
1

Dr. Carles Ibáñez, Climate Resilience Centre, Eurecat - Technology Centre of Catalonia

Towards climate resilient rice farming as a nature-based solution
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The 4 pillars of CR-NBS rice production

1. BIOECONOMY: organic/regenerative farming, towards zero pollution. Possibility 
to combine with aquaculture. Socioeconomic added value.

2. BIODIVERSITY: wildlife-friendy rice farming, compatible with rice production. 
Pest control by natural predators.

3. ECOSYSTEM SERVICES: the rice field as a green filter to improve water quality. 
Recreation and tourism, environmental education.

4. CLIMATE RESILIENCE: mitigation by reducing methane emissions and adaptation 
by reducing water use and increasing sediment inputs.
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Towards climate resilient rice production

Methane has accounted for roughly 30 per cent of global warming since pre-industrial times and is proliferating 

faster than at any other time since record keeping began in the 1980s

The Global Methane Pledge announced today at COP26 in Glasgow, UK, commits signatories to reducing their 

overall emissions by 30 per cent by 2030, compared with 2020 levels.

• Rice fields occupy about 9% of the world's cropland and their soils play an important role in the carbon cycle. 
• Present rice cropping systems show a low resilience against climate impacts such as drought and at the same 

time contribute to global warming due to significant greenhouse gas emissions, since they contribute to circa 
10% of the global CH4 emissions.

• The high productivity of rice and the flooding conditions of the crop promote carbon storage in the soil, but 
they can also produce greenhouse gas emissions, such as carbon dioxide, methane, and nitrous oxide. 

• The introduction of more sustainable practices is of paramount importance to make the crop more climate-
resilient and contribute to climate mitigation. Practices such as the alternate wetting and drying can achieve 
significant water savings and reduce up to 90% the methane emissions during the growing season. 

• However, in temperate rice fields it has been shown that most of the methane emissions may occur in the post-
harvest period, and in this case the management of water and straw is very important to reduce the global 
warming potential of the crop. 

• At the same time, the change of farming practices can be the base to develop carbon farming and agri-
environmental schemes to economically support rice farmers to carry out the transition towards a climate-
resilient rice production. 
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Reducing the GWP and water use of the rice crop

Impact of/on CC Measure Strategy

Water scarcity
Sea level rise
Increase of salinity

Water 
and
salinity 
stress

Adaptation • Reduce water consumption
• Salinity tolerant cultivars

GHG (CH4) emissions from rice Mitigation Shorter flooding 
periods

• Alternate wetting 
and drying (AWD)

• Midseason 
drainage period

Straw 
management/
winter flooding

• Incorporation vs 
non-tillage

• flooding vs non-
flooded winter 
season
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Results from experimental research in the Ebro Delta

Main conclusions: two thirds of the CH4 is emitted in the fallow 
season. Edaphic factors exert more influence during the growing 
season whereas agronomic factors have a higher impact in the 
fallow.
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Results from experimental research in the Ebro Delta

Main conclusions: AWD significantly reduced CH4 emissions and the GWP by 90% being 
such a large mitigation capacity explained by the negligible N2O emissions found in 
both water treatments.

Main conclusions: avoiding winter flooding greatly reduced CH4 emissions in the post-
harvest and next growing seasons, while delaying straw incorporation prevented CH4 and 
CO2 emissions during post-harvest. None of the treatments increased N2O emissions.
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Developing a carbon farming scheme for Spanish

rice fields and beyond

• The project BIORESILMED aims to start the first carbon farming scheme in Spanish (and European) rice 
fields.

• The first phase will be implemented in the Ebro Delta (21.125 ha, 19% of rice production in Spain).
• Total emissions in the Ebro Delta rice fields: 262.6 Kg CH4/ha·yr (7.35 Mt eCO2/ha = 155,269 Mt eCO2/yr).
• The scheme aims to reduce CH4 emissions both in the growing (AWD) and post-harvest season (straw and 

water management).
• The scheme has the potential to reduce the GHG emissions by half (at least).
• The main barriers for their success can be the price of the carbon credit from the voluntary market. If too 

low the farmers will not have an incentive to change the management of the rice field.
• There are also some technical/agronomic barriers such as the potential yield decline when AWD is applied 

to rice fields with saline soils.
• This type of scheme is potentially replicable to all European rice fields.
• These carbon farming schemes are starting to be implemented in Asia and United States too.
• The application of these schemes have other benefits, such as water saving and the reduction of Arsenic 

content in the rice grain, for instance. The potential impacts of changing the flooding regime on 
biodiversity must be investigated.



8

Enhancing rice field ecosystem services

Rice fields can deliver many ecosystem services to humans:

• Climate regulation: towards a negative global warming potential.
• Water quality: towards net zero pollution, the rice fields as green filters.
• Recreation: rice fields as semi-natural landscapes for leisure, ecotourism and education.
• Food provisioning: rice and other food items (fish, crayfish, etc.).
• Fiber: crop residues as materials for many uses.
• Coastal protection: sediment deposition to offset sea-level rise.
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Rice fields as green filters
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Rice fields as green filters (chemicals)
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Rice fields as green filters (nutrients)

Illa de Riu green filter L’Embut green filter
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Rice fields as biodiversity hotspots
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Rice fields as bioeconomy hotspots
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Conclusions: towards CR-NBS rice farming

PRESENT FUTURE MEANS

CLIMATE 
RESILIENCE

Rice significantly contributes to 
global warming and is 
vulnerable to climate change 
impacts (drought, etc.). 

Rice significantly contributes to 
global cooling and is better 
adapted to climate change 
impacts.

Carbon farming schemes: 
Alternate wetting & drying, 
post-harvest management, 
sediment inputs, etc.

BIODIVERSITY Intensification is leading to a 
decline in biodiversity.

Environmentally-friendly 
schemes help to recover 
biodiversity (birds, fish, etc.).

Wildlife-friendly rice farming, 
agri-environmental schemes. 
Consumer commitment.

ECOSYSTEM 
SERVICES

Intensification is leading to a 
decline in ecosystem services.

Environmentally-friendly 
schemes help to recover 
ecosystem services (water 
quality, food, fiber, etc.).

Research on the benefits of CR-
NBS rice farming for humans. 
Payment for the provided 
services.

BIOECONOMY Decreasing economic revenues 
for farmers.

Increasing revenues by 
diversification and higher 
added value of rice.

Organic farming, circular 
economy, ecotourism, etc. 
Public & private funding.
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Thanks !


