
1

Vol.:(0123456789)

Scientific Reports |         (2022) 12:6716  | https://doi.org/10.1038/s41598-022-10316-7

www.nature.com/scientificreports

Agroclimatic Evolution web 
application as a powerful solution 
for managing climate data
Manuel Soler‑Méndez1, Dolores Parras‑Burgos2*, Rachid Benouna‑Bennouna1 & 
José Miguel Molina‑Martínez1

Applying the AgroClimatic Evolution web application allows inquiries being made, data 
being collected and variables being calculated with the data acquired from different public 
agrometeorological stations on a single platform. Today all these stations from Murcia and Andalusia 
(Spain) are included, and stations elsewhere in Spain are being incorporated. This web application also 
offers the possibility of including each user’s own stations, which increases the number and availability 
of data close to each farmer’s plots. The data collected from stations is employed to collect daily data 
about weather and times, which are used to calculate the reference evapotranspiration (ETo). All the 
data are saved in a cloud database to later consult them and study their evolution. The data provided 
by all the stations are validated by applying the filters indicated in Standard UNE 500540:2004 
“Automatic weather stations networks” by eliminating mistaken data that could alter correct ETo 
calculations. With the filtered data, and having calculated ETo, the user is provided with a comparison 
made with the raw data supplied by public stations. The main objective of this tool is to optimize the 
use of water resources available from data acquisition. Managing these data will contribute to make 
agriculture more sustainable and compatible with the natural environment.

In recent decades, the agricultural sector has undergone marked transformation that has evolved over time. It 
can be stated that the first step began with the mechanization of farm work and the introduction of fertilizers and 
phytosanitary products. Later significant progress was made thanks to information and communication tech-
nologies (ICT) being introduced, which enables vast quantities of data about soil status, water availability, crop 
development, the amount of plant sanitary product applied to each plant, etc., to be collected and transmitted1–6. 
All this, along with historic information about weather, the progression of plagues or diseases, is leading to a 
major transformation in the sector that is increasing productivity and competition7.

Therefore, the management and integration of different databases will be one of the advances that will have a 
strong impact in forthcoming years because it will allow decisions to be quickly, effectively and accurately made 
to optimize production and costs8.

At the same time, this sector faces low water availability and increasingly degraded quality9. Therefore, efficient 
water resources management is the main tool to confer farms stability and sustainability10. In relation to this, 
the use of ICT is an excellent support to efficiently manage water resources11. Employing ICT in agriculture is 
based on using sensors that monitor various agri-environmental variables related to the soil–plant-atmosphere 
combination to quantify or estimate water requirements9. Knowing environmental data allows the evapotranspi-
ration (ET) demand in an area to be calculated, with which the consumption of a given crop can be estimated by 
applying the corresponding corrective coefficients. Such information can help to more efficiently manage irriga-
tion. As a network of public agrometeorological stations that obtain such data exists, placing them at farmers’ 
disposal seems important.

Different websites can be found on the Internet that offer interesting agroclimate information to be 
consulted12–14, although some shortcomings have been detected that should be stressed. Some examples of 
these shortcomings are: (i) the web format does not match that of mobile devices; (ii) data consultations are 
awkward and slow; (iii) consulting time data is impossible; (iv) forms to consult data are lacking; (v) data can-
not be plotted as graphs; (vi) there are no weather forecasts; (vii) no basic data about stations to make inquiries 
with are available.
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In order to overcome these deficiencies and to offer users a practical and efficient tool, a web application 
has been developed to: (i) consult ETo; (ii) consult data from the different selected stations; (iii) obtain weather 
forecasts. The aim of this project is to have a web application that meets a series of minimum characteristics that: 
(a) is simple; (b) offers a responsive presentation, that is, it adapts to different devices; (c) serves to collect data 
in real time to calculate daily ET and its time to be later stored in a database.

Another objective of this project is for users to make accurate irrigation decisions by bearing in mind informa-
tion on the ET demand offered by this tool. This allows improved water resources management without having 
to invest in any sensors network.

