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Abstract Landscape character assessment (LCA) is an effective tool for understanding peo-
ple’s perceptions and preferences of landscape characteristics. Other than the assessment in-
dicators and subjects, the reliability of photos as assessment objects is equally important for
the LCA result. However, the commonly used onsite photos are mainly obtained at randomly
selected locations by the researchers. We can neither know whether those photos represent
the researchers’ own preferences, nor, to our best knowledge, can their reliability be tested
scientifically. This method is also difficult to apply in large-scale geographical areas. To
address these issues, we (1) propose an improved method including the protocols of photog-
raphy and the sampling of photography locations, in which the fractal principle and stratified
random sampling method were combined to minimize the effects of the researchers’ prefer-
ences and other factors; (2) apply the method to the Guanzhong region as an example, and
obtain sampling photos and their geographical coordinates, which can be used as a data pack-
age for LCA; (3) use Fractalyse to test the sampled result and receive good validity. In conclu-
sion, this study extends the methodological chain of the LCA and supports the application of
LCA in large-scale regions.
ª 2022 Higher Education Press Limited Company. Publishing services by Elsevier B.V. on behalf
of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Since the 20th century, landscapes change dramatically due
to various drivers, such as rapid urbanization, growing food
demand, and ongoing climate change (Hedblom et al.,
2020). These changes not only cause problems, such as
the reduction of landscape types, the shrinkage of biodi-
versity, and the decline of local culture, but more impor-
tantly, affect people’s environmental use behavior and
related decisions, such as crop production, ecological
management of watersheds, and the preservation of his-
toric landscapes. A growing number of organizations focus
on this issue and attempt to investigate, assess, and
intervene in landscape character through planning policies
(Bao, 2016). The development of various approaches for
landscape assessments has been spurred and affected by
numerous discourses and competing claims on ecological
conservation, sectoral land-use policies, land and re-
sources, ecosystem services, and sustainable development
(Arts et al., 2017). Among these methods, landscape char-
acter assessment (LCA) based on public perception effec-
tively connects humaneenvironment interactions and
becomes an effective tool for achieving more productive
and beneficial outcomes of decision-making in landscape
management, land use plans, and environmental conser-
vation policies (Garau et al., 2021; Rogge et al., 2007;
Sevenant and Antrop, 2010; Spielhofer et al., 2021).

The representativeness and reliability of landscape
photographs are as important to the LCA studies as the
participants and assessment indicators. Most onsite photo-
graphs used in previous studies were obtained by the re-
searchers or by recruited volunteers at randomly selected
locations within the study area (Schirpke, 2021; Shao and
Liu, 2016; Zhang, 2017), lacking scientific sampling pro-
cedures. As a result, (i) whether the landscape photographs
obtained at random locations are influenced by the re-
searchers’ own landscape preferences is unknown; (ii) even
if these subjective influences are negligible, the random
selection of locations relies on pre-survey of the study area,
which can be small- and medium-scale areas, such as vil-
lages and parks, but it is difficult to carry out in large-scale
regions and limited in feasibility. Nevertheless, the method
of sampling photographs has not received remarkable
attention or discussion in the literature.

To address these issues, this study aimed to establish a
scientific sampling approach combining the stratified
random sampling and fractal principles, in the hope of
improving the scientific rigor of the sampling procedures
and overcoming the limitations in terms of the geospatial
scale of study areas. Based on a literature review, we
initially analyzed the importance of photo sampling
methods for LCA and the problems of current random
sampling methods. Subsequently, we constructed an
improved method from two aspects: photographic criteria
and photographic location sampling. Then, the three steps
of the photographic location sampling method were
demonstrated in the case study. Lastly, the validity of the
sampled result was tested by a fractal software.
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2. Literature review

Prior to the sampling method proposal, the two mainstream
methods of LCA and their workflow should be described
clearly to understand the role played by landscape photos
in LCA and to ensure their reliability.

