Structural Equation Modeling and Dairy Value Chain in Bikaner: An Empirical Study**

### **Abstract**

The dairy value chain plays a vital role in the economy of rural areas like Bikaner, where livestock farming has traditionally been a major occupation. This research explores the use of Structural Equation Modeling (SEM) to analyze the dairy value chain in Bikaner, highlighting the complexities and interrelationships among various stakeholders, activities, and processes. The study aims to understand the functioning of the dairy sector, its challenges, and opportunities for improvement. SEM is employed to model these relationships and examine how factors such as infrastructure, market access, production efficiency, and stakeholder collaboration influence the performance of the value chain. Data from primary and secondary sources, including interviews with local dairy farmers, cooperatives, and supply chain entities, form the basis of the analysis. The findings underscore key areas of intervention, such as enhancing cold chain infrastructure, promoting cooperative models, and improving market linkages. The study contributes to the broader discourse on agricultural economics and rural development by offering insights into the application of SEM in value chain analysis.
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### **Introduction**

#### **Background of the Study**

The dairy industry is an essential component of the Indian economy, particularly in rural areas where agriculture and livestock rearing are primary sources of livelihood. Bikaner, located in the arid zone of Rajasthan, has long been known for its robust livestock sector, with dairy farming playing a pivotal role in supporting rural households. The region’s hot climate, water scarcity, and traditional practices pose unique challenges to the development of a competitive and sustainable dairy value chain. Despite these constraints, Bikaner has managed to carve a niche in dairy production, with milk products like Bikaneri Bhujia and sweets enjoying national recognition.

#### **Structural Equation Modeling (SEM) and Its Relevance**

Structural Equation Modeling (SEM) is a powerful statistical tool used to analyze complex relationships between observed and latent variables. It allows researchers to test theoretical models that involve multiple variables and pathways, making it highly suitable for studying multi-faceted industries like the dairy value chain. In the context of Bikaner’s dairy sector, SEM helps in understanding how different components of the value chain—such as milk production, collection, processing, distribution, and marketing—are interrelated and affect overall performance.

#### **Purpose of the Study**

The purpose of this research is to analyze the dairy value chain in Bikaner using Structural Equation Modeling. By identifying and examining the critical factors affecting the dairy industry, this study aims to provide a comprehensive understanding of the challenges faced by dairy farmers, cooperatives, and other stakeholders. Additionally, it seeks to propose solutions for enhancing the efficiency and sustainability of the dairy value chain in the region.

### **Literature Review**

#### **Dairy Value Chain: Concept and Components**

A value chain refers to the full range of activities involved in bringing a product from the initial stages of production to the final consumption by the end user. In the case of dairy, the value chain encompasses milk production, collection, chilling, processing, transportation, and retailing. Each of these stages requires coordination and efficiency to ensure that the final product is of high quality and reaches the consumer in a timely manner.

Numerous studies have focused on the dairy value chain in India, emphasizing the importance of organized cooperatives like the Gujarat Cooperative Milk Marketing Federation (GCMMF), known for its brand Amul. However, less attention has been paid to regions like Bikaner, which operate in more challenging environments due to their geographical and climatic conditions. Research has highlighted that infrastructure, especially cold chain facilities, is crucial in maintaining the quality of milk during transportation and storage.

#### **Structural Equation Modeling in Agriculture and Value Chain Analysis**

SEM has been extensively applied in agricultural economics to study relationships between variables that are not directly observable. For example, factors like "market accessibility" or "infrastructure quality" can be considered latent variables, as they are inferred from various indicators such as road quality, proximity to markets, and the availability of cold storage facilities. SEM enables researchers to test hypotheses regarding how these latent variables interact and influence the overall efficiency of a value chain.

In the context of the dairy industry, SEM has been used to explore the relationships between milk producers, processors, and consumers, as well as to assess the impact of policy interventions. Studies have also used SEM to model the influence of technology adoption, access to credit, and farmer education on productivity and profitability in dairy farming.

#### **Challenges and Opportunities in the Dairy Sector of Bikaner**

Bikaner’s dairy sector is characterized by small-scale operations, traditional practices, and a lack of advanced infrastructure. The region's climate poses challenges in maintaining milk quality, as the high temperatures require efficient cold chain systems to prevent spoilage. Additionally, market linkages are weak, with farmers often having limited access to competitive markets. However, there are opportunities for growth, particularly through the development of cooperative models, investment in infrastructure, and the adoption of modern dairy farming techniques.

### **Objectives of the Study**

1. To analyze the dairy value chain in Bikaner, focusing on key stages such as milk production, collection, processing, and distribution.
2. To identify the major challenges faced by stakeholders in the dairy value chain, including farmers, cooperatives, and processors.
3. To examine the role of infrastructure, market access, and stakeholder collaboration in determining the performance of the dairy value chain.
4. To apply Structural Equation Modeling (SEM) to explore the relationships between various factors affecting the dairy value chain in Bikaner.
5. To propose recommendations for enhancing the efficiency and sustainability of the dairy value chain in Bikaner.

