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Highlights:

1. Priorities of Ukraine’s post-war recovery include demining, landscape and infrastructure
restoration leading to increased timber production.

2. Multi-stakeholder engagement ensures inclusive and sustainable recovery pathways.

3. Co-designed “close-to-nature and close-to-people” practices underpinned by social innovations
are central for recovery.

4. The recovery requires global support with latest know-how and digital innovations to “build
back better”.

5. Anticipatory governance would help address post-war challenges and lay pathways towards
sustainability.

Abstract: Forests today face significant challenges from climate change, biodiversity loss, and
increasing socio-economic and political pressures, all of which intensify with the impacts of military
conflicts. This paper focuses on Ukraine and examines the root causes and impacts of the ongoing
war in Ukraine on forest socio-ecological systems to identify potential recovery pathways. We use a
multi-method approach to examine the socio-economic, environmental, and governance factors
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affecting Ukraine’s forest socio-ecological systems and to assess the impacts of the war. Through a
review of relevant literature and interviews with forest sector experts, we identify key pathways for
post-war recovery. Pathway 1 emphasises increased forest use for sustainable low-carbon recovery,
using timber for housing reconstruction and green small-scale energy production. Pathway 2
suggests "close-to-nature and close-to-people’ approach leveraging digital tools and innovations for
climate-resilient management. Pathway 3 highlights anticipatory governance, refining policies,
enhancing transparency, and fostering socio-ecological innovations to ensure sustainable forest
management aligned with environmental and socio-economic goals. Relying on a single recovery
pathway risks long-term vulnerability, yet integrating multiple recovery pathways and anticipatory
governance creates synergies. We emphasise the importance of integration of innovative approaches
into co-designed sustainable management practices. Our findings emphasise that addressing the
ongoing crisis in Ukraine requires coordinated efforts from all levels of Ukraine’s stakeholders and
international policy actors. We believe that the findings shared in this paper, aligned with the “build
back better” principles, could not only support the post-war recovery in Ukraine but also offer
valuable insights potentially useful for other conflict-affected regions worldwide.

Keywords: war and military conflict; climate change and wildfires; ecosystem restoration; resilience;
anticipatory governance; nature-based and climate smart solutions

1. Introduction

Military conflicts have historically impacted forests, affecting not only their ecosystems but also
forest-dependent communities and other users of natural assets. These conflicts disrupt decision-
making structures, processes, and institutions, influencing the entire forest socio-ecological system
(SES), which integrates ecological processes with socio-political and economic dynamics (as
conceptualised, e.g., by [1-6]). Post-war recovery of forest SES typically involves several key patterns
including demining, forest restoration, reforestation with involvement of different stakeholders and
local communities, land use changes, conservation, or even land abandonment [7-12]. These recovery
processes often reshape the landscape and affect not only ecological functions but also social and
economic dimensions, as communities rely on forests for resources and livelihoods. Recovery efforts
can also provoke conflicts among land users, which can lead to significant changes in land tenure and
its administration, affecting short-term and long-term sustainability [13-15].

This paper analyses Ukraine’s forest SES, focusing on pre-war challenges, war-induced impacts
on forest natural assets and the provision of ecosystem services. It also explores recovery pathways
across ecological, socio-economic, and governance dimensions, with an emphasis on resilience and
alignment with trends in global, EU and national policies.

Indeed, lessons learnt from past conflicts suggest that recovery of forest SES is not an easy task.
In Europe after World War II, different countries adopted a combination of strategies to deal with
post-war recovery challenges. Germany, Poland, and France, as well as Ukraine implemented large-
scale reforestation projects aimed at restoring timber supplies and preventing soil erosion [16]. These
efforts were primarily state-driven and aimed at stabilising the forest sectors [17,18]. In the Ukrainian
Carpathian region, along with the excessive use of forests (in 1956-1960, the annual volume of timber
harvest exceeded the average increment by almost double), extensive reforestation took place [16].
Reforestation efforts with widespread planting of spruce (Picea abies), often on non-endemic sites, led
to increasing vulnerability to pests, pathogens, and drought [19-21].

After the post-independence period in Ukraine, the abandonment of marginal agricultural lands
became increasingly common [22]. Many of these lands underwent natural regeneration, eventually
giving rise to new forest types on previously unmanaged land [19]. In the Carpathian region, nature
recovery processes were observed on communally owned land [23]. Similar patterns of natural forest
recovery (natural reforestation) have been observed in countries like Bosnia and El Salvador. In these
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cases, forests have regrown after wars due to the cessation of agricultural activities and land-use
discontinuation, often because of land contamination [24,25]. In many cases, however, the socio-
economic functions of these forests remain diminished, as the presence of mines and UXO hinder
activities such as timber harvesting and outdoor recreation.

Post-war shifts in power relations have often led to institutional changes in forestry. The collapse
of communist regimes in Eastern Europe in the late 1980s to early 1990s, resulted in privatisation of
forestland and creation of new governance systems in several countries, including Romania and
Poland, with varying continuity of sustainable forest management [23,26]. Elsewhere in the world,
lessons from Cambodia, Thailand, Bolivia, and Brazil also highlight the need for institutional
changes. They call for strengthening forest governance through active community participation—
beyond just formal land rights —as crucial elements in putting post-war forestry on a sustainable path
[24,27,28].

A critical challenge in post-war recovery is contamination of forests by unexploded ordnance
(UXO), which severely restricts access to forests [11,29]. In Bosnia and Herzegovina, large areas ten
years after the war still remain contaminated, hindering recovery efforts and delaying the delivery
of economic and social benefits from forest SES [25,30,31]. In Croatia, Serbia, Armenia, and Ukraine,
landmines also limit forest management and use. Also, forestland, wood and biomass often contain
projectile fragments, leaving them unsuitable for use [32,33].

In Ukraine, ongoing warfare and forest contamination have significantly affected forest health
and vitality and the provision of ecosystem goods and services [11,34-40]. Numerous mines have
restricted access to forests and limited logging operations, reforestation, and ecosystem restoration
efforts, as well as the delivery of non-wood forest products (e.g., collection of mushrooms and
berries), and recreational activities in woodlands [10,25,41,42]. The war has resulted in the worst crisis
in the history of Ukraine’s forest sector [4]. According to the [44]UNEP (2022), there is an
unprecedented need to avert cascading impacts of the war and build resilience in Ukraine, which “is
now facing a compounded, multi-dimensional environmental crisis that has either exacerbated existing issues
or added new ones” [44:p6]. Indeed, “environment is always the silent victim of military conflicts” [45] (see
also [46]) and requires significant efforts for recovery.

This paper explores Ukraine’s forest SES prior to the war (Section 3.1), by applying the multi-
method approach presented in Section 2. It explains the root causes and impacts of the war on forest
SES and the resulting crisis in Ukraine (Sections 3.2 and 3.3). It then identifies pathways for the
recovery of forest SES (Section 3.4) and discusses how these sustainability pathways align with
current policies and trends in the EU and globally (Section 4), emphasizing the need for synergies
across diverse initiatives to ensure resilience despite ongoing geopolitical pressures.

2. Materials and Methods

Our study employs a multi-method approach to analyse socio-economic, environmental, and
governance drivers and pressures on Ukraine’s forest SES. This analysis adapts the analytical
framework proposed by Bergstrom et al. [47] (2016): (1) system dimension, (2) system scope, and (3)
system resolution. These dimensions were adapted to the Ukrainian context to examine the crisis
caused by the war, as the Nature of the Crisis, Scope of the Crisis, and Resolution of the Crisis (see
Table 1).