2.1. Expert and perception-based approaches

The history of LCA is characterized by competition between
expert and perception-based approaches, both of which
logically assume that landscape quality is derived from
human perceptual interactions with the physical features
of the landscape (Daniel and Vining, 1983; Zube et al.,
1982). According to the review of expert approach and
public perception-based approach (Daniel, 2001; Othman
and Rosli, 2014), the expert approach usually consists of
three to seven experts as the assessment subjects. They
assess the physical characteristics of the landscape with
abstract indicators based on professional training, including
the contour lines of mountains, the color composition of
forests, and the shape of green space patches. The
assessment conclusions depend, to some extent, on the
experts’ own professional perceptions and preferences.
The perception-based method usually recruits dozens of
non-professional participants to select, rank, or rate the
physical elements and features presented in the given
landscape photos by means of photo scoring, scale self-
assessment, and photo screening, and then the re-
searchers analyze the participants’ assessment results to
obtain the spatial distribution pattern of landscape fea-
tures and the variability of landscape features in different
regions. Compared with expert methods, perception-based
assessment methods exhibit higher reliability and system-
atic accuracy, in terms of the internal reliability of
assessment results and the sensitivity and consistency of
participants to differences in landscape characteristics.

2.2. Contribution of landscape photos to the
perception-based method

According to previous studies (Helbich et al., 2021;
Khaleghimoghaddam, 2022; Spielhofer et al., 2021), the
public perception-based method has two processes. One is
online assessment using mobile app or questionnaire plat-
forms as the medium, with hundreds to thousands of par-
ticipants from all over the world. This type of assessment is
characterized by a large sample size, and the findings are
generalized without providing details. Another type is off-
line assessment conducted in laboratories, where small-
scale participants (usually 10e30) are recruited to partici-
pate in the assessment. Offline assessments have smaller
sample sizes, more rigorous assessment procedures, and
more accurate and targeted conclusions than online as-
sessments. The data used for online or offline assessment
are landscape photos, which contribute to the assessment
results as much as the indicators and participants. The
landscape photos are considered the assessment object,
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the indicators are the assessment basis, and the partici-
pants are the assessment subject; they are the key ele-
ments that constitute the perception-based method (Åsa
et al., 2008).

Discussion on measurable indicators (Hedblom et al.,
2020; Wang et al., 2017) and perceptual subjects (Jiang
et al., 2017) for improvement is remarkable. For
example, in terms of indicators, in addition to the adjust-
ment and extension of visual indicators, different types of
landscape value indicators have been developed (Brown
and Brabyn, 2012). The application of new technologies is
also an aspect of method improvement, such as optimizing
the offline assessment environment for participants by
using virtual reality technology or using eye-tracking de-
vices to monitor their heart rate and blood pressure during
landscape assessments; these data are used for supporting
analysis (Portman et al., 2015; Mavros et al., 2016;
Spielhofer et al., 2021). While conducting research on
assessment indicators and subjects is necessary for their
direct and evident impact on assessment results, the
impact of landscape photos should not be overlooked.

The landscape photos commonly used are obtained from
two sources: one is web photos, mainly from interactive
platforms including Flickr, Panoramio, social platforms,
such as Twitter and Facebook, and street maps from Google
and Tencent; the other source includes onsite photos
captured by the researchers or recruited volunteers. Web
photos have the advantages of easier access and larger
sample size than onsite photos, and they are mostly used
for comparative and statistical analysis. Moreover, the re-
sults are usually general descriptions of patterns, thereby
causing difficulty to conduct thematic studies or in-depth
reports. Especially for special issues, web photos cannot
satisfy the research requirements, and onsite photos are
indispensable. For example, some specific seasonal land-
scape assessments and landscape assessments of desig-
nated areas require consistency in the photographic
parameters of the landscape photographs, such as framing
angle, lighting, and composition. The locations should also
be balanced across the study area, rather than overly
concentrated in certain areas, to provide a comprehensive
picture of the regional landscape type. The representa-
tiveness and reliability of the web photos as assessment
data are questionable because they are obtained from all
over the world, with varying photographic parameters, a
large time span, and random locations.

An interesting reason in the sampling method is that
even though onsite photos are only one of the three influ-
encing factors (indicators, participants, and data) for the
perception-based method and one of the two data types
(the other one includes web photos), indicating that onsite
photos only slightly affects the assessment results, it occurs
in an underlying and imperceptible approach (Fig. 1). For
example, ensuring that photos obtained by simple random
sampling represent a balanced and comprehensive picture
of landscape types within the study area is difficult. This
condition is because photographs obtained at some
centralized locations are likely to miss some landscape
types and thus mislead the assessment results, leading to
biased conclusions. Therefore, this method has not
received the attention that it deserves precisely because of
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the indirect and imperceptible effect of landscape photo
sampling on assessment results.

