden or 

Spain. The goal of these contracts is to encourage the consideration of nature conservation 

values on top of legal requirements within a certain time period and with a certain level of 

economic compensation. For example, the METSO program in Finland from 2008 aimed to 

either protect by 10-year environmental forestry subsidy agreements, or restore by nature 

management projects 82,000 hectares of valuable forest habitats in commercially managed 

privately owned forests. By 2022, 73% of the target was achieved with a very positive 

response from stakeholders.   

The introduction in the 90s of soft voluntary regulations in the form of market-based 

certification schemes (PEFC and FSC) (Figure 32) also encouraged some forest owners to 

take biodiversity and ecological aspects into consideration in forest management. In Sweden, 

for example, FSC standards are more specific regarding requirements than the Swedish 

Forestry Act and have promoted good practices such as prescribed burns to favor fire-

specialist species. Finally, a new source of funding that has been shaping the type of 

restoration conducted in the third period are the EU funds. The European Agricultural Fund 

for Rural Development (EAFRD), which is implemented by EU countries and co-financed by 

national/regional budgets, funded multiple restoration programs (e.g., afforestation of 

agricultural land under measure M8.1 or reforestation post natural disturbances under 

measure M8.4) across most countries, but also gave rise to conflicts (agriculture vs. 

conservation, Sarvašová et al., 2017). LIFE and Interreg programs funded ~700 projects 

aiming at ecological forest restoration over the past 20 years (European Commission, 2023; 

Interact, 2023). For countries such as Greece, although spatially limited, this type of EU 

funding was pivotal for supporting a new line of restoration with new objectives and 

stakeholders. However, the increase in EU funding was accompanied by a decrease in state 

funding, suggesting that the state has gradually retreated from financing restoration projects. 
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Figure 32. Percentage of the forested area certified in 2015 (PEFC or FSC) in 5 European regions 
(blue – North; green – Central-West; purple – Central-East; yellow – South-West; orange – South-

East) and 17 countries (data source: Forest Europe, 2020). 

4.3.7 Restoration success and ecological recovery 

Evaluating the success of restoration actions during this last period is challenging because of 

the diversification of goals and because ecological recovery takes time. Generally speaking, 

most experts assessed it more positively than in previous periods, but there are still multiple 

examples of moderate success. The most positively evaluated initiative, overall, was the 

adoption of close-to-nature forest management in countries such as Belgium, Austria, 

Denmark, Germany, Hungary, Slovenia, Romania or Switzerland. Such a statement was 

based on National Forest Inventory data and indicators that showed an upward trend in the 

amount of deadwood, in the proportion of deciduous species and mixed stands, in the use of 

natural regeneration or in stand age (Figure 33). Whether these structural/compositional 

improvements lead to the expected biodiversity outcomes remains to be seen, but promising 

results emerged from countries such as Denmark, where the trend of declining biodiversity 

was reversed around 1990 and a return of species has been observed since then (Buchwald, 

2022). However, in countries such as Sweden and Finland, although the awareness for the 

need to diversify the widespread even-aged rotation forestry is increasing, uneven-aged 

management practices should upscale dramatically in practice to have the needed ecological 

impact. EU funded projects have mostly been successful according to the experts, but the 

extent of the impact tended to be limited in space despite their considerable budget. For 

example, the average project budget of EU co-funded projects in Austria was of 4.5 million 

euros, but the area ranged between 0.5 to 2,600 ha per project.  
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Figure 33. The retention or creation of deadwood (standing deadwood is shown in the picture) is an 
increasingly used technique in forest restoration to enhance biodiversity (photo credit: Maitane 

Erdozain; taken in: Aigüestortes i Estany de Sant Maurici National Park, Spain). 

Although several countries saw increases in forest cover during this period, such increases 

mostly resulted from natural regeneration which was facilitated, in some cases, by rural 

abandonment. In fact, countries such as the UK, Belgium, Romania and Denmark reported 

failures in meeting annual afforestation and forest expansion targets, and the Netherlands 

even experienced a decrease in forest cover over the past decade. Diversification efforts 

were successful overall as indicated by the increase in the share of broadleaved species and 

mixed stands (Figure 34). However, the use of deciduous species has proven challenging in 

post-fire restoration (e.g., Slovenia, Hungary) and the widespread use of beech as a diversifier 

species in Germany is raising concerns as the mortality rate of this species following recent 

droughts was unexpectedly high (i.e., limitations as a prestoration species). Yet, there are also 

positive results in natural post-disturbance restoration as diverse and resilient forest 

communities developed with minimal human intervention (e.g., in Poland post-windthrow). 