By integrating a literature review with insights from expert interviews, we examine both pre-
war challenges and war-induced impacts on Ukraine’s forests. The time frame of the analysis covers
the period from 2010 till 2024. This approach and the time frame allow us to develop plausible
recovery pathways grounded in both empirical evidence and expert perspectives. The literature
review provided a foundational understanding of the forestry challenges and potential recovery
strategies in Ukraine. Using Web of Science and Google Scholar, we conducted searches with
keywords such as “forest”, “forestry,” “forest sector,” “war,” “recovery,” “socio-ecological,” “forest
governance,” “biodiversity,” “timber,” “harvesting,” “sustainable forest management,” “Ukraine,”
and a Boolean combination of these. We reviewed titles and abstracts to identify studies focused on

s
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Ukraine’s forest economy, forest-dependent communities, social dynamics, biodiversity, timber
production, harvesting practices, sustainable forest management, governance, ecological resilience,
stakeholder engagement, and post-war recovery. Additional context was drawn from grey literature
such as the IUFRO Report on Ukraine Forest Science and Research, the State Forest Resources Agency
of Ukraine (SFRA), and the FAO Forestry Support Strategy for Ukraine (2023-2027). This line of
reasoning shaped the design of interview questions and provided a comparative basis for
interpreting stakeholder interviews (Appendix A). We conducted semi-structured interviews with
seven Ukrainian forestry experts (n=7), including researchers, government officials, and
representatives from forest-related NGOs. These participants were selected for their direct
involvement in forest recovery efforts. The interviews, conducted in 2024, addressed governance,
ecological impacts, and socio-economic pressures, allowing us to capture diverse viewpoints
essential for accurately reflecting on the complexities in forest SES.

Table 1. Key dimensions of Nature of the Crisis, Scope of the Crisis, and Resolution of the Crisis and their

analytical explanations.

T f
DimensionsSteps ype o Sources of information
analysis
Literature
review
(sc1er.1t1f1’c Web of Science; Google Scholar; government websites
publications
and grey
literature)
. Expert Ukrainian researchers, government officials and
Definition (pre- . . .
interviews representatives of NGOs, n=7
Nature of war challenges . .
the crisis  and war- IUFRO report from Forum on Ukraine Forest Science
induced crises) Forest policy  and Education: Needs and Priorities for Collaboration
document (2024) [48]; FOREST EUROPE report on Ukraine's
analysis forest recovery [49], WB reports on Ukraine [50,51],
OECD report on Ukraine, State Forest Management
Data from Strategy of Ukraine until 2035 [52]; FAO Forestry
National Support Strategy for Ukraine 2023-2027 [53].
Statistics Official information on forests of Ukraine—
https://forest.gov.ua/en
Literature
review .
Identification of (scientific Wep of Sc1ence., Gc-)ogle Scho.la.r, survey of peer-
L reviewed publications, Ukrainian government and
root causes publications
NGOs reports
and grey
literature)
Official data from Ecozagroza online platform; data
from SFRA; website of the Ukrainian state forest
Forest cover . ..
Scope of change management planning association
P . 5 “Ukrderzhlisproekt” —Remote Sensing Based
the crisis

Assessment of
the impacts

Fires and area

Inventory —National Forest Inventory
State Emergency Service of Ukraine (SESU)
Regional Eastern Europe Fire Monitoring Center

burned (REEFMC) Landscape Fires Advisory Bulletin—
https://nubip.edu.ua/node/9087/2
Z0I Environmental Network, Copernicus Dynamic
Society Land Cover map, Emerald Network, grey literature,

and expert interviews (n=7)
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Economy Forest statistics, UKRstat webpage
Scientific publications, IUFRO report on Ukraine
Forum “Forest Science and Education: Needs and
Priorities for Collaboration” [54], and results of the
discussion hold during special session at IUFRO

Governance ~ World Congress on Ukraine's forest (2024);
Ukraine's forest policy regulations and amendments
to law due to martial order (2022-2024); reports of
international organisations and programs (e.g., FAO,

WB, WWEF, UNECE)
Evaluation of  Literature
ti i d
. actions/ . reviewan . . Web of Science; Google Scholar
Resolution responsesin  current policies;
of the crisis:place; expert Reports [48-53]
place; . . P . Interview with Ukrainian researchers, forest related
Recovery suggestionof interviews .
. professionals and government and NGOs
pathways recovery Thematic .
. representatives (n=7)
pathways analysis (QDA
Miner Lite)

Notes: Analytical framework based on three system dimensions. Each aspect can consist of one or
more steps and each step details the analysis and sources of information.

Nature of the crisis. This dimension of our analysis defines key challenges and governance
issues through the literature review and expert interviews. The selected experts, who are central to
Ukraine’s forest recovery efforts, offered in-depth insights into both current challenges and strategic
opportunities. Their perspectives were instrumental in identifying nuanced governance and
operational issues that affect the forest sector’s resilience and sustainability (Table 1).

Scope of the crisis. The Scope dimension establishes the boundaries of the crisis, addressing
what, where, when, and how much has been affected. This step enabled us to uncover the root causes
impacting Ukraine’s forest SES, particularly those associated with war and institutional factors. Our
analysis encompassed spatial and temporal impacts, drawing on data such as satellite imagery from
the ZOI Environmental Network, land cover data from the Copernicus Dynamic Land Cover Map,
and data from the State Emergency Service of Ukraine (SESU) and the Regional Eastern European
Fire Monitoring Center (REEFMC). We also examined socio-economic factors, including the
increased demand for timber due to war-related reconstruction needs, to understand the most acute
pressures on Ukraine’s forest sector (Table 1).

Resolution of the crisis: Developing recovery pathways. The Resolution dimension addresses
the how, where, and when of implementing post-war recovery pathways for Ukraine’s forest sector.
We developed strategic interventions aimed at building resilient SES, strengthening governance
frameworks, and promoting participatory decision-making through social innovations. To structure
these recovery strategies, we applied thematic analysis [55], focusing on three critical sustainability
pathways: socio-economic, technological, and environmental as outlined in Beland Lindahl et al. [56].
Using QDA Miner Lite, an open-source qualitative analysis tool, we categorised interview responses
to identify key themes, including governance challenges, forest health, and economic recovery. These
themes were grouped into broader categories that corresponded to the three identified recovery
pathways: socio-economic, technological, and environmental [56,57]. To substantiate and validate
these pathways, we compared the interview-derived themes with findings from the literature review,
which enhanced the accuracy and reliability of our recommendations. Despite the limited sample
size of expert interviews, our multi-method approach increased the credibility and validity of
research findings. Drawing from both published research and direct input from experts, we thus
provided a comprehensive outline of sustainability pathways to address Ukraine’s distinct socio-
ecological challenges. This triangulation helps to ensure that the identified pathways are not only
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relevant and contextually grounded but also offer insights that could apply to comparable forestry
settings elsewhere.

3. Results

Ukraine’s forest SES are under severe strain, with the war intensifying ecological, socio-
economic, and institutional challenges.

3.1. Baseline Assessment: Contextual Review of Ukraine’s Forest Socio-Ecological Systems

Forests in Ukraine cover 10.4 million hectares (15.9% of the country) placing it ninth in Europe
by forest area (SFRA 2023a). Ukraine’s forests are predominantly publicly owned (86.5%) and under
the management of the State Specialized Forest Enterprise “Forests of Ukraine”. The enterprise is not
financed by the state budget and independently sustains its economic activities. It consists of the
central office, 9 regional offices with 144 branches. Around 13% of forestland is communal and
managed by communal forest enterprises and only 0.1% of forests are in small-scale, private property
[58]. The State Forest Resource Agency (SFRA) is responsible for elaboration and implementation of
the state policy in the field of forestry and hunting, forest management planning, issuing harvesting
permissions, international activities, inter alia, but not directly for forest management. Forest
distribution varies regionally, with the highest forest cover in the Carpathian Mountains (52%) and
Polissia regions (40-42%) in west and north-west Ukraine, respectively. In Ukraine, forests are vital
for biodiversity, climate regulation, and supporting local livelihoods, as well as for providing timber
and other ecosystem services [6,59-61]. Productive forests dominate the north-west and west of the
country, while in the steppes of central and southern Ukraine, forest cover is sparse (5-12%), yet
shelterbelts are critical in protecting larger agricultural fields from windblown erosion, providing
habitat for biodiversity at smaller scales, and accommodating traditional land-uses [62,63].

