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Abstract---In comparison to other methodologies, Machine Learning 

has proven to be an effective tool for making reasonable predictions. 
Initially, a single machine learning model is used on data to make 

predictions; however, instead of using a single machine learning 

model, a collection of ML models is employed instead. Models can 

reduce prediction variance, bias, or both. The result provided will be 

more appealing and correct if appropriate features affecting the 
prediction values are supplied. This study presents a framework for 

selecting feature subsets using the L2 regularization feature selection 

technique. The study took into account 11 crops and 15 

characteristics from 300 districts across India. For predicting yield, 

basic learners' models such as Linear Regression, LASSO Regression, 

Decision Trees, Random Forests, Extreme Gradient Boosting 
(XGBoost), and Support Vector Machines are initially trained and 

tested. Base learners are used to create the stacking ensemble and the 

proposed optimum stacking ensemble. In terms of the performance 

measures employed, the proposed Optimized stacking ensemble 

shows approximately (MSE =6408, Accuracy=85%) outperforms the 
Normal stacking ensemble (MSE=8315, Accuracy=83%). 
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Introduction 

 

The Paper outlines study and implementation of different ML algorithms on 
variety of crops using variables which includes temperature, rainfall and different 

soil parameters for tentatively 300 districts of INDIA. The objective of paper is to 

suggest farmer what will be the tentative yield of crop. So, in first step base 

learner model is designed and applied and performance is measured. In step 2 

ensemble technique is applied and measured the performance. Step 3 Optimized 

ensemble is applied and performance metrics are calculated. Comparison of all 
the models depending on different parameters are carried out. The Paper is 

basically organized into four sections. Dataset and Data preprocessing is included 

in section 1. The ML methodologies and proposed stacking Ensemble technique 

are described in Section II. Section III is devoted for discussion of performance of 

models with the help of results obtained. To finish, the paper concludes with 
Section IV. 

 

Data set 

 

The dataset includes 15 features namely state, District, year, season, crop, 

temperature, rainfall, production, N, P, K, Ph, Fc, Oc, Zn. The dataset is having 
nearly 2 lakh records. The data is from year 1997 to 2014.The data is collected 

from government website. 

 

Table 1: Dataset resources 

 

Dataset resource Name Link Parameters 

Open Government Data 
Platform INDIA 

https://data.gov.in/   state, District, 
year, season, crop, 

state, District, year, 

season, crop 

Department of Agriculture, 

Cooperation and Farmer’s 

Welfare  

https://agricoop.nic.in/en  

N, P, K, Ph, Fc, Oc, 

Zn 

World Bank Group https://climateknowledgeportal.worldba
nk.org/download-data 

temperature, rainfall 
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Features Selection 

 

 
Figure 1: Feature Selection 

 

Machine learning Methodologies 

 

Model 1: Linear Regression Model 2: Lasso Regression Model 3: Decision Trees 

Model 4: Extreme Gradient Boosting (XGBoost) 
Model 5: Support Vector Machines with polynomial kernel Model 6: Random 

Forest Model 7: Stacking Ensemble Technique 

Model 8-: Proposed Stacking ensemble using L2 Regularization for feature 

selection 

 
Proposed research work 

 

The Proposed work uses L2 Regularization for feature selection, the predictions 

obtained by feature selection methods are compared to choose the best feature 

selection techniques and best prediction accuracy. Stacking ensemble with L2 

regularization applied. The proposed methodology used in this research paper is 
described in Fig. 5 

 

 
Equation 1: L2 regularization 

 

M= number of samples, P= Number of features, xij= ith sample jth feature, yi=target 

value for ith sample, wj=weight of jth feature input from previous layer, λ=It is 

regularization parameter used to control the selected values of w by optimization 

algorithm. The regularization parameter or penalty puts constraint on the 

coefficients (w). The penalty term (lambda) regularizes the coefficients such that if 

the coefficients take large values the optimization function is penalized. So, L2 

regularization or ridge regression shrinks the coefficients and it helps to reduce the 

model complexity and multi-collinearity. 
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Proposed Optimized stacking ensemble algorithm 

 

Input: Training data (X, Y). Trained base models: M1=M 6*20, M2=M 6*10 
Output: Trained meta learner, P 

1: For Layer 1 

2: Initialize x= [ ] 

3: for m in M1 do 

4: p = m. predict(X) 

5: x. append(p) 
6: end for 

7: Z-hat = x. L2 Regularization 

8: For Layer 2 

9: Input: [X, Z-hat] 

10: Initialize x1= [] 
11: For m in M2 do 

12: p = m. predict(Z-hat) 

13: x1.append(p) 

14: end for 

15: z1-hat:x1.L2 regularization 

17: Params= z1-hat.L2 Regularization parameters 
18: results = gridsearch. bestfit (x1, z1-hat, params) 

19: P= results. best_model 

20: return P 

Algorithm 1: stacking ensemble technique using L2 regularization 

 
Results 
 

Table 1: Comparison of performance evaluation of stacking ensemble with base 

model for wheat crop 

 

Models Mean absolute 
error 

Mean squared 
error 

Median absolute error Explain variance 
score 

R2 score 

Stacked 
ensemble 
Regression 

36125.70633 54787.3162 21440.69531 
 

0.93578 
 

0.93578 

Linear 
Regression 
 

58370.57949 
 

78868.06705 
 

41386.2901 
 

0.86692 
 

0.86692 

Lasso 
Regression 

58370.30866 78867.97076 
 

41386.0682 0.86692 0.86692 
 

Decision Tree 
Regression 
 

50847.20812 74986.08297 
 

30755.84722 0.87977 0.8797 
 

Random Forest 
Regression 
 

35561.24348 54152.06073 21779.544 0.89468 
 

0.88533 
 

 XGBoost 
Regression 

39693.18455 
 

56601.46108 25132.275 0.88709 
 

0.87785 
 

Support Vector 
Machines 
Regression 

164878.81372 224202.2027
3 

126421.57047 0.00447 
 

-0.07546 
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Prediction by Stacking Ensemble 

 

 
Graph 1: Predicted Versus Actual Values for stacked Ensemble 

 

Proposed Optimized stacking ensemble 
 

 
 

Graph 2: Predicted Versus Actual Values for Optimized stacked Ensemble 

 

Conclusion 
 

Tentative prediction of yield will help the farmer regarding decision about 

cultivation of crops. Different base models are used to create ensemble model. The 
optimized ensemble model using L2 regularization gives better performance 

compared to stacked ensemble. Comparison of results of different base models 

with proposed model is carried out in the study. The proposed optimized stacking 

ensemble model that tries to balance both bias and variance of predictions and 

applies functions to discover the optimal features to get improved predictions. The 
Proposed model gives 3% higher accuracy than normal stacking Ensemble 

technique. 
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