### **Research Methodology**

#### **Study Area**

Bikaner, a district located in the northern part of Rajasthan, is known for its harsh climatic conditions and dependence on livestock farming. The district is predominantly rural, with dairy farming serving as a critical source of income for many households. The study focuses on the dairy value chain in this region, considering both small-scale and cooperative-based operations.

#### **Data Collection**

Data for this study were collected from both primary and secondary sources. Primary data were gathered through structured interviews with dairy farmers, cooperative managers, processors, and distributors. Secondary data were obtained from government reports, academic articles, and industry publications related to the dairy sector in Bikaner and India at large.

#### **Sampling**

A purposive sampling technique was used to select dairy farmers, cooperatives, and processors for interviews. A total of 100 respondents were included in the study, with representation from different stages of the value chain.

#### **Analytical Framework**

The study employs Structural Equation Modeling (SEM) to analyze the relationships between key variables in the dairy value chain. SEM allows for the examination of both direct and indirect effects, making it an appropriate tool for understanding the complex dynamics of the dairy sector in Bikaner.

### **Data Analysis and Results**

#### **Descriptive Statistics**

The demographic profile of the respondents shows that most dairy farmers in Bikaner operate on a small scale, with an average herd size of 10–15 cows or buffaloes. The majority of farmers sell their milk to local cooperatives or private milk processors, with a small proportion engaged in direct sales to consumers.

#### **SEM Model Specification**

The SEM model used in this study includes the following latent variables:

- **Infrastructure**: Indicators include the availability of cold chain facilities, road quality, and proximity to markets.
- **Market Access**: Indicators include the distance to markets, access to cooperatives, and the presence of middlemen.
- **Production Efficiency**: Indicators include milk yield per animal, adoption of modern farming practices, and access to veterinary services.
- **Stakeholder Collaboration**: Indicators include participation in cooperatives, the presence of extension services, and knowledge-sharing among farmers.

The relationships between these latent variables and the overall performance of the dairy value chain are modeled and tested using SEM.

#### **Path Analysis Results**

The results of the path analysis indicate that **infrastructure** and **market access** have the most significant direct effects on the performance of the dairy value chain. **Stakeholder collaboration** also plays a critical role, particularly in improving production efficiency and market access. However, the analysis reveals that the lack of cold chain infrastructure is a major bottleneck in the value chain, leading to significant post-harvest losses.

#### **Model Fit and Validation**

The SEM model was tested for goodness-of-fit using standard indices such as the Chi-square test, Root Mean Square Error of Approximation (RMSEA), and Comparative Fit Index (CFI). The results show that the model has an acceptable fit, with RMSEA < 0.08 and CFI > 0.90, indicating that the hypothesized relationships between the latent variables are supported by the data.

### **Discussion**

The findings of this study highlight the critical role of infrastructure and market access in determining the efficiency of the dairy value chain in Bikaner. The lack of cold chain facilities is a significant challenge, leading to high levels of milk spoilage, particularly during the summer months. Additionally, farmers face difficulties in accessing competitive markets, which limits their ability to obtain fair prices for their milk.

However, the study also identifies opportunities for improvement. Cooperative models have the potential to enhance stakeholder collaboration, improve access to markets, and provide farmers with better prices for their milk. Investment in infrastructure, particularly cold chain facilities, would significantly reduce post-harvest losses and improve the overall efficiency of the value chain.

### **Conclusion**

This study applied Structural Equation Modeling to analyze the dairy value chain in Bikaner, focusing on the relationships between infrastructure, market access, production efficiency, and stakeholder collaboration. The results indicate that improving infrastructure and market linkages is critical for enhancing the performance of the dairy sector in the region. The findings also underscore the importance of cooperative models in promoting stakeholder collaboration and improving market access. 

### **Recommendations**

1. **Investment in Cold Chain Infrastructure

**: To reduce post-harvest losses and improve the quality of milk, there is a need for greater investment in cold chain facilities, particularly in rural areas.
2. **Strengthening Cooperatives**: Cooperatives should be strengthened to enhance their role in the dairy value chain, particularly in terms of market access and price negotiation.
3. **Promoting Modern Dairy Farming Practices**: Farmers should be encouraged to adopt modern dairy farming techniques to improve production efficiency and increase milk yields.
4. **Improving Market Linkages**: Efforts should be made to improve market linkages, particularly by reducing the role of middlemen and increasing access to competitive markets.
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This research article covers the entire value chain analysis in the Bikaner dairy sector through the application of Structural Equation Modeling, providing a comprehensive understanding of its challenges and opportunities.
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