Ukraine’s forests are categorised for various uses: 38% are designated as commercial, 33% as
protective, 15% for recreational purposes, and 14% as natural reserves for scientific and cultural
preservation [64]. The estimated timber volume stands at 1736 million m?, with an annual increment
of 35 million m?® and an annual harvesting rate of 20 million m?. Forest management is conducted by
professionally trained foresters. According to the Forest Stewardship Council (FSC), in October 2021,
Ukraine has certified 3.72 million hectares of forests, with 118 forest management and chain of
custody (FM/CoC) certificates issued [65].

Forestry contributes approximately 0.3% to Ukraine’s GDP. The sector saw substantial growth
in 2022, with timber sales reaching UAH 21,583.4 million (USD 584.4 million), primarily driven by
exports of unprocessed timber [58]. In the period 2010-2023, of the total volume of harvested timber,
41% was used for industrial purposes and 48% for firewood, primarily for heating and energy [52].
Beyond economic contributions, forests provide essential ecosystem services and support around
36,000 jobs [52]. Forests also play a critical role in the country’s rural livelihood [65,66]. Local
communities rely on forest resources, e.g., by working in forest industry or tourism, and especially
from using non-timber forest products (NTFPs) such as berries and mushrooms [67], which have
seasonal and cyclical yields [5,68,69].

The forest sector in Ukraine does not fully meet high and changing societal expectations [6].
Issues like illegal logging, cases of corruption, as well as rather low consideration of multiple
ecosystem services other than timber in decision-making, and a lack of transparency in forest
management have raised concerns among scientists, NGOs, media and local communities [70]. While
institutional transformations have begun and positive trends are observed, the rules of the game have
not changed significantly [60,61]. Despite the introduction of open consultations and public boards
to advise regional and central offices of the SFRA, forest governance in Ukraine is predominantly
centralised and with a rigid top-down approach [5,60,69]. Decentralisation of forest management—
giving local forest enterprises more control over their operations and finances to ensure
profitability —has not yet been fully realised. Efforts to transfer administrative and financial
independence to these enterprises remain incomplete [53,71]. Lack of policy coordination and weak
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cross-sectoral collaboration can be observed [59,72]. Although market instruments and forest
certification efforts have increased, there is a need for greater involvement from government, civil
society, and private sector actors [53,61,65].

Forest policy has increasingly become aligned with the European Union standards, emphasising
sustainability, biodiversity conservation, and compliance with EU environmental directives [73]. The
Forest Code of Ukraine, established in 1994 and last amended in 2024, serves as the primary
regulatory framework for forest management. However, its implementation has been constrained by
limited resources [74] and institutional capacity, hindering the practical uptake of sustainable forest
management [75]. Current policy priorities—e.g., the [76]—include decentralising forest
management, promoting public-private partnerships, dividing governance and business power
among different actors, and advancing a green economy approach in line with the EU Association
Agreement [77].

While the Baseline Assessment outlines the foundational characteristics of Ukraine’s forest
socio-ecological systems, the next section (3.2.) explores the multi-dimensional challenges that have
compounded these vulnerabilities, both before and during the war.

3.2. Nature of the Crisis

While Section 3.1 outlines the general context of Ukraine’s forest socio-ecological systems, this
subsection focuses on the specific pre-war challenges that amplified vulnerabilities and limited the
sector’s capacity to respond to future crises.

3.2.1. Pre-War challenges

Building on the Baseline Assessment (3.1.), this subsection focuses on the pre-war challenges
that limited the forest sector’s capacity to respond to crises and highlights factors that compounded
existing vulnerabilities.

Ukraine’s forest sector faced significant challenges even before the current conflict, including the
impacts of climate change, land use changes, and institutional and financial constraints. Limited
participatory governance and cases of corruption, primarily associated with timber logging, further
exacerbated these issues [60,70,78,79]. These factors contributed to a sometimes-negative societal
perception of forestry and foresters [70].

Between 2019 and 2022, climate change and associated natural disturbances caused the dieback
of approximately 800,000 hectares of forest, including 420,000 hectares of pine forests severely
affected by bark beetle infestations [35,80]. Since the early 2010s, Ukraine has experienced extreme
weather events with more frequent heatwaves and droughts, and snowless winters creating
conditions highly favourable for large-scale fires [35,54,80,81]. The fire seasons of 2014, 2015, and 2020
were particularly severe, with human activities contributing to widespread wildfires across the
country. The fire season of 2020 was the worst in Ukraine’s history, with large fires affecting the
Chornobyl Exclusion Zone (67,000 ha), Zhytomyr oblast (43,000 ha), Kharkiv oblast (8000 ha), and
Luhansk oblast (39,500 ha). In July 2020, fire in Eastern Ukraine destroyed more than 730 houses,
resulting in 17 fatalities and 861 injuries. In 2020, forest fires in the north-west Polissja region affected
7 villages, damaging 82 houses. In north-east Kharkiv oblast, forest fires destroyed 22 private houses
[82]. In the Chornobyl Exclusion Zone, wildfire damage to natural ecosystems was estimated at
approximately USD 205 million [82].

Institutional challenges, such as declining state funding, and the overreliance on state control,
have hampered management operations and innovations in the forest economy [50,83]. Problems
stemming from the separation of forest management from policymaking and the lack of transparency
have led to increased risks of corruption, illegal logging, limited cross-sectoral collaboration, and
outdated information systems, all of which have hindered the sector’s sustainability [60,61,70],
further eroding public trust [5,6,61,69,84].

Recent reforms in the forest sector [85] aimed at addressing existing challenges by prioritising
sustainable management practices, including close-to-nature forest management approaches. These
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reforms also focused on increasing transparency through more active public participation and
enhanced collaboration of different stakeholders through consultations and public dialogs. Digital
tools were also introduced such as auctions in the timber market and implementing a tracking system
of harvested timber to reduce illegal logging and trade [60,70]. The reforms also led to the separation
of policymaking and management functions through the creation of the specialised forest enterprise,

4

“Forest of Ukraine,” responsible for operations and forest management, and the mentioned State
Forest Resource Agency focused on policy [76]. The reforms implemented by the Ukrainian
Government [85] aimed to enhance community involvement in forest management, governance and
use, but they remain limited in scope and impact. Our experts noted that “these reforms primarily
emphasised increasing economic efficiency through too centralised management functions, which raises the risk
of disconnection from local communities” (Expert 3). However, innovations in forest governance, with
new social initiatives emerging, have been observed in recent years, marking a positive shift towards
more active engagement of civil society actors in reconfiguration of social practices in addressing
contemporary challenges [6,60].

Significant positive advancements have been observed in the promotion of information
technology and innovative digital platforms in the sector, enabling online auctions and societal
monitoring of timber harvesting and trading. Importantly, there has been growing recognition of the
need to enhance integrative, multifunctional forestry and certify non-timber ecosystem services [65].

3.2.2. War-Induced Crises

The Russian full-scale war in Ukraine is exacerbating challenges [53]. The war has cost USD 71
billion in environmental damage and led to the equivalent of some 180 million tons of carbon
emissions in 1,000 days of war announced at COP29 in November 2024 [86]. Approximately one-third
of Ukraine’s forests, spanning 2.9 million hectares, have been impacted [71], with around 1.3 million
hectares contaminated by UXO, rendering these areas hazardous for humans, animals, and the
ecosystems [58]. Protected areas suffer extensive damage, with large-scale fires reported in regions
experiencing active military operations [58]. As of June 2023, war-related economic losses in the sector
were estimated at USD 530.8 million [58].

The war has significantly disrupted forest restoration efforts announced in 2021, such as
implementation of the Green Country project, which targets planting 1 million hectares over 10 years
to increase forest area (Decree 2021, [71]. Tree planting has decreased from 54,500 hectares in 2021 to
36,900 hectares by early 2023 [52,87], while timber demand has increased.