Materials and methods
Websites analysis.  There are two types of web-based weather information systems:

a)	 Private stations: These allow data to be obtained close to each farmer’s plot, provided that as many weather 
stations as are of interest are invested. This is an advantage in terms of the representativeness of the data for 
each farmer; however, it has the disadvantage of the high cost of the investment.

	 i.	 An example is the service offered by Sencrop (www.​sencr​op.​com), which centralises all the data 
from privately installed stations on one platform (if the owner so wishes) and makes them available 
to other users, thus reducing the investment cost.

	 ii.	 Another example is offered by Envira IOT (www.​envir​aiot.​es/​monit​oriza​cion-​meteo​rolog​ica-​
agric​ultura-​preci​sion/), which installs a private weather station and offers data provided with 
algorithms that facilitate user interpretation.

b)	 Public stations: There are numerous web services that offer historical weather data collected from the existing 
network of weather stations in Spain. In general, access to these data is free of charge, but the microclimate 
of a particular farm may differ from the data provided by the nearest weather station.

	 i.	 SIAR (Agro-climatic Information System for Irrigation) (https://​eport​al.​mapa.​gob.​es/​websi​ar/​
Inicio.​aspx) offers data from stations located throughout Spain, through its website (and even has 
a mobile App).

	 ii.	 At the level of autonomous communities, some offer this service through their own portals, with 
data from the same stations: SIAM of the Region of Murcia (www.​siam.​imida.​es), InfoRiego of 
the “Junta de Castilla y León” (www.​infor​iego.​org/​openc​ms/​openc​ms/​info_​meteo/​index.​html), 
RIA of the “Junta de Andalucía” (https://​www.​junta​deand​alucia.​es/​agric​ultur​aypes​ca/​ifapa/​
riaweb/​web/), among others.

The potential of the data collected in these services lies in their free access, and in the quality of the data 
coming from a Spanish network. On the other hand, the consultation of data is, in general, not user-friendly, 
nor is it adapted to mobile devices. In addition, data are consulted whose processing requires considerable office 
skills to be interpreted. These services lack the ability to graph the data, and the possibility of easily storing them 
in their own database.

Taking into account the study carried out, the AgroClimatic Evolution web application was developed, 
designed to provide free access to data to users, in a user-friendly and simple way. But this application is part of 
a broader project, the GENHIDRO platform (www.​genhi​dro.​es), aimed at the efficient and autonomous man-
agement of fertigation systems.

Therefore, the aim of this project is to ensure that the data obtained through AgroClimatic Evolution are not 
merely a mere visualisation and storage of data, but feed a more complex decision-making system for advice and 
even the direct management of fertigation systems. GENHIDRO is a platform under continuous development 
and aims to offer the user the possibility of interacting with the irrigation system based on data collected, among 
others, from meteorological information services such as those consulted through AgroClimatic Evolution.

Theorical background.  The ETo was calculated in this project. This ETo concept occurs under certain 
conditions, on a reference surface and with no water restrictions. The ETo is a variable to study atmospheric ET 
demand regardless of crop type and crop development.

By relating ET to a given surface, a reference ET is obtained. From this value, ET values on other surfaces can 
be related. This will allow analyses based on ET alone, and independent of other site-specific variables. Thus, 
ETo will be the reference ET under certain growing conditions, for a reference crop. The ETo value will express 
the evapotranspiration capacity of the atmosphere at a given location and time of year; but it does not take into 
account the characteristics of the crop or soil type. The great advantage of using ETo to estimate water require-
ments is that its value only depends on climatic parameters, which are easy to obtain.

To understand the ETo concept, it is necessary to define what a reference surface is. According to FAO-56, it 
is a “hypothetical reference crop with crop height of 0.12 m, a fixed surface resistance of 70 s m-1 and an albedo 
value (i.e., portion of light reflected by the leaf surface) of 0.23”15.

To calculate this parameter, the FAO Penman–Monteith method is recommended because it is the only stand-
ardized method that determines ETo with climate parameters16. This method of Zotarelli was selected because 
it roughly approaches the ETo of any town, has robust physical bases, and explicitly incorporates physiological 

http://www.sencrop.com
http://www.enviraiot.es/monitorizacion-meteorologica-agricultura-precision/
http://www.enviraiot.es/monitorizacion-meteorologica-agricultura-precision/
https://eportal.mapa.gob.es/websiar/Inicio.aspx
https://eportal.mapa.gob.es/websiar/Inicio.aspx
http://www.siam.imida.es
http://www.inforiego.org/opencms/opencms/info_meteo/index.html
https://www.juntadeandalucia.es/agriculturaypesca/ifapa/riaweb/web/
https://www.juntadeandalucia.es/agriculturaypesca/ifapa/riaweb/web/
http://www.genhidro.es
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and aerodynamic parameters. The data required to apply the FAO Penman–Monteith method are location, 
temperature, relative humidity, radiation and wind.

Determining ETo is extremely important for estimating a crop’s water requirements or for conducting studies 
regardless of the crop type to be grown. Knowledge about ETo and the grown crop allows adjusted irrigation 
doses to be established and crop performance to improve.