Finally, the area of protected forests increased in most countries during this period. For 

example, Switzerland is in track to meet the target of 10% forest reserves target by 2030. But 

the level of success differs depending on the type of protection. In Germany, 26.2% of the 

forest area is under protection (Wissenschaftlicher Beirat für Waldpolitik, 2023), but the target 

for set-aside forests (5% by 2020) set by the National Biodiversity Strategy was not met as 

only 2.8% of the forests were unmanaged in 2019 (Engel et al., 2019). In Hungary, two thirds 

of the forested area protected by national or/and by Natura 2000 are still managed by 

conventional rotation forestry. In the UK, despite protection, ancient native woodland is still 
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declining and being converted into plantations, and the remaining patches are still in poor 

ecological condition (Reid et al., 2021).   

 

Figure 34. Diversification of a plantation (photo credit: © Susanne Raum, 2021). 

4.3.8 Obstacles 

The main obstacle reported by all countries during this third period is insufficient funding. 

Several countries reported recent governments reducing the budget for nature conservation 

(e.g., Netherlands, Sweden, France), while others mentioned that resources allocated for 

forest restoration had to be diverted to deal with bark beetle outbreaks and its consequences 

(e.g., Germany, Austria). In Slovenia, the government funding mechanism that was crucial for 

the success of the second period stopped with the government change, leading to a sharp 

decline in forest restoration activities (Winkler and Krajčič, 1998; Krajčič, 1999). Some 

countries reported that subsidies were insufficient to cover potential income losses (e.g., 

Hungary), and others pointed out that even when the financial compensation was adequate, 

the lack of trust in whether the subsidies would be maintained in the long term discouraged 

many owners from engaging in restoration (e.g., Belgium, Denmark). In fact, this financial 

policy instrument (i.e., subsidies) has shown several shortcomings in the context of forest 

restoration including uncertainty on the long-term implications, the external financial 

dependency that it creates, the bureaucracy it entails, and the burden for the administration 

due to the high budget that has to be committed for a long period of time.  

A second obstacle that was present in previous periods and was again reported by most 

countries in this period is that of conflicting goals. The main two conflicts were between 

agricultural and forest land covers, and between timber production and nature conservation, 

and they were present at both the social (i.e., conflicts among stakeholders) and political (i.e., 
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inconsistent cross-sectoral policies) dimensions. For example, subsidized farming and 

legal/fiscal consequences from reclassifying agricultural land to forest land deterred many 

landowners from engaging in afforestation in countries such as Denmark, Belgium and Poland. 

In Sweden, the Forestry Act (1993) is quite liberal and oriented towards maximizing sustained 

wood yield, which is partly incompatible with the Environmental Code (1995), certification rules 

and European legislation. In some countries (e.g., France, Sweden and Finland), the forestry 

sector seemed quite attached to the previous productive model and, in some cases, it lobbied 

against EU initiatives that support biodiversity and forest ecosystem services other than wood 

biomass. Several experts raised concerns about the recent polarization of perspectives and 

how they hinder successful restoration. There are also growing concerns that climate change 

mitigation and bioenergy policies such as the EU Renewable Energy Directive focused on 

accumulating carbon through tree planting can contradict forest biodiversity policy objectives 

and lead to policy fragmentation and ecological degradation (Sotirov and Arts, 2018; Stevens 

and Bond, 2023). 

Furthermore, ownership fragmentation and organizational changes continued to 

challenge forest restoration in several countries. For example, in Romania, the forest 

restitution after the fall of the communist party led to the fragmentation of the property into 

nearly one million forest owners with very limited knowledge and interest in forest 

management, and resulted in widespread illegal logging (Munteanu et al., 2016). The 

increased share of pure coniferous stands in the past years, which is not in line with the 

technical norms, also raised questions about the State´s ability to coordinate efforts. In fact, 

the lack of silvicultural knowledge (e.g., missing thinning treatments to facilitate the 

establishment of target species) and ecological understanding of private forest owners was 

reported as an obstacle by several countries. With the dissolution of the unitary organization 

of forest management and the reprivatization of the forests, Slovenia also saw a considerable 

decrease in the implementation of restoration initiatives. In the Netherlands, the 

decentralization of forest policy in 2010, among other factors, resulted in several restoration 

targets not being met or becoming less ambitious. Finally, climate change, the consequent 

intensification of natural disturbances (Figure 35) and the growing browsing pressure were 

also reported as major obstacles by many countries. 
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Figure 35. The increased frequency and intensity of natural disturbances, such as wildfires, are 
reported to be an obstacle to forest restoration during the third period (photo credit: Maitane Erdozain; 

taken in: Bera, northern Spain). 