The war is severely impacting forest research, management and education with many students
and researchers forced to relocate. This leads to significant disruptions in forest research capacity and
impacts forest professionals. The forest sector is facing a severe shortage of skilled professionals, with
2390 foresters mobilised for military service. As of mid-2024, the State Forest Agency of Ukraine
reports that the war has resulted in the deaths of 128 foresters, the loss of 524 pieces of forestry
equipment, and the elimination of 2738 workplaces [54].

The direct damage to SES from warfare is severe [44]. Also, biodiversity and soil health are being
impacted by extensive fires, soil erosion, and the destruction of shelterbelts (windbreaks) around
agricultural fields [88]. In the central-east of Ukraine, the shelterbelts were historically established on
agricultural lands, to play a crucial role in agroforestry systems, primarily reducing wind speed to
mitigate erosion, protect crops, and retain soil moisture. They are now heavily impacted by the war
[62]. Protective and regulatory forest functions are especially important in semi-arid regions where
they help prevent soil degradation and conserve water. In conditions of the changing climate and
increasing droughts, these shelterbelts have become vital nature-based solutions for preserving soil
fertility and ensuring food security. However, during the war, many shelterbelts have been
repurposed for warfare and become strategic areas for military operations or serve as burial sites [37].
This leaves the affected regions even more vulnerable to environmental risks.

In areas such as the Ukrainian Carpathians, where forests are not directly impacted by the war,
climate-driven disturbances like wildfires, pest outbreaks, and other ecological stressors are
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worsening forest health [35,80]. These forests also face additional pressures because of the relocated
businesses and an increase in the number of people currently residing in the region due to their
internal displacement from the east of the country [89-91].

The challenges described here provide the foundation for understanding the full scope of the
crisis, which is examined in the following section (3.3.) through the lens of structural drivers and their
far-reaching impacts.

3.3. Scope of the Crisis
3.3.1. Root Causes

The results of our analysis provide evidence that root causes of the crisis in Ukraine’s forest SES
are driven by a complex interplay of structural and systemic factors, with war being the main one
(Figure 1). Ukraine’s forest SES are shaped by natural processes (e.g., climate change), land use
changes, management decisions (which could be unsustainable, see Section 4.2.2.) and anthropogenic
disturbances (e.g., wildfires). Forestry practices, influenced by underlying natural conditions,
demography, politics, economy, technology, governance, and societal expectations affect the SES.
Human actions, such as unmanaged agricultural burnings or illegal logging, and more recently and
critically, warfare, war-related arson, and shelling—with often long-lasting presence of UXO—have
significantly intensified pressures on forest SES. Military actions, with explosives, rockets and drone
attacks, and large vehicle movements, spark fires with devastating impacts. Climate change
exacerbates these challenges by altering weather patterns, affecting forest growth, and raising further
wildfire risks. Forest fires that increased because of continuous shelling, human-caused ignition,
contamination of land with UXO, and other factors pose significant threats. They also hinder access
to firefighting resources and complicate fire management, including fire prevention and suppression
efforts [80].
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Figure 1. Root causes highlight the structural and systemic drivers of change within Ukraine’s forest socio-
ecological systems. Note: The figure emphasises fire as a dominant disturbance process, which, in pre-war times,
was primarily relevant to fire-prone systems, such as Scots pine (Pinus sylvestris) forests in Ukraine’s north (e.g.,
the Polissia region and the Chernobyl Exclusion Zone). Other forest types, such as those in the Carpathian region,
were more strongly influenced by wind, insects, and pathogen disturbances. During the war, however, fire has
emerged as a key disturbance factor, as illustrated in the figure. Its impact on forest SES is the most severe in
frontline regions, where forest fires are nearly unstoppable. Underlying or indirect factors, such as policies,

demography, economy, technology, governance, culture, EU and global regulations, along with climate change,
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create conditions that influence forest management and resilience. Direct factors driving changes in SES include
practices for restoration and reforestation, existing forest management strategies, and the occurrence of fire-
prone events and actions, such as war-related arsons, UXO, shelling, and uncontrolled agricultural burning by
local people. Additionally, fuel availability and weather conditions—such as increased due to climate change
extreme events, prolonged dry seasons with decreased precipitation—play a significant role in exacerbating

landscape fires.

Forests in the northern, eastern, and southern regions have been particularly vulnerable [58,92].
The warfare has led to widespread habitat destruction, further threatening biodiversity and
exacerbating the already challenging task of sustainable forest management. Experts 1, 4, 6: “Fire
ignition and spread are mainly not influenced by natural factors such as lightning and wind but shaped by
continuous shelling, as well as human decisions related to land use and forest management, such as arson and
burning of agricultural fields.”

Importantly, “the ongoing war has led to significant increase of demand for timber” (Expert 4)
primarily driven by the need of wood for military fortifications and for energy due to its shortages in
Ukraine. Interviewed experts anticipate a further increase in timber demand, driven by the need to
support reconstruction efforts, comply with EU policy legislation for achieving the net zero target
[93], and promote the shift to “green energy sources” highlighted by Ukraine’s government [94].

3.3.2. Impact
Forest Fires and Biodiversity Loss

The proximity of populated areas to forests, combined with intensive agricultural activities,
enlarges risk of wildfires. Extreme droughts in some regions, exacerbated by climate change and
often linked to heatwaves, increase their frequency and scale [95]. Also, military activities are
responsible for a significant number of forest fires [35]. The Russian aggression against Ukraine,
which started in 2014 (with the full-scale war launched by the Russian Federation on 24 February
2022) has escalated both the number and extent of wildfires, especially in the eastern, southern and
central-northern regions of the country (Figure 2).
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Figure 2. Map of forest and landscape fires across Ukraine from 1 January 2022 to 31 August 2024. Note: Wildfires
affect different types of land cover, including forests, grasslands, and agricultural lands, resulting in
environmental impacts such as loss of biodiversity, soil degradation, and contribution to air pollution, including
with GHG emissions. Cumulative fires are shown on the map, with fires marked in black, forests in green, water

bodies in blue, and active war or occupied zones (as of June 2024) in grey.

The war has caused a significant threat to biodiversity. Approximately 900 protected areas—
including Ramsar sites, river deltas, and critical Steppe ecosystems—have been affected by military
activities such as shelling, bombing, and oil spills. as well as soil pollution with heavy metals [96].
Since 2022, landscape fires in protected areas (e.g., Emerald) have burned 329,672 hectares, with
44.2% in occupied by Russia territories and within a 30-km frontline buffer zone [35,54,80,81,97].

The full-scale war has significantly exacerbated environmental damage, with fires resulting from
active combat operations thus far affecting 1.3 million hectares. Between the start of the full-scale war
and August 2024, 115,700 hectares of forest within active military zones and occupied territories were
affected by fires, accounting for approximately 90% of all forest fires in Ukraine during this period
[35,54,80,81,97]. Fire connectivity, fuel availability, and access to firefighting (which in Ukraine is
often limited) are important preconditions for governing of landscape fires. However, from 2010 to
2023, the country was losing due to wildfires an average of 5000 hectares of forest annually (plus
14,000 hectares to pests, diseases, and extreme weather conditions) (Figure 3).
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Figure 3. Forest fires in Ukraine (1990-2023). Note: The figure shows the number of forest fires (line, in
thousands) and the area affected by forest fires in thousands of hectares (bars). Data for 2000-2021 are based on
official government statistics (SSSU, 2000-2021), while 2022-2023 data were calculated by Zibtsev et al. (2023a,
b, 20244, b) using remote sensing methods (https://nubip.edu.ua/en/node/9087/2). Note the change in scale for
the area affected by fires. The inset box displays the Canadian Fire Weather Index (FWI), which, according to
the European Forest Fire Information System (EFFIS) (https://effis.jrc.ec.europa.eu/), has shown a doubling trend
since 1990, based on SSSU 2024 data.

Landscape fires over more than two years of the full-scale war in Ukraine have released nearly
6 million tonnes of carbon into the atmosphere coming from burning organic biomass, including
forest, and resulting in over 15 million tonnes of greenhouse gas (GHG) emissions [98]. Long-term
impact projections indicate that biomass losses from damaged forests in Ukraine due to the war might
result in 11-18 million tonnes of additional carbon emissions, with nearly 85% of these are projected
to originate from forests located in the frontline [98,99].