2.3. Problems with onsite landscape photo
sampling

Different from the natural sciences, which can perform
strictly controlled single-factor experimental studies, most
social sciences aremultifactor observational studies.Without
good methodology, observational studies can easily lead to
misattribution and false theories. From this point of view,
landscape photographs should be scientifically sound and
reliable as a research material for LCA. Although the
commonly used method adopted the principles of simple
random sampling, it lackeda systematic and specific sampling
procedure, and the randomly selected photography locations
were subjectively influenced by the researchers’ pre-survey
of the study areas. Thus, the representativeness of thephotos
might be affected. We acknowledge the applicability of this
approach to small- and medium-scale areas. However, this
approach is difficult to replicate in large-scale regions, such
as provincial areas or urban contiguous areas, due to the
difficulties of thorough presurvey of the regions. An assess-
mentwas conducted at the provincial scale (Luo et al., 2019),
and the photos usedwere in situ replicas with reference to 17
historical photos. Thephotos could bemore convincing if they
considered the representativeness and sample size. As stated
by Hull IV and Revell (1989), a formalized and objective
method is necessary to represent the infinite number of
scenes within a landscape to identify the object sampled and
how the sample can be generalized. However, after several
years, our attention to landscape sampling methods is still
limited, and the question of designing sampling procedures
and improving the scientific validity of the results remains a
worthwhile study.

3. Method construction

Landscape photo collection in large-scale regions should
fully reflect the characteristics of the study area, thereby
leading to two questions: how and where to take photos?
Therefore, the collection plan is divided into two parts. The
first part is to develop photography protocols, and the other
is to develop the sampling method of photography loca-
tions. Both parts are equally important and described in
this study, with the former ensuring the quality and con-
sistency of the photographs in terms of composition,
lighting, and angles, and the latter ensuring that the pho-
tographs provide an adequate and balanced representation
of the landscape types in the study area. A basic consensus
is found on photographic criteria. Thus, we focus on loca-
tion sampling method given that the distribution density
and geospatial relationships of locations strongly influence
the landscape types that can be captured in photographs.

In this study, the stratified random sampling and fractal
principle were employed to construct an improved method
for photography location sampling. The stratified random
sampling is a well-established and fundamental method
that is widely used in various fields, such as the psycho-
logical assessment (Garg et al., 2022), global climate



Fig. 1 Role of onsite landscape photos in LCA (Source: Authors).
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change monitoring (Pu et al., 2020), business survey
(Krapavickait _e, 2022), and product quality survey (Zhang
et al., 2022). It is designed based on the theory of proba-
bility and stochastic principle, which hypothesizes that it is
composed of several parts with evident difference. The
study area is initially divided into several sublayers ac-
cording to different situations to obtain the representative
sample, followed by a random sample of each stratum;
then, the sample’s representation of the area is inferred
with a certain degree of precision (Tong, 2015). One of the
key steps for the stratified random sampling is to set up the
sampling pool. However, determining another method to
divide the study area for a specific geographical area apart
from by administrative units is difficult. For this reason, we
introduced the fractal principle of grid coverage of the
study area to obtain a sampling pool, whereas the grid size
used for coverage can be scaled isometrically to obtain a
sampling pool based on a multiscale grid division. Theo-
retically, random sampling in such a pool provides results
that are consistent with fractal characteristics. According
to the assumptions of the fractal principle (Chen, 2013),
scatterplots conforming to fractal characteristics represent
the optimal distribution structure for filling the base map,
and if the scatterplots comprising the sampled locations
are fractal, then these locations can be considered the
optimal distribution structure for filling the study area,
i.e., with reasonable spatial relationships and distribution
density.
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3.1. Protocols of photography

We combined the photographic criteria proposed in the
empirical studies on LCA of rural landscapes, forest color,
recreation preference, and traditional gardens (Komossa et
al., 2021; Li et al., 2018; Shao and Liu, 2016; Zhang, 2017).
The following protocols are proposed in terms of photo-
graphic equipment, framing angle, shooting height, and
number of shots per site.

� The equipment type and focal length should be consis-
tent. The framing angle should be 120�, which is based
on the principle of the human optic nerve and simulates
the best angle for the human eye to observe the
landscape.

