
Improved prediction of olive crop yield using satellite imagery

GEOProcessing 2024

M. Isabel Ramos
Dept. Cartographic Enginering, 
Geodesy and Photogrammetry

University of Jaen (Spain)
miramos@ujaen.es

Lidia M. Ortega
Dept. Computer Science
University of Jaen

Ángel Calle
Researcher hired in project
PREDIC I-GOPO-JA-20-0006
University of Jaen

Ruth M. Córdoba
Researcher hired in project
PREDIC I-GOPO-JA-20-0006
University of Jaen

Juan J. Cubillas
Dept. Information and 
Communication
Technologies Applied to
Education
International University of 
La Rioja



Improved prediction of olive crop yield using satellite imagery

GEOProcessing 2024

M. Isabel Ramos
Dept. Cartographic Enginering, Geodesy and Photogrammetry

University of Jaen (Spain)
miramos@ujaen.es

PhD in Geodesy and Cartography Engineering in 2008, University of Jaén. Teaching in this University
since 1999. Senior Lecturer since 2019. In 2015, Extraordinary PhD Award. PhD thesis dealt with
application of GNSS to olive grove environment. Additionally, her experience with the analysis of
spatial data, geodatabase and high precision positioning techniques has allowed her to collaborate
in multidisciplinary researches teams and she has lead several projects. Research interests focus on
the integration of geomatics technologies in environmental applications, mainly in agriculture.
Specially on analysis of geospatial data, remote sensing with UAV, GNSS and spatial data mining.



GEOProcessing 2024

Motivation of the research

Ramos et. al. 2024.- Improved prediction of olive crop yield using satellite imagery

Agriculture is one of the strategic economic and social sectors in Spain 

Notas del ponente
Notas de la presentación
In Spain, agriculture a fundamental sector on which the development of other sectors depends. However, there are many factors that influence its performance, some of them depend on the farmer himself, but others, such as the effects of climate change, are beyond the farmer's reach. 

 Therefore it is not always easy to predict crop yields, especially at an early stage, i.e. before any investment for the new cropping season. A case example is presented here in an olive orchard in Andalusia (Spain). 

Good crops are a fundamental objective for farmers, but also for oil mills, distribution and insurance companies, as well as the agri-food industry. Early crop prediction is very important to know the future behavior of the markets and it can be considered a hot topic in the scientific literature.

In this sense, the aim of our research is to analyse the most influential predictor variables in an early crop prediction model and the contribution, in this case, of data from satellite images.
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Early prediction of crop yield

Notas del ponente
Notas de la presentación
The productivity of crops, including the olive groves depends on various factors such as soil fertility, weather condition, the type of tillage performed and also the amount of crop yield of the last year. Some of these factors are controllable by the farmer, but others cannot be acted upon directly. This is the case of the climatic conditions of recent years, which are considered to be the main determining factors for the drop of more than half in production in the last two seasons.

In olive growing, early prediction is considered to be  what precedes pollination, that is, in the months of February and March (here in Spain). In the particular case of the olive grove, most of the work in the literature focuses on the study of physical measurable variables such as the amount of pollen in the air, vegetative indices that indicate plant health, or rainfall maps. However, this prediction is considered late prediction, since these variables are captured in springtime between April and May, when there are already other visible features that allow agricultural technicians to predict how abundant the next harvest will be.
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Objetive

Early prediction of crop yield

Notas del ponente
Notas de la presentación
The aim of this work is to generate an early predictive model of the harvest quantity of olive fruit, our target. For this purpose, ML algorithms are applied using variables from different sources. Although not all the factors that will affect the next harvest are known at this time, it would be advisable to anticipate what the general trend will be if other negative factors do not intervene. In any case, this prediction model will be fed with different variables as the seasons progress in order to better adjust to the time of harvest. The current state of the work is in the analysis of the predictor variables used. At this phase the aim is to determine which are the most influential and to discard those that do not have a significant influence or introduce noise. In this sense, it is observed that the integration of variables from satellite imaginary improves the predictive error so far.
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Methodology

Research Area

Notas del ponente
Notas de la presentación
The study area covers all the municipalities of the province of Ja´en, located in Andalusia, southern Spain. This province characterized by diverse topographies ranging from mountainous areas to wide valleys. In total, it has 97 municipalities (see Figure 1). The climate is Mediterranean, with partial variations depending on the configuration of the terrain and the proximity to the Guadalquivir River, which
flows through the province. The average annual temperature varies between 15-17 °C, with marked differences in temperature between day and night, especially in areas close to the river. Rainfall, around 500 mm, is mainly concentrated in the coldest period of the year, although this pattern varies according to the geography of each area.
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Methodology

Dataset

Nº Pesada Fecha Rendimiento Kgs Pesada
197 26-dic 17,89 1.054
289 27-dic 17,94 1.323
368 28-dic 17,99 1.168
425 29-dic 14,77 1.343
515 30-dic 18,43 1.590
597 31-dic 17,21 2.241

1666 03-ene 18,39 1.208
666 04-ene 14,5 1.791
735 05-ene 15,92 1.322
833 06-ene 16,85 2.151

Notas del ponente
Notas de la presentación
At the core of any predictive analysis is reliable data to ensure an accurate prediction. Here, data comes from official sources and entities, which supports its reliability. Examples of these data sources are: the Area of the Central Registry of Cartography of the National Geographic Institute of Spain which has provided the municipality boundary files, or the State Meteorological Agency (AEMET), dependent
on the Spanish Government, meteorological data have been obtained. To achieve accurate results, some pre-processing is often necessary, such as outlier cleaning, data cleaning, categorization and normalization of information, among other steps.