Socio-Economic and Market Dynamics in Forestry

The war has inflicted substantial socio-economic impacts and market challenges in Ukraine. In
2022, its GDP saw a historic 29% drop, primarily driven by widespread damage to industrial
infrastructure and natural capital, including forests [100]. As of November 2024, due to the warfare,
20 forest enterprises mainly in east-north of Ukraine have suspended their economic activities,
including two in Donetsk oblast (i.e., administrative territory, like province), three in Zaporizhzhia
oblast, seven in Luhansk oblast, two in Kharkiv oblast, and six in Kherson oblast [92]. Forest area of
0.5 million hectares on territories liberated from Russian occupation requires demining [58]. Nearly
0.8 million hectares of forest land is under occupation and information about these forests is missing.
20% of Ukraine’s nature reserves, encompassing 812 protected areas, are significantly damaged [101]
and not suitable for use for recreational, research and educational purposes.

Logging volumes remained relatively stable from 2010 to 2021, with an average of 20.7 million
m? and maximum variations up to 15% range. However, in 2022 and 2023, when Russia’s full-scale
war against Ukraine began, harvesting volumes decreased by 23-24% (Figure 4, [52]). Because most
forests are concentrated in the northern and western regions of Ukraine, forest management is still
possible despite the war. In the south and east of the country, the main part of which is under
occupation, forests (covering an area of approximately 0.8 mln ha or 7.7% of the territory) have no
significant commercial value. In the territories that were previously temporarily occupied (north
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Ukraine), economic activities have been partially restored, except for the area of 0.5 million hectares
that requires demining [58].
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Figure 4. Dynamics of timber harvesting in Ukraine (2010-2023). Note: Illiquid wood is referred to wood that is
difficult to sell or trade due to its poor condition or other factors.

Economic pressures on the forest sector are exacerbated by challenges in wood processing and
timber marketing due to limited electricity supply since the war started, disrupted logistics, increased
fuel prices, and decreased area of FSC-certified forests.

Timber production has faced significant strains with a marked shift in 2022 toward fuel wood,
which accounted for 61.7% of total timber sales [102]. This trend reflects a rising demand for heating
and burning wood instead of fossil fuel. Experts 6 noted that “... "fuel wood” includes not only firewood
for household use but also fuel wood designated for both industrial and non-industrial applications within
industry”. While fuel wood sales stabilised at 57.8% in 2023 [58], the continued dominance of this
segment points to market disruptions and underscores the need for strategic realignment. Market
access challenges also persist, especially for sustainably managed forest products that lack consumer
premiums, and the sector suffers from lack of entrepreneurial development for non-timber forest
products, despite the high value of such resources in some regions [53].

Restricted forest access, increased fuel wood demand, and illegal logging have escalated. Illegal
timber logging volumes in 2023 exceeded pre-war levels [58], particularly in southern and eastern
regions, where logging also emerged to support defence efforts and satisfy immediate demand of
local populations in energy due to distributions in energy supply as a result of destroyed energy
infrastructure by Russia. Results from a survey conducted in late 2022 by [103], involving 51
respondents from five stakeholder groups—civil society activists, NGO environmental experts,
forestry workers, wood processing workers, and institutional environmentalists —indicated that
66.7% believed the war had a significant impact on the daily operations of state forestry enterprises,
admitting disruptions across the sector. Interviewed by us experts highlighted that Ukraine’s forestry
faces “convergence of socio-economic and market challenges requiring sustained intervention, market
monitoring, and a green recovery strategy that addresses immediate needs while paving the way for sustainable
forest management and bioeconomy transitions” (Expert 7).

Forest Governance and Management

Russia’s war in Ukraine necessitated substantial refinement of Ukraine’s forest policy and
strategic goals. The updated State Strategy of Forest Governance of Ukraine until 2035 includes new
provisions aimed at restoring forest management in areas contaminated by explosive ordnance and
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rehabilitating forests damaged by armed conflict. However, forested areas are not designated as a
priority for demining efforts, limiting the practical effectiveness of these provisions and rendering
much of the policy declarative rather than actionable. Only 0.1% of the required demining area, or
232 hectares, has been addressed by the State Specialized Forest Enterprise “Forests of Ukraine”,
indicating significant gaps in operational capacity and financial support for demining efforts.

Voluntary forest certification, such as by Forest Stewardship Council (FSC), helps maintain
responsible forest management in “non-in-the-conflict” areas, ensuring supply chain integrity and
compliance with sustainable practices. For forest management units in potentially hazardous zones,
the updated Forest Stewardship Standard proposes excluding contaminated areas from certification
[65]. Certified forestry enterprises are required to implement comprehensive measures, including
identifying and mapping contaminated areas, clearly delineating these zones, adapting management
plans and monitoring systems, and ensuring public access to non-confidential information. These
measures support safety, integrity, and sustainability while addressing the complexities introduced
by explosive contamination. Management practices are also adapted to ensure High Conservation
Value (HCV) areas remain protected, preventing forest products from contaminated areas from
entering FSC-certified supply chains.

While voluntary certification partially compensates for gaps in mandatory policy, regulatory
challenges persist. The Ukrainian government has also adjusted logging regulations during the
wartime, imposing new restrictions but simultaneously removing seasonal logging bans. This change
raises sustainability concerns, especially given that clear-cutting accounts for 89% of logging activities
[52]. Such legislative adjustments could undermine conservation efforts critical to Ukraine’s
obligations under the Bern Convention and its alignment with European environmental standards.
Analysis of laws, governmental programs, and their implementation shows that previous policies
and strategies did not fully consider the range of ecosystem services, expectations of the society to be
included in the decision-making and the impacts of climate change on forest management [70]. While
recent policies indicate progress, the evolving regulatory landscape continues to reflect the challenges
of balancing immediate needs with long-term sustainability objectives in forest governance.

3.4. Resolution: Pathways for Recovery

We identified three strategic pathways for addressing the complex challenges of post-war
recovery. The first pathway centres on using forest resources to drive immediate economic recovery.
The second emphasises sustainable, long-term forest restoration, focusing on biodiversity and
climate resilience. The third pathway prioritises decentralised recovery strategies with decision-
making authority vested in local governments. Key to this pathway is participatory governance with
the promotion of social and institutional innovations to enhance transparency, combat risks of
corruption, and foster local community engagement in forest management. The findings also show
that the devastation in eastern Ukraine, including the losses of life including forestry personnel,
destruction of facilities, vehicles, and resources, including natural capital, vital for forest management
and use, means that the basic recovery (of financing, infrastructure, human and man-made capital,
etc.) must take precedence before the more advanced pathways outlined below in this paper can be
realistically pursued.

Pathway 1: Increased Forest Use for Sustainable, Low-Carbon and Green Recovery

Pathway 1 emphasises the domestic use of Ukraine’s wood to meet urgent needs in building
material, primarily for housing reconstruction and new construction of residential houses and
infrastructure with green and low-carbon construction materials, such as wood [65]. It is also
envisaged that timber will be used for ensuring “green” energy supplies, focused on small-scale
(residential and municipal) green energy production and high efficiency wood biomass applications
(e.g., [104,105]. The rationale behind an increase in volumes of timber production for wood
construction, wooden value-added products and energy was highlighted by e.g., EU New Bauhaus
objectives and Ukraine® Green Deal and Green Policies accordingly [106]. However, “while timber is
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critical for rebuilding” (and small scale, green energy projects) “it is essential to ensure that economic
recovery efforts do not compromise long-term sustainability” (Expert 1).

Vital for increasing wood supply would be to meet the demand for timber without jeopardising
other critical ecosystem services of forests. These services of forest include windbreaks and soil
protection, e.g., in eastern Ukraine (where agricultural land dominates), flood protection in western
Ukraine, with steep slopes of the Carpathian Mountains, and where clear-cutting has proven to
reduce water regulation, soil protection, habitat provisioning, and climate regulation functions. Thus,
meeting the objective of spurring timber production should be achieved only via the widespread
adoption of sustainable forest management practices.

