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सार — कृषि प्रबधंन और खाद्य सुरक्षा को बनाए रखने के लिए फसि की पदैावार का सटीक पवूाानमुान आवश्यक 

है।  यह अध्ययन गुजरात के प्रमखु गन्ना उत्पादक जजिे में गन्ने की पदैावार का एक मजबतू पवूाानमुान मॉडि 
षवकलसत करने के लिए मौसम संबधंी मापदंडों और मशीन िर्निंग तकनीकों का िाभ उठाता है।  यह अध्ययन गुजरात, 
भारत के चार जजिों (नवसारी, भरूच, सूरत और तापी) में गन्ने की पदैावार की भषवष्यवाणी के लिए स्टेपवाइज 
मल्टीपि िीर्नयर ररगे्रशन (SMLR) और तीन मशीन िर्निंग (ML) मॉडिों: "आर्टाफफलशयि न्यरूि नेटवका  (ANN)," 
"रैंडम फॉरेस्ट ररगे्रशन (RFR)," और "सपोटा वेक्टर ररगे्रशन (SVR)" के प्रदशान का मूल्यांकन करता है।  मॉडिों को 
प्रलशक्षक्षत और परीक्षक्षत करने के लिए ऐर्तहालसक पदैावार डेटा (2001-2019) और मौसम चर का उपयोग फकया गया था, 
जजसमें एक होल्डआउट डेटासेट (2020-2022) पर सत्यापन फकया गया था।  पररणाम इंगगत करते हैं फक ANN ने 
अगधकांश जजिों में अन्य मॉडिों से बेहतर प्रदशान फकया, जजससे न्यनूतम त्ररु्टयां और उच्चतम पवूाानमुान सटीकता प्राप्त 
हुई।  षवशेि रूप से, भरूच में, ANN ने 2491.28 टन/हेक्टेयर का RMSE और 3.57% का MAPE प्राप्त फकया;  सूरत 
में, RMSE 8139.02 टन/हेक्टेयर और MAPE 9.92% था; तापी में, RMSE 3630.44 टन/हेक्टेयर और MAPE 
4.43% था। नवसारी में भी मॉडि ने 5388.97 टन/हेक्टेयर के RMSE और 8.55% के MAPE के साथ अच्छा प्रदशान 
फकया।  SMLR ने नवसारी में मजबतू प्रदशान फकया िेफकन अन्य क्षेत्रों में इसे और अगधक अनकूुिन की आवश्यकता 
थी। RFR और SVR ने सूरत और तापी में महत्वपणूा त्ररु्टयों के साथ लमगित पररणाम र्दखाए, जो क्षेत्रीय 
पररवतानशीिता को दजा करने में चनुौर्तयों पर प्रकाश डािते हैं। षवशेिता महत्व षवश्िेिण (Feature importance 
analysis) से पता चिा फक मौसम संबधंी चर (Weather Variables), जसेै सापेक्षक्षक आर्द्ाता (Relative Humidity) 
और विाा (Rainfall), सभी जजिों में उपज पवूाानमुान के लिए सबसे महत्वपणूा पवूाानमुानक (Predictors) थ।े  अध्ययन 
इस बात पर बि देता है फक ररमोट सेंलसगं (Remote Sensing) डेटा को मौसम संबधंी चरों (Meteorological 
Variables) के साथ एकीकृत (Integrate) करने से मॉडि की सटीकता में उल्िेखनीय सुधार फकया जा सकता है, षवशेि 
रूप से SMLR (स्टेपवाइज़ मल्टीपि िीर्नयर ररगे्रशन) मॉडि के लिए। अध्ययन के अनसुार, भारूच (Bharuch), सूरत 
(Surat) और तापी (Tapi) जजिों में ANN (कृत्रत्रम तंत्रत्रका नेटवका ) गन्ने की उपज का पवूाानमुान िगाने के लिए अगधक 
उपयकु्त है, जबफक नवसारी (Navsari) जजिे के लिए SMLR अगधक उपयकु्त पाया गया।  ये र्नष्किा गन्ने की पदैावार 
के पवूाानमुान मॉडि में सुधार करने, र्टकाऊ कृषि प्रथाओ ंका समथान करने और संसाधन आवटंन तथा जोखखम प्रबधंन 
में नीर्त र्नमााताओ ंकी सहायता करने के लिए मूल्यवान अतंर्दाजष्ट प्रदान करते हैं। 

 

ABSTRACT. Accurate crop yield forecasting is essential for sustainable agricultural management and food 
security. This study leverages meteorological parameters and machine learning techniques to develop a robust yield 

prediction model for sugarcane in the major sugarcane growing district of Gujarat. This study evaluates the performance 

of Stepwise Multiple Linear Regression (SMLR) and three machine learning (ML) models: "Artificial Neural Networks 
(ANN)," "Random Forest Regression (RFR)," and "Support Vector Regression (SVR)" for predicting sugarcane yield in 

four districts of Gujarat, India (Navsari, Bharuch, Surat, and Tapi). Historical yield data (2001–2019) and weather 

variables were used to train and test the models, with validation performed on a holdout dataset (2020–2022). Results 
indicate that ANN outperformed other models in most districts, achieving the lowest errors and highest predictive 

accuracy. Specifically, in Bharuch, ANN achieved an RMSE of 2491.28 t/ha and MAPE of 3.57%; in Surat, the RMSE 

was 8139.02 t/ha and MAPE 9.92%; in Tapi, the RMSE was 3630.44 t/ha and MAPE 4.43%. In Navsari, the model also 
performed well with an RMSE of 5388.97 t/ha and MAPE of 8.55%. SMLR demonstrated strong performance in Navsari 
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but required further optimization in other regions. RFR and SVR showed mixed results, with significant errors in Surat 

and Tapi, highlighting challenges in capturing regional variability. Feature importance analysis revealed that weather 

variables, such as relative humidity and rainfall, were critical predictors across all districts. The study underscores the 
importance of integrating remote sensing data with meteorological variables to enhance model accuracy, particularly for 

