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Abstract: This mini-review examines the use of GIS analyses in studies that explore human-nature 
relations in urban contexts. Publications were retrieved using the same search terms in Google Scholar 
and Web of Science, sorted by relevance, and the resulting first 30 publications from each database 
were considered for this review. For the purpose of this mini-review, a typology was developed to 
characterize publications according to level of approach, human-nature interaction, scientific purpose 
of quantification and level of GIS technique. Our results indicate that there are very few urban human-
nature publications that use GIS techniques (n=7). The resulting seven publications were grouped 
whether they used GIS for mapping, spatial analyses to produce explanatory variables, or in combina-
tion with participatory techniques. Our results indicate that geo-data is currently underused in studies 
examining urban human-nature relations.  
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1 Introduction 

Urban environments are complex, especially compared to their non-urban counterparts con-
sidering both environmental interactions and human-nature relation. This becomes even more 
apparent when general ecosystem complexity is related to the density of interaction per unit 
of area in cities. In addition, it cannot be neglected that the third dimension of space plays a 
crucial role in many urban environmental assessments. Hence, both three-dimensionality and 
relational density makes it much more difficult to handle geo-data, or develop and implement 
descriptive, explorative and analytical methods and techniques that make use of geo-data. 

Parallelly, urban environments, as considered in human-nature interaction, are a complex 
issue. Here, urban green infrastructure consisting predominantly of managed and maintained 
vegetation structures, like those in gardens and parks, meet a high demand for ecosystem 
services. Through the human lens, natural elements in cities are often perceived in combina-
tion, sometimes in contrast with built-up structures. 

For a scientific GIS-related approximation of human-nature relations, the questions arise: Is 
it possible that geo-data processing helps to solve specific problems in a research approach 
that brings people and urban nature together? Or is this impossible due to the complexity of 
urban geo-data? Are there fundamental features in scientific approaches on human-nature 
relations that do not allow quantification by geo-data? 

Especially in cities, diverse backgrounds of both people and nature (e. g., FISCHER et al. 2018, 
STRAKA et al. 2016) drive human-nature relations. On the one hand, depending on an indi-
vidual’s personal development, people perceive, value and interact with nature in different 
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ways (BOTZAT et al. 2016). On the other hand, nature is driven by human action, thus mir-
roring how people interact with natural elements in cities (VIERIKKO et al. 2020). For exam-
ple, perceptions of urban greenery may be affected by cultural background, including beliefs 
and traditions (HOYLE et al. 2019) or where people grew up or live (BASHAN et al. 2021). 
Also, the values that people assign to urban green can, for example, be influenced by differ-
ences in rural or urban upbringing, educational background, and the surrounding environ-
mental greenness of a person’s residence (EGERER et al. 2019). Yet, many studies that work 
at the human-nature interface predominately consider data derived exclusively from ques-
tionnaires or observations only. The potential of relating such assessments with geo-spatial 
data could particularly improve insights into how people’s perceptions, values and attitudes 
are associated with the environment in which they live from a neutral perspective.  

In our paper, we therefore provide a short literature review on how in current state of the art 
GIS modelling approaches are used to examine urban human-nature relations. As a back-
ground for our mini-review, we classify publications according to their use of GIS-
techniques, epistemological considerations and following categories of human-nature rela-
tions in an urban environment.  

We hypothesize that there are few studies, which employ sophisticated GIS analyses to con-
sider human-nature relations in urban environments. Through this short review, we intend to 
clarify the current state-of-the-art of such studies for the urban context. In addition, we want 
to draw a perspective for future research. A better understanding in how we could combine 
approaches and methods at the intersection of human-nature relations and geo-data can 
broaden our urban ecological understanding, and improve urban planning approaches. 

2 Three Backgrounds for a Typology 

2.1 Human-nature Relations under Concern  
Human-nature relations can be considered from an individual or structural approach. A struc-
tural approach is applied if societal, geo-spatial or physical structures are considered, whereas 
at the individual level the focus is on the biophysical and psychological establishment of 
interactions. Ecosystem services or land-use related analyses give examples for structural 
approaches, as well as studies on regional cultural practices.  

