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ABSTRACT: Methane emissions from rice cultivation 
constitute a major share of global agricultural greenhouse 
gases. This study applies the IPCC Tier 1 methodology to 

estimate methane (CH₄) emissions from rice paddies under 
varying agronomic scenarios. The default emission factor 

(EFc) of 1.30 kg CH₄/ha/day is used to model emissions 
over a 150-day season, resulting in baseline estimates of 

approximately 195 kg CH₄/ha/season. Variability in EFc 

(0.80–2.20) reflects a range of 120–330 kg CH₄/ha/season, 
underscoring the importance of management practices. 
National-scale simulations suggest that emissions from 5 
million hectares of rice paddies could reach up to 1.0 Mt 

CH₄/season. While Tier 1 offers an accessible, standardized 
framework for countries with limited data, its generalizations 
can lead to under- or overestimations, especially in regions 
with unique climatic and soil conditions. Sensitivity analysis, 
comparative emissions studies, and international case 
examples reveal both the utility and limitations of Tier 1 in 
guiding mitigation strategies. The study advocates for 
transitioning to higher-tier methodologies (Tier 2/3) where 
feasible, and investing in localized data systems to enhance 
accuracy in national greenhouse gas inventories. 

Keywords: Methane Emissions, Rice Cultivation, IPCC Tier 
1, Greenhouse Gas Inventory, Emission Factor Variability, 
Climate Mitigation. 

 
This is an open access article under the  
CC-BY 4.0 license 

 

INTRODUCTION 

Rice cultivation is a vital component of global agriculture, essential for food security and rural 

livelihoods. However, beyond its socio-economic importance, it represents a significant source of 

greenhouse gas (GHG) emissions particularly methane (CH₄) contributing to climate change. As 

global food demand rises, rice production is expanding, further amplifying its environmental 

footprint. Among all anthropogenic methane sources, rice paddies are notable for producing high 

volumes of CH₄ through anaerobic microbial decomposition under continuously flooded field 

conditions. This dual reality of necessity and environmental cost has positioned rice agriculture as 

both a priority and a challenge in climate mitigation strategies. 
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Recent decades have witnessed a concerning upward trend in methane emissions from rice 

cultivation, closely tied to intensified production practices. Global estimates indicate that rice fields 

contribute roughly 11% to total anthropogenic CH₄ emissions (Saunois et al., 2020; G. Zhang et 

al., 2020). Between 2000 and 2017, atmospheric methane concentrations increased significantly, 

with rice cultivation identified as a principal contributor (Wang et al., 2023). Furthermore, 

emissions from rice paddies have resurged since 2007, suggesting a link to modern cultivation 

intensification (G. Zhang et al., 2020). These patterns underline the urgency of assessing emission 

pathways and improving methodologies for accurate, actionable mitigation. 

Compared to other agricultural activities, rice cultivation ranks among the highest in GHG 

contributions. Agricultural emissions total approximately 5.8 Gt CO₂-equivalents annually, with 

rice production occupying a substantial portion of that figure (Martínez‐Eixarch et al., 2021). 

Flooded rice systems, through their maintenance of anaerobic soil conditions, create an 

environment highly conducive to methane production. Such emissions often exceed those of other 

cereal crops, emphasizing the critical importance of focusing mitigation efforts within the rice 

sector (Jiang et al., 2019; Paul et al., 2020). 

In response to these challenges, the Intergovernmental Panel on Climate Change (IPCC) 

developed standardized guidelines for estimating GHG emissions, particularly through its Tier 1 

and Tier 2 methodologies. The Tier 1 approach employs globally averaged default emission factors 

to estimate CH₄ emissions based on crop type and water management regime. It provides a 

consistent framework for countries lacking detailed emissions data and has become widely adopted 

in national GHG inventory reporting (Begum et al., 2019). In contrast, Tier 2 approaches 

incorporate region-specific empirical data, improving estimate accuracy and policy relevance 

(Reavis et al., 2023; Sander et al., 2020). 

