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We came together to create the GROW Observatory from across Europe – united by
a shared interest in climate action, regenerating soils, food production, open data,
accessible technology and the incredible things that can happen when people
team up to make change.

GROW Observatory was funded by the European Commission's Horizon 2020 to
demonstrate the concept of Citizens' Observatories. The Horizon 2020 project ran
from 1st November 2016 to 31st October 2019. At the time of writing, GROW
communities continue to be active, and technical services have been extended to
support continued data collection, sharing and use.

This document is a summary report on the project and its key achievements. We
hope you find it informative and can join us in the next stage of the journey.

The GROW Observatory Team
March 2020
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Overview
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GROW Observatory is a Citizens’ Observatory that has empowered people and
whole communities to take action on soils and climate across Europe. GROW has
ground-truthed Sentinel-1 to improve the accuracy of predictions on extreme
events, such as flood, drought and wildfire.

Our vision is supporting a movement of citizens generating, sharing and using
information on growing and the land. Thousands of people have come together to
collect and make use of data, gaining a voice on local issues, improving soil, land
use, climate change adaptation and our overall sustainability.

24 GROW communities in 13 European countries create an unprecedented network
of 6,502 ground-based soil sensors and a dataset of 516M rows of soil data.

There are 24 GROW Places in 13 European countries
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GROW is the first continental-scale Citizens' Observatory to monitor a key
parameter for science, continuously over an extended period, and at an
unmatched spatial density. GROW has, for the first time, used crowdsourced
ground observations from low-cost sensors to validate soil moisture information
from satellites, including the new generation of high-resolution satellites,
Sentinel-1.

We have embedded design thinking in the heart of GROW and the arts play an
integrative role to broker and translate between disciplines and cultures. Artists
have worked as a part of GROW, creating artworks to help us reflect on the
importance of invisible systems to our lives, such as soil ecosystems and remote
sensing satellites. Designers have created dynamic visualisations for use in
agriculture and climate forecasting using GROW data.

Our research has revealed many insights. GROW has helped thousands of people
to learn about and test regenerative food growing techniques. Farmers in the
Canary Islands have reduced their use of water for irrigation by 30%. Our
communities and data services are continuing after the current funding period is
ended.

•

Winner of Land and Soil Management Award 2019, acclaimed by Jury, "the best
example for future significant sustainability projects aiming at soil health."

•

Named first in EC's annual GEO Plenary statement on the major developments
in Earth Observation in 2019.

•

Winner of Stephen Fry Award for Excellence in Public Engagement: Public
Engagement Project of the Year 2020.
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GROW in numbers
24

GROW communities and sensor clusters in 13 European countries

20,500

People actively participating in citizen science or data collection

17,400

GROW learners

7.8M

People reached

165

Countries reached

6,502

Sensors connected to GROW platform

516M

Soil data rows (without counting metadata)
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Datasets for future exploitation

5

Satellite products validated

10+

Satellite products that can benefit in future
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Information services for GROW users

30+

Handbooks, tools, resources

12+

New/more sustainable practices adopted by growers during GROW

30%

Reduced use of water for irrigation at two farms in Canary Islands

12 mth

Extension of GROW data services

8

Communities continuing to collect data beyond the funding period

1

Business and operational plan for future development
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Outputs
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Outputs
Key achievements of the GROW Observatory

Citizens' Observatory Framework
1

GROW Citizens' Observatory Framework

2

Sustainability pathway for Citizens' Observatories

3

Tools for collaborative Citizens' Observatories
Citizens' Observatory Data and Integration

4

GROW Sensing Network

5

Integration with global Earth Observation systems

6

Validation of Sentinel-1 satellites

7

Validation of regenerative growing practices

8

Gridded soil moisture models from GROW data
Information Services
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GROW Dynamic Soil Moisture Maps

10

Plan My Water information service

11

Crop advice and edible plant database

12

Open data Innovation with SMEs

13

GROW artist residency and art commission
Social Innovation

14

A Europe-wide community for climate action

15

Online social learning

16

Impacts on resource use and sustainable practices

17

Contributions to Policy and the UN Sustainable Development Goals

12

Citizens'
Observatory
Framework

Output 1
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GROW Citizens' Observatory Framework
A model for future Citizens' Observatories

A 7-stage process model with our 4 principles is part of the GROW Citizens' Observatory Framework

Purpose
The GROW framework is a best practise model used in GROW to co-create a
European-wide environmental monitoring and information system connecting
growers, scientists and policy makers. It's purpose is to orchestrate a step-by-step
approach, underpinned by methods and tools, which empower communities and
intermediary organisations to connect and create collaborative data, knowledge
and action around environmental and societal challenges, local and global..

Description
The model is a distillation of knowledge, practices and tools, which can be used in
delivering a Citizens' Observatory platform and informed communities of citizen
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scientists around specific environmental challenges. It consists of a 7-stage
process and four principles that Community Champions and Citizen Scientists
can use to design, deliver, evaluate, replicate and scale a Citizens' Observatory.

Stages

Principles

Scoping

Open

Community

Collaborative

Discovery

Empowering

Sensing

Impactful

Awareness
Innovation
Advocacy

Novelty
The framework provides a challenge-based, design approach to scoping, scaling
up and bridging issues for all stakeholders in a Citizens' Observatory. It ‘closes the
loop’ between scoping local issues, sensing missions, awareness, innovation built
on data, advocacy and implementation for impact. It aligns global science goals
with local community issues and opportunities, and builds a constellation of
actors from many disciplines.

Impact
In GROW, the framework was found to be an effective strategy and robust model to
empower community action on climate and soils at scale. It was iteratively
developed through the project, and successfully used to devise, deliver and
evaluate the project and its outcomes, from changes in growing practices to
ground-truthing of satellite missions with crowdsourced in-situ data.