� The camera should be mounted on a tripod at human-
eye height, usually at 1.5 m depending on the average
height of an adult’s vision, to ensure the photographs are
taken at the same angle and standard.

� To minimize the potential impact of individual photo-
graphs on the assessment process, we recommended to
take three to five photos of each location in the
collection stage for post-selection, despite the consid-
eration of redundant capacity in the sample calculation.

� Sunny weather is preferred to avoid the uncertain
impact of weather condition on photo quality unless the
research subject is an assessment of landscape features
in special climates, such as frozen landscapes.
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Different types of landscape features should be weighed
differently in the assessment, and therefore a pre-
assignment of weights should be made according to the
type of landscape features once a sample of photographs
has been obtained.

3.2. Photography locations sampling

3.2.1. Stratified random sampling
Compared with simple random sampling, stratified random
sampling, although slightly more complex in steps and
practice, has many advantages, such as high sample
representativeness, small sampling error, and significant
potential statistical effect; it is also beneficial to subjects,
where the study area is extremely large for direct sampling
(Tong, 2015; Zhang et al., 2021). As Jin et al. (2015) and
Wang (2020) demonstrated, the basic steps are as follows:
(1) the study area is stratified according to the research
content, which generally includes a mandatory layer and a
supplementary layer; (2) the stratification ratio is used to
calculate the sample size of each stratum, i.e., the number
of photography locations; (3) the random systematic sam-
pling method is applied, including setting a random starting
point and calculating the sampling distance, to sample
photography locations from each stratum. For landscape
photo sampling, the key issues are calculating the sample
size and setting up the sampling pool, which will be elab-
orated in the following sections.

3.2.2. Sample size calculation
The sample size of photography locations depends on the
number of photos for testing (NPT). For the majority of the
general public who are not professionally trained, providing
limited information and sample size for the test is impor-
tant to minimize the impact of respondent fatigue on re-
sponses. For this reason, the response difficulty and test
duration should be maintained within reasonable limits. In
terms of response difficulty, the average time (AT) of
information-based response based on memory and cogni-
tion is 9.73 (Zhang et al., 2018). In terms of test duration
(TD), study shows that 20 min is reasonable for the par-
ticipants to respond effectively (Xu et al., 2013). Then, we
obtain an equation as follows:

NPTZTD=AT ðaÞ

The NPT is calculated by Eq. (a) to be approximately
123, which is close to the photo number used in similar
study conducted by Zhang (2017).

ThepsychologistKaplan (1979)proposed that the sampling
size for photo collection should be taken five to ten times the
NPT (Miller et al., 2013). We calculate five times and obtain
615 photos to be captured. According to the photography
protocols, three to five photos should be obtained at each
location, and therefore 123 to 205 locations should be
sampled to satisfy the collection quantity of 615 photos.

3.2.3. Sampling pool setting
Although not yet attempted, we introduce fractals to set a
sampling pool for a given area. The study of fractal cities
began in 1985, more than 30 years from the present time
(Batty and Longley, 1994; Frankhauser, 1998; Thomas et al.,
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2008; Ariza-Villaverde et al., 2013; Murcio et al., 2015).
One research consensus is that the fundamental charac-
teristic of fractals is the scale-free nature of the spatial
distribution. The literature review in Section 2.3 empha-
sizes that the photography locations randomly selected by
researchers are influenced by their pre-knowledge of the
study area and lack a certain scientific sampling process.
Thus, the representativeness of the photographs taken at
these sites becomes debatable. In addition, the sampling
pool in a typical systematic sampling method consists of
elements that are independent and equal to each other,
such as a pool of 20 enterprises or a pool of 40 students, in
which the elements can be sampled directly.

However, the object of study in LCA is usually a
geographical area with well-defined boundaries, and the
area as the original sampling pool is a complete unit that
cannot be sampled directly. Thus, the given area should be
reasonably divided into a number of sub-units as sampling
elements. A common basis for delineation of a geographical
area comes from administrative boundaries, which result in
sub-units that are not equal in terms of size and geographical
distribution, thereby fundamentally undermining the ob-
jectivity of the sampling pool. To address these concerns
regarding the influence of researchers’ pre-knowledge and
administrative factors on the sampled result,webelieve that
the scale-free nature of the fractal principle allows an un-
differentiated sub-unit division of the geographical area.
Therefore, the fractal grid is used as a scale to fill the
geographical area to obtain independent and homogeneous
elements that can be directly sampled, and these elements
constitute the sampling pool. Specifically, the advantages of
the fractal grid filling are as follows: (i) the photography lo-
cations sampled from a sampling pool consist of undifferen-
tiated sub-units that have a theoretically optimal spatial
distribution structure, which indicates a relatively dispersed
and balanced sampled result; (ii) the sampled result can be
measured by software to test its validity.

