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Abstract

Brno City and neighboring forests face conflicting pressures balancing recreation and other ecological
services, such as water provision, biodiversity, climate regulation, and timber production. Our study
explores stakeholders’ priorities and preferences to assess how to balance recreation and lasting
ecological resilience. The study surveyed (n = 234), evaluating perceived forest ecosystem services
ranking and management in Brno and adjacent neighborhoods, mainly Masaryk Forest Kftiny. The
participants were mostly young people aged 18 to 24 years (approximately 39%), with a balance by
gender/sex. Most participants (about 91%) recognized recreation services such as walking and cycling
as their major forest visiting activities on a weekly or monthly basis. Biodiversity and climate regulation
services were the top choices for participants, i.e., approximately 83% and 78%, respectively, and
recreation values at about 39%. Tourism and recreation were robustly weighted at about 39% valued
forest recreation support as being very important, 41% (important). Moreover, for future forest
management priorities, recreation services ranked roughly 43%. Forest Ecosystems Trade-offs
predominantly focused on timber versus biodiversity; however, participants selected and
acknowledged the necessity to sustain recreational quality and standards together with
regulatory/support services. More so, for forest management considerations, concerns were raised
about the possible effects of climate change on recreational prospects. Ceteris paribus, forest
management that conserves recreational services accessibility and values whereas improving
biodiversity and resilience to climate impacts were prioritized by stakeholders. The study results
support a directed approach to integrating recreation obligations with preservation and adaptive
management in peri-urban forestry.

Key words: Climate regulation, Ecosystem services, Forest management, Public preferences,
Recreation services, Trade-offs

Introduction

Society’s welfare and ecological resilience in and around cities hugely depend on peri urban forests
for essential supportive ecosystem services and production (Bolund and Hunhammar 1999, Kabisch
et al. 2016, Bamwesigye et al. 2021, Doli et al. 2021, Yu et al. 2024). These forest services include
climate regulation, supporting (biodiversity), water and soil protection, nutrient cycling, provisioning
(timber), and cultural services such as recreational and outside facilities (Bolund and Hunhammar
1999, Kabisch et al. 2016, Deng et al. 2016, Doli et al. 2021, Bamwesigye et al. 2023, Yu et al. 2024).

Peri urban forests are currently facing increasing societal pressure and burden due to rising numbers
of urban inhabitants and an increasing obligation/demand for outdoor leisure and relaxation. There is
pressure and competing interests between environmental and habitat conservation, production
purposes, public access, and infrastructure requirements (Chan et al. 2012, Gomez Baggethun and
Barton 2013).

Brno faces opposing obligations and huge demands in its urban and peri urban forests, such as high
and consistent forest recreational usage that impends and degrades track/trail quality, wildlife habitat,
and soil and water protection services. Moreover, insufficient climate adaptation strategies and the
demand for conforming timber harvesting could worsen the negative impacts and associated
externalities, including floods and droughts (Haase et al. 2014, O’Brien et al. 2022). The possibility of
user conflicts is said to risk the situation further and yet can be solved as necessary by stakeholders
and management (Kabisch et al. 2016, Haase et al. 2014).

Furthermore, the mutual ecosystem services, service quantity and quality, and recreational services
face systematic risks from climate change effects on precipitation and temperature patterns, extreme
events (e.g., flooding), and pests and diseases (Haase et al. 2014, O'Brien et al. 2022). Therefore, city
management and stakeholders ought to balance forest ecosystem services, public priorities, and
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perceived trade-offs to meet current recreational needs while supporting sustainability goals for
biodiversity protection, regulatory functions, and climate resilience.

This study examined and documented stakeholders’ priorities for ecosystem services in peri urban
forests neighboring Brno City, highlighting forest recreation services to inform related forest planning
and management.

We particularly evaluated and ranked stakeholders’ patterns and priorities of forest use and visitation,
valuation of ecosystem services, and stated trade offs such as between timber production,
biodiversity, and recreation. Moreover, current management and concerns about climate impacts were
analyzed. The research strives to offer evidence based on stakeholders’ preferences and opinions to
facilitate management actions that balance excellent recreational services access together with
biodiversity protection, adaptability, and nature-thoughtful forestry management practices.

