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Seasonal heavy rainfall in Peru can lead to unpredictable and highly 
destructive mudslides and debris flows (huaycos). Practical Action 
has been working with the National Meteorological Service and 
alongside communities to use open source data and innovative, low-
cost technology to provide people with the early warning they need to 
take action.
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About Practical Action
We are an international development organization putting ingenious ideas to 
work so people in poverty can change their world. 

We help people find solutions to some of the world’s toughest problems. 
Challenges made worse by catastrophic climate change and persistent gender 
inequality. We work with communities to develop ingenious, lasting and locally 
owned solutions for agriculture, water and waste management, climate resilience 
and clean energy. And we share what works with others, so answers that start 
small can grow big.

We’re a global change-making group. The group consists of a UK registered 
charity with community projects in Africa, Asia, and Latin America, an 
independent development publishing company and a technical consulting service. 
We combine these specialisms to multiply our impact and help shape a world that 
works better for everyone.
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Problem
Peru is one of the most hazard-prone countries in the world. It is affected 
by hydrological hazards including riverine and coastal flooding, as well 
as landslides and huaycos – a Quechua word locally used for mudslides 
and flash floods caused by heavy rainfall. Huaycos are very uncertain 
hazards and the scarcity of hydrological data in the Andean region makes 
it difficult to know where they are likely to occur, and which communities 
are at risk.

In February 2010, during a year of unusually high rainfall, the town of 
Zurite in the Cusco region was deluged by a massive huayco. The landslide 
of mud and stones covered the Plaza de Armas, the town’s Church, and the 
main streets of the city, damaging over 500 houses. 

This hill, along with virtually every other Andean and Amazonian 
hillside in Peru, as well as many ravines on the coast, is highly unstable 
and could fail at any time. If this happened at night, when people cannot 
find a route to safety, the impact would be catastrophic. Practical Action is 
working to provide simple and locally appropriate early warning systems 
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Photo 1 An example of the impacts of huaycos (mudslide/flash flood). This 
event occurred in Chosica in March 2015

If a huayco occured 
at night when 
people cannot find 
a route to safety, the 
impact would be 
catastrophic
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and risk assessments, which might be able to reduce the impact when the 
next huayco occurs.

Early warning systems require information about environmental 
conditions; however there are several key challenges which make this 
monitoring difficult:

 • There is a lack of historical information that would enable us to 
adequately understand these complex phenomena and help us to 
accurately predict when or where a slope will fail or a mudflow will occur.

 • These are very locally specific phenomena. The National Meteorological 
Service monitors rainfall across the country; however the warning 
information rarely reaches communities, and the watershed behaviour is 
so locally specific that this large-scale information is not applicable to the 
local context.

 • For a sustainable solution, any type of new monitoring station to improve 
the information available at the local level needs to be affordable for 
communities (or local governments).

An ingenious solution
In 2011, Practical Action partnered with the National University of Cusco 
(Universidad Nacional de San Antonio Abad del Cusco) to monitor 
environmental conditions that could lead to huaycos and to support 
disaster risk management, preparedness, and response. A prototype of a 
monitoring station and early warning system was developed and deployed 
in 2012, in Zurite, Cusco. In 2016, through the Zurich Flood Resilience 
Alliance, the first environmental monitoring station prototype was tested 
in the field. Several iterations of the prototype have been developed and 
improved over time as illustrated in Figure 1.

The current station measures temperature, soil moisture, and rainfall 
conditions. A camera can also form part of the station (angled to 
ensure privacy) to capture events as they occur and check the accuracy 

Practical Action is
working to provide 
simple and locally 
appropriate early 
warning systems

2011

2012

2016

2017

2018-2019

Prototype
Initial development of stations to 

monitor landslides with pic 
microcontroller-based electronics by 

Practical Action and UNSAAC, 
funded through EU DRM project.

Deployment
Deployment of stations in 

Zurite, Cusco.

Improvements
Initial development of monitoring stations, 

for huaycos and intense rainfall by 
Practical Action using open source 

available initiatives (Raspberry Pi, Arduino-
based electronics, and 3D printing). 