The steps of fractal grid filling are shown in Fig. 2. First,we
draw a sampling frame. Then, the study area is considered
the base map, tangent lines are drawn with the outermost
edge of the map boundary as the reference, and the four
tangent lines are closed to obtain the minimum rectangular
box that completely covers the base map. This rectangular
box is used as the outermost boundary of the grid filling.
Second, we calculate the size of the standardized cell and
scaling ratio based on the sample size and other impact
factors of the study area. Details of the calculation are
described in the next paragraph. Third, the standardized cell
is used to fill the base map, the cell is iterated according to
the scaling ratio, and then the iterated cell continues to fill
the basemap. Finally, we count the number of all non-empty
cells filling the basemap, which served as a sampling pool for
the photography location sampling.

The specific method for calculating the size of the stan-
dardized cell is as follows: according to the four-sided view in
traditional Chinese planning, the landscape information ob-
tained from one photography location could cover a spatial
range of approximately one to 5 km, and themountain profile
is captured at a distance of up to 20 km (Li et al., 2017).
Accordingly, a circle is drawn with a radius of 3 km (consider
the median number of one to five), and the outer tangent
square of the circle is the standardized cell of the fractal grid.



Fig. 2 Fractal grid filling steps for a regional map: (a) a sampling frame is drawn; (b) the size of the standardized cell is
calculated; (c)e(e) the base map is covered with a grid of multiple iteration sizes. The process is conducted in the GIS, all non-
empty grids covering the study area are counted, and the base map of these non-empty grids is the sampling pool (Source: Authors).

Frontiers of Architectural Research 12 (2023) 118e128
4. Case study and results

4.1. Study area

This study considers the Guanzhong region in Shaanxi
province as the study case. It is located in the Weihe River
Plain area in central Shaanxi Province (the Weihe River is
the largest tributary of the Yellow River), bordered by the
Qinling Mountains in the south and the Loess Plateau in the
north, (Fig. 3). The Guanzhong region is selected as the
case study because: (i) it is a relatively complete and in-
dependent geographical unit, cultural unit, and landscape
Fig. 3 Geographical area of the Guanzhong region is boun-
ded by the Loess Plateau to the north and the Qinling Moun-
tains to the south, with the Weihe River crossing in between
(Source: Authors).
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unit in public perception, and the famous “Eight Views of
Guanzhong,” for example, is a group of imageries repre-
senting the historical landscape features of this region; (ii)
it contains five cities and a national agricultural district
with a total area of about 55,000 km2, which is a large-scale
geographical unit and is suitable for the proposed sampling
method; (iii) with the rapid development of urbanization,
the landscape characteristics of the Guanzhong region have
changed significantly. Understanding the current public
perception of the landscape characteristics is necessary,
and a comparison of historical and contemporary land-
scapes provides further insight into the intrinsic links be-
tween landscape and social change in the Guanzhong
region.

4.2. Stratified design (step 1)

The general principle of stratified design is to divide the
sample into sublayers according to internal variability and
then to conduct independent sampling within each layer.
For LCA subjects, landscape types vary with geographical
location to consider stratification by space. Spatial strati-
fication generally considers the following factors: diversity
of landscape types and clustering of landscape distribution.

Xi’an is the capital city of Shaanxi Province and the
central city of the Guanzhong region. The landscape fea-
tures of Xi’an are an important part of and the most
representative area of the landscape. For example, more
than half of the eight famous Guanzhong scenic spots are
located in the mandatory layer, whereas the remaining
spots are scattered in the supplementary layer. Therefore,
we consider Xi’an as the mandatory layer, and the collected



Fig. 4 Sampling stratification of Guanzhong region. The
upper blue area is the supplementary layer, and the lower
yellow area is the mandatory layer (Source: Authors).

