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diverse scientific disciplines, ranging from ecology 
and life sciences to the social sciences. Moreover, 
the integration of local actors or decision makers 
has fostered the development of a transdisciplinary 
character (see Pătru-Stupariu and Nita 2022). Over-
all, landscape ecology highlights the necessity of 
accounting for different disciplines, actors, and com-
munities, ranging from scientific approaches to stake-
holders and wide public involvement. Thus, it has 
become an arena that integrates all of them and that 
can find solutions through the application of scientific 
principles.

The representation and analysis of spatial patterns, 
handling huge databases or the interaction between 
scientists and practitioners rely on suitable methodol-
ogies and appropriate instruments. On the other hand, 
it is acknowledged that the recent decades brought 
outstanding technological developments, together 
with trans and multidisciplinary interactions. Both 
the diversity of technological instruments and the 
number of users experienced substantially increased. 
Artificial intelligence, augmented reality or social 
media are only a few examples of methods and tech-
nologies that left a decisive mark in the recent sci-
entific developments. Landscape ecology, as well as 
other research areas, can benefit from the emerging 
technological advances. It is therefore necessary to 
bring to the attention of the landscape ecology com-
munity recent developments and potential tracks for 
the future. Thus, this issue gathers both review papers 
focusing on specific topics and exemplifications 

Background of the special issue

From the early stage of the discipline’s development, 
landscape ecologists have been collaborating with 
researchers from neighboring fields (Kienast et  al. 
2021), embracing frameworks and approaches of 
interdisciplinarity. Modern landscape ecology, how-
ever, has been characterized by its paramount empha-
sis on spatial heterogeneity (Turner et  al. 2005, Wu 
2006). This requires integrative approaches, involving 
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of how novel technologies and interdisciplinary 
approaches can be applied in landscape ecology. The 
findings and approaches presented in these contribu-
tions can enhance existing research directions, stimu-
late new ones, and pave the way for new interdisci-
plinary approaches, altogether contributing to the 
advance of landscape ecology.

Contents of the special issue

The Special Issue includes eight papers. Two of them 
are review papers that highlight the potential of land-
scape ecology for interdisciplinary and transdiscipli-
nary studies, and four articles are case studies focus-
ing on specific research areas (biodiversity, species or 
urban landscapes). One of the articles presents very 
recent approaches related to virtual reality.

The review, “Impacts of the European landscape 
convention on interdisciplinary and transdisciplinary 
research”, brings attention to an international treaty 
(the European Landscape Convention—ELC) that has 
created a framework for the development of inter- and 
transdisciplinary studies. This treaty has profoundly 
influenced the analysis, planning and management of 
the landscape in all the countries where it has been 
implemented (Pătru-Stupariu and Nita 2022). The 
existence of the ELC for 20 years has shown through 
its application that Landscape Ecology is a research 
area where inter- and transdisciplinary approaches 
can develop and evolve, and where new innovative 
methods can be applied. For instance, virtual technol-
ogy has become a useful tool for engaging both stake-
holders and decision-makers (Pătru-Stupariu and Nita 
2022).

The second review in the issue is entitled “Machine 
learning in landscape ecological analysis: a review of 
recent approaches” (Stupariu et  al. 2022). The topic 
is directly related to the manner in which novel tech-
nologies and methodologies—in this case Machine 
Learning (ML)—interface with Landscape Ecology. 
The systematic literature analysis investigates which 
ML methodologies have been applied to landscape 
ecological studies, delineates the main topics, and 
assesses the principal trends. The findings reference 
both quantitative and qualitative components of ML. 
There has been a significant increase in the number of 
landscape ecological problems that benefit from suit-
able artificial intelligence approaches. On the other 

hand, the methods used have become more sophis-
ticated and there is a risk of these tools becoming 
“black boxes” that obscure inference (Holm 2019). 
Overall, there is a high degree of synchronization 
between the application of ML in landscape eco-
logical analyses and the general ML. This proves the 
openness of Landscape Ecology to novel techniques 
and methodologies, indicating a maturing of the field.