15

Sustainability
pathway for Citizens'
Observatories

Output 2

16

Sustainability pathway
for Citizens' Observatories

GROW Observatory Global Network (GOGN) diagram with Partners (Blue), Grow Place Social Enterprises
(Brown) and core legal entity (Green), with flow of services and data (solid arrow) and finance (dashed arrow)

Purpose
This provides a business and operational plan for a European-wide environmental
monitoring and information system connecting growers, scientists and policy
makers. The plan demonstrates a pioneering sustainability pathway for Citizens'
Observatories. It’s built upon and advocates GROW's core values: Open,
Collaborative, Empowering, Impactful.

Description
The plan describes services with potential to support long term sustainability for
a Citizens' Observatory: Raw Data Access, Data Insights, Community Development,
bespoke Observatory Platforms, and replicating the Citizens' Observatory model
for third parties. These are based on assessment of the market opportunities and
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identifying stakeholders who have expressed interest in environmental and
community-building services GROW is set to provide.

The business plan includes
1. the terms of reference for continuation of the GROW community and dataset.
2. the technologies and know-how it has developed that can be built upon.
3. an operational model for a continuation or replication of the project.
4. a plan on how to achieve financial sustainability.

Novelty
A novel ‘data cooperative’ model is proposed to represent the interests of data
subjects and data users in a mutually beneficial relationship. This is not solely a
‘technological’ product (sensors and data), as GROW leverages the human factor,
and is developed in collaboration with community groups and supported by local
community champions.

Impact
The plan presents a sustainable operational model for a continental-scale
crowdsourced sensing network located in various climate and socio economic
conditions across Europe. Based on the cooperative approach the business plan
advocates, eight GROW community groups decided to continue data gathering
beyond the end of the funded project, and GROW cloud services have been
extended for at least 12 months.
18

Tools for collaborative
Citizens' Observatories

Output 3
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Tools for collaborative
Citizens' Observatories

Purpose
The GROW open tools bring together the evaluated and refined resources for
generating new Citizens' Observatories and delivery of citizen science missions.
These digital tools can empower a more participatory, inclusive society.
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Description
The GROW project has produced tools and resources which can be used by
communities or intermediary organisations to co-create a Citizens' Observatory,
to address new and emerging data gaps, and to build an informed community of
citizen scientists around an environmental challenge. GROW’s open tools are
accessible under open licenses through an online platform, the GROW Knowledge
Base, along with a visual guide to the tools, and recommendations for use. Further
resources are also available through the GROW MOOCs on the FutureLearn
platform.

Novelty
The tools are designed for communities of citizens as well as for individuals to
deliver and amplify the Citizens' Observatory and its impacts, including social and
technological innovations. Tools range from specific protocols to higher level
resources, to support the progress and learning for communities, aligned to the
different stages of the GROW framework. A ‘‘toolkit’’ approach to participation
emphasises framing and valuing participation as a process.

Impact
The tools package for wider uptake the considerable knowledge, practices, tools
and techniques GROW has amassed that can be used in delivering Citizens'
Observatories. The GROW tools enable the GROW model to be extended for other
data gaps and kinds of citizen-contributed data, and underpin the delivery of
continued and widespread uptake, robust science, societal impact and innovation
through the GROW model.
21

Changing Climate Mission Field Handbook

22

GROW
Sensing
Network
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GROW Sensing Network

The Flower Power low-cost sensor used in GROW

Purpose
GROW set out with the ambition to develop and deploy the most extensive network
of in-situ land and soil observations over large geographical areas across Europe
at a scale and density not previously attempted. Previously, less than 250 stations
in Europe measured soil moisture, while providing free access to the data. Sensors
on the ground (in-situ) are of limited use for large-scale monitoring, as they only
provide information on the conditions of the immediate surroundings. For many
scientific applications of soil moisture data, temporal consistency over an
extended period is key.

Description
Thousands of sensors have been installed in the ground and are returning data at
24 focus areas (GROW Places) in 13 EU countries, providing a unique and growing
source of information. GROW produced a large scale, high density network of lowcost soil sensors, and an unprecedented network of in-situ land and soil
24

observations exceeding existing national networks in number and density. GROW
engaged thousands of citizens in citizen science, the collection of sensor data,
and a range of other observations and experiments.

GROW sensors by location

Novelty
GROW is the first continental scale Citizens' Observatory to monitor a key
parameter for science, over an extended period and at unmatched spatial density.
Priority areas called GROW Places were designed and specified as a model for
minimum viable high density clusters, based on geographical, climatic, social and
scientific criteria. To realise the project ambition at scale, GROW used the leading
low-cost soil sensor available at that time, the Parrot 'Flower Power' sensor.
Evaluation in lab and field found the data quality of the GROW low-cost soil
sensors correlates well with scientific instruments. An open source dimension
was included as a basis for future extension.
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Impact
GROW provides unprecedented amounts of data both in terms of total number of
sensors gathering measurements and in terms of spatial density. By 31s October
2019, 6,502 sensors were integrated in the GROW sensor platform, and a dataset of
516M entries of in-situ soil data created (without including metadata e.g.
usernames, locations). GROW has increased the number of monitoring sites
providing free access to the data across Europe from fewer than 250 to many
thousands. In Luxembourg, the forestry and nature administration has taken and
distributed a batch of over 300 sensors to foresters over the whole country.

Diverse distributions and communities engaged

Limitations
1. Partner closure IoT department: limited technical support from distributor, some
technical skills required in participants.
2. Weather conditions were harsh for the sensors (floods, snow) in some GROW places.
3. Sensors distributed in pallets, so the traceability of individual sensors was not possible.

