


Trend Analysis of Wheat Prices and the Influence of Meteorological Factors on wheat price in Birbhum District


Abstract
Agricultural price instability remains a major concern for farmers, market participants, and policymakers. This research examines the trends in wheat prices within Birbhum district of West Bengal, alongside the potential effects of meteorological factors such as temperature, rainfall, and humidity on these price movements. This study is based on weather affects wheat prices, using data from January 2018 to December 2023. Rainfall and minimum temperature strongly change wheat prices, with p-values of 0.028 and 0.015. Maximum temperature matters less, with a p-value of 0.087. All together, weather explains 8.6% of price changes (R² = 0.086), and the adjusted R² is 0.046, other changes due to arrival and policy changes in wheat market. The BDS test (p = 0.001) shows some tricky patterns, and the Mann-Kendall test (p = 2.2E-16) says there’s a clear trend over time. Basically, more rain and cooler nights move wheat prices, but other things do too. This shows weather is important for wheat price fluctuation. As climate change intensifies, understanding such climate-market interactions becomes essential to maintaining food security and stabilizing rural economies.
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By integrating historical market data with regional weather records, the study seeks to identify meaningful patterns and relationships that shed light on both short-term fluctuations and long-term trends in wheat pricing. The study shows that rainfall and minimum temperature have more impact in the price fluctuation than the other factors. It highlighted the variations in climatic conditions can influence agricultural markets, offering valuable direction for adaptive planning and policy-making. As climate change intensifies, understanding such climate-market interactions becomes essential to maintaining food security and stabilizing rural economies.

Introduction
Agriculture forms the backbone of India’s rural economy, particularly in districts like Birbhum in West Bengal, where a large proportion of the population is engaged in farming activities. Among the essential food grains, wheat plays a crucial role in securing household nutrition and supporting rural incomes. Nevertheless, the prices of wheat tend to vary widely, influenced by a combination of market forces and environmental conditions.
Among environmental factors, climatic elements such as temperature, rainfall, and humidity significantly influence agricultural yields. These variables impact each stage of crop development from sowing to harvest and any deviation from optimal weather conditions can lead to reduced productivity. Such disruptions often affect market supply, thereby contributing to price fluctuations. With climate change causing greater unpredictability in weather patterns, there is a growing need to understand how these changes influence crop pricing in localized settings.
While existing studies have examined the influence of weather variability on agricultural output and pricing, most focus on broader regions or national trends. For example, research by Lobell and Field (2007) reported global evidence linking climatic shifts to crop yield reductions. Indian studies, such as those by Saini et al. (2019) and Tripathi & Mishra (2020), have also pointed out how erratic rainfall and rising temperatures are increasingly shaping agricultural markets. However, in-depth analyses at the district level particularly those combining price data with local meteorological records remain relatively scarce.
To address this gap, the present study investigates wheat price movements in the Birbhum district over a defined time period, while also examining the impact of three key weather parameters: temperature, precipitation, and humidity. The study uses two analytical methods to achieve its objectives.
 Mann-Kendall test was widely recognized non-parametric tool for identifying trends in time-series data. This method is particularly useful for analyzing environmental and economic data that may not conform to normal distributions. It helps determine whether there is a consistent upward or downward trend in wheat prices over time. To identify the most influential weather variables affecting price, the study uses stepwise multiple regression analysis. This statistical approach allows for the systematic inclusion or exclusion of variables based on their explanatory power. By using criteria such as p-values or information criteria, the method ensures that the final model highlights the most statistically significant meteorological factors.
Through this approach, the study seeks to provide a clearer picture of the relationship between climate variability and agricultural pricing at the micro level. The insights gained may support local policymakers, farmers, and planners in designing climate-resilient agricultural strategies and managing price risks more effectively.
Materials and Methodology
Data collection: Monthly data on wheat prices and market arrivals in Birbhum district were obtained from the AGMARKNET website for the period spanning January 2018 to December 2023. This dataset was used to analyze temporal price trends in the region. In parallel, weather-related variables—including minimum and maximum temperatures, relative humidity (RH), and rainfall—were collected from the NASA POWER database for the same timeframe. These meteorological indicators were then examined to assess their influence on wheat price fluctuations during the study period.
Trend Analysis
Mann Kandall Test
Various statistical tests are used for thought (Spearman Neumann, Cramer, Pearson, Buishand, rank statistic, Pettit, Standard normal homogeneity test [SNHT]), but it is considered that Mann Kendall Statistical test is best for the analysis of climatic changes and predict of the abrupt shifts in climatic statistic. It is the most common non-parametric test used in this area. To determine the strength of a trend, Sen’s Slope Estimator is used alongside the Mann-Kendall test, which is widely applied in climate studies for detecting significant trends in meteorological data. The Mann-Kendall test analyzes data in chronological order and calculates the sign of differences between data pairs to assess whether a consistent upward or downward trend exists.
In this analysis, the Mann-Kendall test was applied to identify significant trends in climatic indicators. The MK test works by ordering the data in time sequence and calculating the sign function (sgn) for the difference between each pair of successive observations. The sum of these signs provides a test statistic that is used to determine the presence and direction of a trend.
The results of sgn will be in the values 1, 0, or –1 according to the significance of 
Where, j >i, the formula is computed as:

Where,  are the sequential rainfall or temperature or humidity values in months j and i (j>i) respectively and a positive value is an indicator of increasing (upward) trend, and when an indicator is of decreasing (downward) trend, it is a negative value. It can be considered that  present monthly data points, where  represents the data point at time j. Then the Mann-Kendall statistics (S) is defined as the total number of positive contrasts minus the number of negative contrasts as expressed in the following formula:

