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Transformative Impact of Agromet Advisory Bulletins on Resilience and Profitability in South Bihar under Climate Change
ABSTRACT
This study evaluates the effectiveness of Agromet Advisory Bulletins (AABs) issued under the Gramin Krishi Mausam Sewa project in enhancing agricultural resilience and profitability across 17 districts of South Bihar. Based on feedback from 1,850 farmers, the adoption of AABs led to yield increases of 5%–29% across major crops and reductions in cultivation costs by 3%–23%, resulting in substantial gains in net income and benefit–cost ratios. The findings demonstrate that timely, weather-based advisories significantly improve resource use efficiency and strengthen the economic sustainability of farming systems. Overall, the study establishes AABs as a critical tool for advancing climate-smart agriculture and ensuring food and livelihood security in climate-vulnerable regions. 
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INTRODUCTION-
Agricultural productivity is governed by a complex interplay of factors, broadly categorized into controllable agronomic practices and uncontrollable environmental conditions. While farmers can manage elements like soil health, irrigation schedules, and pest control, they remain highly vulnerable to climatic variables such as temperature, rainfall, and solar radiation. The synergy and conflict between these managed inputs and meteorological forces are a primary determinant of yield variability and a central challenge in global food production (Khan et al., 2019; Kaur et al., 2023). Consequently, understanding the specific impacts of weather on critical crop growth stages—from germination and flowering to grain filling—is fundamental for farmers seeking to optimize their outputs (Narasimha et al., 2023). This challenge is intensifying under climate change, which is not only altering baseline weather patterns but also driving a well-documented increase in the frequency, intensity, and duration of extreme weather events (IPCC, 2021). These extremes are statistically defined as phenomena that fall outside the 90th to 95th percentile of historical weather records for a given region, representing significant deviations from the norm (Coumou and Rahmstorf, 2012; Mahdi et al., 2016; Hansen and Coffee, 2022). The scientific consensus now firmly attributes the increased potential for such events—including devastating heatwaves, crippling droughts, and destructive floods—to the rise in global average temperatures caused predominantly by human activities, especially the combustion of fossil fuels (Bolan et al., 2024; Singh et al., 2022). Furthermore, changes in seasonal temperature patterns, erratic monsoons, and altered evapotranspiration dynamics are significantly reshaping regional agro-ecosystems, influencing not only crop growth duration but also pest and disease prevalence. As a result, adaptive management strategies, such as climate-resilient cropping systems, agrometeorological advisories, and precision agriculture technologies, are becoming increasingly vital for sustaining productivity and ensuring food security in a rapidly changing climate.
In this context of growing climatic uncertainty, meteorological predictions and the specialized Agromet Advisory Bulletins (AABs) derived from them have become indispensable for risk-aware decision-making across the agricultural spectrum, from individual farmers to policymakers and agribusinesses (Narasimha et al., 2023). The vulnerability of crops to even minor climatic shifts, such as a slight temperature increase during a sensitive growth phase, underscores the critical importance of these forecasts for proactive risk management against compound threats like water stress, flooding, and pest outbreaks (Choudhary et al., 2024). For instance, a specific and emerging threat in South Asia is the rise in minimum nighttime temperatures during the critical rabi (winter) season. This phenomenon can cause significant heat stress during the grain development stage, leading to substantial yield losses in staple crops like wheat and pulses. Moreover, unpredictable rainfall distribution, coupled with prolonged dry spells or unseasonal precipitation, has further complicated farm-level planning and resource allocation. AABs play a pivotal role in bridging this information gap by integrating real-time weather data with localized agronomic recommendations, enabling farmers to fine-tune operations such as sowing, irrigation, fertilizer scheduling, and pest control. Through effective dissemination channels—SMS, mobile apps, community radio, and local extension networks—these advisories transform meteorological data into actionable insights. In doing so, they not only enhance adaptive capacity and climate resilience but also contribute directly to reducing economic losses and ensuring sustainable livelihoods for farming communities.