26

Integration with
Copernicus and global
Earth Observation systems
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Integration with Copernicus and
global Earth Observation systems

Global Earth Observation System of Systems (GEOSS)

Purpose
GROW Observatory connects to the Global Earth Observation System of Systems
(GEOSS), which links systems around the world and promotes common standards
so data can be combined to strengthen the monitoring of the Earth.

Description
The platform developed in GROW adds the Citizens' Observatory soil sensor
datasets to the GEOSS Portal through the GROW platform’s Sensor Observation
Service (SOS) 2.0 service. GROW data has also been integrated into the
International Soil Moisture Network. The GROW data services and platform
integrate the Citizens' Observatory data in environmental monitoring systems and
for applications in agriculture and climate services, providing data to different
stakeholders in a form that is most appropriate for use.
28

GROW platform accessible for external and internal users through granular access points

Novelty
The GROW system is designed to handle the speed, volume and variety of data
from low-cost sensors with the potential to integrate data from additional devices.
The GROW platform implements Open Geospatial Consortium (OGC) standards
which translate internal data formats into the OGC Sensor Observation Service
(SOS) standard to allow integration with additional datasets. GROW is working
with three other European Citizens' Observatories (Scent, Groundtruth2.0 and
LandSense) to pilot new information services accessible through OGC (Open
Geospatial Consortium) standards built on GROW and GEOSS data.

Impact
The integration of GROW in GEOSS improved Earth Observation capabilities at
European level. The unprecedented number and density of ground-based
observations available through GROW extend GEOSS and Copernicus with a
significant amount of data for exploitation and scientific users. The GROW data is
available to the GEOSS community in a consistent format compatible with other
data, providing a unique dataset of high importance for various scientific
communities, such as climate modellers and hydrologists. This demonstrates
that citizen science derived data can be connected to data collected from
traditional scientific programmes.
29

Validation of Sentinel-1
satellite products
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Validation of Sentinel-1 satellite products

The Copernicus Sentinel-1 Satellites

Purpose
Soil moisture is a pivotal element in climatological and hydrological processes,
and a key regulator of vegetation productivity. Recent satellite missions such as
Sentinel-1 provide an enhanced capability to monitor soil moisture from space.
However, there is a need for in-situ measurements to evaluate the validity of
remotely sensed observations and soil moisture products derived from Sentineldata. These in-situ measurements are expensive and time consuming, and there
is limited availability of professional in-situ observations.

Description
GROW groundtruthed Sentinel-1 and other remotely sensed data using its dense
in-situ citizen sensing network. Through comparison of remotely sensed
products, and temporal and spatial validation, using a range of sensing
techniques, observation frequencies, and spatial and temporal resolutions.
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1154 sensor used to evaluate the spatial accuracy of Sentinel-1 and SCATSAR. For
temporal validation 154 sensors were used with more than one year of
measurements to capture seasonal variations in soil. Only sensors with the ISMN
G flag were used, and sensors located in urban areas or in proximity to water
bodies were excluded. Evaluated products:
SMAP (36 km, ~ 2 days)
ESA CCI SM (0.25°, 1 day)
ASCAT (25 km, ~1 day)
Sentinel-1 mission (1 km, ~4 days)
SCATSAR (~1 km, ~1 day) (fusion of ASCAT and Sentinel-1)
For spatial validation, 1154 sensor were used to evaluate spatial accuracy of
Sentinel-1 & SCATSAR (in Hungary, Austria, Ireland).

The Results
1. Improved ground-truthing! – Average soil moisture calculated from all
sensors in one satellite pixel results in much better accuracy than using
the most representative sensor (for both coarse and high-resolution
products).
2. SMAP best in capturing temporal dynamics of soil moisture, ESA CCI
performs comparably well.
3. ASCAT: lowest accuracy among the coarse scale products
4. Sentinel-1 showed only a sufficient skill
5. SCATSAR (fusion of ASCAT and Sentinel-1) provides more accurate results
than the individual products
6. SCATSAR/Sentinel-1: lower spatial than temporal skill, easier to represent
temporal dynamics than capturing spatial patterns
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Validation of satellite soil moisture products using citizen generated data

Novelty
For the first time...
•

a crowdsourced in-situ data was used to evaluate
satellite soil moisture products

•

a citizen science dataset was integrated in the
International Soil Moisture Network (ISMN).

Impact
Unprecedented, open, quality checked dataset of high-density clusters of low-cost
sensors that can represent variability at pixel-scale.
Better knowledge of the spatial and temporal patterns of soil moisture.
Potential to improvement other satellite products and agricultural and
hydrological applications.

Paper in Remote Sensing
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Validation of regenerative growing practices

The GROW Experiment within the Living Soils Mission

Purpose
There is a lack of scientific evaluation and validation of the veracity of
permaculture and organic growing techniques. GROW set out to improve the
current lack of scientific evidence for small-scale growing, and apply a
hypothesis-driven citizen science approach to permaculture and organic farming.

Description
The GROW Living Soils Experiment engaged small-scale growers to validate the
polyculture technique of companion planting as a regenerative growing practice.
68 participants conducted the planting experiment, and 34 participants recorded
and shared data on harvest dates, quantities and qualities of 3 crops from 2
35

treatment plots in 9 environmental zones in Europe. This allowed analysis of total
yields, yields by crop and treatment and spatiotemporal occurrences of yields.

Results
The polycultures were significantly more productive (especially the beans) and
this was the case for ⅔ of individual participants. There were clear temporal
differences for harvest due to climatic zone. Other findings concerned the land
management and growing practices of the participants. ⅔ were growing
polycultures for the first time, half of which incorporated polyculture technique
into their growing (within 4 month after experiment). >90% would participate in
future experiments, and many are planning their own experiments.

