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Overview

The Resilient Urban Centres and Surrounds (RUCaS) is led by Water Sensitive Cities Australia
(WSCA) in partnership with the International Centre for Environmental Management (ICEM) and
supported by the Australian Government. Working across Cambodia, Lao PDR, Thailand and Viet
Nam, RUCaS aims to enhance the climate resilience and liveability of urban areas fostering
stakeholder collaboration to implement innovative, sustainable solutions through integration of
conventional large ‘grey’ infrastructure (e.g., levees, pipelines, treatment plants) with nature-based
solutions (NbS) (e.g., wetlands, mangroves, catchment protection, green walls, multifunctional parks).
RUCaS is developing case studies demonstrating application across urban contexts and scales, as
well as training and strategies to upscale NbS. More information on RUCasS is available at
https://wscaustralia.org.au/resilient-urban-centres-and-surrounds/.

Consultation and experiences to date has highlighted that while the value of NbS is accepted in
theory, participating countries are looking for local demonstration and robust evidence of the benefits
in their country context. This need is reflected in upscaling strategies currently being drafted with
National partners.

Sensor technology can monitor and assess the effectiveness of environmental interventions like
constructed wetlands and green spaces. Integrating sensor technology in urban environments can
enhance climate resilience, environmental management and public health by providing real-time data
on parameters such as water, air quality and temperature. RUCaS is committed to ensuring that
evidence is collected through rigorous monitoring and the resulting insights inform data-driven
decision making.

This workshop in Luang Prabang provided training on sensor installation, calibration, maintenance
and data analysis to enable long-term local operation and ownership of monitoring programs.

The objectives of the workshop were to:

1. Train local stakeholders on operating and maintaining 0T sensors for water and air
monitoring

2. Strengthen participants’ skills in data interpretation, analysis and visualisation to support

decision making in urban water and environmental management

Introduce the wetland prototype

4. Foster collaboration between local institutions and international partners for sustainable
environmental monitoring practices.

w

Presentations and material
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Day 1: Environmental monitoring
and community co-design

Opening

The workshop opened with Katharine Cross and Miao Wang (both from Monash University)
explaining environmental monitoring, its importance and relevance for the community.

The 34 attendees included representatives from local and international organisations such as
Souphanouvong University, the Department of Public Works and Transport, GRET, GGGI, Kasetsart
University (Thailand), Mae Fah Luang University (Thailand), Bangkok Metropolitan Administration
(Thailand) and Can Tho University (Vietnam).

Environmental monitoring

Why we do environmental monitoring

Environmental monitoring is the systematic process of collecting, analysing and interpreting data on
various environmental parameters to assess the condition and changes in ecosystems and natural
resources, and the impact of human activities. Monitoring helps us understand how the environment
works, spot problems early, plan better ways to manage and protect natural resources, and use
resources responsibly and sustainably. Key parameters for monitoring include physical factors like
temperature and sediment flow, chemical indicators such as nutrient levels and dissolved oxygen, and
biological metrics like species diversity and ecosystem health.

Real-time data collection through loT devices was highlighted as a tool for effective environmental
management, supporting urban planning and disaster preparedness.
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4
Why we do environmental monitoring?

1. Protect public health 2. Ensure safe water and air

Early Warning System

5. Economy and social
Benefits

Monitoring methods

Environmental monitoring methods discussed included in-situ sensors, automated stations, remote
sensing and manual sampling. Traditional methods, such as grab sampling and manual monitoring,
can be labour intensive and limited in temporal data coverage. By contrast, innovative methods using
loT technologies can provide continuous, low-cost monitoring solutions that enable real-time data
collection and spatial density improvements. For example, they can monitor for different water (e.g.,
flow rate, turbidity, EC, temperature and bacteria) and air (e.g., PM2.5, PM10, and GHG emissions)
parameters to assess human health risks, pollution sources and ecosystem conditions. Case studies
illustrate how low-cost distributed sensor networks and machine learning models improve illicit
discharge detection and pollutant load estimation.

