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Urban river systems play a vital role in balancing ecological health, recreational
utility, and visual harmony in densely built environments. While numerous
studies have assessed water quality and flood vulnerability, limited research has
focused on the spatial quantification of aesthetic value in urban rivers. This study
introduces a novel geographic information system (GIS)-based aesthetic river
index (ARI) that integrates ecological [normalized difference vegetation index
(NDVI)], physical [normalized difference turbidity index (NDTI)], and structural
components through an analytical hierarchy process (AHP). The index was
applied to three case study rivers with distinct urban characteristics: the Kalimas
River (Indonesia), the Love River (Taiwan), and the Chao Phraya River (Thailand).
Landsat 8 imagery and local land use data were processed to assess vegetation
vigor and water clarity, while structural features were digitized and scored for
visual impact. Results show that the Love River attained the highest ARI score due
to its integrated landscape planning and highwater transparency, while theChao
Phraya exhibited the greatest aesthetic diversity. Validation using field-based
perception surveys yielded strong correlations (ρ > 0.68), affirming the ARI as
a robust tool for riverfront planning. This methodology contributes a replicable
framework for incorporating human-centric aesthetics into sustainable river
management strategies.
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1 Introduction

Urban rivers occupy a unique position at the intersection of ecological function,
recreational opportunity, and urban aesthetics. As cities expand, river management has
traditionally focused on flood control, water quality, and hydraulic efficiency, often
overlooking the visual and experiential dimensions that contribute to public wellbeing
and local tourism economies (Chibana, 2024; Nardini and Conte, 2021; Horta et al.,
2023; Watson et al., 2003; Bhonde et al., 2024). Yet aesthetic appreciation of rivers
rooted in factors such as water clarity, riparian vegetation, and the design of man-made
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structures has been shown to influence mental health, encourage
outdoor activity, and foster a sense of place among urban
populations (Amuah and Kpiebaya, 2022; Tallar and Suen, 2015a;
Tallar and Suen, 2015b; Tallar et al., 2017; Tallar, 2023). Recognizing
these multifaceted benefits, there is growing impetus to develop
standardized methods that can quantify aesthetic quality in a
manner compatible with geographic information systems (GIS),
thereby equipping planners and managers with actionable, spatially
explicit insights (Bulu et al., 2008; Zhou, 2022; Lee, 2017;
Nestler et al., 2016; Smith et al., 1995).

Previous efforts to integrate visual quality intowater assessments
have largely centered on static landscape evaluation protocols or
broad-scale water quality indices, leaving a gap at the micro-spatial
scale where urban design interventions are most feasible (Zheng
and Paul, 2020; Kim, 2019; Rahman and Mamun, 2022; Lee, 2016;
Shin et al., 2023; Jang, 2015). Our earlier work introduced indices
such as the flood potential index (Tallar et al., 2017) and the stream
island index for habitat complexity (Tallar, 2023), demonstrating
the value of micro-scale, GIS-based frameworks in riverine studies.
Building on these foundations, the present research advances an
aesthetic river index (ARI) methodology that synthesizes spectral
proxies—normalized difference vegetation index (NDVI) and
normalized difference turbidity index (NDTI)—with participatory
weighting via the analytical hierarchy process (AHP). The ARI is
applied to three distinct Asian urban rivers—Kalimas (Surabaya,
Indonesia), Love River (Kaohsiung, Taiwan), and Chao Phraya
(Bangkok, Thailand)—to evaluate its robustness across varied
environmental, cultural, and infrastructural contexts.

The core objectives of this study are to 1) articulate and justify
key aesthetic indicators for urban rivers grounded in ecological
and social science literature; 2) operationalize these indicators
within a GIS environment to produce a replicable ARI workflow;
3) validate the index against field-based perception surveys; and
4) derive practical recommendations for urban river governance
that integrate aesthetic enhancement alongside ecological health. By
situating aesthetic quality at the heart of urban river assessment,
this research aims to broaden the toolkit available to resource
managers, landscape architects, and policymakers committed to
creating healthy, attractive, and sustainable urban waterscapes.