Material and methods

The study conducted a cross-sectional survey to elicit public preferences/opinions and priorities
regarding forest ecosystem services in the Brno City neighborhood. An online questionnaire was
conducted both in Czech and English. It consisted of multiple-choice, single-answer, multiple-answer,
importance ratings, preference and ranking, and socioeconomic characteristics questions.

Sampling and data collection

The study collected data through an online link and QR code between the period 18 March 2025 and
06 March 2026. The overall survey visits were 1,348, while the accomplished responses were 236 and
after cleaning 234 usable responses were used for investigation. The target population consisted of
forest visitors and stakeholders around the Masaryk Forest Kftiny and nearby training forests.

The study results envisioned for research and policy recommendations were obtained and presented
in an incognito manner. The study informed respondents about the purpose and privacy on the survey
from the beginning. Moreover, we did not obtain personally identifiable details from the study.
Analytical approach

The study carried out descriptive statistical analysis to obtain frequencies and fractions for categorical
variables. Moreover, significant tendencies in ranked factors, such as importance scores, were
analyzed to identify preferences, ordered choices, and scaling to create comparative classifications.
We conducted an exploratory analysis to examine connections between main variables, such as forest
primary use and recreation importance ratings, to classify patterns across participant subcategories.
The study investigated the occurrence and preference, such as timber vs. biodiversity selected
(70.5%).

Analyzed results are presented and reported with tallies, sums, and percentages for all categorical
results and ranked measurements.

Results and Discussion

Young people were the majority of the respondents, with 38.5% aged 18-24, 25-34 (9.4%), 35-44
(19.7%), and above 45, accounting for 34.4%. The study results demonstrated a gender-balanced
general population, with 120 males (51.3%), 107 females (45.7%), and 7 others (3%).

The respondents' educational levels were as follows: high school graduation, 75 (32.1%); Master’s
degree, 70 (29.9%); Bachelor's degree, 54 (23.1%); and other levels, accounting for about 15%.
Educational levels were also categorized as technical (31.6%), biological (41.5%), social sciences
(19.2%), and others (7.7%).

The employment results were: 40.6% students employed, 50.9% unemployed, and 7.7% retired.
Regarding primary forest use, respondents were strongly associated with recreation services, with 213
(91.0%) acknowledging activities such as walking, cycling, and sunbathing. Dog walking accounted for
28.6%, spirituality 62 (26.5%), sport 25.2%, and mushroom picking and education also scored highly
at 24.8% and 20.5%, respectively (Fig 1).

Respondents stated their forest visiting frequency and usage, the concurrence showed a high
connection with forest recreation services, e.g., daily (13.2%), weekly (30.8%), monthly (27.4%), and
yearly (28.6%). This demonstrates that approximately 71% of study respondents associate with nature
or forest monthly and 44% daily or weekly, indicating continuous recreational demand and consistent
forest use in the Brno City neighborhood (Fig 2).

Regarding the four most important forest ecosystem services, 91 (about 39%) participants ranked
recreation and tourism fourth. Even though biodiversity (195, 83.3%), climate regulation (183, 78.2%),
and soil protection (98, 41.9%) were selected as the most frequently followed by recreation and
cultural services. This demonstrates that stakeholders value forest recreation services among the top
forest ecosystem services(Fig 3).
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Answer Choices
@ Rekreace (prochazky, jizda na kole, opalovani atd.) / Recreation (walks, biking, sunbathing etc)
@ Duchovni / Spiritual
Sbér hub / Mushroom picker
@ Sport / Sport
@ VWzkum / Researcher
@ \yuka / Education
@ Samowyroba dfeva /Wood picker
® 0Odborna prace v lese (hajny, délnik atd.) / Forestry worker

Venfeni nca / Nnn awner/walkina
Fig. 11: Primary forest use associated with recreation services