The value of ‘S’ determines whether the trend is positive or negative; when it is high or low and the probability associated is needful to calculate with ‘S’ and the sample size ‘n’. Normal approximations to the Mann-Kendall test may be used with significance of the trend for a. For this, the variance of S (Var S) when sample size > 10 is calculated as:

𝑔 = 1, 2,…, m
where 𝑉𝑎𝑟(𝑆) is the variance of statistics Mann-Kendall; ‘M’ can be interpreted as the number of data that has the same value (tied group) and ‘n’ as the sum of available data, also ‘’ is the sum of the data points in the gth group. ‘Z’(standardized test statistic) is calculated as:

There are many values of ‘Z’ (1.645, 1.960, 2.576) used to determine the significance level of 10, 5 and 1 per cent respectively. Z-score follows a standard normal distribution and when the statistical significance is increasing or decreasing trend of temperature, humidity and average rainfall values, it is better to use. Generally, if the result is founded to be more than, it will be significant trend, where ‘a’ is significance level of testing, then the trend is an upward or a downward monotone (a two-tailed test).
Multiple Linear Regression Model:
Multiple linear regression analysis simultaneously includes several independent parameters to predict a dependent parameter's significance (Snedecor & Cochran, 1967). In the study, the dependent variable was the yield, and the independent variables were weather parameters. The multiple linear regression equation was used to model the relationship, and the generalized form of the regression model is provided below.

Where:
Y = Dependent variable.
= Intercept.
= regression coefficient of ith independent parameters, (i = 1, 2,..., n).
ε= error term.
= ith weather parameter.
To identify the significant parameters for predicting the dependent parameter based on the independent parameters, multiple linear regression analysis was used.
Results and Discussion
The trend analysis of wheat price in Birbhum districts revealed significant price variation.
 Trend analysis of Wheat price in Birbhum District
The BDS test (p-value = 0.001) confirms a high degree of non-linearity in wheat price trends in Birbhum district. To analyze the price trend, the Mann-Kendall test was applied. The Kendall’s tau coefficient (0.618) with a p-value of 2.2e-16 indicates a statistically significant positive trend in wheat prices over time. This suggests that wheat prices in the district have been consistently increasing (shown in figure 1.), highlighting the need for advanced forecasting models to capture both trend and nonlinear patterns effectively.
Table 1. BDS and MK test of Wheat price in Birbhum District
	Test
	Coefficient
	P-Value

	BDS Test
	207.93
	0.001

	Mk Test
	0.618
	2.2E-16
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Figure  1. Wheat Price Trend in Birbhum District
Multiple regression of weather parameters along with arrival quantity and price
The study used multiple linear regression to establish the effect of Rainfall, Minimum Temperature (T.min), and Maximum Temperature (T.max) on crop arrival. The results indicate that these climatic factors have a differential effect on arrival patterns. Table 2 indicates a statistically significant and negative relationship between rainfall and arrival (β = -76.12, p = 0.028), suggesting that an increase in rainfall is associated with a reduction in arrivals, because excess moisture causes damage to crops during the times of harvesting, leading to spoilage or loss of quality, which reduces the amount of wheat reaching the market. The reduction in arrivals can result in a shortage of supply, indirectly increasing wheat price in Birbhum district. Minimum Temperature has a significant and positive effect on arrival (β = 57.66, p = 0.015), suggesting that warmer nights promote favorable growth, especially during the grain-filling phase of wheat. Unchanging minimum temperatures during growth can increase plant metabolic activity, speeding up crop development and greater yields. Consequently, more grain is available for distribution to the market, leading to greater arrivals and potentially reducing wheat prices in the district. Maximum Temperature has a negative impact (β = -35.09, p = 0.087), though non-significant. It indicates that high temperatures will likely negatively influence wheat production by increasing moisture loss and subjecting crops to stress, especially during flowering and grain-filling phases. This stress is likely to reduce yields and lower harvests thus, potentially produce fewer market arrivals and a higher price. Moreover, longer heat spells may interfere with post-harvest processing and storage, lowering the volume of wheat that reaches the market and indirectly increasing the cost. The R-squared measure (R² = 0.086) and adjusted R² (0.046) also confirm that the model's explanatory power is weak.
Table 2: Multiple linear regressions of weather parameters along with arrival quantity and price
	Parameters
	Rainfall
	T. Min
	T. Max

	coefficient
	-76.12
	57.66
	-35.09

	P-value
	0.028
	0.015
	0.087

	R²
	0.086

	adjusted R²
	0.046



Conclusion
This study examined how weather patterns specifically rainfall, minimum temperature, and maximum temperature affect wheat prices in Birbhum district. The multiple regression results showed that rainfall and minimum temperature have a meaningful impact on pricing. Wheat prices tend to drop with more rainfall but rise when minimum temperatures increase. While maximum temperature also showed a negative relationship with price, the result was not strong enough to be considered statistically significant. Still, since the model explained only a small portion of price variation (R² = 0.086), it is clear that other factors beyond weather such as market demand, policy, or input costs are also influencing wheat prices. The results have important implications for future research and policymaking. By understanding the effect of specific climatic factors on crop pricing, stakeholders can develop climate-resilient strategies, improve market forecasting, and enhance risk management for farmers. Integrating weather data with broader socioeconomic factors could lead to more accurate and actionable forecasting models.
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