We recommend a nationwide timber sourcing and sustainability feasibility study i) to assess the
types and quantities of wood needed for post-war reconstruction and increased demand of using
wood for energy; ii) determine the production capacity in different forest regions consistent with
harvesting, transportation, processing and manufacturing capabilities; iii) refine estimates of
production capacity after applying spatial filters and sustainability criteria, which would address, at
a minimum, protection of High Conservation Value forests and biodiversity, hydrologic regulation,
and climate resilience; and iv) provide recommendations for appropriate sourcing of timber locally,
regionally, and nationally consistent with production capacity and sustainability.

The development of value-added forest products will also be essential to meet the demand for
wood and create economic resilience and reduce the dependency on raw timber extraction. Beyond
wood, increased use of non-wood forest products could enlarge the capacity for local food supply
(through developing short-supply chains and value-added products). Monetization of non-wood
forest products and industries like ecotourism can contribute to economic growth, green job creation,
improving health and wealth of people, and helping to diversify local economies.

However, the first step in implementing Pathways 1 would be addressing war-related damage,
such as demining of unexploded ordnance and restoration of damaged forest enterprise and
infrastructure. This would require substantial investment. including in modern forestry equipment.
Expert 6 stressed that “Rebuilding the sector will require not just economic investment but also a focus on
forest health (and vitality) through (developing and using of) modernised (and eco-friendly forest)
management practices.”

Pathway 2: Close-to-Nature and Close-to-People Forestry with Technological Innovations, Digital
Tools, and New Know-How

"Close-to-nature and close to people forestry’ pathway emphasises long-term ecological
restoration and the development of climate-resilient landscapes through close-to-nature forestry,
incorporating contemporary digital planning and modelling tools and innovative silvicultural
approaches addressing a full range of ecosystem services [67,107-109]. It follows principles of an
integrated landscape approach, incorporating nature-based and climate-smart solutions [110-114]
and highlighting the active participation of local communities in forest management decisions [115].

Given the impacts of the war, such as fire damage and land contamination, the efforts should
start with demining, improved fire management, nature regeneration, and planting of native species
to restore damaged forest ecosystems and ensure forest health. This pathway prioritises restoring
biodiversity and enhancing climate resilience. Close-to-nature forestry with multifunctional and
sustainable silviculture approaches promotes forest reforestation with native species and aims to
mitigate the risk of fires and pest infestations [116,117]. Expert 4 emphasised that “restoring forest
ecosystems with native species ensures not only biodiversity but also climate adaptation, reducing vulnerability
to fires and extreme weather events.”

Pathways 2 offers slower but more sustainable economic gains by focusing on green jobs creation
and benefits from forest ecosystem services other than timber (e.g., non-timber forest ecosystem
services, goods and value-added products). “Ecotourism, agroforestry, forest playing a role as a shelterbelt
for agriculture, and forest-based value-added businesses offer diversified income sources that align with
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ecological goals” (Expert 3). These sectors would also provide well-being and resilience for rural
communities and people involved.

Decentralisation of forest management and empowering local communities is key to this
pathway’s success. The Environmental Impact Assessment Law (Law of Ukraine No. 2059-VIII,
updated on January 4, 2024) and National Forest Inventory Program [118] provide the necessary
regulatory framework to ensure that community-led efforts are aligned with national ecological
goals. Expert 5 stated “Local communities should play a central role in decision-making to ensure forest
governance reflects both local needs and national priorities”.

To enhance forest health and vitality, this pathway focuses on maintaining ecosystem services
through proactive monitoring and adaptive management. Preventative measures for fire
management and the restoration of war-damaged forests will require continuous investment in forest
health technologies. Expert 6 noted that, “Long-term monitoring and adaptive management will be critical
in ensuring that forest ecosystems remain healthy and resilient.”

Digitalization and new technologies have significant potential to support sustainable,
multifunctional, and nature-based forest ecosystem management [107,114]. Expert 7 admitted that
“digital tools must be fully integrated into the recovery process for forest demining, inventory, and sustainable
management, enabling real-time monitoring of forest health and regeneration”. Tools like terrestrial and
airborne laser scanning, remotely sensed imagery, geographic information systems, decision support
systems (such as Marteloscope platforms), and simulation modelling enable integrated, long-term
forest planning and monitoring. They aid managers in balancing multiple objectives, as well as
anticipating climate vulnerabilities and risks. Knowledge exchange enables sharing of practical
experiences, improving evidence-based understanding of forest dynamics and silvicultural
techniques, and keeping people well-informed about forest health and management practices.
Fostering collaboration among forestry stakeholders is crucial for adapting to ongoing challenges,
such as climate change.

Pathway 3: Anticipatory Governance for Forest Socio-Ecological System Sustainability with Social
and Socio-Ecological Innovations

Pathway 3 focuses on refining Ukraine’s forest policies and “strengthening forest governance,
enhancing transparency, and ensuring compliance with sustainable practices to align economic
activities with environmental goals” (Expert 7). It emphasises the building of accountability through
regulatory and anti-corruption reforms and leveraging international partnerships to enhance
governance capacity. The reforms and their implementation are necessary to prevent
overexploitation of natural assets, and promote responsible, integrative and sustainable forest
management. Innovative, anticipatory forest governance is deemed to improve transparency,
address corruption, and promote decentralised and more deliberative decision-making (e.g., as seen
in [119]). In this regard, the Program on Anti-Corruption Measures in Forestry [120], which is under
implementation, is a critical step in preventing overexploitation of natural capital and steering
sustainable governance and management of forests. “Strong governance prevents deforestation and
forest degradation by enforcing sustainable practices and reducing the influence of corrupt actors”
(Expert 3).

Transparency in forest management practices (e.g., through digitalization) is essential for
achieving these goals. Technical or technological innovation, offering digital solutions, such as the
Digital Tracking and Certification System introduced in Ukraine in 2022 play a crucial role in
enabling real-time monitoring of timber harvesting, and thus increasing the transparency and
accountability of forestry operations. “The use of digital tools to track timber harvesting and sales is
essential to maintain transparency and protect forests from over-exploitation” (Expert 4). Digital wood
tracking systems, actively promoted within EU policies like the FLEGT Action Plan [121], can prevent
illegal logging and ensure promotion of transparency in the management and use of timber resources.
Continued efforts of decentralization, following the Law on Decentralization (2015), could empower
local governments to take a more active role in decision-making, creating a more responsive and
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transparent governance. Expert 5 emphasised “decentralisation allows local authorities to manage forest
resources more effectively, improving accountability and transparency”. Collaborative forest policy
frameworks that involve multi-level engagement of multiple stakeholders contribute to building
robust regulatory systems [49-53]. Capacity building and empowering local stakeholders is a
prerequisite for transferring more decision-making powers to local forest authorities and
communities. Women are to play an important role in this process [122,123], including by enabling
social and socio-ecological innovations.

Innovative and anticipatory forest governance, built on these collaborative efforts, can
strengthen social capital further and steering the diffusion of social innovations [124-126]. Social and
socio-ecological innovation (along with other types of innovation, e.g. technological, digital,
financial, governance, institutional) can help address challenges by fostering community
participation, rethinking governance structures, and enabling a more integrated decision-making
process that incorporates environmental, social and economic considerations. Social innovation
might be new rules (formal or informal), governance arrangements, practices, relationships and
institutional frameworks. It strives to foster collaborations among actors, strengthening human
agency [127,128]. Social innovation is about the reconfiguration of social practices and introducing
new ones [129], e.g., of social entrepreneurships [130]. In favourable institutional settings, it is capable
to strengthen sustainable forestry initiatives by aligning them with local needs, promoting
biodiversity, and supporting rural livelihoods [6,61,131-134].