An example on how appropriate algorithms can be 
applied for a practical problem is the paper, entitled 
“A new agent-based model provides insight into deep 
uncertainty faced in simulated forest management” 
(Sotnik et  al. 2022). The application area is forest 
management and the uncertainties that arise when 
forecasting long-term landscape change. The solu-
tion proposed by the authors is an agent-based model 
that enables the simulation of alternative approaches 
to estimate the degree of uncertainty in forest man-
agement. The agent-based technique applied in the 
paper was proposed as an extension to an existing 
landscape-change model. The innovative method out-
lined in the paper highlights that landscape ecology is 
a field where challenges and practical problems stim-
ulate the development of new analysis tools.

The paper, “The scale effects of landscape vari-
ables on landscape experiences: a multi-scale spatial 
analysis of social media data in an urban nature park 
context” (Chang and Olafsson 2022), analyzes land-
scape experience reflected in the social media, which 
is a particular expression of the digital technologies’ 
democratization. The paper investigates in a multi-
scale context the relationship between landscape vari-
ables and categorized nature experiences reflected in 
social media data (Flickr photos). The application of 
a novel spatial regression model made it possible to 
better explore various types of interactions of humans 
and the environment, by considering spatial heteroge-
neity and scale.

An application of another particular novel technol-
ogy, Virtual Reality (VR), is presented in the paper, 
“Immersive landscapes: modelling ecosystem refer-
ence conditions in virtual reality” (Chandler et  al. 
2022). VR is a tangible example of an emerging 
technology, relying both on the hardware advances, 
complex algorithms and data structures, and on suit-
able software capabilities. In the paper, the authors 
describe the potential advantages of immersive VR 
for understanding the complex dynamics of ecosys-
tems and for building 3D fauna and flora models. 
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Of particular importance is the direct engagement of 
stakeholders and policymakers, facilitated by the VR 
experience, thus showing the potential of virtual tech-
nology as a tool for public participation.

The paper, “Sex-specific connectivity model-
ling for brown bear conservation in the Carpathian 
Mountains” (Garcıa-Sanchez et al. 2021), highlights a 
methodological framework based on interdisciplinary 
approaches and modelling tools for assessing land-
scape connectivity combined with novel spatial anal-
ysis. Telemetry data combined with GIS analysis and 
forest management approaches helped the authors to 
develop a new way of identifying high-priority areas 
of movement pathways potentially used for dispersal 
by the species. Moreover, through this study in which 
interdisciplinary approaches are combined, it offers 
practical solutions to managers and decision makers, 
once again showing the usefulness and applicability 
of these studies with a focus on landscape ecology.

The paper, “Problems seeded in the past: lagged 
effects of historical land-use changes can cause an 
extinction debt in long-lived species due to movement 
limitation” (Jimenez-Franco et  al. 2022), is another 
contribution in which the authors show the impor-
tance of interdisciplinarity in relationship to land-
scape ecological topics including land use change, 
landscape simulations, and GIS approaches. Thus, 
the authors use landscape modeling to develop an 
interdisciplinary study that shows the effects of land 
use change may have a greater impact than has been 
known so far, with previous studies referring mainly 
to observational studies.

The paper, “Integrating life cycle assessment into 
landscape studies: a postcard from Hulunbuir” (Wu 
et  al. 2022), is an illustration of an emerging topic 
that could become more integrated into future land-
scape studies. The authors demonstrate how suitable 
technologies for spatializing elementary flows and 
characterization factors could enhance the agricul-
tural life cycle assessment. Because the output of the 
workflow includes interactive maps, the aggregated 
information will be more immediately useful to stake-
holders and practitioners.

Concluding remarks

Landscape ecology has profoundly transformed 
landscape research by its inter- and transdisciplinary 

nature. Recent trends indicate a convergence towards 
new research directions within Landscape Ecology 
that emphasizes sustainability science and research on 
social-ecological systems (Li et al. 2021; Wu 2021). 
Particularly with regard to key societal challenges 
such as climate change adaptation and mitigation, 
and biodiversity losses, landscape ecological research 
can enhance the connections of natural sciences with 
society by contributing to a systemic understanding 
of drivers and on the efficiency of decision and policy 
alternatives (Opdam et  al. 2009; Mayer et  al. 2016; 
dos Santos et al. 2021).

