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	Introduction
Shrimp aquaculture, which plays significant role in seafood production, contributes to greenhouse gas (GHG) emissions as it often involves land cover conversion from mangrove forests. Shrimp aquaculture management also requires energy-intensive activities, with varying intensity across different farming practices, from extensive to intensive systems. However, quantifying GHG source and sinks in shrimp aquaculture remains challenging due to the variety of aquaculture schemes, management cycle, and other environmental conditions. 

We recognized the need for a reliable tool to map and assess GHG source and sink in shrimp aquaculture. Therefore, we propose the development of shrimp pond GHG calculator to support GHG inventory efforts. This calculator will enhance the Indonesian Good Aquaculture Practices (IndoGAP), promoting sustainable and low emission practices in this sector. 

Objectives 
This study develops GHG inventory tools to quantity the emission intensity per unit of shrimp production (tonnage), leveraging the previously developed GHG inventory tools for massive industries. We adapt and refine these tools to suit the specific characteristics of shrimp aquaculture. By mapping activities across aquaculture schemes, we identify key emission drivers to guide the development of sustainable, low-emission practices that balance productivity and environmental responsibility.

Methodology
Our study commenced with an extensive literature review covering key aspects of shrimp aquaculture, including the shrimp life cycle, the aquaculture production process, and greenhouse gas (GHG) emissions accounting based on the GHG Protocol. This foundational research provided a framework for our subsequent investigation. To further refine our understanding, we conducted comprehensive field surveys and in-depth interviews with 27 shrimp farmers. These interviews allowed us to examine various stages of the aquaculture cycle, uncovering critical factors influencing shrimp farming practices, productivity, and environmental impacts. In addition to qualitative insights, we integrated spatial data analysis and historical timeline assessments to investigate patterns of land use change, enabling us to contextualize aquaculture expansion and its associated environmental implications.

Findings
We identified two categories of aquaculture schemes: extensive and intensive. The fundamental difference between these schemes lies in the level of technological intervention employed. For example. Intensive schemes rely on aeration and water pumps, which increase pond carrying capacity to support higher-density shrimp cultivation. In contrast, extensive systems operate with minimal technological input, relying primarily on natural water exchange and lower stocking densities. While both schemes follow similar aquaculture cycles, the emission intensity vary. The most significant contributors include fuel and energy consumption—particularly in intensive systems where mechanization is prevalent—as well as the procurement of fertilizers and feed, which impact the overall carbon footprint of shrimp farming.

Significance of the work for policy and practice 
This study aims to enhance the existing Indonesian Good Aquaculture Practices (IndoGAP), particularly in terms of sustainability and low-emission aspects, by utilizing findings from various tools. Additionally, it seeks to support the advancement of Carbon Economic Value implementation in the marine sector, particularly in aquaculture, through the development of GHG inventory tools for small- to medium-scale shrimp ponds.





