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Appendix 1: P-value results of paired t-test (red quadrants mark statistically non-significant 

differences between variogram models with p>0.05) 

MAE Exponential Circular Spherical SuperSpherical 

Exponential         

Circular 8.2E-06       

Spherical 1.5E-06 2.7E-01     

SuperSpherical 1.3E-09 3.3E-01 5.2E-01   

ME Exponential Circular Spherical SuperSpherical 

Exponential         

Circular 8.7E-01       

Spherical 1.7E-01 5.9E-02     

SuperSpherical 4.7E-02 5.8E-02 6.1E-01   

r2 Exponential Circular Spherical SuperSpherical 

Exponential         

Circular 3.7E-10       

Spherical 1.8E-12 2.4E-01     

SuperSpherical 4.5E-01 6.0E-10 1.7E-11   

RMSE Exponential Circular Spherical SuperSpherical 

Exponential         

Circular 4.0E-05       

Spherical 7.7E-09 1.5E-01     

SuperSpherical 6.9E-01 7.6E-06 4.9E-10   
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Appendix 2: Spatial distribution of seasonal rainfall indices 
based on 20-year (1991-2010) averages  
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Appendix 3: Spatial distribution of seasonal rainfall indices 
based on 20-year (1991-2010) standard deviations (Std) 
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Appendix 4: Table of Pearson correlation coefficients (r) for simple linear regression (red quadrants mark strong correlations with 

r>0.5) 
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Appendix 5: Table of p-values for simple linear regression (red quadrants mark statistically significant relationships with p<0.01) 
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Appendix 6: Table of slope values for simple linear regression  
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Appendix 7: Table of r2 for simple linear regression (red quadrants mark strong absolute correlations with r2>0.25) 
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Appendix 8: Exploratory data analysis for the collection point dataset, with cotton yields in kg/ha 

and index units as given in Table 2 of the main document, section 4.4.2. 
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Appendix 9: Exploratory data analysis for the sector dataset (mean aggregations) , with cotton 

yields in kg/ha and index units as given in Table 2 of the main document, section 4.4.2. 
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Appendix 10: Exploratory data analysis for the sector dataset (median aggregations) , with cotton 

yields in kg/ha and index units as given in Table 2 of the main document, section 4.4.2. 
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Appendix 11: Linear regression for the collection point dataset, with cotton yields in kg/ha and 

index units as given in Table 2 of the main document, section 4.4.2. 
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Appendix 12: Linear regression for the sector dataset (mean aggregations) , with cotton yields in 

kg/ha and index units as given in Table 2 of the main document, section 4.4.2. 
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Appendix 13: Linear regression for the sector dataset (median aggregations) , with cotton yields 

in kg/ha and index units as given in Table 2 of the main document, section 4.4.2. 
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Appendix 14: Linear regression for the sector dataset using First Difference with temporal 

dimension (mean aggregations) , with cotton yields in kg/ha and index units as given in Table 2 

of the main document, section 4.4.2. 
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Appendix 15: Linear regression for the sector dataset using First Difference with temporal 

dimension (median aggregations) , with cotton yields in kg/ha and index units as given in Table 2 

of the main document, section 4.4.2. 
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Appendix 16: Correlations between indices for the collection point dataset (red quadrants mark 

statistically non-significant relationships with a correlation of r<0.01)
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Appendix 17: Correlations between indices for the sector dataset (red quadrants mark statistically 

non-significant relationships with a correlation of r<0.01)
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Appendix 18: Multiple linear regression for the collection point dataset (a) and the sector dataset 

(c-d), with cotton yields in kg/ha and index units as given in Table 2 of the main document, section 

4.4.2. (The plane represents all possible combinations of  the two independent index variables, 

showing how changes in these predictors affect the response in the dependent cotton variable.) 
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Appendix 19: Table of metrics for multiple linear regression 
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Appendix 20: Context of the internship 

This internship was proposed by the “Centre de coopération Internationale en Recherche 

Agronomique pour le Développement” (CIRAD), a public establishment founded in 1984 to 

promote sustainable development of tropical and Mediterranean regions. It was financed by the 

INNOVACC (“Innovation for Adaptation to Climate Change”) project, a major initiative in 

Cameroon which aims to strengthen the resilience of rural populations in the face of climate 

change, particularly in the North and Far North regions. This project is in the hands of CIRAD, as 

well as CIFOR-ICRAF, Energie pour le monde and IRAD, and financed by the European Union. 

This study is a contributing factor to the INNOVACC project, helping to understand and anticipate 

the impacts of climate change on cotton production by fitting historical rainfall and cotton data.  

The entirety of the internship, from February 2024 to August 2024, was based within the “Unité 

Mixte de Recherche Territoires, Environnement, Télédétection et Information Spatiale” (UMR 

TETIS) in Montpellier at the “Maison de la Télédétection”. a place dedicated to remote sensing 

and more broadly to spatial information. It brings together different research and training 

organizations in two UMRs, including TETIS. The UMR TETIS is a multidisciplinary research 

laboratory dedicated to exploring and developing the use of spatial information. Its objective is to 

better understand the complexity of territories, agro-ecosystems, and to support stakeholders in 

their decision-making.  

The internship was supervised by Jérémy LAVARENNE (CIRAD, researcher in agroclimatology 

and crop modeling), Ibrahim NJOUENWET (École Nationale Supérieure Polytechnique of the 

University of Yaoundé I, researcher in climatology), and Victor Hugo NENWALA (CIFOR-

ICRAF, doctoral student in geography).
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Appendix 21: Work organization 

 

The following succession of tasks was adapted: We started with a general familiarization with the subject and data, carrying out research 

to better understand the problematic and define the state of the art, as well as to prepare the data for effective usage. We then continued 

working with the rainfall data. To calculate the rainfall indices, we first applied a cross-validation method on our rainfall data to 

determine the best interpolation method and variogram model, Once found, the rainfall data was interpolated to create daily rainfall 

maps. These maps were then used to calculate the rainfall indices, producing yearly indices maps. At this point we made sure that the 

cotton data was correctly prepared to then determine the statistical relationships between cotton yields and rainfall indices by applying 

simple and multiple linear regression. Bibliographical research was carried out at the beginning of each new task, to better determine 

and understand the methodology used and its interpretation. In addition, towards the end, additional research was done, to underline our 

discussion.
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