Fig. 5 Fractal grid filling and non-empty grid coding. The red
curve indicates the spatial boundaries of the sampled layers,
the yellow grids are filtered non-empty grids, and all non-
empty grids are numbered (Source: Authors).
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photography locations are coded with M-1, whereas the
areas outside Xi’an are considered the supplementary
layer; the collected photography locations are coded with
S-1 (Fig. 4). These codes are used to record the corre-
sponding photos.

Sampling was conducted according to the maximum 205
photography locations, considering that inaccessible
shooting locations may be encountered in the field. Ac-
cording to the proportion of stratified sampling, 40
photography locations are considered in the mandatory
layer of Xi’an, and 165 photography locations are obtained
from the supplementary layer composed of other regions.

4.3. Sampling cell coding (step 2)

The standardized cell was converted equi-proportionally
against the actual area of the study area to obtain the grid
size for sampling, and then the grid coverage was applied to
the mandatory and supplementary layers, and the resulting
non-empty grid was counted as the sampling frame of each
layer: 336 cells for the mandatory layer and 1424 cells for
the supplementary layer.

All non-empty grids within the sampling frame were
coded using an unrelated sign ordering (i.e., the order, in
which grid cells were coded, was independent of the cell’s
corresponding information, such as population and areas).
The geometric center of the base map was used as the
starting point, and the numbering started from left to right
and top to bottom until it cycled to the starting point,
completing the coding of all non-empty grids (Fig. 5).
4.4. Photography location sampling (step 3)

According to the steps of random equivalent distance
sampling from random starting point, the mandatory and
selected layers are sampled separately. Taking the
mandatory layer as an example, the steps are as follows.

� The sampling distance (k) is determined based on the
total number of cells (N) and the number of sampling
cells (n). In theory, the sampling distance (k) Z (N/n),
which is rounded to an integer in practice. The total
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number of cells in the mandatory layer, i.e., the number
of non-empty grids (N) Z 336, and the number of sam-
pling cells, i.e., the allocated collection cells (n) Z 40;
thus, the sampling distance (k) Z 8.

� The random starting point is set as r. r and between
function are used to select a random integer from 1�k as
the starting point, and the codes for r, rþk, rþ2*k, ... ,
rþ(n�1))k are drawn. The photography location is
represented by the geometric center of the cell and can
be selected in the immediate vicinity of the sampling
cell according to the actual situation when shooting in
the field. The location is deleted when the sampling unit
does not satisfy the photography conditions (e.g., in
special cases such as military zones, and nature reserves
that are off-limits).

� The mandatory layer obtains a random starting point (r)
Z 4 and numbers 004, 012, 020,. , 320, for a total of 40
cells.

� The same steps are performed at the supplementary
layer, where the sampling distance (k) Z 9 and the
number of sampling cells (n) Z 165. A random starting
point (r) Z 1, and then numbers 001, 010, 019, . , 1432
(corresponding number after a loop is 008), 1441 (017 as
corresponding number), 1450 (026 as corresponding
number), 1459 (035 as corresponding number), 1468 (044
as corresponding number), and 1477 (053 as corre-
sponding number), are obtained 165 cells.

After checking the distribution of sampling cells in the
mandatory and supplementary layers, we removed those
that fell outside the spatial boundaries and retained 181
photography locations, which satisfy the sample size range



Fig. 6 Sampled result of 181 photography locations, where
the yellow crosshair cells are the sampled spatial image
acquisition points (Source: Authors).

Fig. 7 Example of determining the coordinates of photog-
raphy locations and coding photos (Source: Authors).

Fig. 8 Result of calculating the fractal dimension and
goodness-of-fit by linear regression based on the data gener-
ated by the Fractalyse (Source: Authors).
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of 123e205 (Fig. 6). By overlapping sampled result and the
corresponding Google map of Guanzhong region, we can
identify the geographical coordinates of the sampling cell
center, i.e., the coordinates of photography location.
These coordinates are coded as M-1 and S-1, and the photos
from each location are recorded correspondingly to develop
a database for LCA (Fig. 7).

