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ABSTRACT
Greening initiatives are urban planning strategies that rely on the development of public green 
spaces supporting multiple urban system functions. In a global water scarcity context, however, 
green space irrigation is a key aspect. Dynamic optimisation of irrigation plans is one viable answer 
for water consumption mitigation, which is not widely implemented at municipal levels in the EU. 
Yet, hydroinformatics-based mature and market-ready methods and technologies can support its 
implementation and should allow its embedment within the smart-city concept. Here, a simple 
interoperable approach for optimisation of dynamic irrigation planning has been implemented in 
public green space parcels of a French Mediterranean coastal city. The approach relies on smart 
sensors, a water balance model, an optimisation algorithm, and weather forecast data integration, 
all encapsulated in the standardised and open-source FIWARE ecosystem. The results of the 
dynamic irrigation plan led to a 35% water saving during the dry season and to more than 60% 
water saving during the dry–wet season transition period. The used standard technologies and 
approach could fit a broad range of smart-city digital platforms without any technical challenge.

Villes intelligentes et optimisation de l’irrigation pour les espaces-verts
RÉSUMÉ
Les initiatives de verdissement sont des stratégies d’urbanisme reposant sur le développement 
d’espaces-verts publics. Elles soutiennent nombre de fonctions des systèmes urbains. L’irrigation 
des espaces verts reste un aspect clé de ces stratégies de verdissement. L’optimisation dynamique 
des plans d’irrigation de ces espaces-verts représente une réponse viable pour atténuer la consom-
mation d’eau associée mais est peux implémentée à l’échelle municipal au sein de l’UE. Néanmoins, 
des méthodes et technologies matures, basées sur des outils d’hydroinformatique, permettent la 
mise en œuvre de systèmes d’optimisation dynamique, autorisant par ailleurs une intégration dans 
le concept de ville intelligente. Ici, une approche simple et interopérable pour l’optimisation de la 
planification dynamique de l’irrigation a été mise en œuvre dans des parcelles d’espaces verts 
publics d’une ville méditerranéenne française sur une période test. L’approche repose sur des 
capteurs intelligents, un modèle de bilan hydrique, un algorithme d’optimisation et l’intégration de 
données de prévisions météorologiques, le tout est encapsulé dans l’écosystème FIWARE, un 
standard pour plateformes IoT open-source. Les résultats montrent une économie d’eau de 35% 
pendant la saison sèche et de 60% pendant la période de transition saison sèche-saison humide. 
Les technologies et l’approche open sources utilisées s’adapteraient ainsi à une large gamme de 
plateformes numériques de villes intelligentes sans aucun défi technique.

KEYWORDS 
IOT; NBS; urban planning; 
interoperability; FIWARE 
framework

MOTS-CLÉS 
IOT ; solutions basées sur la 
nature ; urbanisme ; 
environnement FIWARE

CONTACT M. Abily abily@geoazur.unice.fr

LHB: HYDROSCIENCE JOURNAL                         
2024, VOL. 110, 2294076 
https://doi.org/10.1080/27678490.2023.2294076

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been 
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

http://orcid.org/0000-0003-4162-586X
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/27678490.2023.2294076&domain=pdf&date_stamp=2024-01-24


1. Introduction

In municipalities, public green spaces represent a key 
component of the urban system whose primary func-
tion is to offer embellishment, leisure, and well-being 
spaces to citizens. These urban green spaces also pro-
vide increased infiltration that reduces flood runoff 
(Benedict & McMahon, 2002; Qi et al., 2023) and 
reduced air temperature that increases comfort during 
heatwaves (Augusto et al., 2020; Rocha et al., 2022). 
The role of urban green spaces in reducing heat and 
enhancing infiltration becomes increasingly important 
(Oral et al., 2020; Probst et al., 2022) as climate change 
increases the frequency of occurrence of extreme heat-
waves and rainfall events (IPCC, 2022a, 2022b). 
Therefore, public green spaces in cities, trendily 
referred to as parts of nature-based solutions (NBSs), 
are a constitutive part of greening initiatives in current 
and future EU cities’ urban planning (Castellar et al.,  
2022; Dicks, 2015; Dorst et al., 2019).