Social initiatives in Ukraine’s forestry have started developing and might indeed help to enhance
climate change adaptation and mitigation, promote social justice and inclusion, the creation of jobs
and value-added products and services and alleviate biodiversity losses [60,61,69,135-137].

Social, socio-ecological and institutional innovations are the focal points of Pathway 3, as they
have a potential to promote civic values and foster transformative changes [125,138-141]. They are
closely linked to the promotion of anticipatory governance of nature and steering sustainability
through the development of strong human agency [6,142]. Anticipatory governance is expected to
unlock a great potential for developing forest circular economy and bioeconomy and encouraging
high technology and the production of value-added products [143,144]. Anticipatory governance
refers to governance processes that use foresight to address uncertain futures, guiding decision-
making, and actions in the present (e.g., [145]). “Better governance will allow Ukraine’s forests to
contribute more sustainably to the economy, developing a full value-added chain rather than relying on raw
timber extraction” (Expert 2). The economic benefits of anticipatory forest governance also include
better timber pricing, increased trust in timber certification, and expanded market access as well as
innovative forest products. In addressing Ukraine's future challenges, anticipatory governance is also
needed to protect ecosystems from over-exploitation during and following the war and manage
possible conflicts among stakeholders due to land-use changes, including those, driven by the
changing climate, which escalates problems associated with wildfires caused by warfare. Expert 4
emphasised that “the future of Ukraine’s forests lies in sustainable landscape management with modern fire-
resilient strategies, focusing on both suppression and prevention, particularly in war-affected zones” .

The principles of ecological economics should provide a foundation for creating effective
policies, governance, and management practices for Ukraine’s forest SES recovery (see also [70]).
These principles would help forest policy meet societal expectations, with a focus on integrating
natural capital considerations into decision-making and stimulating innovations to successfully
address government and market failures, currently being observed. Social expectations from
governance innovation concern the provision of multiple ecosystem services from forests. This needs
to be prioritised, because of the importance of nature for people’s well-being, and as (among other
societal benefits) forests play an important role in mental health recovery in post-war times (as seen
in [146]).
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4. Discussions
Forests Are Cornerstones of Resilient Post-War Recovery

Forests are an integral part of Ukraine's landscape, cultural heritage, and economy. They
provide essential habitat for biodiversity and contribute to the well-being of communities through
provisioning of timber and non-timber products. Outdoor recreation, flood control, and climate
regulation are other important forest-derived services [6]. However, challenges in forest SES
highlight the need to address and implement rapid forest recovery solutions [49,53,94]. The solutions
must be implemented taking into consideration lessons learnt from other post-war countries [147],
emphasising resilience in SES, as seen in both agricultural [33] and forest sectors [54].

Anticipatory forest governance, which incorporates foresight in decision-making, could
empower Ukraine to respond to climate change and its economic, and socio-environmental impacts
[145,148]. It could enable Ukrainian forest governance and management to balance the ecological
component of sustainability with its economic and social imperatives, supporting long-term
resilience of SES. Regulated commercial forest management generates the needed short-term
economic value, such as providing timber as a renewable resource for wood-based construction,
emphasised by the European Commission [149] in new EU Bauhaus initiative. Close-to-nature,
multifunctional forestry ensures these activities are balanced with ecological sustainability, resulting
in an integrated approach that would advance both socio-economic and environmental objectives in
Ukraine’s post-war recovery (as outlined in [86,93,150].

War-related pressures on Ukraine’s SES and economy include not only the destruction and
contamination of forests [36], particularly in the eastern and central regions, but also a rising demand
for timber, especially for reconstruction [151], which combined with increasing needs for energy from
forest biomass further exacerbates the situation [105,152]. Moreover, in Ukraine, many of the
destroyed forests served as shelterbelts or windbreaks, protecting huge agricultural fields, thus
supporting food provision and security [62,63]. Ukraine’s forests previously made substantial and
cost-efficient contributions to climate change mitigation [153]. However, today, they have become a
source of carbon emissions due to the increased number of forest fires [80.

Finally, conserving, restoring, and sustainably managing Ukraine’ forests are crucial objectives
not only for this country but also to meet the strategic objectives of EU and international policies,
such as the Green Deal, The New EU Forest Strategy, The Forest Restoration Law and others [50,154—
158].

Forests Offer Diverse Values Beyond Timber Extraction

Post-war conditions often require rapid recovery to stabilise human health and well-being.
Natural resource extraction through large-scale industrial logging can drive economic growth and
support recovery. In Finland, intensive forestry practices after World War II contributed significantly
to recovery, with forests becoming a foundational asset for growth [159]. Today, many forest
ecosystems have declined, biodiversity lost, and carbon sequestration in forests has decreased [160].
Nevertheless, industrial forestry was and still is important for the Finnish economy.

Ukraine is in a different situation. Similar to the recovery needs of its agricultural sector,
Ukraine’s forestry can leverage integrated, resilient practices to support sustainable growth,
balancing immediate economic requirements with long-term sustainability objectives, for meeting
which ecosystem health and vitality are important [33]. Beyond timber production, Ukraine’s forests
offer other economic opportunities (e.g., carbon markets). While industrial timber production and
carbon forestry can provide an important source of jobs, income, and economic growth, it is not the
only way for forests to contribute to long-term sustainability, particularly under the climatic and
other conditions of Ukraine where forests provide important regulatory and protective functions.
Thus, combining timber production with multipurpose close-to-nature forestry, can provide a variety
of societal gains, especially at the local level. These include protecting high-value agricultural lands
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(e.g., through agroforestry; [88] and enhancing cultural and traditional values provided by wooded
landscapes [161].

Advancing forest research and education is central in this regard. Strategic forest science efforts
build an evidence base for guiding recovery strategies, while innovations in education and academic
exchange equip new forest professionals to meet Ukraine’s challenges [48,54].

Important considerations need to be made to the current market imbalance, characterised by the
shift toward fuel wood as a dominant segment within Ukraine’s timber market. It reflects complex
underlying dynamics that go beyond simple supply and demand. While domestic market forces and
local economic pressures contribute to this trend, broader geopolitical factors likely play a role [51].
With Ukraine aiming for EU integration, there is an incentive to align with Europe’s movement away
from fossil fuels and non-renewable energy. This transition has created increased demand for energy
wood, potentially putting pressure on Ukraine’s forest resources particularly the Carpathian forests,
which are unique for their biodiversity and non-market values [162], as well as being economically
accessible and conveniently located for export. The situation and results of our analysis suggest that
wood extraction in Ukraine may be influenced by external market demands and geopolitical
motivations, adding a political layer to what might otherwise seem a domestic issue. Although this
analysis focuses on Ukraine’s internal market conditions, the broader context highlights the need for
a balanced approach that considers environmental sustainability and the long-term impact of
increased forest utilisation for energy.

Often a clear link between socio-economic resilience and nature restoration, particularly for
social groups or communities that are dependent on forests for their livelihoods need to be considered
in recovery practices [163,164]. The Ukrainian case demonstrates that investments and aid from the
EU, based on green practices, create an additional link between ecological and socio-economic
resilience, extending beyond the local level. The alignment of Ukrainian forest management with EU
biodiversity and climate goals can increase access to EU funding, like green and climate finance,
which can be important sources of financial aid and investments in the future. Furthermore, the lure
of short-term economic gains from industrial timber production and using wood for energy could
compromise both ecological sustainability and economic opportunities in the long term. Maintaining
the carbon sequestration and storage capacity of Ukraine’s forests [153], including for helping to
offset emissions from post-war reconstruction is important within an integrated forest management
framework [110,165].

Relying on a Single Recovery Pathway Risks Long-Term Vulnerability

Integrating multiple recovery pathways and anticipatory governance creates synergies. Recent
research emphasises the pivotal role of institutional and governance arrangements, alongside
stakeholder engagement and social innovations in fostering resilience within forest SES
[5,6,61,126,128,133,134,166]. Socio-ecological innovations can emerge by reconfiguring traditional
governance practices and integrating societal expectations into policies and institutions [6]. This
approach can help tackle the complex challenges of post-war forest recovery in times of crises, like in
Ukraine [128,133,134,167].