On an individual level, there is growing interest in the background and effects of human-
nature connectedness (HNC) (e. g., PARKER & SIMPSON 2020, KLANIECKI 2018, SEYMOUR 
2016). This approach has its roots in evolutionary biology, evolutionary psychology, social 
economics and environmentalism as substantiated by according to Hancock in 1985 (PARKER 
& SIMPSON 2020), and emphasizes that the “human-nature relationship goes beyond the ex-
tent to which an individual believes or feels they are part of nature” (SEYMOUR 2016, 4). 
Also, the Biophyllic Cities approach (e. g., ZARI 2019) has its background in HNC-consid-
erations. In parallel, how people connect and relate to nature is increasingly considered via 
standardized approaches such as the nature-relatedness scale (see NISBET et al. 2008, NISBET 
& ZELLENSKI 2013) and recommended for urban ecological studies (STRAKA et al. 2021). 
Cross-disciplinary methods and insights like these that relate, for example, to environmental 
psychology, are increasingly used in the urban ecological context, thereby providing the 
sphere of ecology and the urban environment with methods and tools from social science 
(BOTZAT et al. 2016).  
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In our review we rely on combined approaches of the natural and the social sciences, includ-
ing those from environmental psychology, and a more analytical systems approach. With 
these approaches, we consider three aspects that can describe human-nature relations: (1) 
Following the basic concept of ecology, human beings perceive the biophysical environment 
by visual, olfactory and auditory sensors (Fig. 1, left side, “Stimulus”). (2) Cognition, emo-
tive and somatic impact (Fig. 1, middle, “State”) and (3) Environmental behaviour and action 
(Fig. 1, right side, “Response”) 

 
Fig. 1:  Human-Environment relations from a comprehensive perspective  

(SCHWARZ-V.RAUMER, unpublished lecture notes) 

2.2 Purposes of Quantification 
In many fields of research, and well within geo-data processing, quantification is a process 
of model building, i. e. the transfer of a complex issue into an abstract model world that is 
easier to manage cognitively. Quantification of information supports the three basic stages 
of scientific work: description/empirics – explanation/theory – prognosis/simulation (Fig. 2). 
In the narrower sense, quantification involves collecting measured values to form central 
parameters (variables) in order to obtain basic information on the status and, for example, the 
potential change of the measured object. For this purpose, usually a metric is introduced that 
uses real numbers, and through which objects and states can be compared. When we transfer 
this general procedure to how we quantify and interpret an object, e. g. an urban landscape, 
we may also neglect information during data collection and processing – information that is 
outside of the general scope of our study field. WEISS (2006, 19; translated) fears that “if we 
quantify the landscape, it will melt away like sand between our fingers”. This suggests that 
the unquantifiable quality of the landscape as an environment is what makes a “landscape” 
in the first place, and that quantification does not provide adequate access to landscape qual-
ity – understood as quality of experience. Here, the questions arise: which landscape views 
and metrics represent helpful tools and which properties of the “landscape” can be quanti-
fied? It is not a matter of listing properties within an inventory, but of grasping landscapes as 
a whole. 
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Quantification constitutes a broad field in science, which is illustrated in Fig. 2. At a descrip-
tive level, quantification approaches used in exploration, e. g., in big data sets, provide in-
sights to help answer the question “What is?”. This can lead to a hypothesis, which is opera-
tionalized by a data-driven quantification concept that allows for verification. If the findings 
can be trusted, “What if?” can be explored as a subsequent question by the application and 
transfer of the gained knowledge to other places and future times.  

 
Fig. 2: System of obtaining scientific knowledge through quantification. Green boxes  

indicate levels and steps in quantification  
(SCHWARZ-V.RAUMER, unpublished lecture notes) 

According to the level of quantification, a research study can be (1) explorative, (2) explan-
atory or (3) projective. GIS supports all three levels of quantification: Through mapping and 
applying geo-processing tools, hypothesis formulation can be supported. Through spatial 
analyses, it is possible to generate data for statistical analyses and with complex modelling, 
spatial extrapolation or dynamic simulation is possible. 