Environmental monitoring in Laos

Environmental monitoring efforts in Luang Prabang have evolved since 2013, with initial
collaborations focusing on wastewater and solid waste assessments. Establishing a water analysis
laboratory at SU in 2016 strengthened local monitoring capacity. Supported by Erasmus+ and the
University of Tours, projects have enhanced research on water quality, including pH, dissolved
oxygen and heavy metals. Future objectives include creating a Center for Surface and Groundwater
Research in Northern Laos, emphasising water quality for agriculture and drinking water.

Understanding, using and valuing data

In this session, workshop participants explored what monitoring information the community needs and
identified the following priorities:

e identifying sources of odour and pollution (e.g. households, agriculture, businesses, industry)
e understanding when water is unsafe for fish, crops, livestock and children
e using data to detect early signs of pollution buildup and guide timely interventions
e improving trust in information through verification and transparency.
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Sharing data, defining roles and next steps

Environmental monitoring data can be used for:

e Time series analysis — statistical analysis of monitored data for trends and anomalies
e Comparative analysis — comparison of monitored data between individual or multiple sensors.

Example uses include:

tracking environmental changes over time
assessing evidence of impacts

identifying problems

developing and measuring policies.

How to use environmental monitoring data?
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point but with less dimension
» Useful when there are too many data

points or categories

In groups, workshop participants considered the following questions:

e What are the preferred communication channels?
o Suggestions included WhatsApp, Facebook, village loudspeakers, community
noticeboards.
o Simple visual formats were preferred, including dashboards and colour-coded (‘traffic
light’) summaries.
e What are the roles and responsibilities?
o Universities were seen as responsible for data analysis and verification.
o Community and wetland committees were identified as key channels for local
dissemination and coordination.
o Government agencies were expected to use data to support planning, regulation and
enforcement.
o Participants also noted it is important to identify clear roles and responsibilities for
maintenance, reporting frequency and issue escalation.
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Community co-design

This session introduced the wetland and wicking bed for greywater treatment prototype, and explored
how it goes beyond a water treatment intervention and can be a collaborative community initiative. It
had several objectives:

1.
2.

4.

Confirm if the prototype design direction reflects community needs and priorities.

Reinforce that the purpose of the prototype is more than a design to clean or manage water.
It's a shared space to learn, adapt and work together, helping everyone understand how to
share care, costs, and benefits of the ponds.

Collect community ideas for adapting and expanding the prototype design to fit local
scenarios and identify common interests and priorities.

Recap what we heard / Consider what we do next.

Community members were interested in understanding how the system works, how it's maintained
and how costs are managed. Several key themes emerged:

Education and awareness — using ponds and systems as learning spaces, including visual
comparisons of water quality before and after treatment, and activities for children and young
people (e.g. collective painting and furniture-making activities that create opportunities to
learn about water and local ecology)

Livelihoods and business — e.g. planting Mak Beng (ritual flowers) in the wicking bed to sell
and increase household income, developing a community-based business to build the
systems and supply them to restaurants and hotels

Leisure and wellbeing — imagining the space as a shared area for resting, gathering and
exercising, with seating, tables, exercise and relaxation areas integrated around the ponds.
In locations with limited planting space, participants proposed alternative designs that
integrate vegetation with walkways or pipe systems.

Groups identified potential locations on maps and developed ideas for different implementation
scenarios, including individual households, shared systems and public/open spaces.

Design Options - Location

BACKYARD
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Participants also raised the following concerns:

long-term maintenance and financial burden if systems fail

material and construction costs, with suggestions to explore lower-cost alternatives
effectiveness compared with other treatment technologies

managing debris and preventing damage from animals or children.

We will bring ideas shared during the workshop into the next stage of prototype development, confirm
community needs and responsibilities and identify potential pilot sites. The aim is to scale up the
system for the wider community.

Day 2: Calibration and technical
training
Activities on Day 2 had 3 objectives:

e Build local skills to install, calibrate and maintain loT sensors for water and air monitoring

e Improve understanding of how to analyse and use environmental data for better planning and
decision making

e Strengthen collaboration between communities, universities and partners to support
sustainable environmental monitoring.