To sustain the continued evolution of landscape 
ecology, we must embrace novel technologies and 
approaches. Landscape ecology has always embraced 
the latest technologies from GIS, to remote sens-
ing, to simulation modeling. As those technologies 
have become mainstream, we need to further push 
the boundaries of knowledge in order to achieve true 
interdisciplinary science. Furthermore, the Anthro-
pocene presents new challenges that requires new 
technologies: How can we use landscape ecological 
principles and knowledge to envision a spatial re-allo-
cation of biodiversity and artificial ecosystems? How 
do we build compromises among the food, energy 
and water demands of a growing society and the need 
to halt critical biodiversity losses?

For example, we need to improve our use of quali-
tative research methods from social science to include 
perceptions, experiences, local and indigenous knowl-
edge. Doing so can contribute to the development of 
landscape plans that account for trade-offs among dif-
ferent societal priorities. Citizen science approaches, 
participatory impact assessment, and scenario devel-
opment, for instance, could enrich our knowledge at 
different scales, from ecosystem to landscape, and 
could incorporate the local or inherited perception of 
nature’s values (Adler et al. 2020; Peter et al. 2021).

As demonstrated in this special issue, the combi-
nation of social science approaches within a virtual 
environment (e.g., Huang et al. 2020) is a promising 
step towards translating landscape ecology into mean-
ings for individuals. This will enable better under-
standing how individuals perceive, consciously and 
unconsciously, about a given environment and how 
changes at ecosystem or landscape scales could affect 
their physical and mental health (e.g., Zhu et al. 2021) 
and can improve community-based decision-making 
(Chandler et al. 2022).
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Transdisciplinary landscape ecology research (in 
which all stakeholders co-develop landscape plans) 
requires innovations to support communication and 
consensus building. Such methods need to be able 
to permanently support negotiation and consensus 
building processes while accounting for the complex 
influences of socio-economic, cultural and political 
development. Communicating the temporal dimen-
sions of ecosystem and landscape development, rang-
ing from seasonal variations to long term trends, 
must be integrated into spatial scenario modelling. 
Stakeholders often do not realize that their envisaged 
landscapes will require decades to develop, while the 
needs of future generations might not coincide with 
the landscapes we design today. Consequently, tech-
nologies need to inform the status of ecosystems and 
landscapes into the future, but also capture the inter-
mediate and transitory story.

In summary, we are excited to report that land-
scape ecology continues to thrive at the vanguard of 
technological developments, supporting the transdis-
ciplinary research that will be required for the coming 
era of unrelenting social and ecological change.

References

Adler FR, Green AM, Şekercioğlu ÇH (2020) Citizen science 
in ecology: a place for humans in nature. Ann NY Acad 
Sci 1469(1):52–64

Chandler T, Richards AE, Jenny B, Dickson F, Huang J, Klip-
pel A, Neylan M, Wang F, Prober SM (2022) Immersive 
landscapes: modelling ecosystem reference conditions 
in virtual reality. Landsc Ecol. https:// doi. org/ 10. 1007/ 
s10980- 021- 01313-8

Chang P, Olafsson AS (2022) The scale effects of landscape 
variables on landscape experiences: a multi-scale spa-
tial analysis of social media data in an urban nature 
park context. Landsc Ecol. https:// doi. org/ 10. 1007/ 
s10980- 022- 01402-2

dos Santos JS, Dodonov P, Oshima JEF, Martello F, de Jesus 
AS, Ferreira ME, Silva-Neto CM, Ribeiro MC, Collevatti 
RG (2021) Landscape ecology in the Anthropocene: an 
overview for integrating agroecosystems and biodiversity 
conservation. Perspec Ecol Conserv 19(1):21–32

Garcıa-Sanchez MP, Gonzalez-Avila S, Solana-Gutierrez 
J, Popa M, Jurj R, Ionescu G, Ionescu O, Fedorca M, 
Fedorca A (2021) Sex-specific connectivity modelling for 
brown bear conservation in the Carpathian Mountains. 
Landsc Ecol. https:// doi. org/ 10. 1007/ s10980- 021- 01367-8