2.3 Levels of GIS-technique used 
Many classifications of GIS-techniques are available, sorting tools or addressing fields of 
application (e. g. as a classic citation: MAGUIRE et al. 1993). Here we use a classification 
according to the three identified levels of complexity:  
(1) Mapping (for visualisation, orientation, inventorying, etc.),  
(2) Using standard geo-processing tools (to balance distance, neighbourhood and spatial in-

cidence, to derive new variables or metrics, for combining and summarizing purposes, 
for inter- and extrapolation, etc.), and  

(3) Using scripts and codes or coupling additional software to apply general algorithmic 
procedures (for modelling, simulation, etc.).  
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3 Review Method 

For the mini-review, we established a review list that consisted of information on each in-
cluded study as depicted in table 1 and table 2. The studies included in the review list were 
derived from an article search in two commonly used databases for general literature research 
of scientific documents.  

The search strategy was divided in two steps. In step one a search was first conducted in 
Google-Scholar (GooS) followed by Web of Science (WoS), using the same key words as 
search terms (i. e. ‘human-nature,’ ‘urban’ and ‘GIS’) and the same inclusion/exclusion cri-
teria according to the established review list.  

For the purpose of this mini-review, we chose to analyse the 30 most relevant results from 
each search engine, as this should provide a solid overview on the amount, context and ap-
proaches of the field.  

We then went through all listed publications and rejected individual publications primarily 
for the following reasons: 

• Being “just” reflective: the keywords appear in the publication, but there was no original 
research regarding the topic of interest in the publication. E. g., for the field of planning 
and design, KULLMANN (2018) writes about cultural history and changes of paradigms. 

• Human-nature relationship or urban environment or GIS not addressed or interlinkage is 
missing: this occurs if our key words appear in the article, but they are not substantially 
considered or linked (e. g., Buijs et al. 2018). 

In a second step, we classified the results based on the typology described above and accord-
ing to the following dimensions and assignments: 
• Level of the approach: Structural or Individual 
• Human-nature interaction: Stimulus or State or Response 
• Scientific purpose of quantification: Exploring or Explaining or Projecting 
• Level of GIS technique: Simple or Medium or Complex 

In addition to the assignment to the different categories within the four typologies, the role 
of GIS in each study is shortly described in our mini-review list.  

4 Result 

The GooS search yielded approximately 12,000 results. Sorted by relevance, the first 30 were 
published between 1999 and 2022. Only three of these publications (10%) met the nexus of 
our search; the other 27 (90%) publications were rejected for at least one reason (see table 
1). The three publications accepted for our mini-review from this step are: GHERMANDI et al. 
(2022), WANG et al. (2019) and IVES et al. (2017a). 

Using just the search term ‘human-nature’, the WoS search yielded 9,546 publications. Re-
finement using the additional search term “urban” reduced the result to 411, and further re-
finement using the term “GIS” resulted in 14 publications. Two of these publications, WANG 
et al. (2019) and IVES et al. (2017a), coincided with the GooS search result. Eight (57%) 



642 Journal of Digital Landscape Architecture · 7-2022 

publications did not meet acceptance requirements, according to at least one of the reasons 
listed in table 1. Thus, from this step four additional publications were identified, yielding a 
total of seven publications that met our criteria. Table 2 summarizes the complete search 
results and provides the assigned type within each category (i. e. level of approach, human-
nature interaction, scientific purpose of quantification, level of GIS technique) for each in-
cluded publication. For example, for the category ‘level of approach’ a publication can have 
the type ‘structural’ or ‘individual.’  