Answer Choices Responses

@ Denné /Daily i

@ Tydné / Weekly 1l

Mésitné / Monthly 64

Fig. 12: Forest visiting frequency

Answer Choices Respi
® Regulace klimatu / Climate requlation 1i
" Rekreace a cestovni ruch / Recreation and tourism q
Biologicka rozmanitost / Biodiversity 1
@ Ukladani uhliku / Carbon storage 6
@ Produkce dfeva / Wood production 8
@ Kvalita vody / Water quality 5
@ Zmirnéni nasledkl povodni / Flood mitigation 3
@® Zmirnéni nasledkii sucha / Drought mitigation 9
Ochrana niidv / Soil nrotection 8

Fig. 13: four most important forest ecosystem services
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Concerning the categorical ranking of the forest service’s importance/preference-order, recreation
services had an average importance score of 4.2 on the 0—10 ordering assignment. Forest recreation
ranked lowest to climate regulation (7.2), drought mitigation (6.8), soil protection (6.8), biodiversity
(6.6), water quality (5.6), and flood mitigation 4.2. Thus, our study revealed that forest recreation
services are valued as distinguished services among the top-priority forest services for stakeholders.
The examination of direct importance ratings for forest recreation using a single choice importance
rating about the forest’s role in supporting recreation and tourism results showed that participants 79
(34.3%) ranked very important, 94 (40.9%) important, 48 (20.9%), and 9 (3.9%) not important. Our
study findings further illustrated that collectively, 75.2% of participants rated the forest recreation as
important or very important, demonstrating a robust community/stakeholder valuation of forest
recreational services around Brno City.

Forest Recreation and Future Management Priorities

Regarding future sustainable forest management, the study asked which services should be
prioritized. Consequently, recreation services were selected by 101 participants (43.2%).
Nevertheless, for future forest management, supporting biodiversity scored highest, 193 (82.5%), and
other services, such as flood and drought mitigation, 141 (60.3%), and soil protection and nutrient
retention (133; 56.8%) were more frequently selected, respectively. Forest recreation services
demonstrated a strong management priority for stakeholders among other important forest ecosystem
services and functions for Brno city and neighborhood forest management (Fig 4).

Answer Choices R
® Produkce dfivi / Timber production

Zasobovani pitnou vodou / Provision of clean water

Zmirfiovani dopad( povodni a sucha / Mitigating floods and droughts

Podpora biologické rozmanitosti / Supporting biodiversity
@ ochrana pldy a vazani Zivin / Soil protection and nutrient retention

® Ukladani uhliku / Carbon sequestration

Fig. 14: Management priority for stakeholders among important forest ecosystem services

Forest conservation-focused methods regarding forest management preferences indicated that 112
(47.9%) participants preferred the preservation of old-growth forests, while 104 (44.4%) chose
continuous cover forestry as the two forest management enhancements in forests around Brno city.
Moreover, the stated preferences are harmonious with the support and sustainability of forest
recreation quality services, such as trail experience, shade, and structural complexity. More so, the
results showed stakeholders’ preference and support for actions and management that sustain
naturalness and continuous forest cover rather than large clear-cuts.

Regarding implications for forest recreation services based on participants’ satisfaction with the
current forest management in Brno and surrounding areas, such as Training Forest Enterprise
Masaryk Forest KFtiny, 28 (12.0%) were very satisfied,92 (39.3%)
Satisfied, 97 (41.5%), somewhat satisfied, and 17 (7.3%) not satisfied. Mutually, approximately 93% of
the participants expressed some level of satisfaction with current forest management. The results
demonstrate that the current management is acceptable to most forest recreational consumers and
stakeholders, nevertheless approximately half of the respondents were only somewhat satisfied. The
results demonstrate demand for targeted improvements, including access, trail maintenance, and
amenities.

Trade-offs and confilicts affecting recreation

Timber production over Recreation & Tourism was chosen by 91 participants (approximately 39%) as
a significant trade-off. Timber production against biodiversity (165; 70.5%), timber production against
climate regulation (139; 59.4%), and timber production against drought mitigation (132; 56.4%) were
the most commonly identified trade-offs that indirectly affect the quality of forest recreational services.
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Timber production ranks low in importance (3.3 out of 10) compared to Recreation and tourism. While
numerous participants recognized the conflict between timber and forest recreation, stakeholders
ranked this conflict lower than soil protection services, water, and other regulatory forest services.
Essentially, forest ecosystem resilience and biodiversity were more concerned with trade-offs than
with the direct timber-versus-recreation conflict.