Developing countries, in particular, have embraced Tier 1 due to its accessibility and minimal data 

requirements. However, this adoption also surfaces challenges regarding data reliability and 

contextual relevance. Disparities in local practices, soil conditions, and climate can lead to 

considerable inaccuracies when applying global averages. Many nations continue to depend on 

Tier 1 estimates while striving to improve their data collection infrastructures, revealing a pressing 

need for capacity-building and harmonization in emission factor development (Arunrat et al., 

2018). 

Methane generation in rice fields is driven by several interrelated factors. Primary among these are 

soil anaerobicity, water management practices, organic matter availability, and microbial activity. 

Submerged conditions stimulate methanogenesis, while organic amendments can significantly 

amplify CH₄ output. Conversely, alternative irrigation practices such as Alternate Wetting and 

Drying (AWD) have demonstrated considerable mitigation potential by intermittently introducing 

aerobic conditions, thereby suppressing methanogenic activity (Linquist et al., 2018). The 

complexity of these interactions underscores the difficulty of generalizing emissions across diverse 

agro-ecological systems (Begum et al., 2019; Martínez‐Eixarch et al., 2021). 

The IPCC’s emission factor classification system emerged from the need to harmonize GHG 

inventories across nations. Built on extensive empirical data, it categorizes factors based on soil 

types, climatic zones, and management practices. This structured approach provides comparability 
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and consistency in emissions reporting, a vital component of international climate agreements. 

Ongoing revisions aim to incorporate new scientific findings, ensuring the methodology evolves 

in step with technological and agricultural developments (Wang et al., 2018). 

Given this context, the objective of the present study is to apply the IPCC Tier 1 methodology to 

rice methane emissions estimation, critically examine its assumptions and limitations, and provide 

insights into its utility for national inventory development. The novelty of this research lies in its 

synthesis of emission estimates under different conditions and scales, serving both as a practical 

demonstration and as a foundational reference for progressing toward higher-tier methodologies. 

The study ultimately aims to assess the viability of Tier 1 in generating reliable baselines, 

particularly for countries initiating GHG accounting under limited data environments. 

 

METHOD 

The estimation of methane emissions from rice cultivation is guided by protocols established by 

the Intergovernmental Panel on Climate Change (IPCC). While these protocols provide a valuable 

foundation for global reporting, they also contain limitations due to variability in environmental 

and agricultural contexts. This section discusses the key constraints of the Tier 1 default emission 

factors, evaluates the impact of various flooding regimes on CH₄ outputs, and outlines standard 

cultivation durations used in methane modeling. 

 

Limitations and Assumptions of IPCC Tier 1 Default Emission Factors 

Tier 1 emission factors provided by the IPCC are derived from aggregated data and are not tailored 

to specific local contexts. The baseline emission factor for flooded rice paddies is 1.3 kg CH₄ ha⁻¹ 

d⁻¹, with an estimated range of 0.8 to 2.2 kg CH₄ ha⁻¹ d⁻¹, reflecting high variability across different 

soils, climates, and farming systems (Linquist et al., 2018). This broad range suggests substantial 

uncertainty and calls into question the appropriateness of using such values without regional 

calibration. 

Tier 1 methods typically assume a constant rate of emissions throughout the rice-growing season. 

However, methane flux is known to vary according to crop phenology, microbial dynamics, and 

water management changes. Studies indicate that emissions are not uniform across the season and 

peak during specific stages of crop development (B. Zhang et al., 20160; Zhang et al., 2016). This 

assumption of temporal constancy thus risks oversimplifying dynamic field conditions. 

Additionally, Tier 1 lacks in-field verification, relying instead on generalized empirical relationships. 

The lack of site-specific data reduces the ability to identify effective local mitigation options and 

to develop nuanced management interventions (Bo et al., 2022; Kritee et al., 2018). 
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Effects of Different Flooding Practices on Methane Emission Rates 

Flooding regimes significantly affect the intensity and duration of methane emissions. Continuous 

flooding (CF), the traditional method of rice irrigation, maintains anaerobic conditions ideal for 

methanogenic activity and results in higher emissions (Rassaei, 2023). In contrast, practices like 

alternate wetting and drying (AWD) introduce periodic aerobic conditions, which inhibit methane 

production. 