5. Lessons learned 

The diverse national perspectives of the narratives have allowed to gain historical insight into 

the drivers of change in forest restoration and to learn from them for the future. The main 

conclusions extracted based on the 18 national expert narratives can be summarized into the 

following 10 lessons learned: 

1. Natural disasters trigger change: Some of the first large-scale forest restoration 

initiatives in several countries were a response to catastrophic natural disturbances 

(e.g., floods, avalanches, shifting sands) that resulted from centuries of 

overexploitation and deforestation. The changes in forest restoration observed in the 

third period were also triggered, in part, by growing environmental disasters (e.g., acid 

rain, large-scale windthrow, bark beetle outbreaks) and global environmental crises 

(the climate change and biodiversity crises, and to a lesser extent, the water crisis). 

Sound ecological understanding and strong political will to act upon it are crucial to 

prevent such catastrophic tipping points.  

2. Geopolitical turmoil forces change: Wars have strongly influenced forest 

restoration in Europe in an ambivalent way. On the one hand, wars acted as strong 

drivers of degradation by directly destroying forests or by sharply increasing timber 

demand (to support military action and/or post-war reconstruction). Wars also 

represented clear obstacles to restoration by halting previous efforts and forcing 

changes in objectives, priorities and funding. Finally, the geopolitical vulnerability 

resulting from timber shortages during war encouraged many countries to initiate 

strong afforestation/reforestation campaigns with a focus on timber production, thus 

influencing the type and intensity of restoration.  

3. Forest ownership and governance accelerate or decelerate change: The 

nationalization/privatization of forests and centralization/decentralization of forest 

competences have been some of the most influential political decisions for forest 
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restoration. Some narratives show that the centralized management and funding of 

state forests usually led to efficiency and success in meeting large-scale targets, 

whereas the fragmentation of property into many private owners and forest 

governance into many administrations slowed down progress. Throughout history, 

governments have tried different mechanisms with different levels of success to deal 

with the lack of available public land for restoration (e.g., expropriation, purchase, 

contracts, tax benefits, in-kind support), and currently certification and subsidies are 

popular choices. However, they all have shortcomings, and thus, property 

fragmentation continues to be a burning issue in forest restoration. On the bright side, 

there are many examples of successful local initiatives; therefore, innovative 

governance solutions that catalyze the upscaling of these good practices are 

essential.    

4. Funding mechanisms support change: One of the most common obstacles 

throughout time has been the lack of funding, whereas most successful initiatives 

reported in the narratives are based on strong and stable funding mechanisms (e.g., 

state funding of the Karst afforestation program based on the sale of forestry 

products). The shift in the type of forest restoration experienced in the third period has 

been possible, in part, due to EU funding programs such as the European Agricultural 

Fund for Rural Development (EAFRD) or LIFE programs. Still, all countries report 

insufficient funding as a main obstacle to successful restoration nowadays, 

highlighting the urgent need for innovative funding mechanisms that are as resistant 

as possible to political and market fluctuations.  

5. Market fluctuations drive change: Changes in the demand and value of different 

forest products (e.g., charcoal, fuelwood, timber for mining poles, timber for 

construction) and services (e.g., tourism, carbon sequestration) have strongly 

influenced the type of restoration. For example, the decreased demand for fuelwood 

following the introduction of fossil fuels and the growing timber demand for the mining 

industry led to the conversion of many deciduous coppice forests to coniferous high 

forests. This highlights the importance of ensuring that future forest restoration 

initiatives provide marketable benefits (e.g., non-timber products such as truffles, 

wildlife tourism), as this will encourage landowners to engage in long-lasting 

restoration (especially considering the reluctance of many to depend on subsidies).  

6. Sociodemographics and societal values demand or enable change: Most 

European countries have been experiencing rural abandonment, with young and 

working-aged people increasingly concentrating in urban regions. This sustained 

movement of people from rural to urban areas has facilitated restoration in some 

cases by reducing the conflict between agricultural and forest land uses, and by 

enabling natural regeneration to occur. However, the lack of forest management 

resulting from this abandonment can also lead to forest degradation (e.g., overly 

dense stands with high flammability), showing that the involvement of an active rural 

population can contribute to successful forest restoration. There are also multiple 

examples in the narratives showing how changes in societal values and demands can 

drive change. The increased environmental awareness of the population and demand 

for the recreational use of forests have been crucial for the diversification of restoration 

objectives; thus, in addition to productive and protective functions, aesthetics, 

recreation and biodiversity conservation began to be increasingly incorporated into 