To empower farmers against these adversities, Agromet Advisory Services (AAS) have been established to translate complex weather data into actionable intelligence. These services provide customized contingency plans and tailored recommendations, which are pivotal for helping agricultural communities adapt to adverse conditions and promoting long-term sustainable farming practices (Chattopadhyay et al., 2018; Krishnan et al., 2023). By delivering timely, location-specific, and culturally relevant advice, AAS plays a crucial role in bridging the gap between climate science and practical farm-level application, thereby directly enhancing resilience, productivity, and national food security (Narasimha et al., 2023; Pareek et al., 2021). Furthermore, AAS integrates meteorological observations, remote sensing data, and crop simulation models to provide holistic advisories encompassing all aspects of the agroecosystem—from soil moisture management and irrigation scheduling to pest surveillance and post-harvest handling. The participatory nature of these services ensures that farmers’ experiential knowledge complements scientific inputs, fostering two-way communication and trust. With technological advancements such as digital platforms, mobile-based alerts, and AI-driven decision support systems, the effectiveness and outreach of AAS have expanded significantly. These innovations not only enhance the precision and timeliness of advisories but also empower farmers to make informed, risk-mitigated decisions, ultimately contributing to climate-smart agriculture and rural socio-economic stability.
The operationalization of these services can be observed in initiatives like the Gramin Krishi Mausam Sewa project in Bihar, India. Here, two dedicated Agro-Meteorological Field Units (AMFUs) are tasked with the generation and dissemination of district-level AABs on a biweekly basis. This hyper-local approach ensures that the advisory content is directly relevant to the specific agro-climatic conditions of each district. These bulletins provide farmers with targeted, forward-looking guidance on a range of critical activities, including optimal irrigation scheduling, pre-emptive pest and disease management, and modified cultivation practices, all tailored to the anticipated weather conditions (Kumar et al., 2021; Choudhary et al., 2024). This end-to-end system from forecast to field-level advice exemplifies a critical adaptive mechanism for modern agriculture in a changing climate.

MATERIALS AND METHODS
Evaluation of Farmer Feedback: To assess the effectiveness of agro-advisory services, feedback was gathered from 1850 farmers of the South-Bihar region covering 17 districts through whatsapp groups, personal contact and mobile phone conversation. Apart from that farmer awareness programs were organised in the two villages of Bhagalpur district Choti Zamin and Amdar villages and feedback also collected during these programs. Farmers from various villages were interviewed during field visits using a specially designed questionnaire through personal interviews. Additionally, insights, opinions, and recommendations were obtained from respondent farmers through interactive sessions held during different stages of the crop growing seasons across multiple villages.
Table 1: Salient Agricultural features of South Bihar alluvial plains Zone-III

	Agroclimatic Zone 
	Districts
	Geographical are 

(000 ha)
	Average rainfall (mm)
	Crops
	Predominant Cropping system
	Percent irrigated area

	Zone-III (South Bihar Alluvial Plains)
	Bhagalpur, Sheikhpura, Lakhisarai, Jamui, Munger, Banka, Kaimur, Rohtas, Bhojpur, Aurangabad, Buxar, Jahanabad, Gaya, Arwal, Nawada, Nalanda, Patna
	4112 (43.9%)
	1010.0
	Rice, wheat, maize, pulses, oilseeds, Mango, guava, banana, jackfruit, onion, potato, chillies, marigold
	Rice based
	59.2%


*Source: - Agriculture Dept., Government of Bihar
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  Figure: - 1 Agromet Advisory Bulletins generation and dissemination