2 Materials and methods

This study used digitalmaps of the surrounding river area loaded
into mapping software (GIS). The software used a visibility tool to
determine what could be seen from specific lookout points along the
river. It then automatically calculated scores for key beauty factors
based on the map data. Finally, it combined these scores and created
color-codedmaps showing which parts of the river were visually the
most and least appealing, providing an objective tool to understand
and manage the river’s scenic value.

Several famous rivers for tourism in Asian countries (Indonesia,
Taiwan R.O.C., and Thailand) were selected as representatives of
the study area of the paper (Figure 1). The selected rivers are the
Kalimas River (Indonesia), the Love River (Taiwan), and the Chao
Phraya River (Thailand). Further information about the physical
characteristics of selected rivers can be seen in Table 1.

The Chao Phraya River plays a significant role in the economy
and culture of Thailand. The land use types surrounding the
Chao Phraya River are diverse and include residential, commercial,
industrial, transportation, historical, and recreational areas. These
areas reflect a blend of anthropogenic activities that collectively
shape the landscape and dynamics of this iconic river in Thailand.
Types of land use surrounding this river are dominated by
residential, commercial, and business areas for tourism purposes,
such as hotels, shops, cafés, and restaurants. Some historical areas
(Wat Arun to the Grand Palace), landmarks, and government offices
are also located along the banks of the Chao Phraya River.Therefore,
the Chao Phraya River is a vital river for tourism and economic
activities. The Chao Phraya River also serves as a strategic water
transportation route that connects to other areas with decent water
infrastructure, such as piers and ferries. Hence, the main function
of this river is to facilitate mobility and ease traffic congestion
surrounding Bangkok City.

TaiwanR.O.C. has a famous landmark river called the LoveRiver
or Ai River in Kaohsiung City. Various land use types surrounding
this river consist of residential, commercial, recreational, and
cultural areas. Modern changes in land use types have been
increasingly affected by anthropogenic activities in these residential
and commercial areas. The banks of the Love River provide a mix
of urban living, scenic views, parks, recreational spaces, historical
sites, green spaces, and waterfront walkways. The river offers
opportunities for residents, locals, visitors, or tourists to participate
in activities such as outdoor activities, jogging, cycling, or simply
enjoying the scenic views of the river. The other function of the
presence of open areas and/or green spaces is to contribute to a better
quality of life and environment, as well as to promote sustainable
urban development for the surrounding river areas. The Love River
also has a public green area and a remarkable water infrastructure
for ensuring locals and tourists can have easy access to the areas
surrounding the Love River.

The typical land use types of the surrounding areas in Kalimas
River, Surabaya City, Indonesia, are residential, commercial, and
industrial areas, which play a crucial role in the anthropogenic
activities within. Other land use types surrounding the Kalimas
River are recreational and green spaces such as fields, large
and small parks, walkways, and waterfront infrastructures that
provide important ecological buffers to maintain biodiversity,
environmental, and also increase air quality. Residents, locals, and
tourists adore this environment as a vital area for enhancing the
quality of life for Surabaya residents and providing opportunities
for leisure activities, exercise, and social gatherings along the
riverfront. Transportation infrastructure, like roads, bridges, and
public transportation hubs, is critical for connecting different parts
of Surabaya and facilitatingmovement across the city.The proximity
of these infrastructures to the river plays a significant role in urban
mobility and accessibility.

To support this assessment, Landsat 8 Operational Land Imager
(OLI) scenes were acquired for the dry season of 2023. Bands 4
(red), 5 (near-infrared), and 3 (green) were used to calculate two
spectral indices: NDVI for vegetation cover and NDTI for water
clarity. Radiometric and atmospheric corrections were applied using
the dark object subtraction method, and cloud contamination was
minimized using the Fmask algorithm. Each raster was clipped
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FIGURE 1
Existing condition in study area: (a) Kalimas River, Indonesia; (b) Love River, Taiwan; (c) Chao Phraya River, Thailand.

TABLE 1 Selected rivers of study area.