To calculate the ETo, we applied the equations of the FAO Penman–Monteith method available in FAO-56. 
We began with daily ETo, calculated by the expression below:

where:
ETo  Reference evapotranspiration [mm day-1]
RnNet radiation the crop’s surface(MJ m-2day-1)
Ra Extraterrestial radiation (mm day-1)
G Ground heat flow(MJ m-2day-1)
T  Mean air temperature at a heigjt of 2 m (°C)
U2 Wind speed at a height of 2m (m s-1)
Es  Vapour saturation pressure (kPa)
ea  Real vapor pressure (kPa)
es-ea No vapor pressure (kPa)
� Vapor pressure curve slope (kPa °C-1)
γ Psychometric constant (kPa °C-1)
For the calculation of each and every one of the parameters involved in Eq. (1), the methodology established 

by Zotarelli et al.16 has been followed. Thus, the daily ETo estimate is obtained, expressed in mm·day-1.
To obtain the ETo value at the hourly level, the expressions indicated by Zotarelli et al.16 vary slightly. Thus, 

for hourly periods, the FAO Penman–Monteith equation for the calculation of ET is modified as follows:

where:
ETo  Reference evapotranspiration [mm hour-1]
Rn Net radiation on the reference surface [MJ m-2 hour-1]
G  Ground heat flow density [MJ m-2 hour-1]
Thr Mean air temperature every hour [°C]
� Vapor saturation pressure curve slope in Thr [kPaC-1] and psychometric constant[kPa °C-1]
e (Thr) Vapor saturation pressure at Thr
ea Average real vapor pressure times [kPa]
U2 Average wind spee times [m s-1]
The adjustments made to the equations proposed by Zoratelli et al.16, in order to obtain the hourly ETo values, 

are shown below:
Real vapor pressure (ea) is calculated as:

where:
ea Average real vapor pressure times [kPa]
e (Thr) Vapor saturation pressure at Thr
HRhr Average relative humidity time [%]
The net radiation calculation varies for time periods; first, the expression to calculate extraterrestrial radia-

tion (Ra) becomes:

where:
Ra Extraterrestial radiation per hour [MJ m-2 hour-1]
Gsc Solar constant =0.082 MJ m-2 min1

dr Realative inverse Earth −  Sun distance
δ Solar declination [rad]
φ  Latitude [rad]
W1 Radiation angle at the beginning of the period [rad]
W2 Radiation angle at the end of the period [rad]
The initial and final radiation angles are given by:

(1)ETo =
0.408�(Rn − G)+ γ 900

T+273
u2(es − ea)

�+ γ (1+ 0.3u2)

(2)ETo =

0.408�(Rn − G)+ γ 37
Thr+273

u2(e
o(Thr)− ea)

�+ γ (1+ 0.24u2)

(3)ea = e
o(Thr)

HRhr

100

(4)Ra =
24 · 60

π

Gscdr[(w2 − w1) sin (ϕ) sin (δ)+ cos (ϕ) cos (δ)sin(w1)]

(5)w1 = w −
π t1

24
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where:
w Sun angle when the midpoint of the considered period is reached [rad]
t1 Duration of the considered period, 1 for time periods
The procedure followed to calculate net radiation is the same as that for daily period, except for Eqs. 4, 5 and 6.
In this case, heat flux is not longer negligible. The G value, according to FAO-5615, can be reached during 

light periods by:

and for night periods:

With these changes in the expressions, the hourly ETo can be properly estimated. As it is now known which 
calculation procedure is to be used, it is possible to study how the web application works.

Web application.  This web application can be used with the link that follows: (http://​josem​iguel.​myqna​
pcloud.​com:​49169/​AgroC​limat​ic-​Evolu​tion/).

The AgroClimatic Evolution (v1.0), web application can be used in a PC or a mobile device (Android or IOS). 
As this web application is executed by means of a server, a web browser is necessary, and Chrome is recom-
mended. This tools’ operation is outlined in the figure below (Fig. 1).

Node-RED (https://​noder​ed.​org/) is the core of the web application’s operation. It is a programming tool 
designed to communicate with different hardware, simplifying the processes of sending and receiving informa-
tion as much as possible. It allows to connect different hardware devices, use APIs to perform communications, 
and connect with other services, in a very innovative and interesting way. The programming is visual, based on 
flows, so it does not require a very advanced level of programming.

Node-RED uses the "http request" node to request data from a specific weather station to the corresponding 
meteorological service. The data collected are: weather station, date, temperature, relative humidity, radiation, 
wind speed, wind direction and dew point temperature. This information is stored in the database, and php-
MyAdmin (https://​www.​phpmy​admin.​net/), which is a free open-source software tool, is used to manage and 
administer the database. Another Node-RED node is in charge of calculating the hourly or daily ETo values from 
the obtained meteorological data. This information is stored in the database. With the "uibuilder" node, the user 
interface interprets the information request made by the user, and extracts the appropriate information from 
the database to display it on the interface. This whole process works on the back-end.