Novelty
A demonstrator for hypothesis based citizen science to contributing to scientific
validation of permaculture and organic farming methods.

Impact
The GROW experiment promoted regenerative growing practices, and engaged
permaculture growers in hypothesis based citizen science, showing high levels of
sustained participation. Two academic papers are in preparation: (1) Focus on the
citizen science context (Burton et al., submitted) and (2) describing the method
and results (van der Velden et al., in prep). Permaculture Britain sustained the
experiment with potential to contribute further years of data and strengthen the
scientific results..
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Gridded soil moisture
models from GROW data
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Gridded soil moisture models from GROW data

The GROW gridded product delivers continuous estimated values over an area

38

Purpose
Gridded soil moisture models were developed from GROW data in order to:
1. Demonstrate that citizen generated data can be used to develop spatially
continuous soil moisture maps required for applications in agriculture and
climate forecasting
2. Develop new models for estimations between point measurements for lowcost sensor data of GROW monitoring networks
3. Provide a methodology for 9 gridded products and soil moisture models for
service innovation.

The GROW gridded product delivers continuous estimated values over an area

Description
Predictions of SM were created for locations without a sensor by inferring the
correlation between soil moisture and the environmental characteristics at each
point in space and time. Appropriate spatial and temporal windows were selected,
considering network density, environmental heterogeneity and sensor coverage,
data representativity and temporal consistency. 8 different terrain parameters
were used to delineate homogeneous terrain units (TUs) as polygons. An
intersection of polygons was performed based on terrain similarity resulting in a
polygonal mesh containing polygons of various sizes.
39

The GROW gridded product delivers continuous estimated values over an area
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An areal interpolation method was applied to the polygon network calculating
predictions for the natural distribution of soil moisture for a given time.
Green areas: most reliable zones, predictions have the highest accuracy.
Yellow areas: lower accuracy, no observations on the area, but similar TUs.
Grey areas: TUs not represented by the sensor network, no value linked,
prediction values have low reliability. Values are computed from the observations
of the neighboring observations.

Novelty and Impact
Demonstrates local communities with interest to develop and use soil monitoring
networks can provide data for scientific and professional use.
The gridded product and methodology provides a robust scalable model
performing similarly well in larger and smaller areas and across different
timespans.
Applicable to citizen science and community driven network development..
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GROW Dynamic Soil Moisture Maps

GROW Dynamic Soil Moisture Map. Visualisation by: Moritz Stefaner. Algorithms: University of Miskolc and IIASA

Purpose
Soil moisture is a changing property that needs to be mapped over time in order
to respond to the needs of crops. Small-scale farmers need to understand how the
water available to plants varies across their land over time. High tech farmers also
require knowledge of the spatial variability of the soil across their farmland in
order to use precision agriculture equipment. Data design is needed to put
complex data into usable form to provide meaning and context.
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Description
The GROW Dynamic Soil Moisture Maps demonstrate a service that could be made
available to farmers, policy makers and scientists. The maps visualise the
variability of water content over a terrain. Water content across a piece of land is

The blue section visualises the gridded product with
water content represented on the vertical axis.
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represented on the vertical axis of the central blue section. The visualisation also
shows change over time, during a time period of several weeks. The map can be
rotated and viewed from different angles, and a specific sensor can be selected
from the map and is then highlighted in the graphs on the right.

A specific sensor can be selected and highlighted in the graphs

Novelty
GROW commissioned data artist Moritz Stefaner to visually represent the GROW
gridded product (Output 8). The Dynamic Soil Moisture Maps enables farmers of
any size to manage their crops with precision. They enable pattern discovery that
might otherwise be hard to uncover, interrogating the data in a structured way.
The more sensors deployed within a certain area on representative sites, the more
detailed and accurate the soil moisture map is.
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Dynamic Soil Moisture Maps were created for 9 of the GROW Places

Impact
The GROW Dynamic Soil Moisture Maps simplify pattern recognition for scientists,
farmers and policy makers. They provide interactive visualisation and dynamic
interrogation of spatial patterns of soil moisture for applications in agriculture
and climate forecasting. A farmer can see and track how soil moisture is
changing over a continuous area, or investigate a single sensor at any point in
time. The maps would allow them to understand water content over the
continuous terrain of their land and more accurately respond to the needs of their
crops.

46

Plan My Water
information service
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Plan My Water
information service

GROW Plan My Water information service

Purpose
Farmers face a number of challenges in managing their land and resources to
improve crop productivity. Information is needed on rainfall, water surplus,
utilization and deficit information just to name a few soil characteristics. Smallscale growers do not have access to precision farming services mainly due to high
cost.
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Description
GROW Plan My Water is a watering advice service. It allows you to find out how
much water your plants will need over the coming months, based on your location.
This tool can help you determine how well you can grow in your climate. You can
plan water usage over a year on a monthly basis, and effectively estimate crop
water needs. It is best used alongside observations of your site and plants. The
calculation uses temperature and precipitation data from Agri4cast and
combines it with the average water demands of 10 commonly grown crops. The
Agri4cast data is weather data from across Europe and is calculated for 25 km
grid squares. When you choose a location, the calculation takes into account the
water availability from the climate of the grid square for your location and
combines that with the water uptake of the plants from soil. It can then identify
the likely water deficit or surplus required for growing at that site each month.

Limitations
The tool is a prototype and only contains limited data around the following
locations: Greece (Evros & Laconia), Ireland, Hungary (Miskolc), Spain
(Barcelona), Portugal (Lisbon), Scotland (Tayside & Central belt), Austria
(Vienna), Netherlands (’s-Hertogenbosch), Luxembourg.