Results and Discussion 
 Evaluation of Farmer Feedback:
Figure 2 depicts the overall usefulness of weather forecasts and agromet advisory services. More than 84% of farmers considered these services highly valuable, mainly because such information had not been available to them earlier. They use the advisories to plan different agricultural activities, especially those related to the cultivation of cereals, pulses, and oilseed crops in their area.
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Figure 2: Usefulness of weather forecast and agromet advisory service
In these regions, the scheduling of paddy sowing and transplanting largely depends on the availability of labour and farm machinery like tractors. Consequently, the timing of these operations differs among farmers according to their access to such resources. Farmers with adequate resources rated the advisory services as excellent, while others expressed a high degree of satisfaction, as shown in Figure 4. Similar observations were also reported by Chattopadhyay et al. (2018).
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Figure 3: Usefulness of agro-advisory for sowing/ transplanting of crop.
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Figure 4: Usefulness of of agro-advisory for scheduling irrigation.
Because paddy cultivation in most of the region depends heavily on rainfall and farmers generally have limited resources, timely irrigation of fields is often difficult. As a result, they rely largely on rainfall to carry out their farming operations. About 80% of farmers expressed satisfaction, while roughly 3% reported dissatisfaction with irrigation scheduling, as shown in Figure 18. Farmers in these areas are also particularly concerned about pest and disease occurrences. Nevertheless, they have shown trust in the advisory services, with around 79% satisfied with the recommendations on pesticide application, as depicted in Figure 5. A small proportion of farmers (around 3.11%) mentioned that they did not use the advisories for planning harvesting activities, as shown in Figure 6. Similar findings were also reported by Khan et al. (2019).
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Figure5 : Usefulness of agro-advisory for planning of pesticide application.
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Figure 6: Usefulness of agro-advisory for harvesting of crops.
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Figure 7: Percentage increase in yield by adoption of AABs
Figure 7 illustrates that yield improvements resulting from the adoption of agromet advisory services vary notably across districts and crops. For rice, Bhagalpur recorded the highest yield increase of 15.4%, highlighting the strong impact of these advisories. Patna followed with a 12.6% rise, while districts such as Banka and Nawada also showed notable but gradually lower improvements. This variation indicates that the effectiveness of agromet advisories depends on regional conditions and how well they are implemented.

In wheat cultivation, Bhagalpur again showed the greatest yield increase of 22.58%, reflecting the strong positive influence of the advisories. Patna and Banka reported significant gains of 18.57% and 15.65%, respectively, with smaller increases observed in other districts, emphasizing the role of localized factors in advisory effectiveness.

Similarly, maize yields benefited from the advisories, with Bhagalpur achieving a 16.3% rise, followed by Patna (15.6%) and Banka (14.7%). The comparatively lower increases in other districts suggest that variations in farming practices and environmental conditions affect the overall impact.

Lentil yields demonstrated a particularly strong response to agromet advisories, with Bhagalpur showing a remarkable 29.25% increase. Patna and Banka also recorded substantial improvements of 25.66% and 22.24%, respectively. These differences indicate that lentil cultivation responds especially well to advisories in regions where the recommendations align closely with local conditions.

For mustard, Bhagalpur once again led with a notable 22.49% yield increase, indicating high advisory effectiveness. However, the benefits declined in other districts, with Kaimur registering the lowest increase of 7.3%. This suggests that while agromet advisories generally enhance mustard productivity, their impact is strongly influenced by local agricultural practices and environmental factors.

Overall, the findings underscore the crucial role of agromet advisory services in improving crop yields, with Bhagalpur consistently showing the highest gains across major crops. This demonstrates that well-tailored and effectively implemented advisories can deliver substantial agricultural benefits, though their success depends on district-specific conditions and farmers’ ability to adopt the recommendations. Similar observations were reported by Kaur et al. (2023), who found that farmers adjusting their practices based on Agromet Advisory Bulletins (AABs) achieved higher yields in rice and wheat.
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Figure 8: Percentage decreases in cost of cultivation by adoption of AABs
Figure 8 illustrates that the adoption of agromet advisory services has led to significant reductions in cultivation costs across various crops and districts. Bhagalpur recorded the highest cost savings for all major crops, with decreases of up to 23.57% for maize and 22.89% for rice. Patna followed closely, showing substantial reductions of 22.4% for rice and 18.93% for maize. Other districts, including Gaya and Nawada, also experienced notable cost savings, though to a lesser extent.