Holm EA (2019) In defense of the black box. Science 
364(6435):26–27

Huang J, Lucash MS, Scheller RM, Klippel A (2020) Walking 
through the forests of the future: using data-driven virtual 

reality to visualize forests under climate change. Int J 
Geogr Inf Sci 35:1155–1178

Jimenez-Franco MV, Garcia E, Rodrıguez-Caro RC, Anadon 
JD, Wiegand T, Botella F, Gimenez A (2022) Problems 
seeded in the past: lagged effects of historical land-use 
changes can cause an extinction debt in long-lived species 
due to movement limitation. Landsc Ecol. https:// doi. org/ 
10. 1007/ s10980- 021- 01388-3

Kienast F, Walters G, Bürgi M (2021) Landscape ecology 
reaching out, Editorial. Landsc Ecol 36:2189–2198

Li L, Fassnacht FE, Bürgi M (2021) Using a landscape ecologi-
cal perspective to analyze regime shifts in social-ecologi-
cal systems: a case study on grassland degradation of the 
Tibetan Plateau. Landsc Ecol 36(8):2277–2293

Mayer AL, Buma B, Davis A, Gagné SA, Loudermilk EL, 
Scheller RM, Schmiegelow FKA, Wiersma YF, Franklin 
J (2016) How landscape ecology informs global land-
change science and policy. Bioscience 66(6):458–469

Opdam P, Luque S, Jones KB (2009) Changing landscapes to 
accommodate for climate change impacts: a call for land-
scape ecology. Landsc Ecol 24(6):715–721

Pătru-Stupariu I, Niță A (2022) Impacts of the European 
landscape convention on interdisciplinary and transdis-
ciplinary research. Landsc Ecol. https:// doi. org/ 10. 1007/ 
s10980- 021- 01390-9

Peter M, Diekötter T, Höffler T, Kremer K (2021) Biodiversity 
citizen science: outcomes for the participating citizens. 
People Nature 3(2):294–311

Sotnik G, Cassell BA, Duveneck MJ, Scheller RM (2022) A 
new agent-based model provides insight into deep uncer-
tainty faced in simulated forest management. Landsc Ecol. 
https:// doi. org/ 10. 1007/ s10980- 021- 01282-y

Stupariu MS, Cushman SA, Pleșoianu AI, Pătru-Stupariu I, 
Fürst Ch (2022) Machine learning in landscape ecologi-
cal analysis: a review of recent approaches Landsc Ecol. 
https:// doi. org/ 10. 1007/ s10980- 021- 01366-9

Turner MG (2005) Landscape ecology: what is the state of the 
science? Annu Rev Ecol Evol Syst 36:319–344

Wu J (2006) Landscape ecology, cross-disciplinarity, and sus-
tainability science. Landsc Ecol 21:1–4

Wu J (2021) Landscape sustainability science (II): core ques-
tions and key approaches. Landsc Ecol 36:2453–2485

Wu SR, Liu X, Wang L, Chen J, Zhou P, Shao C (2022) Inte-
grating life cycle assessment into landscape studies: a 
postcard from Hulunbuir. Landsc Ecol. https:// doi. org/ 10. 
1007/ s10980- 021- 01396-3

Zhu W, Guo S, Zhao J (2021) Planning participants’ preferen-
tial differences under immersive virtual reality and con-
ventional representations: an experiment of street renewal. 
Environ Plan B 48(7):1755–1769

Publisher’s Note Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1007/s10980-021-01313-8
https://doi.org/10.1007/s10980-021-01313-8
https://doi.org/10.1007/s10980-022-01402-2
https://doi.org/10.1007/s10980-022-01402-2
https://doi.org/10.1007/s10980-021-01367-8
https://doi.org/10.1007/s10980-021-01388-3
https://doi.org/10.1007/s10980-021-01388-3
https://doi.org/10.1007/s10980-021-01390-9
https://doi.org/10.1007/s10980-021-01390-9
https://doi.org/10.1007/s10980-021-01282-y
https://doi.org/10.1007/s10980-021-01366-9
https://doi.org/10.1007/s10980-021-01396-3
https://doi.org/10.1007/s10980-021-01396-3

	Interdisciplinary landscape analysis with novel technologies
	Background of the special issue
	Contents of the special issue
	Concluding remarks
	References