5. Discussion

5.1. Validity testing of sampled result

Fractal software Fractalyse1 was used to measure the
fractal dimension (fd) of the spatial distribution of the
sampled result (Fig. 8) to test the effectiveness of the
method, and the calculated fd was 1.532. Then, we ob-
tained the goodness-of-fit R2 Z 0.996 by linear regression
based on the data generated by the Fractalyse.
1 Fractalyse is developed by the research team ‘Mobilities, city
and transport’ of the French geographic research laboratory
ThéMA, was initially developed for fractal metrics of built-up areas
of cities and can now also be used to process fractal metrics of
images in general.
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In fractal theory, R2 � 0.96 generally indicates that the
spatial distribution has strict fractal characteristics, and an
fd of 1.7 is the ideal value for space filling (Chen, 2017).
Although the fd of the sampled result is less than 1.7, the
goodness-of-fit (0.996) indicates significant fractal charac-
teristics and the fd of 1.532 is close to the ideal value. The
sampled result was therefore considered to show good
validity.

5.2. Application scenarios and values

The proposed sampling method includes the unification of
photography modes (e.g., camera equipment, focal length,
angles, and shooting height) and the sampling of photog-
raphy locations; the former has been fully discussed in pre-
vious literature, whereas the latter has received little
attention. Therefore, we focus on the sampling method for
photography locations by introducing the fractal principle
and thus achieving an improved method based on stratified
random sampling. Stratified random sampling is a common
method in sociological research, mostly seen in population
sampling and household sampling. It has high sample repre-
sentativeness and low sample error, where the stratification
principle is applicable to large-scale sampling objects.
However, this method relies heavily on administrative units
to set the sampling pool, given that population and house-
hold data are counted based on administrative units. If the
stratified random sampling method is directly applied to
landscape photo collection, then the acquired photos are
also closely related to the administrative units in the study
area, whether they adequately and evenly reflect the
different regions and types of landscape features in the
study area is difficult to ensure.

The fractals are introduced to improve the stratified
random sampling and to solve the problem of setting up the
sampling pool and the spatial distribution of the sampled
result. First, the setting of the sampling pool depends on
the standardized grid size covering the study area. The
standardized grid size can be scaled isometrically using the
fractal principle. This iterative feature can assist in rapidly
finding the optimal grid size to cover the study area and
thus set a reasonable sampling pool. Second, the sampled
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result obtained by this method can be checked for equi-
librium using fractal software. If the results do not satisfy
the fractal characteristics (Section 5.1 presents the test
criteria), then the standardized grid can be resized itera-
tively to cover the study area to obtain a new sampling
pool. Moreover, the sampling procedure can be repeated
again and the results checked for fractality until the
sampled result meets the fractal criteria.

Furthermore, the original purpose of this method is to
help researchers sample the photography locations effi-
ciently and scientifically without conducting pre-survey of
large-scale area, although it is equally applicable to small-
and medium-scale areas. In previous studies on small- and
medium-scale objects, researchers select the photography
locations based on their own pre-survey and knowledge of
the objects, leading to a seemingly random selection of the
photography locations, but implying the researchers’ pre-
conceptions. This condition might result in photos from
areas that the researchers believe to be better or worse.
Geographical cell delineation based on fractal grid filling
“empties” the researchers’ subjective prejudice of the
study area, thereby minimizing the impact of this factor on
landscape photo collection.

Compared with the simple random sampling method
used in previous studies, the advantages of our improved
method are as follows: (i) the combination of the fractal
principle and stratified random sampling minimizes the
researchers’ subjective prejudice from pre-survey on the
study area; (ii) the introduction of the fractal principle
helps the researchers to obtain the sampling pool by using
a standardized cell with fractal iteration properties,
rather than referring to the administrative boundaries of
cities, to cover the study area, allowing the sampled result
of the photography locations to be distributed across the
study area without the constraints of administrative
boundaries, but in accordance with the fractal filling
principle; (iii) the design logic of the method allows a
fractal structure in the distribution of sampled photo-
graphic locations, indicating that the locations are
randomly and evenly distributed, ensuring that the pho-
tographs at these locations are representative of the
various areas and landscape types; (iv) the validity of the
sampled result is testable, providing researchers with a
closed-loop tool so they can identify if the sampled result
is available and adjust some parameters in the sampling
steps, such as scaling the size of the standardized cell and
resetting the sampling pool.
5.3. Limitations and improvement consideration