Studies show that AWD can reduce CH₄ emissions by 35–61%, depending on the frequency and 

timing of drainage events (Parthasarathi et al., 2019). This is attributed to suppressed 

methanogenesis and enhanced oxidation of CH₄ in soil. Additionally, plant development plays a 

role; mature rice plants with well-developed root systems and aerenchyma tissue facilitate gas 

transport, affecting methane release patterns (Peyron et al., 2016). 

Water management also interacts with timing. Mid-season drainage, for instance, may reduce 

emissions without compromising yield (Belenguer‐Manzanedo et al., 2022). Therefore, strategic 

water regimes serve dual purposes: environmental mitigation and resource optimization (Y. Zhang 

et al., 2023). 

 

Standard Durations for Rice Cultivation Seasons in Methane Estimation Models 

Methane estimation models incorporate seasonal duration as a key variable. The IPCC 

recommends a range of 90–180 days to reflect global diversity in rice cultivation (Arai et al., 2018). 

Local variations are influenced by climate, cultivar, and agronomic practices. 

Accurate emission modeling requires consideration of the full growing season from planting to 

harvest due to the stage-specific nature of methane release. Early growth stages typically show 

lower emissions, which intensify as plants reach maturity (Cha-un et al., 2021). 

In regions with multiple cropping cycles, such as Southeast Asia, models must also account for 

shortened, overlapping seasons. Failing to adjust for such practices can distort average seasonal 

emissions (Yousefian et al., 2023). Thus, precise characterization of cultivation periods is vital for 

accurate methane inventories and for the formulation of effective mitigation strategies. 

 

RESULT AND DISCUSSION 

This section provides an in-depth analysis of methane emissions from rice cultivation, focusing 

specifically on emission estimates under standard conditions, sensitivity analysis, and national-scale 

projections. The findings summarize contemporary research while drawing from empirical 

evidence and established methodologies. 
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Emission Estimates under Standard Conditions 

Numerous empirical studies validate the IPCC Tier 1 default emission factor (EFc) of 1.30 kg 

CH₄/ha/day for rice cultivation. Observations across multiple geographic contexts affirm that 

field-measured values often align with this estimate, reinforcing its utility for broad national 

inventories (Wang et al., 2018). Despite variability in environmental and management conditions, 

these values commonly fall within Tier 1’s suggested range. 

Variations in field management significantly impact baseline emissions. For example, alternate 

wetting and drying (AWD) practices can reduce methane emissions by 35–61% compared to 

continuous flooding, owing to the creation of aerobic soil conditions (Sander et al., 2020). 

Conversely, practices like incorporating organic matter, including rice straw, can enhance methane 

output (Slameto et al., 2024). 

The length of the cultivation season, typically ranging from 90 to 180 days, also influences total 

emissions. Emissions tend to be lower during early vegetative stages and increase toward plant 

maturity. Short-duration varieties emit less methane over the growing season compared to long-

duration ones (Smartt et al., 2016). 

Table 1. Methane Emissions per Hectare by EFc Value and Cultivation Duration 

EFc (kg CH₄/ha/day) Duration (days) Estimated CH₄/ha/season (kg) 

0.80 150 120 

1.30 150 195 

2.20 150 330 

Description: Table 1 presents simulated seasonal methane emissions per hectare based on varying 

IPCC Tier 1 EFc values. The calculations assume a standard cultivation period of 150 days. As 

shown, emissions increase linearly with higher EFc values, ranging from 120 to 330 kg 

CH₄/ha/season. These variations underscore the sensitivity of total emissions to local 

management practices and soil conditions that influence EFc. 

 

Sensitivity Analysis 

Methane emission variability is considerable within the Tier 1 EFc range (0.80–2.20 kg 

CH₄/ha/day). Localized field data often diverge from this range due to differing hydrological and 

agronomic conditions (Liu et al., 2023; Wang et al., 2018). These variations highlight the limitations 

of applying default values without adjustment. 
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Figure 1. Range of CH₄ Emissions Using IPCC Tier 1 EFc Values 

A bar chart showing CH₄/ha/season: 120 kg (EFc=0.80), 195 kg (EFc=1.30), 330 kg (EFc=2.20) 

Figure 1 visualizes the sensitivity of methane emissions to variations in the IPCC Tier 1 emission 

factor. The figure illustrates a nearly threefold difference between the lowest and highest EFc 

values. Such variability reflects the importance of selecting region-appropriate emission factors to 

avoid misrepresenting actual emissions. 