Key aspects of managing these municipal green 
spaces are maintenance and water consumption 
(Nouri et al., 2019). For example, in EU 
Mediterranean cities, water consumption represents 
on average 1 m3/m2 per year for turf grass (±20%; 
Domene & Saurí, 2006; Morote-Seguido & 
Hernandez-Hernandez, 2016). In a water scarcity- 
driven context, management towards efficient use of 
the water resource is stressed by the United Nations’ 
Sustainable Development Goals (SDG 6.4, SDG 6.B; 
UNDP, 2017), and the EU is pushing to make the 
water efficiency dimension a high priority for the 
member states (European Commission, 2019). 
Therefore, strategies are being implemented to miti-
gate water consumption in public green spaces, such 
as the selection of species more resistant to water stress 
or the reuse of treated wastewater (Castellar et al.,  
2022; Qtaishat et al., 2022; Santana et al., 2019).

Another obvious way to improve green spaces’ 
water consumption efficiency is through irrigation 
optimisation. In the optimisation of the irrigation of 
these green spaces, hydroinformatics is a key support-
ing field, having a transversal role in integrating water 
sciences (i.e. hydrological, hydraulic and environmen-
tal), data sciences (statistics; stochastic, data-driven 
analytics), computer science and information and 
communication technologies (ICT), and society 
(Holz et al., 2014). In this regard, the implementation 
of the smart city and smart water concepts, supported 
by the hydroinformatics field, is growing in terms of 
numbers and types of applications in the water sector 
(Gourbesville, 2016; Gourbesville & Ma, 2022: 
Monzon, 2015). However, practical applications in 
urban irrigation are not yet broadly implemented 
(Aldegheishem et al., 2022; Monteiro et al., 2021). 
Moreover, when implemented, no hydroinformatics- 
based urban irrigation optimisation solutions with 

a highly transversal data assimilation level were 
found [e.g. no applications have been found integrat-
ing weather forecast data assimilation outside of the 
agricultural irrigation sector (Alves et al., 2023)].

The aim of the present paper is to demonstrate the 
feasibility and efficiency of dynamic optimisation of 
irrigation plan implementation for urban public green 
spaces, based on an interoperable hydroinformatics 
approach. The goal is to illustrate the potential of this 
type of solution for efficient water resource use and the 
ease of implementation of this market-ready method 
and technology, to facilitate its implementation at 
municipal levels. Here, a simple but holistic irrigation 
optimisation strategy has been carried out at the level of 
parcels set in a French Mediterranean coastal city, rely-
ing on four key components: smart sensors, water bal-
ance model, optimisation algorithm, and weather 
forecast data integration. The novelty lies in the ease 
and readiness of implementation which should pave the 
way to further encompass these types of hydroinfor-
matics-based solutions at the municipal level.

Firstly, the overall concept is presented: the method, 
the test case characteristics in a semi-arid 
Mediterranean city, and the tested set-up. Secondly, 
we present the results at the parcel scale of the solution 
capabilities in terms of implementation, the outcomes 
in terms of water savings, and added value for irrigation 
optimisation strategies and planning. Lastly, added 
values and limits are discussed and put into perspective.

2. Methodology

2.1. Concept design

The goal of the concept is to provide an optimal 
irrigation plan for the upcoming week. This plan is 
to be determined using the architecture and tech-
nology components illustrated in Figure 1. The 
concept relies on the standard and open-source 
technology framework FIWARE (2020). This allows 
not only the replicability of the solution but also, 
due to its structure based on standard generic 
enablers (Alves et al., 2023), the ease of its imple-
mentation in other platforms with broader pur-
poses thanks to the interoperability properties of 
the FIWARE framework [e.g. smart water platform, 
municipality-scale hypervisor or extending a digital 
twin (Lewis et al., 2023)].