The system is connected to different APIs and/or web services to acquire interesting weather data: (i) the API 
that OpenWeather (https://​openw​eathe​rmap.​org/) provides for weather forecasts; (ii) the API that the “Junta 
de Andalucía” (the Regional Government of Andalusia, Spain) provides for weather data; (iii) obtaining data 
from websites of SIAM (the Farming Information System of Murcia) and SIAR (the Agroclimate Information 
System for Irrigation) by scraping every 6 min (Table 1). The public stations used respect the WMO standards 
(World Meteorological Organization, https://​commu​nity.​wmo.​int/​stand​ards-​and-​requi​remen​ts-​clima​te-​obser​
vatio​ns), and its main characteristics of equipment and data management is described by María del Carmen 
Caro Vela from SIAR 17.

(6)w2 = w +
π t1

24

(7)Ghr = 0.1Rn

(8)Ghr = 0.5Rn

Figure 1.   Outline of how the AgroClimatic Evolution tool operates.

http://josemiguel.myqnapcloud.com:49169/AgroClimatic-Evolution/
http://josemiguel.myqnapcloud.com:49169/AgroClimatic-Evolution/
https://nodered.org/
https://www.phpmyadmin.net/
https://openweathermap.org/
https://community.wmo.int/standards-and-requirements-climate-observations
https://community.wmo.int/standards-and-requirements-climate-observations
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The data provided by all the stations are validated by applying filters at levels 0 and 1 as indicated in Standard 
UNE 500540:2004 “Automatic weather stations networks: Guidance for the validation of the weather data from 
the station networks. Real time validation”. At level 0, the structure of the data record is validated, i.e. that the 
number of data received is the same as the number of data expected, as well as the date and/or time, taking as 
invalid those that do not comply. Level 1 establishes the physical limits within which the different climate vari-
ables must move, beyond which data are considered null. Table 2 shows the physical and instrumental limits 
established by the UNE 500540:2004 standard. With the filtered data, and once the ETo calculations have been 
obtained, the user is provided with a comparison made with the raw data supplied by the public stations.

To validate the correct execution of the process of obtaining data from the meteorological services mentioned, 
the following test was carried out: a weather station was taken at random, during a randomly chosen month, and 
the data provided directly by the service were compared with those generated by the web application developed 
(Tables 3, 4, and 5).

To achieve an attractive and practical front-end, the information has been organised with HTML, CSS and 
JavaScript programming.

Results
The result of this work is a user interface which shows the information that users require and request. This 
information is taken from databases and the different APIs. The application’s interface is divided into different 
tabs as the following screenshots show. The Home Page offers general information about the tool (Fig. 2). The 
second tab shows the followed methodology described in the previous section (Fig. 3).

The third tab is Data, where various available parameters can be consulted (Fig. 4). Here the desired agro-
meteorological station can be selected by the interactive map on the left or by unfolding the menus on the right. 
After selecting a station, a table appears with basic and simplified information to learn the general details of 
what is selected. The map that opens was developed by a scalable vector graphics (SVG) editor. The advantage 
of using SVG is the scalability with which adjustments can be made in different sizes with-out losing properties. 
Different sections appear at the bottom of the screen to select the desired interval of dates and, for the Murcia 
Region (Spain), the option to consult the hourly ETo appears (Fig. 5).

Having selected the agrometeorological station and the desired intervals, a figure and a table appear with 
the requested data (Fig. 6). Moreover, the Data page also shows the weather forecast, plus further data from the 
selected station (Fig. 7).

The next tab of the web application is that of stations. It shows a picture gallery to know agrometeorological 
stations’ location (Fig. 8). An unfolding menu appears at the top with all the options of the available stations. 
When a station is selected, the related pictures are automatically obtained. The images available in the Murcia 
Region belong to the SIAM 13. The last tab that the web application offers is the Contact tab, with information 
about location, social networks and contact details. Finally, the web application is responsive and adapts to dif-
ferent devices.

With this study, what has been achieved is to unify valuable information for the farmer, in a responsive web 
tool, with user-friendly visualisation on both PC and mobile devices. It also allows the data to be integrated into 

Table 1.   Access to different APIs.

OpenWeather API call format
https://api.openweathermap.org/data/2.5/onecall?lat={lat}lon={lon}exclude={part}
appid={APIkey}

API Junta de Andalucía call format https://​www.​junta​deand​alucia.​es/​agric​ultur​aypes​ca/​ifapa/​riaws/​datos​diari​os/​force​Et0/​{codig​oProv​
incia​}/​{codig​oEsta​cion}/​{fhIni​cio}/​{fhFin​}}

SIAM and SIAR data acquisition By scraping

Table 2.   Physical limits of the different weather variables (UNE 500540:2004).