Novelty
A prototype watering advice service providing insights for user-defined locations.
It is designed for small-scale farmers without access to high cost precision
farming information. The tool does not require access to a soil sensor , but the
accuracy of the information can be improved in combination with sensor data.
49

GROW Plan My Water information service

Impact
Better decision making for crop production. Growers can determine local microclimate suitability for growing crops based on rainfall conditions. The tool
indicates if, when, and how much supplementary water would be required to grow
the crops, which can enable farmers to reduce water uses for irrigation.
50
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Crop advice and edible plant database

GROW online crowdsourcing tool for the edible crop database
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Purpose
The GROW mobile application powered by the GROW edible plant database gives
experienced and novice growers important information on plant requirements
and provides location specific planting and harvesting dates for 12 European
climate zones in one application. Key data on growing, such dates to plant and
harvest, or suitability of location, can be hard to find or is generic and only
applicable at large scales. The latter is a significant constraint to the new grower
who may be unaware of the impact of local micro-climate on growing.

GROW crop advice service
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Description
GROW mobilised its European growing community to crowdsource local planting
and harvesting times for a number of edible plants. This, combined with a survey
of existing data, has filled gaps in available information. Growers shared, within a
short growing windows over 7 months, what they are planting or harvesting to coproduce the edible plant database. By October 2019, 2,741 data submissions on
planting and harvesting dates were submitted. The data covered 11 of the
European zones used in the GROW Observatory app, and 126 crops; 130
people/groups contributed, some a single data point, one person over 100.

Novelty
In one simple solution the GROW app brings together in a single repository the
necessary growing information to support new and inexperienced growers.
Growers can access a location based plant list and select plants to grow at a time
of year. This provides a guide to 140 edible plants, including sowing and
harvesting times, tailored to the user’s location. The beauty of this information is
that it gets more accurate the more people contribute information for their plants
and location.

Impact
The GROW edible plant database increases the location-specific accuracy of crop
growing for people all over Europe. This provides a locally relevant planting, crop
management and harvesting advice service to growers. Validated data from the
EPD was integrated into the GROW Observatory app to provide better advice for
planting and harvesting. The community we’ve helped develop in GROW is better
informed on how to grow food crops, and is also helping to contribute to vital
environmental monitoring for science.
54
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Open data innovation with small businesses

Pilot service by a small business built on GROW data

Purpose
Showcase how business uptake of Citizens' Observatory generated data can help
projects become sustainable and generate wide scale impact. Develop
commercial services to showcase the added value of citizen contributed data.

Description
GROW worked with a small business on a data exploitation challenge as a part of
Data Pitch (Horizon 2020) to use GROW data for innovation in sustainable agrifood production. The startup's service helps small-scale and organic farmers to
better understand the status and manage their food produce in a simple way.
Buyers of agricultural produce have direct access to the farms and their data so
56

they can have confidence in its quality and safety and make informed buying
decisions. The combination of humidity and temperature in the farm (e.g.
vineyard) are key parameters that will feed a vine disease risk model.

Novelty
GROW empowers data contributors to share data freely, while also enabling thirdparties to develop innovative applications. This shows a Citizens' Observatory can
be a virtual laboratory creating a two-way knowledge distribution between growers
scientists and citizens and IoT, sensor, agri-food and other related tech
companies. In the collaboration with the company, the GROW rich dataset was
used to train the algorithms, developed in order to detect and normalize outliers
of the incoming data from the farms offering a “quality check” ability that will
allow continuous provision of trusted data.

Impact
The improvements in the company's service implemented using the GROW data
has achieved an increase of 25% in their sales pipeline, and a 1300% increase in
price subscription for the service. The company is set to run a pilot with a buyer
(one of the largest Greek supermarket chains) to further develop the solution for
their farmer supply chain.
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GROW artist residency and art commission

By the Code of Soil (2018) by Kasia Molga, Scanner and GROW Observatory. Produced
by FutureEverything, as a part of VERTIGO and GROW Observatory.

Purpose
The Citizens' Observatory concept builds on advances in many fields, from space
science and the internet of things to data cooperatives and organic food
production. GROW has worked with artists to open new perspectives on GROW
data and bring the Citizens' Observatory concept to life.
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Description
The artists Kasia Molga and Robin Rimbaud (Scanner) worked with GROW to
create novel interfaces to the GROW continental-scale sensor network. They
created an artistic representation of soil data from the cluster of GROW Sensors
closest to the viewer, with a new 'data portrait' of soil properties generated each
time the Sentinel-1 satellite passes overhead. Code and algorithms developed by
the artists translates dynamic data from soil sensors, combined with static data
on soil texture and season, into different graphical shapes and electronic sounds,
representing soil properties in each place. The artist residency was developed in
partnership with EC VERTIGO STARTS (Horizon 2020).

By the Code of Soil (2018) by Kasia Molga, Scanner and GROW Observatory. Produced
by FutureEverything, as a part of VERTIGO and GROW Observatory.

60

Novelty
Uniquely in the EC's Climate Action programme, a number of the core project
team are artists and designers, and the arts play an integrative role, to broker and
translate between disciplines and cultures. In the GROW artist residency and art
commission, artists Molga and Scanner brought ingenuity, and an artistic
practice based in enquiry into data culture. The open prototyping framework1 was
used to enable the art, science and technology collaboration to:
1. Inspire imaginative public engagement in envisioning the future of
sensing, soils and climate.
2. Bring artistic curiosity and enquiry around project themes, science,
technology and data
3. Inspire new insights or dimensions to the innovative aspects of GROW.
4. Translate concepts and data into experiences and tangible forms.
5. Develop new users and audiences for Citizens' Observatories and the
Copernicus programme.