The system is composed of two main sources of 
data: (i) capacitance sensors, able to measure soil volu-
metric moisture; and (ii) an Application Programming 
Interface (API) service providing real-time precipita-
tion and evapotranspiration estimates with forecasts 
of precipitation and evapotranspiration for the 
upcoming 14 days.
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Data are managed by the Stellio Context 
Information Broker, which is a platform that allows 
connection and information sharing between all 
types of use cases. The main asset of the Context 
Information Broker is the Next Generation Service 
Interfaces Linked Data (NGSI-LD) Context 
Information Management API, which allows 
easy retrieval of the data with powerful temporal 
or geospatial queries. It also includes a set of com-
ponents that satisfy the NGSI-LD specification and 
are compatible with the FIWARE ecosystem to 
increase interoperability. FIWARE Draco, which is 
an open-source data flow manager based on Apache 
Nifi, is used to process incoming data and perform 
data validation.

Two processes (described in section 2.3.3) then use 
those data:

● A soil water balance model that uses the last soil 
moisture measurement and the forecasted 
meteorological data for the next n days to provide 
a forecast of soil moisture for the next n days.

● An optimisation algorithm that uses those fore-
casted soil moisture values to provide an optimal 
irrigation plan for the next n days.

2.2. Study area

The test case is a mid-sized French Mediterranean 
city (30,000 inhabitants) located on the French 
Riviera which sees its population triple during the 
summer season when both water resources and 
vegetation are under the peak stress. The method 
is tested on 24 parcels of public green spaces, ran-
ging from 50 m2 to 300 m2 and representing a total 
area of about 3000 m2. Two different irrigation 
systems are in place: (i) drip irrigation (on six 
parcels), and (ii) sprinkler irrigation (on 18 par-
cels). Each parcel is controlled by an auto-valve, 
which allows the provisioning of different irrigation 
plans for each sector if needed. The original stan-
dard irrigation scheme implemented by the muni-
cipality is the following:

● for the drip irrigation sectors: 1 m3 distributed in 
90 min, every Monday and Thursday (during the 
night);

● for the sprinkler irrigation sectors: 3 m3 dis-
tributed in four time slots of 5 min (spread 
over 3 h), every Monday, Wednesday, and 
Friday (during the night).

Figure 1. Key layers, components and protocols of the developed system.
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Over these parcels, the yearly water consumption is 
approximately 7000 m3 with this original standard 
irrigation scheme.

2.3. Data sources

2.3.1. Smart sensors and measurement strategy
Three parameters of interest are measured: (i) soil 
humidity, (ii) soil temperature, and (iii) quantity of 
water used for irrigation. The soil volumetric humidity 
(in m3/m3) and the soil temperature are measured at 
a depth of 0.15 m by an electrical capacitance sensor 
(Sensecap VWC sensor) known to be reliable for con-
tinuous measurements (Singh et al., 2018). 
Multiplying the soil volumetric humidity by the 
depth of the soil allows the estimation of the water 
content (in mm). To measure the quantity of water 
used for irrigation, a pulse counter device is used to 
measure the flow on the main valve (i.e. the flow for all 
sectors).

Soil humidity and soil temperature are measured at 
three different locations chosen to be representative of 
the possible range of conditions of the green spaces in 
the study case: a full sun-exposed grass-covered parcel, 
a parcel with mixed shadow/sunny exposure covered by 
grass, and a bushy parcel (Figure 2). Each of the 24 
parcels is linked to the soil moisture measurements of 
one of the three above-mentioned monitored 
zones depending on its sun exposure/vegetation cover 
type.

Measurement data are sent hourly for the sensecap 
sensors, and each second for the flowmeter via a Long 
Range Wide Area Network (LoRaWAN) radio com-
munication protocol which provides a low-power 
wide-area network (Aldegheishem et al., 2022). The 
data are available in hourly time steps, and the Stellio 
Context Broker API makes it very easy to obtain any 
type of temporal aggregation instantaneously to be 
used later. In this case, the irrigation optimisation 
algorithm presented below operates on a daily time 
step.

Measurement campaigns were performed over the 
course of 7 months, divided into two periods:

● a 1 month (mid-May to mid-June) dry period;
● a 4 month (mid-September to mid-December) 

dry–wet transition period.

The period between mid-June and mid-September is 
not used since the irrigation in the area was shut down 
at a regional scale due to a severe drought leading to 
governmental irrigation restrictions.

2.3.2. Weather forecast provider
The reference evapotranspiration and rainfall intensity 
nowcast and the 7 day forecast datasets are provided by 
an external API service. The data are received and pro-
cessed using FIWARE Draco. This weather forecast ser-
vice provides real-time measurement and forecasted 
values for many different types of weather data (Zebiri,  
2020).

