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Abstract. The general condition of urban watercourses is inextricably linked to
ecological balance and public health (physical and mental well-being). Given the
vulnerability of these systems to climate change and human pollution, this work
aims to demonstrate the effective use of environmental indicators to: a) rapidly
assess soil and water conditions near urban streams and b) highlight the importance
of geoinformatics and earth observation supported by ground-based techniques.
There is a great need for new technology and methods for spatial and temporal
monitoring and further quantification of environmental quality in urban streams and
the land surrounding them to sensitize policymakers and the public to the
environmental degradation of these exceptional habitats and to further protect
people’s mental health.
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1. Introduction

Urbanization is rapidly increasing, with over half the world's population living in cities
and projections suggesting over 90% urbanization by 2050, especially in Asia and Africa
[1]. This growth leads to more megacities and smaller cities, impacting ecosystems like
rivers, often causing "urban stream syndrome" [2]. While studies link psychological
stress with natural and urban environments, empirical research on how urban water
degradation affects mental health is lacking [3]. Degraded landscapes and noise pollution
in cities contribute to stress, anxiety, and other mental disorders. This paper emphasizes
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the importance of maintaining good environmental conditions in urban streams for city
dwellers' mental health. Achieving this requires continuous monitoring of environmental
indicators [4-6]. Rivers are crucial ecosystems supporting socio-economic and ecological
services, but human activities such as channelization and wastewater discharges degrade
them, making rivers among the most vulnerable ecosystems [4].

2.  Methods
2.1. Monitoring of environmental degradation in urban streams

In monitoring the health of urban streams, researchers can utilize many methods. These
methods include remote sensing imagery, ground monitoring, water chemistry analysis,
and examining the water’s biological integrity (Table 1, Fig.1). Remote-sensing imagery
employs satellites, aircrafts, and drones for spatial and temporal monitoring, with
parameters such as chlorophyll and suspended materials being monitored [7, 8, 9].
Ground monitoring of riparian zones assesses the quality and soil characterization,
utilizing visual protocols such as “Stream Visual Assessment Protocol” (SVAP) and
assessing soil indicators like texture and chemical composition [5, 6, 10, 11]. Water
chemistry analysis evaluates physical, chemical, and biological characteristics, with
parameters including pH, dissolved oxygen, and heavy metal concentrations [12, 13].
Additionally, water biological integrity assessments examine indices like the Index of
Biotic Integrity (IBI) focusing on taxonomic abundance and trophic structure of aquatic
species [14, 15].

Table 1. Methods for monitoring urban stream health

Technique Method

Remote Sensing Imagery Utilizes satellites, aircraft, and drones to capture
spatial and temporal data

Ground Monitoring Focuses on assessing riparian zone quality and soil
characteristics

Water Chemistry Analyzes physical, chemical, and biological
characteristics of water

Water Biological Integrity Evaluates biological indicators to assess ecosystem
health
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Figure 1. Monitoring methods and parameters for urban stream health assessment
2.2. Monitoring people’s mental health

The occurrence of mental disorders is influenced by social, psychological, biological
elements as well as environmental factors, particularly the attributes of the urban
environment. While urban living can enhance well-being by fostering social networks
and providing access to services like healthcare, it also poses challenges such as air
pollution, limited space, and noise pollution. Mental, neurological, and substance-related
disorders contribute to 13% of the global burden of disease. According to a recent study,
the global economic impact of mental disorders totaled approximately USD 2.5 trillion
in 2010 and is expected to rise to USD 6.0 trillion by 2030 [16].

Currently, researchers can assess people’s mental health using the Child Behavior
Checklist (CBCL). This test assesses internalizing and externalizing behaviors for
children aged 2 to 18 years [17]. Another tool is the Behavior Assessment System for
Children-2 (BASC-2). This is a questionnaire that uses multiple informants to assess a
wide range of emotional and behavioral symptoms in adolescents. The BASC-2 covers
common mental health problems in children, including depression, anxiety, behavioral
problems, and attention deficit disorder [18]. In studies with adults, different approaches
have been used to define participants ‘mental health status’, which may vary depending
on the aim of the study, e.g. assessing general mental health or specific related disorders
such as depression, anxiety, stress, or distress. The General Health Questionnaire (GHQ)
is a validated and widely used instrument to assess general mental health and thus one of
the most used tests. Therefore, the inclusion of the GHQ in future studies assessing
general mental health could improve comparability and enable meta-analysis across
studies. However, other tests such as the Warwick-Edinburgh Mental Well-being Scale
(WEMWRBS) [19] could also be considered, particularly when investigating the role of
green and blue spaces in promoting well-being. Finally, OneAquaHealth project engages
in standardization efforts with HL7 FHIR aim to forge synergies while creating and
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sharing data sets, following the FAIR principles [20] and using HL7 FHIR questionnaires
[21] can fuel research and innovation for a greener, healthier planet while allowing the
data to connect to Electronic Health Record Systems [20, 22].