Environmental monitoring in practice

Case studies demonstrated monitoring practices in different locations.
Can Tho University (Vietham)

e Can Tho faces flood risk from both upstream and downstream, seasonal flooding and
drought, and rapid urbanisation.

e NbS combined with loT monitoring are supporting evidence-based decision making.

e The monitoring system includes air and water sensors, with additional rainfall monitoring
planned.

e Routine maintenance is required every 2—3 weeks, including cleaning sensors and replacing
batteries.

e Key challenges include battery life, unreliable connectivity and sensor maintenance.

e Monitoring data is being explored for applications in peri-urban water supply, agriculture,
aquaculture and industrial production.

e There is interest in translating technical data into practical information for end users such as
farmers and communities.

Souphanouvong University (Lao PDR)
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e SU presented its role in environmental monitoring in Luang Prabang, with Ban Mano identified
as a key learning and implementation site.

e Monitoring is supporting community-based water management, applied research and student
learning.

e The current system includes multiple water quality sensors installed primarily in wastewater
and canal locations, as well as air quality sensors, with data shared through an online
platform.

e Key operational challenges included:

o Physical safety risks when installing and maintaining sensors in canals.

o Sensor placement constraints due to public access, land ownership and security.

o Damage risks during extreme weather events.

o Water ingress into logger boxes and insufficient solar power for continuous operation.

e SU highlighted the importance of clear maintenance responsibilities and practical field
procedures.

e Future directions include expanding monitoring to additional sites, strengthening analytical
capacity and positioning the university as a regional centre for surface and groundwater
research in northern Lao PDR.

Calibration

Luke Shi (QUT) and Miao Wang (Monash University) introduced the monitoring web platform and
provided practical training on calibrating water quality (EC, turbidity, depth) and air quality (wind
speed, humidity) sensors e.g.:

e EC calibration compares analogue sensor readings with an industry-standard EC device
using raw and saltwater solutions.

e Turbidity calibration uses the difference between LED-on (Turbw) and LED-off (Turbwo)
readings.

e Calibration curves for in-water sensors must be updated regularly to account for sensor drift

The session ensured participants can confidently operate and maintain sensors in the field,
reinforcing correct procedures and data accuracy.

@sMap @Data W% Recent |~ Charls @ Control M Radar 3EAlarms ®MVideos & Contact

Map  Satellite
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Data interpretation and analysis

Participants practised interpreting sensor data so they can turn raw data into meaningful insights,
using real examples from Luang Prabang. The session covered time series data, metadata and
applying calibration curves to generate accurate readings, using water, air and temperature data to
identify patterns and issues, e.g.:

e Direct flow measurements are unreliable in large rivers, so water level—velocity relationships
are preferred.

e Raw EC, turbidity and depth data must be converted using calibration curves.

e Long-term analysis often uses aggregated daily statistics rather than raw high-frequency data.

Troubleshooting and maintenance

This session focused on addressing common sensor problems:

battery issues

logging failures

SIM card issues
equipment malfunctions.

Participants learnt practical solutions and preventative maintenance strategies to ensure reliable long-
term monitoring, reinforcing operational confidence and data reliability. An equipment checklist and
standard operating procedures support consistent fieldwork.
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Day 3: Data analysis and wrap up

Advanced data interpretation and analysis

Building on Day 2, this session aimed to deepen participants’ analytical skills through data cleaning
(e.g. using Excel and Python), validation and quality control. Participants learnt to identify trends,
anomalies and differences across sites using statistical and visual methods such as moving averages,
percentiles, box plots and multi-site comparisons

Participants worked in small groups to apply these techniques to real datasets, analysing data,
discussing findings, and then reporting back to the wider group.

Integrating monitoring data

This session focused on applying monitoring data to real-world decision making in water
management, public health and climate resilience, for example to:

e detect pollution events and support responses to illegal or accidental discharges

e inform NbS operation, including water retention and treatment performance

e support integrated water management objectives such as flood mitigation, water quality
management and ecosystem health.

Participants explored how analysed data can inform risk assessments, management options and
future data needs. Collaborative discussions linked technical findings to policy and community
outcomes.

Closing and next steps

This session highlighted key lessons from the workshop:

e Reliable maintenance, clear roles and responsibilities, and meaningful data interpretation are

crucial.
e Monitoring is a tool for measurement and building shared understanding, trust and informed
action.
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Participants also agreed on next steps:

e SU will carry out regular maintenance of sensors installed in Luang Prabang

e SU will complete logging of maintenance and record any issues with the sensors to be able to
process the data

e Monash to develop an approach that will support processing of data

mus=Gimud yondu:olagu3)
{ President’s Office Souphanouveng University |
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Agenda

Day 1: Tuesday, 4 November
Location: Ban Mano

Environmental monitoring: The aim is to increase awareness around environmental monitoring,
collectively explore with community members what information is useful, and how can this be best
shared.