Table 1: Reasons for rejection of publications in the search result (GooS = Google Scholar, 
WoS = Web of Science) 

 GooS WoS 

Publication is “just” reflective 11 1 

Complete article unavailable  4  

Human-nature relationship not addressed 3 2 

Urban environment not addressed 5 3 

GIS not addressed 6 1 

Interlinkage not subject of analysis per se (pedagogical purpose) 1  

Book citation leads to inclusion in the research result, but no contribution in this col-
lective volume is appropriate 1 

 

The inclusion in the research result is not explicable  1 

5 Discussion 

Why don’t we have more? To conclude with a list of only 7 publications is surprising when 
we consider the obviously “burning” problem of improving urban environments, both as 
livable environments per se, but also in regard to pressing global issues like climate change 
adaption. In addition, we can perceive that spatial analysis, location-based data availability 
and the ease of use of IT facilities is still developing, but is an emerging and promising topic. 
Likewise, the availability of relevant and complete data accessible to urban ecologists and 
urban planners might differ in geographical regions.  
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Table 2: Publications as result of the search and assigned to the typology 

 

Our search was a quite simple search. Thus, there may be additional relevant publications 
that could have been included by using similar search terms and synonyms. The search terms 
were selected with the intention to reveal the human-nature nexus that was explicitly aimed 
to address. If we had used synonyms for the search term ‘human-nature,’ we may have found 
additional studies that were similar to TAMMI et al. (2017) that examines Ecosystem Service 
valuation, but that didn’t specifically address the human-nature nexus as we intended it for 
this mini-review. The other two terms, “urban” and “GIS”, can hardly be substitued, as they 
are keywords that very broadly address the target field of publications and should therefore 
inevitably occur. Additionally, the aim of this study was to look beyond basic landscape-
level metrics like NDVI or tree canopy cover that are derived from remote sensing methods 
and may be used within GIS analyses. Thus, our findings indicate that there is a lack of 
research,which uses sophisticated GIS analyses to consider human-nature relations in urban 
environments. 

This lack of research may stem from a variety reasons. The first is that social science and 
geo-spatial techniques work on different scientific grounds. There is a tradition in social sci-
ence not to rely only on quantitative methods. Empirical social research, which is mainly 
based on applied descriptive and inference statistics, conceptualises social aspects in a very 
limited approach compared to the libraries filled by “qualitative” approaches relying on ar-
guments and not on figures. An individual is a universe for a social scientist but may appear 
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only as an attribute coordinate for a GIS-Expert. But again, for the individual in which social 
science observes or interviews a respondent an urban green area may be just “a park”, but for 
the GIS-related science a complex urban landscape with different environmental attributes.  

The second reason is that the urban fabric is not easily converted to a series of overlaid GIS-
layers. Here, pattern-dependent processes are necessary for an appropriate representation of 
the real world (e. g. transportation, urban growth, flows in energy or provision networks). 
Additionally, building information, 3D representation, as well as information on network 
structures like moving people, cars, substances and energies, are necessary but difficult to 
handle in a data model from a technical point of view.  

Finally, we again must address the notes from the introduction on the complexity of the hu-
man-nature relations in urban environment per se, caused primarily by three-dimensionality 
and relational density. 

What do we have? We can summarize table 2 by three different types of studies: 

1)  GIS is used for mapping study areas, locations of data collection or both. For example, 
RUPPRECHT et al. (2015) conducted a houshold survey on informal green space (IGS) in 
Brisbane, Australia and marked on a map the location of sample plots. GHERMANDI et 
al. (2022) mapped locations of data collection by indicating the number of retrieved geo-
tagged photographs within regions in City of Haifa, Israel. TAMMI et al. (2017) provide 
an Ecosystem Service (ES) valuation map and represent the only publication, which con-
sidered a structural level by mapping ES values for the region of Tampere, Finland, in-
cluding services in the inner and outer urban core. These three examples are shown in 
Figure 3. 

2)  Spatial analyses resulting from GIS can be used to create explanatory variables in ex-
planatory models for human perception, valuation, attitude, behaviour, use or activity. 
For example, ZWIERCHOWSKA & LUPA (2021) first show the location of pre-schools in 
Poznan, Poland and the proportion of green infrastructure within a 300m-Radius of these 
schools. Then they combine the accessibility of greenspace to the answers of an online 
survey about the “frequency and the duration of outdoor activities” and on “pre-school 
managers’ awareness of the importance of contact with nature for children’s develop-
ment”.  