Country River Area location App. Total length (km) App. Average width (m) App. Average depth (m)

Indonesia Kalimas Surabaya 12 150 3

Taiwan Love Kaoshiung 12 125 5

Thailand Chao Phraya Bangkok 372 230 8

FIGURE 2
Statistical summary of NDVI and NDTI by river.

to a 200-m buffer around river centerlines to isolate riparian
influence zones.

The NDVI and NDTI values were reclassified into five ordinal
categories to translate continuous spectral data into discrete
aesthetic scores. Man-made structures were digitized from satellite
imagery and high-resolution basemaps, then scoredmanually based
on design aesthetics and visibility. These three data types—NDVI,
NDTI, and structural features—formed the core of the ARI. To
integrate subjective visual preference into the index, 12 experts
(landscape architects, hydrologists, and urban designers) completed
a Saaty-scale AHP to determine the relative weights of each variable.

The resultingweights (w1 =NDTI;w2 =NDVI;w3 = structures)were
applied to compute the ARI for each pixel.

Field validation was conducted through on-site surveys at 10
observation points per river. Observers provided aesthetic ratings
using a 5-point Likert scale, which were compared to ARI scores
using Spearman’s correlation. This helped verify the alignment of
computed aesthetic values with human perception.

To complement the analysis, statistical summaries of
NDVI, NDTI, and ARI were compiled, and a comparative
visualization of index means and standard deviations was also
generated (Figure 2).
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FIGURE 3
Methodology research.

3 Methodology

In many previous studies, an index has been used to assess
the water-related problems (Kavya, 2015; Ajoke Adelagun et al.,
2021; Shah, 2013; Marselina et al., 2020). Previous literature
reviews pointed out that it is necessary to develop a formula
index for assessing the condition with micro-scale and spatially
explicit information in the targeted study area (Tallar and
Mauregar Geldoffer, 2022; Tallar, 2023). After collecting data,
the next step is to define attributes of aesthetic value on river
management and analyze them using a GIS-based method
(Schiebe et al., 2002; Das, 2021). We examined the aesthetic
value of the river environmental attribute preferences of
river users, in terms of physical attributes (water turbidity),
ecological attributes (vegetation cover), and man-made structures
(dykes and bridges). The offered methodology research can be
seen in Figure 3.

The NDTI is used to represent physical attributes, and the
NDVI obtained from Landsat 8 interpretation is used to represent
ecological attributes (Alldredge et al., 2012; Khillare and Patil, 2022).
The AHP method is also used as the appropriate logic scoring of
the preference method as a representative of man-made structure

attributes. All the data collected for the AHPmethodwere processed
by using ArcGIS software version 10.5 as an application for the
digital mapping process. Scoring, weighting, and overlaying are the
subsequent processes in the AHPmethod.Thismethod also uses the
rankingmethod to assignweight values of variables by ranking order
for each variable (Rajasekhar et al., 2022; Motiee et al., 2023).

4 Results and discussion

The spatial analysis conducted in this study leverages
GIS-based methods to evaluate the aesthetic quality of urban
rivers by integrating remote sensing indices and vector-
based structural data. This integrated approach enabled the
development of the aesthetic river index (ARI), which synthesizes
biophysical conditions (via NDVI and NDTI) with built-
environment attributes. The methodology was applied to three
rivers—Kalimas River (Indonesia), Love River (Taiwan), and
Chao Phraya River (Thailand)—to identify spatial patterns
of visual quality and diagnose areas requiring targeted
improvements.
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FIGURE 4
Results of the NDTI and NDVI map of the Kalimas River, Surabaya City, Indonesia.

FIGURE 5
Results of the NDTI and NDVI map of the Love River, Kaohsiung City, Taiwan.

Consistent with field observation and NDVI analysis, the
Kalimas River demonstrated a relatively higher riparian vegetation
score (mean NDVI = 0.54 ± 0.12) than the other rivers. The
classification of vegetation conditions (non-vegetation, low
vegetation, and high vegetation) showed a more balanced
distribution, with green patches especially concentrated in public

parks and community-managed spaces. However, despite having
a better ecological profile, the Kalimas River’s aesthetic scores
were moderately constrained by less-developed structural elements
and variable water clarity (NDTI = 0.29). Consequently, the ARI
value for Kalimas averaged 3.4 ± 0.5, placing it in the “medium
aesthetic” range.
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FIGURE 6
Results of the NDTI and NDVI map of the Chao Phraya River, Bangkok City, Thailand.