Community co-design: The aim is to introduce the wetland and wicking bed for greywater treatment
prototype, and explore how it goes beyond a water treatment intervention but can be a collaborative
community initiative.

‘ Item Details Personnel

10 mins Welcome & * Provide context for environmental Katharine Cross
Framing monitoring and relevance for & Miao Wang,
community Monash
University
35 mins Understanding, | ¢ Identify key community questions, Katharine Cross,
Using, and link data to daily pond use, and Monash
Valuing Data explore what information matters University
(group discussions)
GRET/RUCaS
40 min Sharing Data, * Identify communication tools and Hima
Defining Roles clarify roles for data management Chanarithichai,
& Next Steps and follow-up (group discussions) Monash
University
GRET/ RUCaS
5 mins Wrap-up + Key takeaways and next steps Nilaphone (Tom)
Chanthachack,
RUCaS Lao PDR
Deputy
Partnership
Manager

10:30-11:00 Morning tea

15 mins Welcome & * Introduce and demonstrate Tiange Wu,
Context wetland and wicking bed for Monash
greywater treatment prototype, it's | University
purpose, flexibility, and benefits

10 mins Collective *  Short open Q&A focusing on GRET/RUCaS

Reflection Q&A whether design strategies match
local expectations

*  What are challenges and what are
opportunities (e.g. community
based business or craft
possibilities)
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Time ‘ Item Details Personnel
15 mins Furniture & * Present the potential variation of Tiange Wu
Decorating Co- the prototype in response to (WSCA)
Design different household types (single,
shared, narrow, public)
*  Furniture allocation and decoration
options
30 mins Adaptation Co- *  Small teams (3-4 persons) co- GRET/RUCaS
Design design process in drawing and
writing
*  Brainstorming furniture and decor
for household types (single,
shared, narrow, public) and
scenarios (recreation, ritual,
education, business uses around
the ponds).
15 mins Sharing ideas *  Small groups share ideas and GRET/RUCaS
identify what would work where
5 mins Wrap-up * Key takeaways and next steps Tiange Wu
(WSCA)
12:30-13:30 Lunch
Day 2: Wednesday, 5 November (Calibration & Technical Training)
Location: Souphanouvong University
Time ‘ Item ‘ Details Personnel
9:00-9:15 Introduction Welcome to training Katharine Cross,
Monash
University
Souphanouvong
University
09:15-10:30 Environmental *  Presentation from Can Tho Can Tho
monitoring in University (10-15 mins) University, Hanoi
practice *  Presentation from Hanoi University of Civil
University of Civil Engineering Engineering and
(10-15 mins) Souphanouvong
* Presentation from University
Souphanouvong University (10-
15 mins)
Q&A — 15 mins
10:30-11:00 Break
Australian MONASH Water Sensitive Cities _ 4/ ¢ VAN Queensland
Aid University  Australia <’ icem {1.’ ua }} QuT University
% " of Technology



Time ‘ Item ‘ Details

11-12:30 Introduction about | « Past installation recap and
the web platform website overview (20minutes).

and sensor . . .
Review function of the website data

platform using data from Luang

o Prabang
Training for

calibration *  Why we need to do the

calibration of the sensors

1. why we need to do the

Application of sensor calibration,

Calibration 2. Why we upload raw data to

curves the database instead of

calibrated data directly

uploading to the website
3. Advantages and

disadvantages

»  Step-by-step calibration training
for water quality (EC, turbidity,
depth)

»  Step-by-step calibration training
for air quality (Windspeed and
humidity) — clean offset

»  Practical exercises for the
audience

Personnel

Luke Shi, QUT;
Miao Wang,
Monash
University

12:30-13:30 Lunch

13:30 - 15:00 | Data * Interpreting sensor data (water,
interpretation and air, temp) — one site only: water
analysis + one air
o Show timeseries and
explain metadata
o teach how to apply
calibration curve to get
the real sensor readings
+ Case study demonstrations
o Time series of the Luang
Prabang data