Impact
The GROW data art commission and residency generated new visibility for GROW
and the Copernicus programme. It provided the artists with an opportunity to
explore new dimensions in their artistic practice. The artist commission and
residency also attracted interest in the Earth Observation community and at the
European Commission, where it was seen as a novel addition to the European
research and innovation programme on climate action. The GROW art project also
contributes to the EC Science, Technology and the Arts (STARTS) initiative.

1

Hemment, D., Bletcher, J., & Coulson, S. (2020 – In Press) Open Prototyping: A framework for Combining
Art and Innovation in the IoT and Smart Cities. In The Routledge Companion to Mobile Media Art.
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A Europe-wide community for climate action

Members of the GROW community at GROW Place Austria in 2018

Purpose
To address the climate emergency and to groundtruth satellite missions it is
necessary to mobilise communities at scale. Challenges include scaling rigorous
citizen science, sustaining participation, and building trust in data and
institutions. New ways of building communities are needed across geographic,
demographic and cultural boundaries.
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Description
GROW has built a Europe-wide, transdisciplinary Community of Practice,
mobilising citizen scientists, policy makers, ameteur and professional growers
who are motivated by climate action and, the conservation and protection of the
world’s soils. GROW connects place-based and virtual communities, through
meetups and online spaces, from GROW's bespoke collaboration hub, to social
media and MOOCs. This community of communities was convened by GROW
Community Champions, who distribute sensors locally, organise local events and
act as representatives of their communities within the GROW team.

Members of the GROW community at a GROW Insights Workshop in Lisbon in 2019
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Novelty
GROW pioneered a new model of citizen based climate action and new ways to link
citizens, science and policy. It has combined innovative community building
methods, including digital storytelling, art and social learning. GROW brought
actors from different networks and different scales together, generating new
interactions, knowledge and data. It connects a unique array of local growers’
networks and kindred communities, while strengthening community across
international boundaries. It bridges between domains and scales, connecting
hyper-local and global, and citizens, scientists and policymakers.

Impact
GROW set out with an ambitious goal, to take Citizens' Observatories into the
mainstream. This lofty ambition itself has spread and become a part of the wider
narrative for Citizens' Observatories in Europe, taken up by the coordination and
support project, WeObserve.

GROW developed 24 communities in 13 EU member states, reached 7.8 Million
people. 20.5k people actively participated in citizen science or data collection, and
more than 23k were engaged through GROW events. 17,400 people in 165 countries
took part in a GROW online course. 8 GROW communities deciding to carry on post
project funding..
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Online social learning
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Online social learning

Agnes Goyvaerts. #GROWData My attempt at creating art of my
growing experience for the 'From Data to Action' course. 2018

Purpose
Providing rigorous training for citizens in scientific, protocols for data collection is
needed to underpin data, quality and validity. This is a particular challenge when,
the citizen science engages a large number of participants distributed over a wide
area, or even an entire continent. It is widely acknowledged that ways in which
citizens learn and gain knowledge is changing, with new tools and educational
materials available to foster citizens' autonomy and responsibility for change,
through lifelong learning.

Description
Massive Open Online Courses (MOOCs) provide concurrent access, often to
hundreds, or thousands of people, to focused online courses with, learning goals
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and paths that present the opportunity to learn together at a flexible pace. Each
MOOC provides builds a cohort of learners who learn together and exchange
knowledge to build a community. They become familiar with GROW’s aims and
activities and can access and sign up to GROW’s missions to take part in wider
GROW activities online or in GROW Places.

The GROW MOOC 'Citizen Science: From Soil to Sky' on the FutureLearn platform

Novelty
GROW pioneered use of MOOCs for education and training for robust data quality
which is an innovation in Citizens' Observatories and Citizen Science. This in turn
develops data collection and collaborative Citizen Science within the online
learning ecosystem. GROW champions a peer to peer, inclusive, open, sustainable
and collaborative pedagogical approach. This was endorsed by UNESCO Open
Education Resources, intended to move towards sharing knowledge, worldwide.
GROW's MOOCs also involve an experiential, hands-on, pedagogy providing
opportunities to get one’s hands dirty and experience the pressures soils faced.
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The GROW MOOCs 'Living Soils, Growing Food' attracted participants from around the world

Impact
The MOOCs built new online communities of interest, and engaged and trained
large audiences of citizen scientists. This provided fertile ground for sharing,
active learning, innovation and sharing insight, and it provided a common
purpose around ‘climate action’ and, as we found, a high level of social cohesion.
17,400 learners took part from 165 countries (source: FutureLearn).
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Impacts on resource use and
sustainable practices

Banana farmers in Las Canarias part of GROW Place Spain

Purpose
The world’s soils are under significant and increasing pressures, and the trend for
rural land cover and land use in Europe continues to be intensive, monocultures.
Regenerative land and soil management practices are vital for environmental and
economic sustainable, rural development, food security, biodiversity conservation,
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climate change adaptation and protecting water resources. This creates an urgent
need to enable, promote and evidence small-scale growing and regenerative food
practices as viable alternatives.

Description
Real impact on the ground was seen in communities who find ways to use the soil
moisture data to address their own critical issues leading to the adoption of more
sustainable practices and reduced use of resources. Many innovations emerged
bottom-up, catalysed by participatory methodologies, increased networks and
knowledge exchange activities within and amongst GROW communities. People
are motivated by local issues such as water resource, heatwaves, forest fires as
well as the climate emergency linked to soil and food production.