3)  Participatory techniques use GIS to reveal human perception, valuation, attitude, behav-
iour, use or activity. WANG et al. (2019), IVES et al. (2017a) and IVES et al. (2017b) go 
beyond using geo-processing to generate data on potentially independent variables in an 
analysis. They use participatory elements in capturing information on greenspaces in the 
city. All three studies ask respondents in a survey to mark greenspaces and other places 
of interest. Answers were related to distance analyses and lead to a “spatial representa-
tion of complex human-nature relationships” (IVES et al. 2017a).  
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(a)                                                                (b) 

 
(c) 

Fig. 3: Maps showing locations of data collection: (a) from RUPPRECHT et al. (2015), (b) 
from GHERMANDI et al. (2022), (c) from ZWIERCHOWSKA & LUPA (2021) 

What could and should we have? The easiest approach to determine how geo-data pro-
cessing can help foster urban human-nature studies is to generate more geo-data or to more 
intensively use relevant, pre-existing geo-data. Two signals suggest that an increasing avail-
ability of data is imminent. First, increasing awareness of the importance of urban vegetation, 
will lead to increased efforts to capture vegetation structures at a broader extent, for example 
by using remote sensing techniques. Secondly, Building Information Modeling (BIM) 
boosters the digitalisation of urban assets (as a background read AGARWAL et al. 2016), yet 
still largely outside of the context of urban greenery. As BIM extends to the improvement of 
the digitalization of urban greeney, more relevant geo-data will become available. 

While increasing the amount of relevant geo-data available will help encourage the develop-
ment of urban human-nature studies, the quantity of data is not the primary issue, but rather 
the quality. It is evident from many studies that the quality of urban vegetation, and therefore 
the qualities of the vegetation itself, are essensial for a good human-nature relationship. 
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Because of this, it is crucial to obtain more detailed spatial information about the charac-
teristics of urban vegetation such as age, composition, diversity and further dynamic charac-
teristics. Higher quality geo-data that includes these aspects will allow for the development 
of more robust studies at the human-nature nexus.  

Most spatial analyses, which employ GIS-derived explanatory variables, consider distance-
related aspects. Accessibility is one such aspect that is frequently cited in human-nature 
relations and is considered in many studies. However, accessibility is often included in a very 
simplified manner to avoid complicated spatial analyses. Using circular neigbourhoods or 
euclidean distance is a very weak substitute for actual access distance. Employing more 
advanced spatial tools would increase complexity but allow for more complete and accurate 
analyses. Additionally, when quantifiying access, not only distance should be considered, but 
also the mode of transportation. Mode of transportation (e. g. by bike, foot, public trans-
portation, car, etc.) will affect the travelled route, and the experience thereof, and therefore 
must be included when relating accessibility with human behaviour or attitudes towards 
urban nature. 

 
Fig. 4: Representation of perceived uniqueness of urban forests in Helsinki/Finnland from 

WANG et al. (2019), modified by authors  

Finally, and perhaps most importantly, many further geoprocessing methods and GIS-ana-
lyses could, and should, be considered in urban human-nature studies. These include but are 
not limited to: the visibility of urban nature (including from a person’s place of residence), 
basic neighborhood characteristics (e. g. noise, green infrastructue, vegetation on private and 
public property), and the quality of routes between a person’s workplace or other basic urban 
locations and their residence. 
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6 Conclusion 

This mini-review was a first step to explore how, and to what extent, GIS methods are used 
in studies that examine urban human-nature relations. Initial results indicate that there are 
few studies that utilize geo-data processing in their examination of human-nature relation-
ships in urban contexts. It is important and purposeful to conduct a more thourough sampling 
of the literature and continue analyzing additional publications using the assignment of types 
and levels employed in this mini-review. Although currently underused, geo-data can play a 
critical role in studying urban human-nature relations as methodologies develop that merge 
approaches in social science and urban ecology using geo-spatial techniques.  
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