national forest strategies. Media plays a key role in influencing social opinion and in 

amplifying its pressure on decision making. 
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7. Policies guide change: A myriad of policies from different sectors (e.g., forestry, 

biodiversity conservation, agriculture and rural development, water protection), 

different spatial levels of governance (e.g., international, EU, national, regional) and 

different typologies (regulatory, financial, persuasive, organizational) has influenced 

forest restoration in the 18 countries assessed in this report. Some of the most 

successful and influential policies have been national forest laws that were strict (not 

overly autocratic, not overly soft) and sought to balance socioeconomic benefits and 

ecological protection (e.g., the Swiss Forest Law). The creation over time of 

administrative units and institutions specialized in forest restoration as well as the 

nationally centralized education of foresters have also been instrumental for the 

success of restoration in many countries. Forward-looking and ambitious 

environmental international policies (e.g., the Convention on Biological Diversity 1992, 

the EU Habitats Directive 1992) have also been reported to exert a strong influence 

on national strategies. Finally, as important as strong laws, are the mechanisms to 

enforce these legal provisions, which tend to be challenging in some countries.  

8. Convergence of multidimensional drivers accelerates change: Drivers of change 

do not act in isolation but synergistically (or antagonistically). Usually, several drivers 

of change had to come together to have a real impact, showing the interrelation of 

social, environmental, economic and political aspects of forest restoration. For 

example, at the beginning of the 20th century, the limitations of even-aged 

monocultural conifer plantations started to show, and some forest managers and 

researchers advocated for continuous cover forestry in countries such as Germany. 

However, this movement did not materialize in most countries because the 

geopolitical and economic situation of the time prioritized maximizing wood supply. 

Instead, the sociopolitical circumstances in countries such as Slovenia enabled the 

incorporation of these ideas, and the diversification of plantations started much earlier 

than in other countries (Figure 24). In most other countries, the convergence of social, 

political, economic and environmental factors enabling this change did not happen 

until the 70s-90s.   

9. Conflicting goals impede change: One of the main obstacles for successful forest 

restoration based on the narratives has been conflicting goals, both at the 

socioeconomic (e.g., among stakeholders) and political (e.g., among policy sectors) 

levels. The most recurrent conflicts are those between agricultural and forest land 

uses (e.g., agricultural subsidies are much more attractive than afforestation 

subsidies), and between timber production and biodiversity conservation goals, but 

new conflicts (e.g., between climate change mitigation and forest biodiversity policies) 

are raising growing concerns.  

10. Short-term solutions can cause long-term problems: The final general lesson that 

we have extracted based on the narratives of these 18 countries is that when solutions 

to a particular problem are taken based on short-term thinking or without considering 

other interconnected components of the system, these solutions can become the 

source of future problems. For example, the fixation of sandy soils or enrichment of 

conifer plantations with invasive exotic species (e.g., Robinia pseudoacacia, Prunus 

serotina) has caused the unintentional introduction of new threats. The 

afforestation/reforestation of degraded land with conifer monocultures has resulted in 

increased vulnerability to natural disturbances such as fire and windthrow. The 

complete suppression of past drivers of degradation (e.g., fire, grazing, harvesting) 

has caused the degradation of forests. And some experts have expressed concerns 
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that current approaches to solve immediate problems such as climate change and 

biodiversity crises may lead to a type of restoration that threatens the system in the 

future.  

6. Conclusion 

From these 10 lessons learned after comparatively analyzing the 18 national narratives, we 

conclude that a shift in the way we view and manage the landscape may help to solve some 

of the long-standing obstacles to restoration mentioned above. Specifically, our perception of 

the landscape should evolve from an aggregation of static and isolated patches towards 

understanding the landscape as a dynamic and interconnected mosaic of different habitats 

that vary in space and time. A holistic landscape approach to forest restoration (both in 

research and policy) may be the only way to minimize tradeoffs and conflicts among sectors 

and stakeholders, and to simultaneously address the many challenges that all habitats on the 

planet face. Innovative funding mechanisms as well as restoration initiatives that provide 

marketable benefits are crucial to engage landowners and address both property 

fragmentation and rural abandonment issues. Additionally, long-term thinking that is aware 

of the interconnectedness of the system is key for successful forest restoration. As Donella 

Meadows (1982) wrote “The world is a complex, interconnected, finite, ecological-social-

psychological-economic system. We treat it as if it were not, as if it were divisible, separable, 

simple, and infinite. Our persistent, intractable global problems arise directly from this 

mismatch” and “Some problems consistently resist solution … These are the problems for 

which a new way of looking is required”.  
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