For the research, influential data that do not conform to a recognizable yearly pattern are employed as training data. Therefore, environmental and meteorological variables are considered, as well as variables that indicated the state of the crop during the crucial seasons.
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Methodology

Dataset

Nº Pesada Fecha Rendimiento Kgs Pesada
197 26-dic 17,89 1.054
289 27-dic 17,94 1.323
368 28-dic 17,99 1.168
425 29-dic 14,77 1.343
515 30-dic 18,43 1.590
597 31-dic 17,21 2.241

1666 03-ene 18,39 1.208
666 04-ene 14,5 1.791
735 05-ene 15,92 1.322
833 06-ene 16,85 2.151

Notas del ponente
Notas de la presentación
In short, the predictive variables used are:

Olive crop yield data from each municipality/year. The training data contain a total of eight years. 
Weather information from official weather stations. The Regional Government of Andalusia publishes annual olive crop yield data at different levels of aggregation. In this sense, from weather stations are used rainfall data. 
Satellite data. Taking into account the information to be obtained, the choice of satellite type becomes a critical decision. Consequently, different satellites are used to acquire data related to different fields, as it is temperature or precipitations.
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Methodology

Modelling process

The methodology followed consists of the following phases:

(1) The understanding of the data, identify the information it provides, the format and the 
meaning of the values; 

(2) Its acquisition and preparation process, Once captured, the data requires prior preparation 
before being inserted into ML models, some require categorisation, others labelling, 
detection of outliers, null values, etc.; (SVM and MDL algorithms).

(3) The generation of the predictive models using different algorithms (SVM, NN) and, finally,

(4) The validation or analysis of the accuracy obtained, in this sense the k-fold cross validation     
technique was used to evaluate results in statistical analyses. The output data of the model is 
the amount of olive harvest (the number of Kg of olives). This information is collected for each 
campaign and for each one of all the province municipalities.

Notas del ponente
Notas de la presentación
The methodology followed consists of the following phases:

The understanding of the data, identify the information it provides, the format and the meaning of the values; 

(2) Its acquisition and preparation process, Once captured, the data requires prior preparation before being inserted into ML models, some require categorisation, others labelling, detection of outliers, null values, etc.; Classification algorithm is used for this purpose because these anomalies can be considered as a particular case of classification. Specifically, in this phase, the algorithm used has been the Support Vector Machine (SVM) algorithm.

(3) The generation of the predictive models using different algorithms and, finally,
(4) The validation or analysis of the accuracy obtained, in this sense the k-fold cross validation technique was used to evaluate results in statistical analyses.
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Results

A. Predictive models using only 
weather station data

B. Predictive models using 
satellite imagery data

Notas del ponente
Notas de la presentación
The first results of this research are the analysis of the contribution of the use of satellite imagery to improve predictive models. We first analyze the results considering only the data from meteorological stations and then we analyze the improvement that the incorporation of satellite images entails.
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Results

A. Predictive models using only 
weather station data

B. Predictive models using 
satellite imagery data

MODIS
ERAS5
SENTINEL-2

Notas del ponente
Notas de la presentación
The advantage of using weather stations is that they are daily data from stations maintained by official agencies. However, in this case, the particular disadvantage is the level of aggregation we are using and the distance between stations. Figure 2 shows the network of meteorological stations in Ja´en. Nevertheless, we do this analysis to see to what extent satellite imagery can overcome this drawback Municipalities, which have a station nearby, provide reliable rainfall data.

Temperature is monitored using MODIS constellation, given that it has spectral bands that allow the detection of surface temperature (see Figure 3). Finally, for rainfall information, we use ECMWF data, based on Copernicus satellite images and Google information. Specifically, ERAS5 (Earth Climate Reanalysis) project.

Table shows the mean absolute errors of the predictive models using different combinations of variables. These first tests confirm that, in general, data from weather stations can be substituted by satellite data in those areas far away from a station.
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Conclusions

• This study presents a workflow methodology describing the steps followed in the analysis of the 
predictive calculation of olive crop yield at an early stage. 

• The novelty of the work is how early, within the agricultural year, it makes the crop prediction. Just 
before the investment of resources begins, when there is still no visible or measurable sign of pollen or 
the beginning of fruit. 

• The integration of satellite imagery into the model improves crop yield prediction. This is due to the 
fact that a better diagnosis of the state of the satellite imagery can overcome this drawback weather 
next to the area studied contributes to a good early prediction of its production. 

• Satellite images have been fundamental in order to have sufficient temporality covering all the 
municipalities in the province of Jaen. 

• The methodology developed is applicable to future works at different spatial scales, even at local or 
farm detail level. 

• The short-term future development of this work includes the generation of an intelligent system in 
which the variables obtained from the satellite images are extracted automatically as well as the 
downloading of the meteorological values from web services. Thus, a non-expert user will be able to 
use the system by simply inserting the harvest values of the farm or the area under study.

Notas del ponente
Notas de la presentación
The short-term future development of this work includes the generation of an intelligent system in which the variables obtained from the satellite images are extracted automatically as well as the downloading of the meteorological values from web services. Thus, a non-expert user will be able to use the system by simply inserting the harvest values of the farm or the area under study.
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