Novelty
GROW provided a common purpose and a high level of social cohesion. The
approach to co-creation and sharing knowledge, tools and data in open formats
created a 'positive leaky pipe' around the innovations in the project. This in turn
created a fertile ground for active learning, sharing and testing new ideas. The
broad community of practice in GROW, involving a broad and transdisciplinary
network, accelerated the speed at which new insights and innovations were being
adopted by growers. The level of adaptive innovation exponentially increased since
shared practices would be further adapted to fit regional contexts.
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Impact
In the Canary Islands banana farmers realised that they were over irrigating their
crops, and reduced their use of water for irrigation by 30%, while a Greek olive
farmer saved 40% of water. Novel combinations of datasets: e.g. behaviour of
migratory bird in relation to soil moisture and to inform policy making. Growers
across Europe have improved information sharing, resources and knowledge of
regenerative growing practices. Visualisations using GROW sensor data are used
to monitor and manage soil moisture on a farm in Portugal threatened by
desertification and wildfires.
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Contributions to Policy and the
UN Sustainable Development Goals

GROW Observatory policy forum on the UN Sustainable Development Goals, 2019

Purpose
We face huge, global challenges, three of which are climate breakdown, hunger
and nutrition, and loss of biodiversity. The United Nation's Sustainable
Development Goals (SDGs) are a shared blueprint for tackling poverty, inequalities
and climate change. Currently no country is on track to achieving the goals by
2030. Moreover, 68% of the 93 environmental SDGs indicators cannot yet be
measured due to a lack of data.

Description
The GROW project has contributed to progress towards the goals and also offers a
model through which all levels of society can be involved in monitoring progress.
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Policy Engagement
Engagement on SDGs in GROW included multi-stakeholder policy events:
1) Open Data for Sustainable Development Event (Athens, 07 Feb 2019).
2) 2-day multi-stakeholder GROW Policy Workshop ( Brussels, Sep 2019).
3) Impact Hub event (Lisbon, Sep 2019).
4) Co-design for Climate Innovation Workshops (Brussels, Sep 2019 & Chile, Oct 2019).
GROW is a founding member of the Community of Practice on SDGs as part of
WeObserve, the European support action for Citizens' Observatories..

76

GROW increases access to

GROW links people from all corners

nutritional food, while reducing

of the world interested in food

intensive agri-food practices. GROW

growing, data, sensing, art,

enables more people to produce

environmental policy and citizen

food through sustainable soil and

science (Target 4.7). GROW provides

land management practices that

education and training on citizen

strengthen capacity for adaptation

sensing and community action for

to climate change (Target 2.4).

sustainable land and soil
management.

GROW helps farmers and land

GROW improves the quality of soil

managers mitigate and adapt to

and ecosystems. GROW engages

climate change. GROW provides a

growers in generating and using

playbook for massive engagement

data and interpreting results to

and collaboration between citizens,

engage with local soil and land

scientists and policy makers for

governance (Target 15.9).

climate action. GROW can help to
improve education, awarenessraising, human and institutional
capacity on climate change
adaptation (Target 13.3).
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Novelty
The model of a Citizens' Observatory offers opportunities to engage all in making,
measuring and celebrating progress towards SDGs. This makes possible data
gathering at scales unheard of and using new technologies. This has potential to
increase trust in official statistics, citizens see their own data reflected in them.
GROW offered a holistic approach, so that progress on climate change is not made
at the cost of increased hunger or inequality.
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GROW Impacts
Our evaluation of GROW found the impacts of the project to be clustered in the
following five areas:

1. Empowered communities
2. Extended Earth observation capabilities
3. Inputs to enable adaptation to climate change
4. Uptake in sustainable land and soil management practices
5. Building a sustainable Citizens' Observatory ecosystem

80

1. Empowered communities

Communities and intermediary organisations have been empowered to create
collaborative data, knowledge and action around environmental and societal
challenges, local and global.

A large and transdisciplinary community of citizen scientists has been built
across international boundaries. Social innovation exponentially increased where
shared practices were adapted to fit regional contexts and local issues.

GROW pioneered the use of Massive Open Online Courses (MOOCs) to scale
rigorous citizen science in a Citizens' Observatory.

Impact in numbers
24

GROW communities and sensor clusters in 13 European countries

20,500

People actively participating in citizen science or data collection

17,400

GROW learners

7.8M

People reached

165

Countries reached

59

Policy contacts
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2. Extended Earth observation capabilities
The deployment of a massive sensing network and the significant amount of
open, quality-controlled data extends the in-situ segment of Copernicus and the
Global Earth Observation System of Systems (GEOSS). GROW data is available to
the GEOSS community in a consistent and compatible format, and has been
integrated in the International Soil Moisture Network.

The GROW high-density clusters of low-cost sensors can represent variability at
satellite pixel-scale, and the gridded product provides a robust scalable model
that performs similarly well in larger and smaller areas and across different
timespans.

This improves Earth Observation capabilities at the European level.

Impact in numbers
14,907

Sensors distributed or used for testing

13,518

Sensors distributed to Communities

6,502

Sensors connected to GROW platform

1,154

Sensors used in evaluation of satellite products (spatial)

516M

Soil data rows (without counting metadata)
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3. Inputs to enable adaptation
to climate change
GROW enhances the ground-truthing of satellite products – average soil moisture
calculated from all low-cost sensors in one satellite pixel results in much better
accuracy than using the most representative or high-quality sensor (for both
coarse and high-resolution products).

Thanks to the unprecedented spatial coverage within GROW, we could evaluate for
the first time the spatial consistency of high-resolution satellite soil moisture
products against in-situ measurements.

More accurate knowledge of the spatial and temporal patterns of soil moisture
can improve the quality of a number of applications, ranging from crop yield
estimation to drought monitoring, from weather and climatic predictions to
landslide forecasting.