Deployed in Chosica, Lima through the 
Zurich Flood Resilience Alliance.

Testing
Further improvements and deployment of 

stations (version 4). 
Tested during Coastal El Niño event 2017.

Further development
Further improvements of stations, 

(version 9). Development of "mixed" 
stations (open source data loggers with 
commercial instruments, such as rain 
gauges). Proposal for technological 
transfer to National Weather Service.

Figure 1 Timeline of developments of the huaycos early warning system in Peru
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of predicted warnings. The station is solar powered and uses mobile 
technology to send information to community brigade centres for 
processing. The station is based on four key features which ensure that it 
meets the needs of the community: it uses open source data; it uses low 
cost inputs; it is led by the community itself; and it provides warning in 
real time.

Open source
Open source information (such as codes and designs) is used to produce 
the equipment and build in existing evidence of relationships between 
environmental conditions and hazard occurrence.

3D printing from open source designs allows the monitoring station 
to be adaptable to the local situation and easily changed to make the 
station more fit for purpose.

The free availability of information, software, and science via the 
internet opens up great opportunities for innovation and application. 
Previously, Practical Action would need to partner with a series of 
experts to design and develop a monitoring station from scratch and 
collect environmental data over a long period of time to understand the 
relationship between environmental conditions and hazard occurrence. 
Now that information is freely available, and Practical Action can build on 
existing knowledge and experience of such relationships, testing and 
fine-tuning the application of such science in the local context to address 
communities’ needs.

Through this open source development approach, the stations can be 
easily reproduced and scaled up to other locations or for other purposes. 

Photo 2 Monitoring station in Peru measuring temperature, soil moisture, and rainfall conditions. The solar-powered 
station can also include a camera and has built in mobile technology to send data to community brigades

The free availability 
of information, 
software, and 
science opens up 
great opportunities 
for innovation and 
application
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Low cost
The stations are low cost. For example, in Chosica, a district on the 
outskirts of Lima, Practical Action has installed automatic rainfall 
monitoring stations costing around US$250 compared with $6,000 for 
similar official rain gauges installed nearby. Running costs are also 
relatively low, as the stations are maintained by community members, and 
connectivity costs have decreased over time from around $60 (2017) to $8 
(2020) per month, despite transferring much more data. 

Practical Action uses 3D printing for mechanical parts and locally 
sourced electronics for sensors to assemble these stations. 3D printing 
is cheaper than sourcing-in specialist pieces of equipment, as it uses 
plastic (treated for outdoor conditions) rather than more expensive 
materials. In addition the availability of free open source designs means 
that equipment can be produced directly on site, cutting out the need for 
intermediary services. 

Using locally sourced electronics for sensors also keeps costs down, 
allowing the monitoring station to be affordable for communities in the 
long term. Buying electronics in separate parts and assembling them into 
a functional device costs significantly less than buying pre-assembled 
equipment, and also provides quality assurance for the community. In 
addition, through this approach the community can learn about the 
equipment and can repair and adapt the equipment over time.

Together, these approaches not only minimize initial investment 
costs, but also ongoing maintenance costs, which are often prohibitive 
for communities in developing countries. Traditionally, maintenance is 
offered as a continued and expensive service by authorized distributors of 
high tech monitoring equipment, and is only feasible for large companies 
or some local governments. Without this service, finding replacements for 
even simple components in the device, such as a broken tipping bucket, 
is impossible, meaning that a new station would have to be purchased in 
the event of any damage. By 3D printing free and open source designs, and 
locally sourcing and assembling electronics, trained community members 
are able to carry out any required repairs and ensure the continued 
functionality of these important stations at an affordable cost.

Using locally 
sourced electronics 
for sensors also 
keeps costs down, 
allowing the 
monitoring station 
to be affordable for 
communities in the 
long term

Photo 3 The monitoring stations are locally owned by communities
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Community-led
The station is locally owned and embedded into the local early warning 
system, so it is relevant to the community and will be sustainably 
maintained and used independently of Practical Action. Iterative 
feedback from the community also means the station can be tailored to 
better predict the occurrence of a hazard event. For example, community 
feedback on the high speed at which these events occurred suggested that 
the monitoring station should capture environmental conditions at very 
frequent intervals. While the National Meteorological Service instruments 
collect only daily accumulated rainfall or one point per hour (increasing 
to one per minute when a predetermined threshold of rainfall is passed), 
the community monitoring stations collect information about the 
environmental conditions every minute.

