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1 Introduction 
 

The configuration manual that offers a detailed guide for recreating the experiment setup and 

the findings of the research project on how the impact of historical weather data crop 

selection and fertilizer recommendations of the Indian cities using a machine learning 

stacking approach. Study evaluates the various machine learning models Random Forest, 

Decision Tree, K-Nearest Neighbours and MLP Classifiers. This manual contains all the 

technical information which will include the software, packages and modules along with 

version to ensure the consistent environment for the re-running the experiment. This set of 

instructions will help the user to configure the environment and conduct the case experiment 

and analyse the results. By using this handbook, the user can reproduce the experimental 

setup and can contribute to the understating and the improvement of the recommendation 

system for the real-word applications.   

  

2 Development Environment 
The development environment used for this research is the local windows operating systems 

with GPU. Both the hardware and the software specification details are mentioned below. 

The dataset used for the projects crop production statistics – India data, city-specific 

historical weather data, and records of fertilizers data. 

2.1 Hardware Specification 

• Processor: AMD Ryzen 7 5800HS 3.20 GHz 

• RAM: 16.0 GB (15.4 GB usable) 

• GPU – NIVIDA RTX 3050 

This above-mentioned Hardware Specs based Local System was used to create the 

environment, to re-run the setup it is not necessary to have the same specification to re-create 

the environment. 

2.2 Software Specification 

• Operating System: Windows 11 or any other operating system can be used. 

• Programming Language: Python version 3.11.5 
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Figure 1: Python Version 

 

• Integrated Development Environment (IDE): Jupyter Notebook 6.5.4 or higher 

version. 

 

 
Figure 2: Jupyter Notebook 

 

2.3 Python Libraries required 
 

Figure 3 display the list of the essential Python Libraries required for the execution of the 

code. This mentioned python libraries can be installed using the pip command. 

• Numpy 

• Pandas 

• Scikit-learn 

• Matplotlib 

• Seaborn 

• Pickle 

 
Figure 3 Libraries Used 

3 Data Source 
 

Total three dataset was used for this study. All the Dataset for this study is sourced from 

Kaggle Platform.  

 

• Crop Production Statistics – India Data: -
https://www.kaggle.com/datasets/nikhilmahajan29/crop-production-statistics-india   
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Figure 4 Crop Production Statistics – India Dataset 

 

• Historical Weather Dataset: - 

https://www.kaggle.com/datasets/hiteshsoneji/historical-weather-data-for-indian-

cities 

 
Figure 5 Historical Weather Dataset 

 

• Fertilizer Dataset: - 

    https://www.kaggle.com/datasets/gdabhishek/fertilizer-prediction- Kaggle 

 
Figure 6 Fertilizer Dataset 

 

4 Project Code Files 
 

Four Jupyter Notebook Code Files were used in this study.  

 

• Final Data Set 1 Cleaning – This File contains the code of the Data Cleaning Process 

of the Crop Production Statistics – India Dataset. 

 

• Final Data Set 2 Cleaning – This File contains the code of the Data Cleaning Process 

of the Historical Weather Dataset. 
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• Final Data Set 3 Cleaning – This File contains the code of Data Cleaning Process of 

the Fertilizer Dataset. 

 

• Model Creation Final – This File contains the code of the Merging of the three data, 

Model Creation and Evaluation. 

 

 
 

Figure 7 Jupyter Notebook Files  

5 Data Preparation  

5.1 Extracting Data: 
 

Extracting the Data from the CSV file (Final Data Set 1, 2, 3 notebook files) 

   

 

 

 

Figure 8: Extracting Data from CSV File 

 

5.2 Data Pre-Processing: 

Checking for the missing data and performing the cleaning process, data transformation, data 

reduction and feature engineering and merging dataset. (Final Data Set 1, 2, 3 Notebook files) 
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Figure 9: Data Pre-Processing Flowchart   

 

 

 
Figure 10: Checking Missing Values 

 

• Cluster Interpolation 

            Cluster Interpolation technique was used for the Production Column. (Final Data Set    