Luke Shi, QUT;
Miao Wang,
Monash
University

15:00-15:30 Break

15:30-16:30 Troubleshooting & | * Common sensor issues and
Maintenance solutions (40 minutes)
o stop logging
o sensor failure
o sim card issue
o sensor out of
maintenance
* Equipment checklist for
calibration and fieldwork (20
minutes)
+ Standard operating procedure
including maintenance log

Luke Shi, QUT;
Miao Wang,
Monash
University
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Details

+ every time you go out to do
fieldwork, we need a checklist

Personnel

Day 3: Thursday, 6 November (Data Analysis & Wrap-Up)

Location: Souphanouvong University

Time ‘ Item

09:00-10:30 Data
Interpretation &

Analysis

Details

* Revision about Day 2 knowledge
o Website platform
o Data calibration
o How to get accuracy data
o Maintenance and
calibration
* Look into data and do cleaning
o ldentifying trends and
anomalies
o Criteria for data validation
» Data interpretation and analysis
o Based on the cleaned
dataset, we need to
compare sites
o Calculate moving average;
plot daily median, daily
90t percentile differences
o Box plots
o plot multiple sites (time
series) on the same plot
o statistical test —e.g.,
ANOVA or non-normal
statistical test

Personnel

Luke Shi, QUT

10:30-11:00 Break

11:00-12:30 Group Work

*  Small-group exercises on data
interpretation Reporting back to
plenary’

*  Q&A - Luke and Miao (and Hima)
answer questions

Luke Shi, QUT;
Miao Wang &
Hima
Chanarithichai,
Monash
University

12:30-13:30 Lunch

13:30 - 15:00 | Integrating

Monitoring Data

*  Applying data to water
management, public health, and
climate resilience (45-50 minutes)

» Data analysis outcomes

* link the data to the management
options; public health (whether the
water is safe — risk analysis,
potentially need to collect more
data)

Luke Shi, QUT;
Miao Wang,
Monash
University
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operation, data quality

and community partners
* Closing remarks

« Recommendations for SU, WSCA, Katharine Cross

Time ‘ Item Details Personnel
* Collaborative discussion
15:00-15:30 Break
15:30-16:00 Closing & Next * Lessons learned Luke Shi, QUT
Steps o Issues identified: field i
Miao Wang &

Monash
University

Key Outcomes:

1. Participants will leave with the skills and knowledge to install, maintain and operate loT

sensors for environmental monitoring.

2. Stakeholders will understand how to interpret and use data for decision making related to

water quality, public health and urban planning

Participant organisations

Luang Prabang World Heritage Office
Ban Mano Village
GGGl
Souphanouvong University — Faculty of Agriculture and Environment, ICT Department, Division of
Planning and International Relations
Department of Public Works and Transport
Division of Planning and International Cooperation (Government)
Kasetsart University (Thailand)
Mae Fah Luang University (Thailand)
Bangkok Metropolitan Administration (Thailand)
Can Tho University (Vietnam)
GRET - Laos
Department of Information, Culture and Tourism (Government)
Natural Resources and Environmental office (Government)
Water resources, meteorology and hydrology Division (Government)
Department of Agriculture and environment (Government)
Engineering sector - city planning and water supply (Government)
Urban development and administration Authority (Government)
Saylom village
Pongkham village
Department of Luang Prabang World Heritage
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Abbreviations

DFAT Department of Foreign Affairs (Australia)
EC electrical conductivity
GHG greenhouse gas
GRET Groupe de Recherche et d'Echanges Technologiques (France)
ICEM International Centre for Environmental Management
loT Internet of Things
LED light-emitting diode
NbS nature-based solutions
NTU nephelometric turbidity unit
PCB printed circuit board
PCD Pollution Control Department (Thailand)
PM particulate matter
PVC polyvinyl chloride
QUT Queensland University of Technology
RUCaS Resilient Urban Centres and Surrounds
SD secure digital
SIM subscriber identity module
SuU Souphanouvong University
WSCA Water Sensitive Cities Australia
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Water Sensitive Cities Australia
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8 Scenic Blvd Clayton VIC 3168,
Monash University

wscaustralia.org.au
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