Self-reinforcing feedback mechanisms are vital for building resilience. They help SES maintain
their core functions or adapt to disruptions in ways that preserve their integrity over time [168,169].
Resilience comes in different forms. Sometimes it’s about bouncing back recovering to a prior state.
But other times, it is about bouncing forward —adapting, learning, and transforming into something
‘better,” more sustainable [170,171]. For Ukraine, the latter is key. Recovery here is not just about
forests; it is about securing socio-economic well-being and creating space for people to shape the
future through inclusive decision-making.

This is where anticipatory governance comes in. At its core, it is about acting today to navigate
the uncertainties of tomorrow [119]. It does not rely on rigid plans but explores multiple possibilities,
aligning present-day actions with long-term goals. In Ukraine’s case, this means grappling with a
range of challenges—physical infrastructure, the social fabric of rural communities, and human lives
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shattered by the war; climate change; increasing demand for timber and energy under “green”
policies; market shifts; and shifting societal expectations for forests. The way forward demands
evidence-based strategies, collaborative policymaking, and active engagement with stakeholders at
every level.

Anticipatory governance (e.g., improving future-preparedness to navigate uncertainties)
strengthens resilience [119,145,172], aligning Ukrainian forest policy with EU policies [49,53]. Here,
we observe that the three identified pathways—“Increased forest use for sustainable, low-carbon and
green rebuilding for housing reconstruction, and for small scale, green energy production,” “Close-
to-nature and close-to-people forestry with technological innovations, digital tools, and new know-
how,” and “Anticipatory governance for forest socio-ecological system sustainability with social and
socio-ecological innovations” —have linkages to one another, and when they occur simultaneously it
will reinforce resilient recovery. The three pathways, when combined, have the potential to create
reinforcing feedback loops that enhance the resilience and multifunctionality of forests (similar to
[173].

Governance reforms provide a regulatory foundation for transparency [72] and fostering public-
private partnerships that align with community needs and promote social justice in resource
distribution [174]. These reforms, when deliberately embracing social innovation, can promote
equitable resource distribution and encourage community involvement in forest management,
ensuring sustainable use of resources [141]. Capacity building, along with the development and
sharing of knowledge [141], including new technologies and approaches, is likely a key driver in
shaping innovative solutions [122,135,175]. Sustainable and inclusive landscape governance
dialogues, which adopts a holistic perspective by considering the intricate interconnections between
the environment, economy, and society, should be firmly rooted in principles of inclusiveness,
transparency, and collaboration [109,115].

Institutional reforms will play a vital role in boosting the economy, strengthening public-private
partnerships in forest use, and creating robust forest management rules [14] —such as measures to
prevent the re-emergence of pre-war issues like illegal logging or risks of non-transparent governance
[61]. Social innovations and the development of “green” jobs, as well as the promotion of new
business opportunities are integral to fostering resilience [125]. Attention to forest as a provider of
opportunities for mental health recovery and community well-being is also essential, as these factors
contribute to social cohesion and the overall sustainability of recovery efforts [146,154,156].

There is a need to continue advancing a multidisciplinary strategy for Ukraine’s recovery,
integrating sustainable forest management (of which close-to-nature forestry can be an important
component) and governance reform. This approach emphasises diverse pathways and adaptable
policies to address environmental, social, and economic challenges, building resilience by supporting
ecosystem services, biodiversity, and economic growth [173,176]. It is crucial to recognize the costs
and trade-offs involved, reinforcing multiple strategies rather than reliance on a single pathway.
International commitments and technological innovations should be leveraged to guide the recovery.
However, transformative change occurs when anticipatory governance is implemented [148], nature
is recognized as central to our economy [143], the diverse values of nature are incorporated into
decision-making [69,177], and the values, beliefs, knowledge [178], and agency of all stakeholders are
recognised and integrated [69,179].

Concluding Remarks

In response to Ukraine’s urgent post-war recovery needs, efforts must balance immediate timber
demands with sustainable approaches for landscapes recovery, and close-to-nature forestry practices
that align with EU climate and biodiversity goals. Emphasising adaptive strategies, we suggest that
recovery should integrate strong participation and enable social innovations. Ukraine's forest SES
recovery must envisage forest (circular) bioeconomy, creating green jobs, supporting multipurpose
and climate smart forestry, and advancing policies that promote forest SES resilience. To meet future
challenges, anticipatory forest governance will be crucial, incorporating foresight to address the
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impacts of climate change, socio-environmental pressures, and the demands of post-war
reconstruction. Forest science and education are central to ensure this, helping to elaborate robust
evidence-based strategies integrating digital solutions, latest know-how and technologies and
preparing the next generation of professionals for sustainable forest management, including better
integration of women in the forest sector and overall recovery process. Engaging in international
research and policy networks, as identified in the recent IUFRO Forum, can support Ukraine’s
forestry integration into EU and international forest policy and governance standards, promote
science-based recovery strategies and enable international support.

Appropriate integration of building blocks from the different recovery pathways, identified in
this paper, and enabling green policies, social innovations and anticipatory governance will create
synergies and strengthen the recovery of forest SES especially under ongoing geopolitical pressures,
climate change challenges and market fluctuations. Active involvement of diverse stakeholders in
the recovery process is a prerequisite for achieving a sustainable, resilient and multifunctional forest
SES in post-war Ukraine.
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Appendix A. Questionnaire applied to interview forestry experts in Ukraine

Dear Experts,

We at the School of Agriculture, Forestry and Food Sciences HAFL at the Bern University of
Applied Sciences BFH, are conducting a questionnaire to understand major challenges that forest
socio-ecological systems in Ukraine have been facing in 2004-2024. We seek your insights to
understand the complexities of Ukraine's forestry during this period and in post-war time.

Your expertise will contribute to improving of our understanding of the state of the affairs and
identification of potential pathways for recovery.

This questionnaire is built on the five-steps (sections) analytical framework that includes
defining the nature of the crisis (What?), assessing impacts (How Much?), identifying root causes
(Why?), evaluating actions (Who?), and developing recommendations (Where?).

Please kindly answer the following questions:

Section 1: Understanding the Challenges associated with Ukraine’s forests and forestry

1. Before the war in Ukraine, in years 2004-2024, what, in your view, were the challenges faced by
Ukraine’s forestry sector? (list please and describe with some examples and links/ references)

1.1. How did these challenges affect the forest ecosystems in Ukraine before the war?

1.2. How did these challenges affect the forest economy?

1.3. What were the influences of these challenges on forest-dependent communities and society
prior to the war?

1.4. How did these challenges influence forest policies and governance in Ukraine before the full-
scale war?

2. What are the five biggest impacts of the war on the forest sector? (list, prioritise and describe
with some examples)

3. How does the war influence the forestsector? (can you please provide some examples? Share
references or links to the information?)

3.1. What is the influence of the war on Ukraine’s forest ecosystems?

3.2. What is the influence on forest economy

3.3. What is the influence of the war on forest-dependent communities and society?

3.4. What is the influence of the war on Ukraine’s forest policies and governance?

4. What is your perspective on the ongoing forestry reforms, and how do you evaluate their
impact?

4.1. Which specific aspects of the forestry reforms do you view as positive, and why?

4.2. Conversely, which aspects of the forestry reforms do you consider negative, and why?

Section 2: Key Actors and Interactions

5. Can you list the specific institutions or organisations that are important players in addressing the
challenges you have identified? (see Questions 1 and 3)

Section 3: Recommendations and Opportunities for the Future

6. Based on your understanding of the challenges, what recommendations or strategies would you
propose to prepare the forest sector for post-war times in Ukraine?

7. What do you think are the most needed changes in the forest sector to address the challenges?

8. How do you envision the forest sector contribution to the post-war recovery of Ukraine?

Thank you for the interview. Your interview will be analysed and kept confidential.

International Forest Policy Team

School of Agriculture, Forestry and Food Sciences HAFL

Bern University of Applied Sciences BFH
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