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Climate becomes warming and is projected to continue in future 

IPCC, 2014



Climate change will have major impacts on rice production  

 Shifts in temperature and precipitation 
patterns

 Increasing climate extremes



Heat stress frequency during 1983-2011
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Rice flowering 
stage coincides with 
high temperature

Wassmann et al., 2009



 Even in sub-humid rice-growing areas of Asia, drought regularly affects 23
million ha of rice land (Pandey et al., 2007)

 More than 50% of these areas is in China.

Droughts cause substantial rice yield losses



Dai, 2013

Drought stress is expected to aggravate with climate change

Change in soil
moisture for
2080-99, relative
to 1980-1999

Mean PDSI 
for 2090-99



IPCC, 2014

Without adaptation temperature increase by 2oC reduces crop yield
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Climate extreme and crop yield variability

Change in coefficient of
variation of yield (%)

Blast



Global map of rice yield trends from 1961 to 2008

Rice yields are stagnated at about 30% of growing areas

Ray et al., 2012



Rising sea levels may reduce
rice production in a large
portion of the highly
productive rice land in deltas

Given the significance of
Asian delta areas for rice
exports (Dawe, 2005), rising
sea levels can become major
constraints to national or
global rice supplies

Low elevation areas are subjected to increasing risk 

Sea-level rise,
Salinity stress
Submergence stress
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Climate-Smart Agriculture (CSA)
The overall aim of CSA is to support efforts from the local to global
levels for sustainably using agricultural systems to achieve food and
nutrition security for all people at all times, integrating necessary
adaptation and capturing potential mitigation.

Three objectives are defined: 

(1) Sustainably increasing 
agricultural productivity 

(2) Adapting and building 
resilience to climate change 
from the farm to national levels; 

(3) Reduce GHG emissions



 The top-down approaches emphasize the
planning or designing adaptation strategies
or options from nations and/or regions to
local areas.

 The bottom-up approaches emphasize that
local actors participate in decision-making
about the strategy and in the selection of the
priorities to be pursued in their local area.

Top-down & bottom-up adaptation strategies



Top-down & bottom-up adaptation strategies

IPCC, 2014



Top-down adaptation strategies: an example



A process-based Model to capture the Crop–Weather Relationship over a Large Area 
(MCWLA)

 A S E bl b d P b bili ti P j ti S t (S EPPS)

MCWLA-Rice crop model and a SuperEPPS
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Model validation at province scale



Probabilistic change in yield in future
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Probability of yield decrease in future



Change in heat stress probability in future

1961‐1990 2041‐2070



Quantify the relative contributions of different 
adaptation options

1. No adaptation
2. Early planting
3. Growing period fixed
4. Late planting

Heat sensitive 
cultivars

Heat tolerant 
cultivars



The bottom-up adaptations

• Cropping systems

• Cultivars

• Agronomic management (i.e. fertilization, irrigation)



Rice cropping system in China



Climate trend over rice growing periods during 1980-2009

Trends in 
temperature 
during VGP, 
RGP and GPw

Trends in solar 
radiation during 
VGP, RGP and 
GPw



Trends in rice 
phenological
dates

Trends in 
lengths of 
growing 
periods (GPs)

Correlations 
between GPs 
and 
temperature



Yield change 
due to 
temperature 
change

Yield change 
due to solar 
radiation 
change

Yield change 
due to joint 
changes in 
both



 Varieties development and improved
agronomic practices should be a center piece of
climate change adaptation in agriculture.
 Climate-smart rice varieties
 Climate-smart agronomic management

 These approaches have proven track records
in achieving more resilience to climate
variability and extremes.

The bottom-up adaptations



Develop high-yielding climate-smart rice varieties

• Drought-tolerant rice
• Submergence-tolerant rice
• Cold-tolerant rice
• Heat-tolerant rice
• Salt-tolerant rice

A drought-tolerant line performing well in Raipur, India



Develop high-yielding climate-smart rice varieties
 The full rice genome sequence and intensive QTL (quantitative

trait loci) mapping efforts for a wide range of traits.

Molecular Module-based Designing Breeding technology

 Design crop ideotype
by integrating agronomy, 
genetics and crop 
modeling 



Model-aided ideotype design for paddy rice

Traditional Semi dwarf NPT

Lianyoupeijiu



Climate-smart agronomic management 

Farmers can adapt to climate change to some degree:

 Shifting planting dates, choosing varieties with
different growth duration, or changing crop rotations
Avoiding coincidence of flowering stage with the hottest

part of the growing season

Improving water management, fetilization management
Such as alternative wet and dry irrigation can reduce GHG

emission and save water without yield loss

Adopting new farm techniques such as resource-
conserving technologies (RCTs)



Climate-smart agronomic management 
 Crop diversification
Growing a range of crops suited to different sowing and
harvesting times, assists in achieving sustainable productivity

 Improving pest management
Developing cultivar resistance to pests and diseases, integrated
pest management with more emphasis on biological control
and changes in cultural practices

 Better weather forecasts and crop insurance
Forecasting and early warning systems will be very useful in

minimizing risks of climatic adversaries.
Crop insurance schemes help farmers reduce the risk of crop

failure due to these events



Climate-smart agronomic management 

 Harnessing the indigenous technical knowledge of
farmers

Farmers tried to minimize the losses of recurrent disasters
by making changes to sowing and planting times, methods
of sowing, variety, harvesting time, fertilizer use, and seed
rate



Top-down approaches & bottom-up adaptations

 The bottom-up approach should not be considered as
alternative or opposed to top-down approaches from
national and/or regional authorities, but rather as
combining and interacting with them, in order to
achieve better overall results.



Bridging the gaps between multiple stakeholders
 There exist large gaps between adaptation studies and

farmers’ requirements. Researchers should work with
farmers to make agriculture more resilient, consult farmers about
their problems, and think over how science might be able to solve
them

 Multiple stakeholders. Successful adaptation in agriculture
requires all relevant stakeholders to be involved in the scientific
process so that farmers can get the information and incentives that
they need.

 Enhance agricultural technology extension system
Digital communication tools, such as app, can be used by
technician to send farmers recommendations on when to apply
fertilizers and when to harvest, based on weather and local soil
conditions.



Buidling international research network for climate smart rice system  
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NSFC‐CGAIR joint project  2016‐2020

Enviroment‐controlled experiments 

Rice model comparsion and improvement

Improved risk assessment

Adaptation design

Heat stress Impact mechanisms, risk and
optimal adaptation options in the middle and
lower reaches of Yangtze River (HeatAdapt)



 Rice cultivation systems in monsoon Asia are subjected to
increasing risk with ongoing climate change

 The system needs to be modified and diversified to
increase its resilience to changing climate.

 The bottom-up approach should be combined and
interacted with top-down approaches to achieve better
overall results.

 Developing more tolerant crop varieties and improving
crop management are at the heart of adaptation measures.

 Successful adaptation in agriculture requires all relevant
stakeholders to be involved in the scientific process

Summary 



Thanks for attention!