Weather variable Unit Range

Air temperature °C − 35/55

Relative humidity in air % 0/100

Wind speed m·s−1 0/75

Direction wind blows in Degrees 0/360

Pressure hPa 700/1080

Global solar radiation W·m−2 − 1/1400

Precipitation in 10 min mm 0/50

https://www.juntadeandalucia.es/agriculturaypesca/ifapa/riaws/datosdiarios/forceEt0/{codigoProvincia}/{codigoEstacion}/{fhInicio}/{fhFin}}
https://www.juntadeandalucia.es/agriculturaypesca/ifapa/riaws/datosdiarios/forceEt0/{codigoProvincia}/{codigoEstacion}/{fhInicio}/{fhFin}}
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the GENHIDRO platform, from which the fertigation system can be controlled, thus facilitating the farmer’s 
work. In current solutions, either a costly tool is available through private weather stations, or an obsolete public 
data tool is available, but which in no case allows interaction with the fertigation system.

Conclusions
The AgroClimatic Evolution web application considers developing irrigation management software with data 
collected from agrometeorological stations’ sensors provided or owned by different organizations. With the data 
offered by agrometeorological stations, an adaptive and responsive web application was developed for different 
kinds of devices that allows daily and hourly ET to be consulted for distinct stations. The intention of this tool is 
to improve irrigation management by making better use of water and suitably meeting crop needs by collecting 
and analyzing these data.

This can be achieved as follows: (i) the tool facilitates calculating the climate’s ET demand; (ii) by know-
ing crop coefficients, crop water requirements are estimated; (iii) by knowing crop irrigation needs, both the 
quantities of supplied water and CO2 flow rates from land can be reduced, which also helps to reduce the carbon 
footprint. By doing so, and following the agricultural policy proposals of the Council Commission and the 
European Parliament about the European Green Pact, whose aim is to pursue a climatically neutral Europe by 
2050, work will be done to help to fulfill this objective. With the developed web application, access can be gained 
to all information from any device in a much simpler and more practical way to consult ETo, weather forecasts 
and details about the selected stations.

Table 3.   Comparison of temperature data obtained by the AgroClimatic web application and by the 
Meteorological Data Service. WSD: Weather Service Data. ACED: AgroClimatic Evolution Data.

Date

Max. temperature (°C) Min. temperature (°C) Mean temperature (°C)