The smallest reductions were observed in Kaimur, particularly for lentil cultivation, where costs decreased by only 3.47%. Overall, the analysis underscores the effectiveness of agromet advisories in enhancing cost-efficiency in farming operations. The most pronounced impacts in Bhagalpur and Patna highlight how timely and locally relevant advisories can help farmers optimize input use, reduce unnecessary expenditures, and improve the overall economic sustainability of agricultural practices.
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Figure 9: Percentage Increases in Net Income by adoption of AABs
Figure 9 illustrates that the adoption of agromet advisory services has resulted in substantial increases in net income across different crops and districts. Bhagalpur recorded the highest gains, with notable rises in net income for rice (29.5%), wheat (28.6%), and mustard (27.45%). Patna also showed significant improvements, particularly in rice (28.31%) and wheat (28.5%), indicating a strong positive influence of advisories on farm profitability. Banka and Gaya followed with considerable increases across multiple crops — rice (28.17% and 25.32%, respectively) and maize (22.8% and 21.67%) showing remarkable gains. Similarly, Nawada and Jamui reported impressive improvements in lentil cultivation, with net income increases of 26.7% and 25.9%, respectively. In contrast, Kaimur displayed the lowest increases, especially for rice (9.27%) and wheat (7.1%), reflecting district-specific variations in advisory effectiveness. Overall, the data highlights the significant role of agromet advisory services in enhancing farmers’ net income. The most pronounced benefits in Bhagalpur, Patna, and Banka demonstrate that timely and locally tailored advisories can effectively improve farm profitability and economic resilience.
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Figure 10: Percentage Increases in B:C ratio by adoption of AABs
The adoption of agromet advisory services has resulted in notable improvements in the Benefit-Cost (B:C) ratio across different crops and districts. Bhagalpur recorded the highest B:C ratios, particularly for wheat (41.5) and rice (32.92), reflecting the most significant economic gains. Jahanabad and Sheikhpura followed with impressive ratios for wheat (34.3) and (27.4), respectively, indicating strong financial returns. Banka and Gaya also exhibited substantial increases, especially for maize and lentil, with B:C ratios of 21.64 and 32.61 in Banka and 16.8 and 32.37 in Gaya, respectively. Similarly, Nawada and Bhojpur showed encouraging results, with Nawada achieving a high ratio in rice (22.12) and Bhojpur in maize (28.17). In contrast, Kaimur, though improved, recorded comparatively lower ratios for lentil (11.11) and mustard (15.8). Overall, the analysis underscores that the integration of agromet advisories has significantly enhanced the economic viability of farming operations. Districts like Bhagalpur, Jahanabad, and Sheikhpura have particularly benefited, achieving higher profitability and improved resource efficiency through the effective use of advisory information.
CONCLUSION
Based on the empirical findings of this study, it can be concluded that Agromet Advisory Services (AAS) are highly effective, with over 84% of farmers reporting significant benefits. The integration of these advisories has led to substantial yield increases, exemplified by a 29.25% rise in lentil yields in Bhagalpur, while also reducing cultivation costs by up to 23.57% for maize. These improvements in productivity and efficiency directly translated into superior economic outcomes, boosting net income by 29.5% for rice and elevating the Benefit-Cost ratio for wheat to a remarkable 41.5 in Bhagalpur. Therefore, AAS prove to be a vital instrument for enhancing climate resilience, ensuring food security, and securing the economic livelihoods of the agricultural community.
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Weather Forecast of eight weather parameters- Tmax., Tmin., Rain, RH-morning, RH-evening, Wind Speed, Wind direction and Cloud cover 
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