Impact in numbers
5

Satellite products validated

10+

Satellite products that can benefit in future

9

Information services for GROW users

2,650

Data submissions on 124 crops in 11 climatic zones (of a total of 12)
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4. Uptake in sustainable land and
soil management practices
GROW enables the Global Soil Partnership (GSP) to better achieve sustainable soil
management in Europe.

GROW has helped thousands of people become resilient regenerative food
growers. Surveys demonstrate increased uptake in regenerative practices among
people accessing GROW services.

Two farms in the Canary Islands reduced their use of water for irrigation by 30%. A
farm threatened by desertification and wildfires in Portugal is using GROW data to
manage soil moisture.

GROW operational prototype services enable farmers and land managers to
interrogate dynamic spatial patterns of soil moisture, and manage their use of
resources and crops with great precision.

Impact in numbers
18,768

Unique visitors, downloads or sign ups for information services
on regenerative practices

12+

New/more sustainable practices adopted by growers within the
life of GROW

30%

Reduced use of water for irrigation at two farms in the Canary
Islands as amplifiers for the surrounding rural economy
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5. Building a sustainable Citizens'
Observatory ecosystem
GROW set out with an ambitious goal, to take Citizens' Observatories into the
mainstream. This lofty ambition itself has spread and become a part of the wider
narrative for Citizens' Observatories in Europe, taken up by the coordination and
support project, WeObserve.

GROW has created a thriving, sustainable Citizens' Observation ecosystem, and
GROW communities and data practices have been sustained after the funding
ended.

Impact in numbers
11

Datasets for future exploitation

30+

Handbooks, tools, resources

8 / 10

Communities continuing to collect data beyond the funding period

12 mth

Extension of GROW data services

1

Business and operational plan for future development
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Resources
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Resources
Publications, datasets, tools and other resources can be found on the GROW
Observatory website.

growobservatory.org
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Credits
GROW Consortium
University of Dundee, Scotland

FutureEverything, England

University of Edinburgh, Scotland

Met Office, England

International Institute for Applied

Hydrological Research, NL

Systems Analysis, Austria

Starlab, Spain

Technische Universität Wien,

Thingful, England

Austria

Storythings, England

Cultivate, Ireland

IAAC, Spain

CulturePolis, Greece

United Nations Food and

University of Miskolc, Hungry

Agriculture Organization, Italy

James Hutton Institute, Scotland

GROW Community Champions
Tatjana Tupy, Lebensgut, Austria

Charlie Grey, Permaculture

Magdalena Resch, Lebensgut, Austria

Association Britain, England

Nicole Geiblinger, Hendlerghof,

Cara Wilson, Grower, England

Austria

Lucas Hornby, Grower, England

Volkmar Geiblinger, Hendleberghof,

Angeliki Bampala, Calypso, Greece

Austria Tanja Polegubic, Saltwater,

Nana Zoidou, Calypso, Greece

Croatia

Kyriaki Chatzisavva, X-Wines, Greece

James Wardell, Croatia

Giorgos Gkaletsas, Greece
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Frangiskos Karelas, Eumelia, Greece

Walt Ludwick, Vale da Lama, Portugal

János Vécsei, SZEMmúvesség Bt,

Ana Cátia Proença Vasconcelos,

Hungary

University of Lisbon, Portugal

Joanne Butler, Community Gardens

Gil Pessanha Penha-Lopes,

Ireland, Ireland

University of Lisbon, Portugal

Dee Sewell, Greenside Up, Ireland

Wendy McCombes, Forward Coupar,

Chiara Corbari, Politecnico di Milano,

Scotland

Italy

Ana Čebin, Agricultural Institute of

Karine Paris, CELL, Luxembourg

Slovenia, Slovenia

Tania Walisch, CELL, Luxembourg

Dr. Borut Vrščal, Agricultural Institute

Peter Paree, ZLTO, Netherlands

of Slovenia, Slovenia

Wico DIeleman, ZLTO, Netherlands

Michał Moś, Canary Islands, Spain

Maja Borkowska, Foundation for

Alice Grey, Grower, Wales

Ecological Regeneration, Poland
Noemi Nemes, Foundation for
Ecological Regeneration, Poland

By the Code of Soil (2018)

Dynamic Soil Moisture Map (2019)

By Kasia Molga, Scanner and GROW

By GROW Observatory

Observatory

Data visualisation: Moritz Stefaner

Produced by FutureEverything, as a

Algorithms: University of Miskolc and

part of VERTIGO and GROW

IIASA.

Observatory

Data provided by: GROW Community
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VERTIGO Artist Residency

External Expert Advisory

(2018-19)

Board

GROW Observatory X Kasia Molga in

Luca Montanarella, European

collaboration with Scanner

Commission Joint Research Centre

Additional video Footage: Année Zéro

Carlo Buontempo, ECMWF

– Benoit Martin, Marc Parazon

James Curran

VERTIGO is funded under the H2020

Linda See, IIASA

European STARTS initiative,

Farida Vis, Visual Social Media Lab

innovation at the nexus of Science,

Arturo Muente-Kunigami, World

Technology, and the ARTS.

Bank

GROW Open Data Challenge

European Commission Project

as part of Data Pitch (2018-19)

Officer

Agroknow Pilot Agri-food Service

Izabela Freytag

Data Pitch is funded by the European
Commission’s Horizon 2020 research
and innovation programme
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GROW project meeting, Barcelona 2018
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The GROW Observatory has received
funding from the European Union’s Horizon 2020
research and innovation programme under
grant agreement Number 690199.
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Thanks to everyone
in GROW.
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