Uncertainty in Tier 1 estimates poses challenges for policy-making. Inaccurate emissions data may 

result in misaligned mitigation strategies or underperformance in climate targets (Reavis et al., 

2023). 

Documented cases have shown both over- and underestimation using Tier 1. For instance, in 

Southeast Asia, local irrigation methods have caused overestimation, while areas employing high-

yielding or water-saving practices have yielded lower emissions than predicted (Sander et al., 2020). 

Statistical approaches such as regression models, Monte Carlo simulations, and factorial sensitivity 

analyses are used to quantify these variabilities and uncertainties. These tools help to identify key 

input factors affecting emissions and improve overall model robustness. 

 

National-Scale Projection 

Numerous countries especially in Asia use Tier 1 to estimate methane emissions from rice in 

national inventories, including India, China, and Indonesia. While these estimates support 

international reporting, they also form the basis for national climate strategies. 
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Table 2. National-Scale CH₄ Emission Estimates Based on Rice Area 

Rice Area (million 
ha) 

Emission per ha (kg 

CH₄/season) 
Total CH₄ Emission 

(Mt/season) 

1 200 0.2 

3 200 0.6 

5 200 1.0 

Description: Table 2 illustrates how changes in cultivated rice area impact national-level CH₄ 

emissions using the IPCC Tier 1 default seasonal estimate of 200 kg CH₄/ha. A hypothetical 

scenario shows emissions scaling from 0.2 to 1.0 Mt CH₄/season, demonstrating how rice area 

expansion significantly affects national methane inventories. 

However, large-scale application of Tier 1 estimates may obscure regional variability. National 

averages might not reflect local practices that either inflate or suppress emissions (Echegaray-

Cabrera et al., 2024). 

Regional modeling studies such as those conducted in the Mekong Delta have applied Tier 1 

methodology with integrated local data to improve accuracy and understanding of spatial dynamics 

(Cha-un et al., 2021). These studies recommend hybrid approaches combining Tier 1 structure 

with localized inputs. 

Integration of Tier 1 estimates into national GHG inventories is standard under IPCC protocols. 

However, refinement through real-time monitoring and adaptation to local contexts is necessary 

to align these inventories with actual emission dynamics (Slameto et al., 2024). 

This discussion evaluates critical aspects related to methane emissions from rice cultivation, 

focusing on the comparative strengths and limitations of Tiered IPCC methodologies, the role of 

climate and soil variability, the policy implications of Tier 1-based reporting, and examples of 

countries transitioning to more advanced estimation methods. 

Tier 1 methodologies are widely adopted for their simplicity and minimal data requirements. They 

offer a practical entry point for countries initiating greenhouse gas inventories and serve as a 

standardized baseline for broad assessments (Gu et al., 2022). Their ability to be rapidly deployed 

across diverse regions adds value in early-phase reporting under international climate agreements. 

However, they often fall short in precision. Relying on generalized emission factors, Tier 1 

approaches may fail to account for critical variations in local practices, leading to either under- or 

overestimation of emissions (Zayed et al., 2023). As a result, their use can limit the effectiveness 

of emission reduction policies and overlook the nuanced interactions within different agro-

ecological systems (Asch et al., 2023). 

In contrast, Tier 2 and Tier 3 methodologies provide enhanced granularity and accuracy. Tier 2 

incorporates region-specific empirical data, while Tier 3 leverages direct field measurements and 

advanced modeling techniques. These methods are capable of reflecting localized management 

practices and environmental variability, enabling more robust mitigation planning (Linquist & 

Perry, 2023). Nevertheless, their application is constrained by the need for extensive resources, 

infrastructure, and technical expertise. For many developing nations, these demands pose barriers 
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to implementation, potentially delaying critical data collection and climate action (Sakoda et al., 

2022). 