3. Results and Discussion

Literature review illuminates the correlation between urban green and blue spaces and
improved mental health. Green areas include vegetation such as trees, grass, forests, and
parks, while blue areas refer to visible surface waters such as lakes, rivers, and coastal
areas. The presence of green and blue spaces in urban areas is associated with improved
mental health, such as a lower risk of depression symptoms and psychological stress [10].
Mechanisms to explain the mental health benefits associated with green spaces and blue
spaces include: (a) the intrinsic qualities of green and blue spaces that contribute to health
or well-being, as suggested by restoration theory, (b) the healthier environmental
conditions associated with green spaces, where lower temperatures, fewer air pollutants
and less noise have been found in greener areas, (c) the opportunity to engage in physical
activity, and (d) the promotion of social interactions.

Several environmental indicators assess water and soil quality. For water,
measurements involve the annual concentrations of dissolved oxygen, BOD, nitrates,
phosphorus, ammonium, lead, cadmium, chromium, and copper, offering insights into
pollution trends by organic substances, nutrients, and metals. Soil quality, determining
its ability to support life, is assessed through physical (texture, bulk density, water
content), chemical (pH, nutrient content), and biological indicators (diversity of
organisms & fungi).

Given the interdependence of nature and human health, the protection of nature is
of crucial importance. Monitoring and rapid assessment can be easily achieved with the
help of geoinformatics [23] and earth observation methods. In a five-year collaboration,
the European Space Agency, and the World Bank (2013) found that earth observation is
a valuable tool that enables rapid and indisputable assessments. Advanced measurement
systems enhance forest protection, manage urban expansion, and optimize water
resources for agriculture. Earth observation offers objective evidence of progress or
establishes baselines for remedial action.

4. Conclusions

This study provides valuable insights into the effective use of environmental indicators
for rapid assessment of soil and water conditions near urban streams. It emphasizes the
importance of geoinformatics, and earth observation supported by ground-based
techniques and health informatics standards. Clarifying the uncertainties that exist is
critical to improving our understanding and informing urban planning and public health
initiatives aimed at promoting mental well-being in the urban environment.

Acknowledgments

This work is supported in part by EU H2020 Project OneAquaHealth GA101086521.



1564 S. Kokolakis et al. / Earth Observation and Geoinformatics

References

[1]  https://www.un.org/development/desa/en/news/population/world-population-prospects-2017.html

[2] Walsh CJ, et al. The urban stream syndrome: current knowledge and the search for a cure. J-NABS. 2005
Sep;24(3):706-23, doi: 10.1899/04-028.

[3] Jimenez MP, et al. Associations between Nature Exposure and Health: A Review of the Evidence. Int. J.
Environ. Res. Public Health. 2021 Apr;18(9):4790-4790, doi: 10.3390/ijerph18094790

[4] Armon RH, Hénninen O, editors. Environmental Indicators. Dordrecht: Springer Netherlands; 2015, doi:
10.1007/978-94-017-9499-2

[5] Chatzidavid D, Kokinou E, Kokolakis S, Karagiannidou M. Integrating Earth Observation with Stream
Health and Agricultural Activity. Remote Sens. 2023 Nov;15(23):5485-5485, doi: 10.3390/rs15235485

[6] Kokinou E, et al. Spatiotemporal environmental monitoring of the karst-related Almyros Wetland
(Heraklion, Crete, Greece, Eastern Mediterranean). Environ. Monit. Assess. 2023 Aug;195(8):955-955,
doi: 10.1007/510661-023-11571-5

[71 Gholizadeh M, Melesse A, Reddi L. A Comprehensive Review on Water Quality Parameters Estimation
Using  Remote  Sensing  Techniques. Sensors. 2016  Aug 16;16(8):1298,  doi:
https://doi.org/10.3390/s16081298

[8] Palmer SCJ, Kutser T, Hunter PD. Remote sensing of inland waters: Challenges, progress and future
directions. Remote Sensing of Environment. 2015 Feb;157:1-8, doi:
https://doi.org/10.1016/j.rse.2014.09.021

[9] LiL,GuM, Gong C, Hu'Y, Wang X, Yang Z, et al. An advanced remote sensing retrieval method for
urban non-optically active water quality parameters: An example from Shanghai. Science of The Total
Environment. 2023 Jul;880:163389, doi: https://doi.org/10.1016/j.scitotenv.2023.163389

[10] Segura-Méndez FJ, Pérez-Sanchez J, Senent-Aparicio J. Evaluating the riparian forest quality index
(QBR) in the Luchena River by integrating remote sensing, machine learning and GIS techniques.
Ecohydrology & Hydrobiology. 2023 Jul;23(3):469-83, doi:
https://doi.org/10.1016/j.ecohyd.2023.04.002