            1 Notebook File) 

 

 

 
Figure 11: Applying Cluster Interpolation  

 

• Datatype Conversion  

               The below image shows the process of the Data Type Conversion. (Final Data Set 1,  

            2, 3 Notebook files)   
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Figure 12: Converting date datatype 

 

• Stripping Negative Space  

               The below image shows the process of the Stripping the whitespace in the column   

           names. (Final Data Set 1, 2, 3 Notebook files)  

 

 
Figure 13: Stripping Space in the Column  

 

• Data Labelling   

            The below image shows the process of the data labelling of the Crop Dataset. (Final  

            Dataset 1 Notebook File) 

  

 

 
Figure 14: Data Label Correction  
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• Feature Extraction   

            The below image shows the process of creation of new seasonal feature (Final  

            Dataset 2 Notebook File) 

 

 
 

Figure 15: Extracting Year, Month from Data Time Column 

 

 
 

Figure 16: Creating New Feature Season based on the months and Grouping the Season Data 

 

 
 

Figure 17: Combining the Group Data of the Season 

 

• Merging the Dataset  

Merging the Crop Production Data with the Weather Data using the common key 

columns ‘Year’, ‘City’, and ‘Season’ and then this merged data frame is merged with 

fertilizer data using the ‘City’ key column. (Model Creation Final Notebook File) 

 

 

 
Figure 18: Merging the Dataset 
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• Outliers Removal 

Outliers in the data was removed using the Interquartile Range. 

 

 
Figure 19: Removing the Outliers using the IQR 

 

• Label Encoding 

Label Encoding is applied to the Categorical Columns. 

 

  
Figure 20: Applying Label Encoding 

 

• Standardizing Features 

 

 
 Figure 21: Standardizing Features 

 

• Feature Selection 

Recursive Feature Elimination is used to extract the Features.  

 

 
Figure 22: Feature Selection using the Recursive Feature Elimination  

 

 

6 Exploratory data analysis 
 

This section is about the exploratory data analysis of the Crop Production, Weather Data and 

Fertilizer Data and Merged Data (Final Data Set 1, 2, 3 and Model Creation Final Notebook 

files). 
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Figure 23: Total Crop Production Over the Years  
 

 
 

Figure 24: Histogram of the Max Temperature  

 

 
 

Figure 25: Nutrient Content of the Fertilizer 

 

 

 
 

Figure 26: Count of the Cities  
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Figure 27: Different Types of EDA Graph 

 

 

7 Model Building 
 

This Section is the overview of splitting the data, model creation of the Individual and the 

Stacked Models, Evaluation Metrics. 

• Splitting the Data 

 

 
Figure 28: Dataset Splitting 

 

• Model Initialization  

 

 
 Figure 29: Initializing the models 
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• Individual Model Training  

 

 
Figure 30: Training the Individual Models for Stacking 

 

• Creation of the Meta Model 

 

 
Figure 31: Creation of the Meta Model 

 

• Model Evaluation  

 

 
Figure 32: Model Evaluation 

 

• Prediction of the Individual model and Evaluation of Crop and Fertilizer 
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Figure 33: Training the Prediction individual models and Evaluation for the Crop 

Recommendation 

 

 

 

  
Figure 34: Training and Prediction the individual models and Evaluation for the Fertilizer 

Recommendation 

 

• Stacking Base Model Prediction  

 

 
Figure 35: Prediction of the Base Models 
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• Stacking Meta Model Prediction of Crop and Fertilizer  

 

 

 

 

 
Figure 36: Stacking Model of Crop and Fertilizer Recommendation 

• Hyperparameter Tuning  

 

  
Figure 37: Hyperparameter Tunning  

 

• Stacking the Model of the Crop and Fertilizer with the Hyperparameter 

Tunning        
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Figure 38: Stacking Model of Crop and Fertilizer Recommendation with Hyperparameter 

Tunning 

 

 

 

 

 

 

 

 

 

 
 
 
 

 