Local climate and soil variability play pivotal roles in methane emission dynamics. Soil organic 

matter, texture, and water retention influence methane production, as do temperature and 

precipitation patterns. For example, sandy soils generally exhibit higher emissions due to faster 

decomposition and lower moisture retention, while clay soils may moderate methane fluxes 

(Haque, 2018). Similarly, fluctuating water tables and inconsistent rainfall affect anaerobic 

conditions critical to methanogenesis. Recognizing these localized variables is essential for 

developing adaptive strategies that reflect on-the-ground realities (Vo et al., 2023). 

The continued reliance on Tier 1 data for GHG reporting has important policy implications. While 

it allows for baseline tracking, it may misrepresent national emissions profiles. Such inaccuracies 

could lead to poorly targeted mitigation measures, inefficient allocation of resources, and weak 

integration of effective local practices into national frameworks (Zhang et al., 2023). Moreover, 

the exclusion of regionally effective mitigation practices such as AWD or precision fertilization 

can distort the evaluation of a country’s actual climate performance and potentially undermine its 

international standing (Reba et al., 2020). Consequently, gradual integration of higher-tier methods, 

supported by investment in local data systems, is essential for more reliable and impactful policy-

making. 

Countries such as China, India, and Vietnam have begun transitioning to higher-tier 

methodologies. China has integrated remote sensing and region-specific data to better capture the 

effects of shifting irrigation practices and crop varieties (Win et al., 2020). India has launched field-

based pilot projects that apply Tier 2/3 methodologies to assess water and emission dynamics 

under AWD practices (Conrad, 2020). Vietnam is developing comprehensive national models by 

incorporating regional management data, thereby enhancing the accuracy of their GHG 

inventories and informing local agricultural policies (Reavis et al., 2023). These examples illustrate 

the growing recognition of Tier 1 limitations and the importance of improving emission estimates 

to drive effective climate action. 

 

CONCLUSION  

This study examined the estimation of methane emissions from rice cultivation using the IPCC 

Tier 1 methodology, highlighting both its value and its limitations in the context of greenhouse 

gas (GHG) accounting. The findings confirm that while Tier 1 emission factors offer a 

standardized, accessible framework for countries particularly those with limited data infrastructure 

they also possess inherent shortcomings in accurately capturing localized emission dynamics. 

The research reviewed empirical studies validating the Tier 1 emission factor of 1.30 kg 

CH₄/ha/day and demonstrated that while this estimate often falls within a general range of field 

observations, significant deviations can occur due to differences in management practices, climatic 

conditions, and soil properties. Sensitivity analysis revealed the broad variability (0.80–2.20 kg 

CH₄/ha/day) embedded in the Tier 1 factor, suggesting the need for contextual refinement. 
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National-scale projections based on these factors, while useful for broad estimations, risk masking 

regional heterogeneities that are crucial for targeted mitigation policies. 

Comparative evaluations between Tier 1 and higher-tier methodologies underscore the need for 

advancing data systems toward more precise and locally responsive estimation models. Tier 2 and 

Tier 3 approaches, though resource-intensive, can more accurately reflect site-specific realities and 

are increasingly being adopted by countries with the capacity to support such systems. The 

influence of local climate and soil characteristics further supports the call for national inventories 

to integrate regional data to ensure alignment with actual field conditions. 

From a policy perspective, the continued use of Tier 1 methods in national GHG reporting, 

without accounting for their limitations, may lead to suboptimal climate action and resource 

misallocation. Therefore, transitioning to higher-tier methodologies, where feasible, is essential for 

improving transparency, accuracy, and the effectiveness of national and international climate 

strategies. 

In conclusion, while Tier 1 methodologies remain a critical foundation for emission estimation 

particularly for entry-level reporting they should not be viewed as endpoints. Instead, they should 

serve as stepping stones toward more refined and context-sensitive models. Supporting this 

progression requires investments in research, capacity building, and data systems that can bridge 

the gap between default estimates and real-world variability. Only through such integrated 

approaches can countries more effectively track, report, and mitigate methane emissions from rice 

cultivation within the broader context of global climate commitments. 
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