SMLR. ANN is recommended for yield forecasting in Bharuch, Surat, and Tapi, while SMLR is suitable for Navsari. 

These findings provide valuable insights for improving sugarcane yield prediction models, supporting sustainable 
agricultural practices, and aiding policymakers in resource allocation and risk management. 
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1. Introduction 

 

Sugarcane (Saccharum officinarum) is a vital crop 

globally due to its widespread use in daily life and its 

economic importance in both dietary and industrial sectors 

(Zulu et al., 2019). India ranks as the world's second-

largest producer of sugar, following Brazil, and its sugar 

industry is also the country's second-biggest agro-

processing sector (Tyagi et al., 2023). With the population 

steadily growing, the demand for transportation has 

surged, leading to a rise in greenhouse gas emissions. 

Moreover, limitations in renewable energy production 

could pose challenges in meeting the energy needs of 

electric vehicles (Tarei et al., 2021). In response to these 

challenges, biofuels have gained attention as a sustainable 

alternative in the transport sector. The Indian government 

launched the National Policy on Biofuels in 2018, which 

permitted the utilization of sugarcane juice for ethanol 

production (Azad et al., 2024). As a result, sugarcane has 

become a key crop for both sugar and ethanol 

manufacturing. 

 

Sugarcane is a vital cash crop in South Gujarat, but 

its cultivation faces intertwined climatic, infrastructural, 

and socio-economic challenges. Despite high rainfall, 

uneven distribution, and poor drainage cause waterlogging 

in low-lying areas, while upland regions suffer from 

falling groundwater and unreliable canal irrigation. Small 

landholdings further hinder timely adoption of modern 

practices. Socio-economic issues also impact productivity-

farmers report low procurement rates by co-operative 

societies, high labour costs and shortages, dishonest 

weighing, and high transport costs. Delays in harvesting, 

late payments, lack of mechanization, and poor advisory 

services worsen the situation (Chaudhari and Trivedi, 

2023). In conclusion, farmers primarily face challenges 

related to low procurement prices, high labour costs, 

labour scarcity, and dishonest practices at the 

weighbridge. 

 

Crop yield forecasting is a crucial yet challenging 

task, especially in countries like India that experience 

unpredictable weather patterns (Paudel et al., 2021). 

Accurate mid-season yield prediction is essential for 

supporting farmers, policymakers, agronomists, and other 

stakeholders in the agricultural supply chain (Chipanshi et 

al., 2015). Several methods are employed for yield 

forecasting, including field surveys, crop simulation 

models (CSM), and empirical approaches such as 

regression models (Basso and Liu, 2019). Field surveys, 

though effective, are labor-intensive, time-consuming, and 

prone to errors due to inadequate sampling and reliance on 

farmers' responses. Empirical models establish statistical 

relationships between predictors and crop yield, while 

mechanistic models use equations to simulate crop growth 

based on environmental conditions (Dimov et al., 2022). 

However, the application of CSM on a regional scale is 

limited due to insufficient data and challenges in 

validating model outputs (Dhakar et al., 2022). Regression 

models, on the other hand, are widely used in agricultural 

monitoring due to their simplicity and lack of the complex 

calibration process required for mechanistic models 

(Lobell and Asseng, 2017; Mathieu and Aires, 2018). 

Additionally, advancements in remote sensing and 

machine learning are enhancing yield prediction accuracy 

by integrating satellite-derived data and climatic variables 

(Virani et al., 2024). 

 

Various empirical techniques have been 

implemented to enhance the accuracy of sugarcane yield 

estimation, showcasing significant progress in predictive 

modeling. SMLR has been effectively used to establish 

relationships between variables (Kumar et al., 2014; 

Dubey et al., 2018; Verma et al., 2020; Kumar et al., 

2022). SVR has gained recognition for managing 

nonlinear data patterns (Nihar et al., 2022; Abebe et al., 

2022). ANN have demonstrated the ability to capture 

intricate data patterns (Abebe et al., 2022; Krupavathi et 

al., 2022). RFR is widely acknowledged for its robustness 

and efficiency in handling large datasets (Singla et al., 

2020; Shendryk et al., 2021; Nihar et al., 2022). 

Moreover, Extreme Gradient Boosting (XGBoost) has 

emerged as a powerful technique for improving prediction 

accuracy (Nihar et al., 2022; Zhu et al., 2023). These 

diverse methodologies reflect ongoing advancements in 

improving the precision and reliability of sugarcane yield 

forecasting. 

 

2. Data and methodology   

 

2.1. Study area 

 

The key sugarcane-growing districts of South Gujarat 

were   selected   for   this   study   due   to   their  significant 