WSD ACED Error WSD ACED Error WSD ACED Error

04/10/2021 25.40 25.44 0% 17.30 17.26 0% 20.50 20.51 0%

05/10/2021 24.00 24.03 0% 15.90 15.87 0% 19.70 19.66 0%

06/10/2021 25.70 25.69 0% 15.30 15.26 0% 20.90 20.89 0%

07/10/2021 26.40 26.37 0% 17.50 17.52 0% 21.10 21.07 0%

08/10/2021 24.90 24.90 0% 17.70 17.66 0% 21.20 21.22 0%

09/10/2021 2500 24.96 0% 18.80 18.79 0% 21.50 21.47 0%

10/10/2021 25.90 25.90 0% 17.20 17.19 0% 21.30 21.33 0%

11/10/2021 27.10 27.10 0% 17.40 17.39 0% 21.90 21.87 0%

12/10/2021 25.60 25.63 0% 17.70 17.66 0% 21.10 21.10 0%

13/10/2021 24.20 24.17 0% 16.70 16.66 0% 19.70 19.67 0%

14/10/2021 24.40 24.43 0% 16.60 16.60 0% 20.10 20.07 0%

15/10/2021 24.70 24.70 0% 15.90 15.87 0% 19.60 19.58 0%

16/10/2021 23.30 23.30 0% 15.90 15.93 0% 19.50 19.54 0%

17/10/2021 24.80 24.84 0% 18.50 18.46 0% 20.80 20.77 0%

18/10/2021 25.00 24.97 0% 17.50 17.46 0% 20.60 20.59 0%

19/10/2021 26.00 25.97 0% 16.90 16.86 0% 20.90 20.90 0%

20/10/2021 24.40 24.43 0% 16.60 16.59 0% 20.30 20.32 0%

21/10/2021 22.60 22.63 0% 15.10 15.06 0% 18.70 18.69 0%

22/10/2021 23.90 23.90 0% 16.10 16.06 0% 19.40 19.37 0%

23/10/2021 23.70 23.70 0% 16.10 16.06 0% 19.40 19.37 0%

24/10/2021 23.40 23.38 0% 15.10 15.13 0% 18.50 18.51 0%

25/10/2021 22.60 22.63 0% 14.90 14.93 0% 18.40 18.37 0%

26/10/2021 24.00 24.04 0% 16.50 16.47 0% 19.50 19.45 0%

27/10/2021 24.60 24.63 0% 16.30 16.33 0% 19.40 19.42 0%

28/10/2021 22.80 22.76 0% 14.90 14.93 0% 17.90 17.93 0%

29/10/2021 21.30 21.25 0% 14.90 14.93 0% 18.40 18.40 0%

30/10/2021 22.60 22.64 0% 19.30 19.32 0% 20.30 20.34 0%

31/10/2021 21.10 21.11 0% 18.40 18.39 0% 19.80 19.84 0%
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Table 4.   Comparison for relative humidity and solar radiation data obtained by the AgroClimatic web 
application and by the Meteorological Data Service. RH: Relative Humidity. SR: Solar Radiation.

Date

Max. RH (%) Min. RH (%) Mean SR (W/m2)

WSD ACED Error (%) WSD ACED Error (%) WSD ACED Error (%)

04/10/2021 63.60 63.60 0 31.00 30.96 0 14.40 14.41 0

05/10/2021 72.30 72.30 0 41.10 41.11 0 18.90 18.90 0

06/10/2021 81.10 81.10 0 34.30 34.31 0 19.10 19.09 0

07/10/2021 81.80 81.80 0 48.60 48.56 0 18.50 18.54 0

08/10/2021 84.50 84.50 0 56.70 56.65 0 18.10 18.12 0

09/10/2021 85.00 85.00 0 56.20 56.22 0 16.10 16.05 0

10/10/2021 80.50 80.50 0 47.60 47.62 0 18.00 17.96 0

11/10/2021 70.30 70.30 0 37.20 37.22 0 16.20 16.21 0

12/10/2021 81.90 81.90 0 48.30 48.29 0 15.00 14.96 0

13/10/2021 83.10 83.10 0 52.20 52.23 0 13.60 13.55 0

14/10/2021 82.60 82.60 0 48.60 48.62 0 17.40 17.44 0

15/10/2021 77.50 77.50 0 38.80 38.76 0 16.90 16.87 0

16/10/2021 90.00 90.00 0 45.00 44.99 0 16.20 16.23 0

17/10/2021 93.40 93.40 0 54.00 53.97 0 15.70 15.68 0

18/10/2021 91.60 91.60 0 44.00 44.03 0 15.80 15.77 0

19/10/2021 78.40 78.40 0 43.00 43.02 0 16.30 16.32 0

20/10/2021 82.90 82.90 0 29.80 29.76 0 16.50 16.48 0

21/10/2021 94.90 94.90 0 41.20 41.18 0 15.60 15.64 0

22/10/2021 91.00 91.00 0 52.70 52.71 0 14.90 14.90 0

23/10/2021 80.10 80.10 0 39.70 39.70 0 14.70 14.73 0

24/10/2021 81.40 81.40 0 44.80 44.84 0 15.90 15.88 0

25/10/2021 82.70 82.70 0 50.50 50.45 0 13.90 13.86 0

26/10/2021 79.40 79.40 0 30.90 30.89 0 12.90 12.90 0

27/10/2021 75.70 75.70 0 43.10 43.11 0 12.90 12.86 0

28/10/2021 81.80 81.80 0 43.60 43.57 0 14.70 14.65 0

29/10/2021 82.70 82.70 0 50.70 50.65 0 11.00 11.02 0

30/10/2021 87.70 87.70 0 57.50 57.51 0 10.00 10.03 0

31/10/2021 99.90 99.90 0 74.30 74.30 0 13.30 13.32 0
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Table 5.   Comparison for wind speed and ETo data obtained by the AgroClimatic web application and by the 
Meteorological Data Service. WS: Wind Speed.

Date

Mean WS (m/s) ETo (mm/día)

WSD ACED Error (%) WSD ACED Error (%)

