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	Paper Title: Impact of extreme weather events on  environmental efficiency and total factor productivity of Irish dairy sector: A stochastic frontier analysis
	Abstract: This paper assesses the influence of extreme weather events on the environmental performance of the Irish dairy sector. It extends the recently developed hyperbolic distance function to analyze environmental efficiency and subsequently decomposes the growth of environmental total factor productivity into two components: environmental efficiency change and environmental technical change. Climate data are combined with FADN and Irish National Farm Survey (NFS) data, and models are estimated using panel data techniques. Results imply that extreme weather events need to be considered when designing adaptation strategies to address the threats to the economic and environmental performance of the Irish dairy sector.
	Keywords: Environmental efficiency, Extreme weather, Dairy sector, Ireland.
	JEL Code: C33, Q13, Q54. 
	Introduction: Improving dairy productivity while mitigating potential environmental damage has become increasingly important globally. Furthermore, extreme weather events- such as dry periods, heat waves, and excessive rainfall associated with climate change, have become more prevalent in recent years and significantly impact both dairy productivity and environmental efficiency. 



The average temperature in Ireland has risen by 0.9°C  since 1900 throughout all sessions and it is projected to increase by 1 to 1.6°C  compared with as baseline period of 1981-2000 (Mateus and Potito, 2022). Precipitation patterns are expected to become more irregular in the coming years (IEA, 2022). 



The dairy sector in Ireland, being the most profitable agricultural sector, capitalizes on its temperate climate that fosters grass growth, thereby enhancing dairy farming profitability. However, this practice also contributes substantially to greenhouse gas emissions and other pollutants such as nitrogen and phosphorus into the environment (Buckley et al., 2016). Compared to other agricultural sectors (cattle, sheep, tillage, etc.), dairy has the highest stocking density and fertilizer inputs, putting pressure on the environment. 



This paper investigates the impact of extreme weather events on the environmental efficiency and productivity of the Irish dairy sector. It focuses on enhancing the environmentally productive performance of dairy production systems by increasing its desirable outputs and reducing undesirable outputs given variable climatic conditions. The contribution of this paper to existing work lies in incorporating the impact of extreme climatic events on productivity and environmental efficiency measurement.




	Methodology: This study employs a stochastic frontier analysis, utilizing a hyperbolic translog distance function to estimate environmental efficiency. Nitrogen and phosphorus surpluses are treated as undesirable outputs from the dairy production system. By considering land, labor, and capital as primary inputs to produce the desirable output (farm gross output) and undesirable outputs (Nitrogen and Phosphorus surplus), we estimate how the dairy production system can improve its environmentally productive performance. Data from the Irish National Farm Survey (NFS) and Farm Accountancy Data Network (FADN) are combined, and models are estimated using panel data econometric techniques.
	Results: This paper provides a descriptive background on climatic events in Ireland. Additionally, it presents basic statistics on similarities between farm productivity and environmental efficiency in a descriptive manner. Based on the estimated hyperbolic distance function, this paper decomposes environmental total factor productivity into environmental technical efficiency change and environmental technical change. The econometric estimation shows whether extreme weather events have statistically significant effects on environmental efficiency, considering heterogeneous farm characteristics. 
	Discussion and Conclusion: This research highlights the critical need to consider both drought and heat stress-related challenges when formulating strategies aimed at mitigating threats to the economic and environmental viability of the Irish dairy sector.