FIGURE 7
ARI score and Spearman correlation.

In contrast, the Love River in Kaohsiung exhibited the highest
overall ARI performance (mean = 4.1 ± 0.4), primarily due
to excellent turbidity conditions (mean NDTI = 0.22 ± 0.06)
and uniformly distributed green and recreational infrastructure.
This supports findings from the NDVI–NDTI integration and
stakeholder evaluations that rank the Love River as the most
aesthetically optimized case. As shown in Figure 3 (center), the
spatial consistency of blue-colored “good” and “fair” condition
zones reflects sustained urban landscape planning and riverfront

revitalization initiatives.The vegetation conditions were categorized
into low tomoderate NDVI ranges, which were effectively enhanced
by urban structural design elements such as walkways, bridges, and
green corridors.

The Chao Phraya River, though home to the highest density of
tourism activities—ranging from sightseeing boats to ferry services
with multiple piers—showed a more heterogeneous pattern in
aesthetic distribution. Turbidity levels were significantly higher
(mean NDTI = 0.38 ± 0.12), likely due to continuous river traffic
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and sediment resuspension. Riparian vegetation was sparse and
unevenly distributed (NDVI = 0.32 ± 0.15), limiting its contribution
to aesthetic value. Consequently, although certain iconic heritage
zones scored highly due to the visual appeal of landmarks, the
average ARI value remained lower (mean = 3.0 ± 0.6), and the
standard deviation was the highest among the three rivers. This
indicates a polarized riverfront, with attractive zones interspersed
with visually degraded segments.

Figures 4–6 together provide a comprehensive visual analysis
of the aesthetic conditions across the study rivers. Figure 7
presents a comparative bar chart of ARI scores alongside
Spearman’s correlation coefficients with field-based perception.
These visualizations confirm that higher ARI values align not only
with strong ecological indicators but also with coherent urban
design elements and perceived scenic harmony of the riverscapes.
Despite Chao Phraya’s cultural and tourism prominence, its lower
ARI scores highlight the importance of ecological and structural
harmony in generating a positive visual experience. This supports
findings from prior studies, where riverfront management strategies
must integrate both ecological and human-centric parameters to
optimize value.

Field validation further confirmed the robustness of the ARI
model. Spearman’s rank correlation coefficients between observer-
based Likert ratings and computed ARI values were statistically
significant in all three rivers (ρ = 0.82 for Kalimas, ρ = 0.77 for
Love River, and ρ = 0.68 for Chao Phraya), as shown in Figure 7,
confirming strong alignment between the model and human
perception.

5 Conclusion

The aesthetic river index presented herein represents a robust,
GIS-enabled tool for quantifying the visual quality of urban
rivers at micro-spatial scales. By synthesizing spectral indicators of
vegetation and turbidity with expert-derived structural weightings,
the ARI delivers spatially explicit maps that correlate strongly with
field-based perception surveys. Application to three Asian case
studies (Kalimas, Love, and Chao Phraya rivers) demonstrates the
methodology’s adaptability across varied hydrological, ecological,
and cultural contexts.

Key contributions include methodological transparency in
index computation, validation through both sensitivity analysis
and observer surveys, and practical insights for riverfront planners
seeking to balance ecological health with aesthetic enrichment.
While the current framework relies on Landsat 8 imagery and
expert panels, future enhancements might incorporate higher-
resolution remote sensing data, participatory weighting from
broader stakeholder groups, and integration of soundscape or
user-behavior metrics to capture multidimensional perceptions of
aesthetic quality. In an era of rapid urbanization and heightened
demands on urban waterways, the ARI offers a scalable decision-
support instrument. By foregrounding aesthetic considerations
alongside conventional water management objectives, it empowers
municipalities, designers, and environmental agencies to craft

riverscapes that nurture both ecosystem integrity and human
wellbeing.
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