04/10/2021 1.10 1.11 1 3.1 3.14 1

05/10/2021 1.00 1.01 1 3.1 3.14 1

06/10/2021 0.60 0.62 3 2.9 2.93 1

07/10/2021 0.90 0.93 3 3.1 3.15 2

08/10/2021 0.90 0.91 1 2.9 2.95 2

09/10/2021 0.80 0.77 − 4 2.7 2.70 0

10/10/2021 1.40 1.45 4 3.3 3.33 1

11/10/2021 1.60 1.61 1 3.6 3.60 0

12/10/2021 1.10 1.06 − 4 2.8 2.78 − 1

13/10/2021 0.80 0.79 − 1 2.3 2.35 2

14/10/2021 1.00 1.01 1 2.8 2.82 1

15/10/2021 1.10 1.12 2 2.9 2.93 1

16/10/2021 1.10 1.06 − 4 2.6 2.63 1

17/10/2021 0.60 0.64 7 2.4 2.44 2

18/10/2021 1.10 1.13 3 2.7 2.74 1

19/10/2021 1.20 1.20 0 2.9 2.94 1

20/10/2021 1.50 1.49 − 1 3.1 3.13 1

21/10/2021 1.10 1.09 − 1 2.4 2.47 3

22/10/2021 1.20 1.17 − 3 2.4 2.45 2

23/10/2021 1.20 1.19 − 1 2.6 2.61 0

24/10/2021 1.20 1.24 3 2.6 2.61 0

25/10/2021 1.20 1.17 − 3 2.3 2.31 0

26/10/2021 1.30 1.27 -2 2.6 2.65 2

27/10/2021 1.30 1.33 2 2.6 2.61 0

28/10/2021 1.00 1.02 2 2.3 2.29 0

29/10/2021 2.00 2.00 0 2.4 2.39 0

30/10/2021 5.10 5.09 0 3.2 3.21 0

31/10/2021 5.00 5.04 1 2.1 2.15 2
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Figure 2.   View of the initial tab in (a) the web application and (b) the mobile device.

Figure 3.   View of the tab with information about the methodology followed in (a) the web application and (b) 
the mobile device.
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Figure 4.   View of the tab to access the area where the data on the web can be consulted.

Figure 5.   View of the hourly interval selection.
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Figure 6.   View of the Data tab as a graph and table in (a) the web application and (b) the mobile device.

Figure 7.   View of the weather forecast and data from the selected station in the (a) web application and (b) the 
mobile device.



12

Vol:.(1234567890)

Scientific Reports |         (2022) 12:6716  | https://doi.org/10.1038/s41598-022-10316-7

www.nature.com/scientificreports/

Received: 5 January 2022; Accepted: 29 March 2022

References
	 1.	 Bueno-Delgado, M. V., Melenchon-Ibarra, A. & Molina-Martinez, J. M. Software application for real-time ETo/ETccalculation 

through mobile devices. Precision Agric. 18, 1024–1037. https://​doi.​org/​10.​1007/​s11119-​017-​9525-6 (2017).
	 2.	 Bueno-Delgado, M. V., Molina-Martínez, J. M., Correoso-Campillo, R. & Pavón-Mariño, P. Ecofert: An Android application for 

the optimization of fertilizer cost in fertigation. Comput. Electron. Agric. 121, 32–42. https://​doi.​org/​10.​1016/j.​compag.​2015.​11.​
006 (2016).

	 3.	 Bueno Delgado, M. V., Madrid Paredes, M. & Molina Martínez, J. M. Software application for calculating solar radiation and 
equivalent evaporation in mobile devices. Agric. Water Manag. 151, 30–36. https://​doi.​org/​10.​1016/j.​agwat.​2014.​09.​012 (2015).

	 4.	 Pagán, F. J., Ferrández-Villena, M., Fernández-Pacheco, D. G., Rosillo, J. J. & Molina-Martínez, J. M. Optifer: An application to 
optimize fertiliser costs in fertigation. Agric. Water Manag. 151, 19–29. https://​doi.​org/​10.​1016/j.​agwat.​2014.​11.​007 (2015).

	 5.	 Sesma, J., Molina-Martínez, J. M., Cavas-Martínez, F. & Fernández-Pacheco, D. G. A mobile application to calculate optimum drip 
irrigation laterals. Agric. Water Manag. 151, 13–18. https://​doi.​org/​10.​1016/j.​agwat.​2014.​09.​026 (2015).

	 6.	 Vera-Repullo, J. A., Ruiz-Peñalver, L., Jiménez-Buendía, M., Rosillo, J. J. & Molina-Martínez, J. M. Software for the automatic 
control of irrigation using weighing-drainage lysimeters. Agric. Water Manag. 151, 4–12. https://​doi.​org/​10.​1016/j.​agwat.​2014.​
10.​021 (2015).

	 7.	 Esteve Bargués, J.; Antón Oller, R. El futuro del sector agrícola español. Claves para construir un sector sostenible económica, social 
y medioambientalmente. PWC y AEPLA: Madrid, 2019.

	 8.	 Pavón-Pulido, N., López-Riquelme, J. A., Torres, R., Morais, R. & Pastor, J. A. New trends in precision agriculture: a novel cloud-
based system for enabling data storage and agricultural task planning and automation. Precision Agric. 18, 1038–1068. https://​doi.​
org/​10.​1007/​s11119-​017-​9532-7 (2017).