Climate change concerns specific to recreation

The impacts of climate change on forest ecosystem services were analyzed, and the results of the
rating indicated that changes in temperature and precipitation patterns (169; 72.2%), increased pests
and diseases (152; 65.0%), and extreme events (141; 60.3%) were the most significant.

Regarding how climate change might impact ecosystem services, the effect on recreational services
scored an average importance of 5.9 out of 10. Recreation ranked in the mean range behind
temperature and precipitation changes (9.8) and shifting species distributions (8.4), but on top of many
other measurements.

Ranking among the top four climate change impacts on forest ecosystems, 29 participants (12.4%)
chose impacts on recreational activities. The mean classification showed that stakeholders are
reasonably worried that climate stressors could destroy forest recreation amenities, such as trail
degradation by storms and increased pest and disease threats.

Forests in Brno City neighborhoods are viewed by stakeholders as spaces for recreation activities.
Moreover, participants stated frequent visits and valued recreational services highly, besides robust
value attached to biodiversity and forest regulatory services. Study results suggest a management
approach that focuses on the quality of recreational services while also deepening protection of
biodiversity, soil, and water, and enhancing climate resilience services. The long term sustainable use
of peri urban forests is expected to reflect user and stakeholder management priorities and to best
reflect climate effects.

Practical implications for recreation-focused management

Prioritize low-impact recreation design combined with biodiversity conservation: given users’ dual
interest in recreation and biodiversity, management that promotes continuous cover, retains structural
complexity, and locates trails to minimize ecological disturbance will likely be socially acceptable.
Maintain access and quality while reducing conflict with production: mitigate timber—recreation
conflicts through spatial/temporal zoning (e.g., schedule harvesting outside peak recreational seasons,
buffer trails), clear signage, and community consultation.

Invest in climate-resilient recreation infrastructure: strengthen trails, drainage, and hazard monitoring
to reduce impacts from extreme weather and shifting precipitation, addressing the moderate concern
users have about climate effects on recreation.

Target engagement by user groups: tailor communication and participatory planning to the dominant
visitor profiles (young adults, students) and secondary user types (dog walkers, cyclists), and align
amenities and rules with users’ preferences.

Conclusion

The study aimed at examining public/stakeholder priorities for ecosystem services in peri urban forests
of Brno. This study focused on forest recreation services, acknowledged trade-offs such as timber
production, and drew on concerns about climate change effects to inform management and policy
direction. An online survey was conducted, and n = 234 responses were collected from stakeholders
and visitors connected with Masaryk Forest Kftiny. The survey tool used multiple-choice, significance
ratings, and classification-priority ecosystem service questions. We used descriptive analysis to obtain
frequencies and proportions, as well as ranking scores for ordered preferences. Forest recreation
services were ranked as the primary use, with 91% of respondents. Moreover, 44% of respondents
visit the forest weekly or daily, and 71% at least monthly, indicating a regular trend in preference for
forest recreational services. Biodiversity services ranked highest at 83.3% and, followed by climate
regulation services at 78.2%. However, forest recreation was hugely valued at 75.2% as important and
ranked 43.2% among future management priorities amongst public valuation of multiple forest
services. Stakeholders’ opinions on timber vs. biodiversity trade off were the most frequently identified
conflict (70.5%), while timber vs. recreation was acknowledged by nearly 39%, although rated lower
than trade offs distressing adaptable services. The survey results regarding management outlooks
indicated that the public prefers conservation-oriented practices and approaches: 82.5% prioritized
biodiversity, 47.9% old growth conservation, 44.4% continuous cover forestry, and were mostly
satisfied or somewhat satisfied with current management approaches, indicating openness to nature
friendly variations that protect recreation quality. The participants prioritized changes in
temperature/precipitation, pest outbreaks, and extreme events as top climate threats; impacts on
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forest recreational services were a mid ranked concern, suggesting a need for adaptation measures to
maintain recreation amenities.