[11] Kazoglou Y, Fotiadis G, Vrahnakis M, Koutseri I, Crivelli A. Assessment of riparian forest vegetation
of rivers supporting the Prespa trout in the Transboundary Prespa Park. Ecohydrology & Hydrobiology.
2011 Jan;11(1-2):63-78, doi: https://doi.org/10.2478/v10104-011-0042-3

[12] Mukate S, Wagh V, Panaskar D, Jacobs JA, Sawant A. Development of new integrated water quality
index (IWQI) model to evaluate the drinking suitability of water. Ecological Indicators. 2019
Jun;101:348-54, doi: https://doi.org/10.1016/j.ecolind.2019.01.034

[13] Edet AE, Offiong OE. Evaluation of water quality pollution indices for heavy metal contamination
monitoring. A study case from Akpabuyo-Odukpani area, Lower Cross River Basin (southeastern
Nigeria). GeoJournal. 2002;57(4):295-304, doi: https://doi.org/10.1023/B:GEJ0.0000007250.92458.de

[14] Karr J (1981). Assessment of biotic integrity using fish communities. Fisheries 6(6):21-27, doi:
https://doi.org/10.1577/1548-8446(1981)006

[15] Becker JM, Liess M. Species Diversity Hinders Adaptation to Toxicants. Environ Sci Technol. 2017 Sep
5;51(17):10195-202, doi: https://doi.org/10.1021/acs.est. 7602440

[16] Bloom, DE, Cafiero, ET, Jané-Llopis, E, Abrahams-Gessel, S., Bloom, L.R., Fathima, S., Feigl, A.B.,
Gaziano, T., Mowafi, M., Pandya, A., Prettner, K., Rosenberg, L., Seligman, B., Stein, A.Z. and
Weinstein, C. (2011) The Global Economic Burden of Noncommunicable.

[17] Hudziak JJ, Wadsworth Me, Heath Ac, Achenbach Tm. Latent Class Analysis of Child Behavior
Checklist Attention Problems. J. Am. Acad. Child Adolesc. Psychiatry. 1999 Aug;38(8):985—
91, doi: 10.1016/j.scitotenv.2019.05.277

[18] Reynolds CR, Kamphaus RW, Vannest KJ. Behavior Assessment System for Children (BASC). In:
Encyclopedia of Clinical Neuropsychology. New York, NY: Springer New York; 2011. p. 366-71, doi:
10.1007/978-0-387-79948-3 1524

[19] Stewart-Brown S, et al. The Warwick-Edinburgh Mental Well-being Scale (WEMWBS): a valid and
reliable tool for measuring mental well-being in diverse populations and projects. J. Epidemiol.
Community Health. 2011 Sep;65(Suppl 2):A38-9, doi: 10.1136/jech.2011.143586.86

[20] Sitra. RulebookFAIR data economy www.sitra.fi/en/publications/rulebook-for-a-fair-data-economy/

[21] HL7 FHIR Implementation guide for Questionnaires: https://www.hl7.org/thir/questionnaire.html

[22] Volker S, Kistemann T. Developing the urban blue: Comparative health responses to blue and green
urban open spaces in Germany. Health Place. 2015 Sep; 35:196-205, doi:
10.1016/j.healthplace.2014.10.015

[23] Phuong J, Riches N O, et al. Toward informatics-enabled preparedness for natural hazards to minimize
health impacts of climate change, J. Am. Med. Inform. Assoc. : JAMIA. 2022, 29(12), pp. 2161-2167,
https://doi.org/10.1093/jamia/ocac162


https://www.un.org/development/desa/en/news/population/world-population-prospects-2017.html
https://www.journals.uchicago.edu/doi/10.1899/04-028.1
https://www.mdpi.com/1660-4601/18/9/4790
https://link.springer.com/book/10.1007/978-94-017-9499-2
https://www.mdpi.com/2072-4292/15/23/5485
https://link.springer.com/article/10.1007/s10661-023-11571-5
https://doi.org/10.3390/s16081298
https://doi.org/10.1016/j.rse.2014.09.021
https://doi.org/10.1016/j.scitotenv.2023.163389
https://doi.org/10.1016/j.ecohyd.2023.04.002
https://doi.org/10.2478/v10104-011-0042-3
https://doi.org/10.1016/j.ecolind.2019.01.034
https://doi.org/10.1023/B:GEJO.0000007250.92458.de
https://doi.org/10.1577/1548-8446(1981)006
https://doi.org/10.1021/acs.est.7b02440
https://www.sciencedirect.com/science/article/pii/S0048969719323186
https://link.springer.com/10.1007%2F978-0-387-79948-3_1524
https://jech.bmj.com/content/65/Suppl_2/A38.2
http://www.sitra.fi/en/publications/rulebook-for-a-fair-data-economy/
https://www.hl7.org/fhir/questionnaire.html
https://www.sciencedirect.com/science/article/pii/S1353829214001622
https://doi.org/10.1093/jamia/ocac162