Real-time warning
The stations that are part of the monitoring network maintained by 
the National Meteorological Service report data to the central office 
for processing and analysis at a maximum of once per hour, and more 
typically at a rate of twice a day. However, huaycos can occur extremely 
rapidly, sometimes within one hour, so an early warning system requires 
much more information than this system can provide. Practical Action’s 
stations collect and send information to a central system immediately, 
providing information in real time. The information is processed 
quickly and timely warnings can be issued to the communities, allowing 
vital time to take action. 

Next steps
Practical Action is expanding the coverage of these monitoring stations 
to other areas of Peru, mostly in Andean watersheds.

The designs for the monitoring stations, and the information they 
produce, are openly accessible to anyone with an internet connection and 
can be applied in other development contexts where low-cost monitoring 
stations for early warning systems are needed.

Practical Action has been asked to transfer technology knowledge 
of this approach to the National Meteorological Service. Using this 
technology could improve the spatial detail of the weather and hazard 
early warning and forecasting service, at lower costs. This transfer will 
involve training the National Meteorological Service staff in the assembly, 
maintenance, and further improvements of the design of the low-cost 
stations. This will significantly improve their monitoring network and 
improve the accuracy of both the analysis of environmental conditions and 
early warning.

As the monitoring station is modular, specific component parts can 
be utilized for other purposes and specific sensors can be added on to 
existing monitoring stations, so they can be updated easily and at low 
cost rather than entirely replaced. For example, a low-cost, open source 
data logger could be combined with a commercial rain gauge to make an 
automatic rainfall monitoring station.

Practical Action is also testing the usefulness of one component of the 
monitoring station – the soil sensor – in a new project. The soil sensor 
could be useful in optimizing small-scale agricultural production in 
the high mountainous area of Peru, which often uses more water than 
necessary. The soil sensor could measure the levels of moisture in the soil 
to provide farmers with the information they need to use optimal irrigation 
practices. 

Practical Action’s
stations collect and 
send information 
to a central system 
immediately, so 
that warnings 
can be issued to 
communities quickly

As the monitoring 
station is modular, 
specific component 
parts can be utilized 
for other purposes
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Practical Action is also working to improve the energy efficiency 
of the monitoring station, which currently uses a lot of energy, to ensure 
confidence in the early warning. Practical Action has begun working with 
local universities and start-ups to try to reduce the energy needs of the 
stations.

Call to action

Practical Action will continue working with local schools and other 
NGOs to further improve and expand the use of these monitoring stations 
for local early warning systems, embedding them within community 
brigades and in a holistic approach to early warning. Community 
engagement is key to ensuring the monitoring stations suit local needs 
and environmental contexts, ensuring the stations will be sustainably 
maintained and used after Practical Action’s support ends.

Practical Action will continue working together with the National 
Meteorological Service to replicate and expand the technology across 
Peru, improving the spatial detail of forecast and warning information. 
This will include working with their technical staff to validate the accuracy 
of the measurements produced by the stations and their validity in 
different types of analyses and forecasts.

Practical Action advocates for the adaptive and community-led 
approach to be taken up by others working in development contexts, 
applying useful science and technology to tackle challenges faced by 
communities. It is not necessarily the technology itself that can achieve 
change, but how we place people at the centre of what is needed and how 
we approach the development of ingenious solutions that work for these 
communities.

Community 
engagement is key 
to ensuring the 
monitoring stations 
suit local needs

Photo 4 A demonstration of the technology used in the monitoring station with local communities
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Contact for more information

For further information contact: 
Miguel Arestegui (Miguel.Arestegui@practicalaction.org)  
or  
Mirianna Budimir (Mirianna.Budimir@practicalaction.org.uk).
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