A comparison between forecasted and observed 
values was performed (Figure 3) to assess the quality 
of the provided forecast, and the root mean square 

Figure 3. Difference between observed and forecasted daily values for precipitation and evapotranspiration data.

Figure 2. Schematic overview of the instrumented public 
green space.
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error metric (RMSE) was calculated to quantify the 
accuracy. Forecasted values are available for 14 days 
with daily updates. Here, the next 7 days forecast win-
dow is used. For evapotranspiration, the forecasted 
estimated values 7 days in advance are very close to 
the observed ones; the RMSE is 0.6 mm, which trans-
lates correct accuracy. However, for precipitation, the 
occurrence of events higher than a 2 mm.day−1 thresh-
old is properly captured but the intensity of the pre-
cipitation is not reliable, as illustrated in Figure 3. The 
error on the high-intensity episode leads to a worse 
global accuracy and a higher RMSE of 4.1 mm.

2.4. Mass balance and optimisation algorithms

The two principal components of the irrigation plan-
ning computation method are:

(1) a mass balance model, which allows prediction 
of the soil humidity based on measurements and 
forecasts;

(2) an optimisation function that adjusts the irriga-
tion quantity for a design period (here, 1 week) 
based on the mass balance model. The objective 
of the optimisation model is to determine the 
lowest water quantity that can be delivered, 
while still maintaining the soil moisture at 
a sufficient level (i.e. minimising the risk for 
the plant).

The mass balance model is based on water input 
and output over a soil volume. It is a simple yet 
still widely used model in the irrigation area 
(Pereira et al., 2020; Sammis et al., 2012). The 
mass conservation equation can be written as 
follows: 

ΔSWC ¼ P þ I � ET � SR � DP þ CR (1) 

where SWC is the soil water content, P is the rainfall 
precipitation, I is the applied irrigation, ET is the eva-
potranspiration, SR is the surface runoff, DP represents 
the deep percolation and CR is the capillary rise. The 
balance is estimated with a daily time step which yields: 

ΔSWC tð Þ ¼ SWC tð Þ � SWC t � 1ð Þ (2) 

where t is equal to the current day. Equation (1) 
then becomes: 

SWC tð Þ ¼ SWC t � 1ð Þ þ P tð Þ þ I tð Þ
� ET tð Þ � SR tð Þ � DP tð Þ þ CR tð Þ

(3) 

where t + 1 corresponds to the following day and 
where – except for SWC(t), which is measured in 
real time – all the values are forecasted. Indeed, as 
a reminder, ET(t) and P(t) are provided for a sliding 
window of 1–2 weeks, whereas I(t) is the value to 
optimise and SWC(t) is the output of the model. 
Surface runoff, deep percolation and capillary rise 

were calculated from the other components using the 
methods given by Villalobos and Fereres (2016). 
Eventually, as all values are predicted for n days, repla-
cing predicted SWC(t) with predicted SWC(t), irriga-
tion planning can be foreseen up to t + n days.

If one can predict the SWC with this model, one 
can establish a parsimonious irrigation optimisation 
strategy to balance the irrigation volume with the 
required SWC conditions. To do so, the developed 
algorithm is based on three SWC thresholds, as 
follows:

● Comfort threshold: Above this specified SWC 
value, the plants are in optimal irrigation 
condition.

● Saturated threshold: Above this specified SWC, 
the plant receives too much water, leading to 
water overconsumption and potentially improper 
phytosanitary conditions.

● Critical threshold: below this specified SWC 
value, the plant does not have access to sufficient 
water resources to secure proper maintenance 
and development.

The threshold values are specified by the user depend-
ing on the specific plants’ requirements and on the 
user’s local experience with plants’ requirements for 
the specific parcels.

The thresholds are defined as follows: 

θPWP þ 1 � ADð Þ θFC � θPWPð Þ (4) 

where θPWP is the soil volumetric moisture at the 
permanent wilting point, θFC is the soil volumetric 
moisture at field capacity, and AD is the allowable 
depletion. It allows the description of threshold 
values independent from the soil volumetric moist-
ure limit values defined previously. For example, 
a value of AD of 0.2 means that the threshold is 
equal to 80% of the soil capacity. Here, the 
selected AD values were 0.2, 0 and 0.4 for the com-
fort, saturated and critical thresholds, respectively, 
which are standard values for turf grass (Villalobos 
& Fereres, 2016).