Policy Outlook

The study recommends implementing multifunctional, participatory planning that unequivocally
distinguishes and appreciates forest recreation services as an essential service while also benefiting
biodiversity and regulatory resilience of Masaryk Forest Kitiny. Forest management that balances
sustained access to better-quality recreational services with conservation and climate resilience
actions ought to support public preferences and ensure sustainability, extensive endowment of
multiple forest ecosystem services in the Brno peri urban setting.
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Souhrn

Cilem studie bylo prozkoumat priority vefejnosti a zainteresovanych stran v oblasti ekosystémovych
sluzeb v okrajovych lesich Brna. Studie se zaméfila na rekreacni sluzby lesu, zohlednila kompromisy,
jako je produkce dfeva, a vychazela z obav ohledné dopadd zmény klimatu, aby poskytla podklady
pro sméfovani lesniho hospodareni a politiky. Byl proveden online priizkum a bylo shromazdéno n =
234 odpovédi od zainteresovanych stran a navstévnik( spojenych s Masarykovym lesem Kitiny.
Prizkumny nastroj vyuzival otdazky s vybérem z vice moznosti, hodnoceni vyznamu a otazky tykajici
se klasifikace a priority ekosystémovych sluzeb. K ziskani etnosti a podill, jakoz i skére pro poradi
preferenci jsme pouzili deskriptivni analyzu. Lesni rekreacni sluzby byly 91 % respondenti hodnoceny
jako primarni vyuziti. Navic 44 % respondentd navstévuje les tydné nebo denné a 71 % alespon
jednou mési¢né, coz naznacluje pravidelny trend v preferenci lesnich rekreacnich sluzeb. Sluzby v
oblasti biologické rozmanitosti se umistily na prvnim misté s 83,3 %, nasledované sluzbami v oblasti
regulace klimatu s 78,2 %. Lesni rekreace vSak byla ve vefejném hodnoceni rdznych lesnich sluzeb
vysoce cenéna jako dulezita (75,2 %) a v zebFicku budoucich priorit hospodareni se umistila na 43,2
%. Nazory zainteresovanych stran na kompromis mezi dfevem a biologickou rozmanitosti byly
nejcastéji identifikovanym konfliktem (70,5 %), zatimco kompromis mezi dfevem a rekreaci uznavalo
témér 39 %, i kdyz byl hodnocen nize nez kompromisy ohrozujici adaptabilni sluzby. Vysledky
prizkumu tykajici se vyhledll na hospodafeni naznacily, Ze vefejnost upfednosthuje postupy a
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pfistupy orientované na ochranu pfirody: 82,5 % upfednostriovalo biologickou rozmanitost, 47,9 %
ochranu pralesll, 44,4 % lesnictvi s nepfetrzitym porostem a bylo vétSinou spokojeno nebo spise
spokojeno se sou¢asnymi pristupy k hospodareni, coZz naznacuje otevienost vuci pfirodé pratelskym
variantam, které chrani kvalitu rekreace. U&astnici upfednostiiovali zmény teploty/srazek, vyskyt
Skuadcu a extrémni jevy jako hlavni klimatické hrozby; dopady na rekreaéni sluzby lesu byly stfedné
zavaznym problémem, coz naznaduje potfebu adaptaénich opatfeni k zachovani rekreacnich zafizeni.
Studie doporuduje zavést multifunkéni participativni planovani, které jednoznacéné rozliSuje a ocenuje
rekreacni sluzby lesu jako nezbytnou sluzbu a zaroven pfispiva k biologické rozmanitosti a regulacni
odolnosti Masarykova lesa Kitiny. Lesni hospodareni, které vyvazuje trvaly pfistup k kvalitnéjSim
rekreacnim sluzbam s opatfenimi na ochranu a klimatickou odolnost, by mélo podporovat preference
verejnosti a zajistit udrzitelnost a rozsahlé poskytovani riznych lesnich ekosystémovych sluzeb v
brnénském pfiméstském prostredi.
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