	 9.	 Soler-Méndez, M. et al. Development of an algorithm for an automatic determination of the soil field capacity using of a portable 
weighing lysimeter. Sensors 21, 7203. https://​doi.​org/​10.​3390/​s2121​7203 (2021).

	10.	 Merino Labrador, F.A. In Un recurso finito, Forum calidad, 2018; Forum Calidad: pp 54–57.
	11.	 Soler-Méndez, M. et al. Standardization of the Dimensions of a Portable Weighing Lysimeter Designed to Be Applied to Vegetable 

Crops in Mediterranean Climates. Sustainability 13, 2210. https://​doi.​org/​10.​3390/​su130​42210 (2021).
	12.	 Sistema de Información AgroClimática para el Regadío. https://​eport​al.​mapa.​gob.​es/​websi​ar/​Inicio.​aspx (10/09/2021),
	13.	 Sistema de Información Agrario de Murcia. http://​siam.​imida.​es/​apex/f?​p=​101:1:​25131​67876​061341 (5/09/2021),
	14.	 Instituto Valenciano de Investigaciones Agrarias. http://​riegos.​ivia.​es/ (20/09/2021),
	15.	 FAO-56. Evapotranspiración del cultivo. Guías para la determinación de los requerimiento de agua de los cultivos. Food and Agri-

culture Organisation of the United Nations (FAO) and Mundi-Prensa Editions: Madrid, 2006.
	16.	 Zotarelli, L.; Dukes, M.D.; Romero, C.C.; Migliaccio, K.W.; Morgan, K.T. Step by step calculation of the Penman-Monteith Evapo-

transpiration (FAO-56 method). Institute of Food and Agricultural Sciences. University of Florida 2010. https://​www.​agrar​ia.​unirc.​
it/​docum​entaz​ione/​mater​iale_​didat​tico/​1462_​2016_​412_​24509.​pdf

	17.	 Caro Vela, M.d.C. Análisis de estaciones SIAR. Sistema de información agroclimática para el regadío. Características comunes con 
estaciones INM. http://​hdl.​handle.​net/​20.​500.​11765/​2312 (15/03/2022)

Author contributions
M.S.M., D.P.B. and R.B.B. wrote the main manuscript text and J.M.M.M. coordinated the whole project. All 
authors reviewed the manuscript.

Figure 8.   View of the Stations page in (a) the web application and (b) the mobile device.

https://doi.org/10.1007/s11119-017-9525-6
https://doi.org/10.1016/j.compag.2015.11.006
https://doi.org/10.1016/j.compag.2015.11.006
https://doi.org/10.1016/j.agwat.2014.09.012
https://doi.org/10.1016/j.agwat.2014.11.007
https://doi.org/10.1016/j.agwat.2014.09.026
https://doi.org/10.1016/j.agwat.2014.10.021
https://doi.org/10.1016/j.agwat.2014.10.021
https://doi.org/10.1007/s11119-017-9532-7
https://doi.org/10.1007/s11119-017-9532-7
https://doi.org/10.3390/s21217203
https://doi.org/10.3390/su13042210
https://eportal.mapa.gob.es/websiar/Inicio.aspx
http://siam.imida.es/apex/f?p=101:1:2513167876061341
http://riegos.ivia.es/
https://www.agraria.unirc.it/documentazione/materiale_didattico/1462_2016_412_24509.pdf
https://www.agraria.unirc.it/documentazione/materiale_didattico/1462_2016_412_24509.pdf
http://hdl.handle.net/20.500.11765/2312


13

Vol.:(0123456789)

Scientific Reports |         (2022) 12:6716  | https://doi.org/10.1038/s41598-022-10316-7

www.nature.com/scientificreports/

Funding
Research and Development Project within the framework of the Operational Group "Association for Efficient 
Management of Nutrients and Water Resources in the Agricultural Sector" (GENHIDRO), with NIF G05520937 
and NRUE 0161.2019.4.2018.00. E1, financed through the aid presented under the Order of 28 September 2018, 
of the Regional Ministry of Water, Agriculture, Livestock and Fisheries, which makes public the second call for 
aid for operations for the "Support for the creation and operation of operational groups of the European Innova-
tion Partnership for Agricultural Productivity and Sustainability", corresponding to measure 16.1 of the Rural 
Development Programme of the Region of Murcia 2014–2020.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to D.P.-B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Agroclimatic Evolution web application as a powerful solution for managing climate data
	Materials and methods
	Websites analysis. 
	Theorical background. 
	Web application. 

	Results
	Conclusions
	References