This study should be understood and contextualized within
the limitations of the proposed method. These limitations
include those regarding the preference to focus on LCA
based on onsite photos instead of web photos, the focus on
comprehensive landscape features that require a balanced
representation of the various landscape types in the study
area, rather than special landscape features, such as lakes,
rivers, and forest. The theoretical assumption of the
method is that landscapes in large-scale regions are multi-
typological (including urban landscape, rural landscape,
farmland landscape, and industrial landscape) and
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geographically diverse. Therefore, the distribution of
photographic locations directly affects whether the pho-
tographs are representative of multi-typological and multi-
regional landscapes. Compared with comprehensive land-
scapes, rivers and lakes are special landscapes of a single
type, and their landscape features do not vary significantly
in terms of geographical distribution. This finding indicates
that the photos from different locations are likely to
represent the same or similar landscape features. One
possible approach to sampling photos of this special land-
scape is to sample by reference to landscape type rather
than photographic location, which requires an alternative
logic to reconstruct the sampling method. The sampling
methods for particular landscape types will not be devel-
oped in detail given the logical consistency of method
construction.

he details of the photography protocols were not vali-
dated and fully discussed because the proposed method
mainly focuses on sampling of photography locations, and
we consider the impact of photography modes on reliability
and propose corresponding improvement measures in
future studies. For instance, collection of collateral infor-
mation, such as sound and temperature could be supple-
mented in the criteria, and researchers could further carry
out correlation analysis of visual landscapes with in-
fluences, such as sound and temperature.

In terms of method validation, we tested the sampled
result only at the theoretical level using Fractalyse. If the
method is to be further improved, then a set of controlled
experiments should be designed to compare whether pho-
tographs sampled using our proposed method and those
using previous random sampling show significant differ-
ences in terms of typological diversity and spatially
balanced distribution of the landscapes.
6. Conclusions

The findings of this study provide researchers with an
effective tool for conducting LCA studies, allowing them
to select locations for landscape photographs rapidly and
efficiently and therefore acquire landscape photographs
scientifically. Although assessment indicators and the
participants, as perceptual subjects, are evident impact
factors, the effect of landscape photos on the results of
LCA should not be ignored. Web photos, although easily
accessible, have their limitations, such as different
shooting standards and large span of shooting time,
making them unsuitable as research data for studies in
specific areas and specific time periods. On the contrary,
onsite photos can be standardized in terms of photog-
raphy modes and time, but most of them were captured
at randomly selected locations based on researchers’ pre-
survey of the study area. We can neither know whether
those photos represent the researchers’ own preferences,
nor, to our best knowledge, can the reliability of the
photos be tested scientifically. Sampling photos in large-
scale regions by applying the previous method is also
difficult. The idea of our improved sampling method is to
design a neutral sampling procedure to overcome the
factors including protocols of photography and location
sampling. With regard to location sampling, we
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considered the well-established stratified random sam-
pling method as the basis and introduced the fractal
principle to obtain an improved sampling method.

This study adds value to the literature in three ways,
as follows: (i) it extends the methodological chain of the
LCA, which consists of photo screening, assessment indi-
cator construction, and monitoring of participants’ phys-
iological indicators, by adding a step prior to photo
screening, i.e., sampling of shooting locations, which in-
creases the reliability of photo data from a procedural
science perspective; (ii) it strongly supports the applica-
tion of LCA in large-scale regions. The sampling pool
and random sampling steps based on the fractal grid
would assist researchers to sample the photography
locations rapidly and efficiently, and the sampled result
can be tested by the fractal software, forming a
“testetrialeerrorecorrectioneretest” closed loop; (iii)
this study is the first to be conducted in the Guanzhong
region and adds to the scant literature on methods for
LCA in the Guanzhong region. Lastly, the application of
particular landscape types and the diversity of empirical
cases have limitations. Thus, we proposed improvements
in the design of comparative experiments and procedures
to improve the scientific validity of the method in sub-
sequent studies.
Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

This work is funded by the National Natural Science Foun-
dation of China (No. 52078406), Education Department of
Shaanxi Provincial Government (No. 21JT019) and the
Research Institute of New Urbanization and Human Settle-
ment in Shaanxi Province (No. 1608220010). We sincerely
thank the reviewers and editors for the time and effort that
they have put into reviewing the manuscript. Thanks to Dr.
Yapeng Ou from Mediterranea University of Reggio Calabria
for proofreading this manuscript.

References
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