The optimisation algorithm functions as follows: 
depending on the authorised/scheduled period 
where irrigation is authorised (here, days), the algo-
rithm cuts the planning into sub-periods, starting 
with an authorised irrigation day. Then, for each 
sub-period, the algorithm uses an initial prediction 
of the model and increments during the allowed 
period the release of a fully open 1 min irrigation 
discharge until the critical threshold is exceeded for 
all the days of the period. Then, it iteratively 
increases the irrigation discharge/period until the 
comfort threshold is exceeded, as long as the satura-
tion threshold is not exceeded for any of the days of 
the given period.
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The considered hierarchy regarding the thresholds 
can thus be summarised as follows:

(1) The critical threshold is the one that must be 
reached absolutely every day.

(2) Next, the saturation threshold should not be 
exceeded unless it means being below the cri-
tical threshold on any day.

(3) Finally, the comfort threshold must be 
exceeded unless this would imply that certain 
days are above the saturation threshold.

The optimisation algorithm also takes into considera-
tion the existing irrigation schedule constraints which 
might depend on various external factors such as 
strategic choice by municipality operators to cope 
with water cost, water resource-specific availability 
(e.g. for water reuse during a certain specific time 
slot constraint, etc.), operators’ availability, conflict 
of usage of the public space, etc.

3. Results

The outcome of the irrigation planning dynamic opti-
misation method on different inter-seasonal condi-
tions is here assessed. The results are considered 
successful when:

(a) in implementing the irrigation plan, the pre-
dicted and measured soil moisture are in good 

adequation, as close as possible to the defined 
comfort zone;

(b) water saving is observed compared to the ori-
ginal irrigation plan;

(c) vegetation does not suffer any water-induced 
stress in the parcels.

The results are presented in two parts: (i) during the 1 
month dry period, used as a reference, for a sprinkler 
irrigation sector; then (ii) during the 4 month dry–wet 
transition period, for a drip irrigation sector.

3.1. Dry period, sprinkler irrigation sector

The irrigation programme recommended by the algo-
rithm and the resulting predicted soil volumetric 
moisture are presented in Figures 4 and 5.

Figure 4 is representative of a 1 month dry period as 
precipitation was very scarce (15.7 mm cumulated 
over the month; no event exceeds 4 mm). In the 
absence of precipitation, using mostly the soil moist-
ure targeted value, the algorithm still manages to sig-
nificantly reduce the quantity of water used for 
irrigation, from 37.6 m3 to 24.1 m3 over that period. 
This represents a 35% saving on the water resource. 
Indeed, Figure 5 shows that reducing the irrigation has 
a very limited impact on the predicted soil volumetric 
moisture, which stays very high during the entirety of 
the period (the permanent wilting point for this sector 
is 0.12 m3/m3). The RMSE between forecasted and 

Figure 4. Recommended irrigation, measured irrigation and precipitation during the 1 month dry test period for a sprinkler 
irrigation sector.

Figure 5. Resulting predictions of soil moisture compared to measurements from the sensor during the 1 month dry test period for 
a sprinkler irrigation sector.
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measured soil moisture is 3.4%, indicating a satisfying 
reliability of the water balance model. Thus, using the 
algorithm in this test dry period allows the improve-
ment of irrigation efficiency. It also led to figuring out 
that here, 35% of the volume of water was lost due to 
deep percolation and surface runoff (Figure 6).

3.2. Wet period, drip irrigation sector

For this period, the irrigation programme recommended 
by the algorithm and the resulting predicted soil volu-
metric moisture are presented in Figures 7 and 8, respec-
tively. Over the 4 month period, the first 2 months 
(September–October) still had an elevated temperature 
and vegetation with high physiological activity, favouring 
evapotranspiration, and a few significant rainfall events: 
two events with more than 10 mm per 24 h each 
(Figure 7). Over that period, the recommended irrigation 
planning allowed water savings mostly in October. The 
algorithm used the forecasted rainfall events to reduce 
the irrigation volume 7 days in advance, while allowing 
the maintenance of soil moisture around the comfort 
zone (Figure 8). For this sector, RMSE between fore-
casted and measured soil moisture is 5.6%. It should be 
noted that for the month of September, which corre-
sponds to the tail end of the dry season, the recom-
mended irrigation did not differ from the standard 
irrigation scheme as the soil moisture was far below the 
critical threshold. Thus, even though a rainfall event was 
forecasted, no irrigation cut has been planned until the 
soil moisture critical threshold is surpassed.

The second 2 month sub-period (November– 
December) had a relatively lower temperature, with 
declining vegetal physiological activity and with rain-
fall events becoming more regular (Figure 7). The 
irrigation was then cut in response to the predicted 
rainfall, while maintaining an optimal soil moisture 
level (comfort zone).

Over the 4 month period, for these sectors, the 
recommended irrigation volume has been reduced 
from 19.95 m3 to 6.5 m3. This represents a 67% 
water saving for these two parcels. However, this 
important saving percentage will be moderated as 
the initial irrigation programme has not been 
modified, and it is likely that under normal opera-
tion procedure, the municipality would have 
reduced the irrigation frequency starting from 
November.

4. Conclusion and perspectives

The benefits of technical implementation of public 
green space optimised irrigation planning relying on 
hydroinformatics components are here demon-
strated. Smart sensors, water balance models, optimi-
sation algorithms, and weather forecasts are 
combined, and the operational capability of the sys-
tem is displayed. Irrigation plan optimisation led to 
a 35% water saving during the dry season and more 
than 60% water saving during the dry–wet season 
transition period. The open-source standard technol-
ogy and approach used here can be included in the 

Figure 6. Water balance model components comparing measured (top) and recommended (bottom) irrigation during the 1 month 
dry period.
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municipality hypervisor without any key technical 
challenge to fit with an orchestrated implementation 
of the smart city/smart water concept. Indeed, relying 
on the FIWARE framework, the developed hydroin-
formatics-based method uses common and popular 
smart-city/software conventions, rendering the pro-
posed work maintainable and interoperable from the 
perspective of software engineering. Limitations are 
those depending on the quality of the entry data 
(measured and forecasted). Also using a small num-
ber of sensors with respect to the number of parcels 
means that the irrigation of non-instrumented par-
cels is driven by the soil moisture feedback of 
a different parcel. This can induce some undetected 
drift and requires particular on-field attention. The 
implications of scaling such an application to an 
entire city would therefore require particular atten-
tion, especially in the instrumentation and drift con-
trol strategies. Other types of sensors could be tested 
for this application, such as tensiometers, which are 
used for irrigation scheduling (Intrigliolo & Castel,  
2004) but are less compatible with the presented 
water balance model. The optimisation can be further 
improved to upgrade to a multivariate problem such 
as crop growth status requirements, water restriction 
or water reuse programming constraints, etc., in the 
irrigation planning optimisation.

5. List of hardware and software

Type Availability

Hardware Sensecap 
temperature and 
volumetric 
sensor

https://www.seeedstudio.com/ 
SenseCAP-Wireless-Soil- 
Temperature-VWC-EC- 
Sensor-LoRaWAN-AU915- 
MT20-p-4995.html

Hardware Flowmeter Proprietary
Hardware Control valve Proprietary
Data source External weather 

API
Any API

Communication 
protocol

Lorawan https://www.enless-wireless. 
com/fr/lora/

Software Stellio Context 
Broker

https://www.github.com/stel 
lio-hub/stellio-context- 
broker

End-user 
interface

Grafana 
dashboards

https://grafana.com/grafana/ 
dashboards/

Program 
language

Python https://www.python.org/

Standards NGSI-LD https://fiware-datamodels.read 
thedocs.io/en/stable/ngsi- 
ld_howto/
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Figure 7. Recommended irrigation, measured irrigation and precipitation during the 4 month dry-to-wet period transition for the 
drip irrigation sector.

Figure 8. Resulting prediction of soil moisture compared to measurements from the sensor during the 4 month dry-to-wet period 
transition for the drip irrigation sector.
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