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Source:IPCC AR4 WG I  

Evident atmospheric changes   



Drawn based on the IPCC Special Report on Emissions Scenarios (SRES)  
published in 2000.  

Atmospheric CO2 concentration  
 - Past, present and future prediction-  



 mainly because 
 
1. Temperature increase and other climatic 

changes will be different regionally. 
 

2. Crop responses to temperature are non-linear 
so the impacts differ depending on the current 
temperature level at each region. 

The atmospheric change is a global issue, but the magnitudes 
and impacts of the projected changes will differ regionally 



% yield change to an 
increase in 
temperature 
depends on latitude. 
 
 

IPCC AR4 2007 WG2. 
 
Derived from the results of 
69 published simulation 
studies. 
 
Without adaptation (red 
dots) and with adaptation 
(dark green dots).  
 



Circles depict high-temperature 
regions where rice crop is at 
flowering and/or ripening stage in 
the given month (Wassmann et al 
2009). 

 Asia’s rice-producing 
regions highlighting 
maximum 
temperatures >33 C 
(monthly averages) 
under current climate. 



Distribution of the rate of increase in daily maximum and minimum 
temperatures recorded at the 65 selected sites in Japan during the 

1980-2007 period. 
Daily maximum temperature Daily minimum temperature 

Murakami, M., T. Kuwagata, Y. Ishigooka and M. Nishimori (2011): A Selection of Monitoring AMeDAS 
stations over the agricultural land and its regional characteristics of the tendencies of temperature 
change. Climate and Biosphere, 11, 41-50 (in Japanese with English abstract). 
 



 

Tohoku Region

Kyushu Region

Grain appearance by means of % of the 1st grade rice 
kernel during the 1981-2008 period 

Data from data were from the Staple Food Department, MAFF. 

0

20

40

60

80

100

1975 1985 1995 2005

Year

1
st

 g
ra

d
e
 r

ic
e
 k

e
rn

e
l 
%

Tohoku Kyushu



Adaptation measures should be “Tailor-made” 

 Agricultural practices are specific to the regions, and so are 
the impacts of climate change.  
 

  Climate change is the common problem around world, but 
how you adapt to it is locally specific.  
 

 In agricultural sector, there is no single and/or simple 
package solution readily transferable from one region to 
another.  

Adaptation measures should be “Tailor-made” 
 
Can international collaboration in the agro-environmental 
research fields help to develop adaptation measures in any 
way? 
 



Greenhouse gas emission by 
sectors in 2004. 

Greenhouse gas emission by sectors in  1990 
and 2004. 

Source IPCC（2007）Working group III report 

Greenhouse gas (GHG) emission and agriculture 
Victim and/or perpetrator of climate change? 



Mitigation needs mechanisms for implementation and 
evaluation 

Importance of international collaboration in the mitigation 
aspects is evident, because the goal of mitigation is the global 
reduction in GHG.  
 
Agriculture is widely-spread and scatter-source of GHG, so 
difficulty lies in the implementation and evaluation of the 
mitigation measures.  

What do we need to effectively/efficiently develop 
adaptation/mitigation measures? 

Both adaptation/mitigation are important but 
enhancing both aspects at the same time is not easy. 



Three key components 

To tailor adaptation/mitigation measures, the following 
three components should be well coordinated ;  
 
(1)database of climate, crop, soil and agricultural practices 

for monitoring changes in climate and crop production.  
 

(2) mechanistic understandings of the climate change 
impacts on crops and various agro-ecosystems. 
 

(3) seeds of adaptation/mitigation options or technologies. 
 
Because… 
 



(1) accurate measurements at many sites are difficult particularly 
in the agricultural production areas, 

 
 (2) there are often no “control plots” to compare the effects of 

the change so the causal effects are often difficult to 
determine.   

To grasp changes/trends in the agro-ecosystems associated 
with the global change, monitoring and databases of the 
environmental and crop variables are essential.  



Rice panicle temperature and microclimate at flowering time in Jingzhou 
(Hubei, China) in the hottest period of 2006 and seed set % of 10 

varieties. 
Time 

Temperature (ºC) Relative 
humidity 

(%) 

Solar 
radiation 
(W m-2) 

Wind speed 
(ms-1) Panicle(P) Air(A) P-A 

10:56–11:00 am 37.1 32.8 4.3  79.0  678 0.63  

11:10–11:20 am 37.2 33.2 4.0  77.2  627 0.55  

11:20–11:30 am 36.2 33.0 3.1  78.0  769 1.03  

Tian et al (2010) Plant Production Science 

Heat stress is not simply a issue of an air-temperature but a 
combination of many environmental factors 



Core sites
Collaborative sites

Network of the Multi-site Monitoring of Heat Stresses and 
Micrometeorological Conditions in the Rice Plants 

Communities under Various Climates has started since 2010. 

•An example of setting a temperature sensor in the field. Helps promote 
monitoring -> assisting what really matters. 

 

(Yoshimoto et al 2012) J. Agric. Meteorol. 



Paddy micro-met measurement network using; 

MINCER = Micrometeorological Instrument for 
Near Canopy Environment of Rice 

Stand-alone 

Accurate measurement by 
force-ventilated radiation shield 

Electric fan powered by solar 
cells with rechargeable 
batteries 

Tiny self-powered temperature 
and humidity logger 

Light-weight 

Low-price 



Fukuoka et al (submitted to 
Agric. Meteorol.) 

MINCERs installed in a field in Taiwan 



Open field evaluation of the impacts of climate change and 
efficacy of adaptation and mitigation measures 

-Free-Air Concentration Enrichment, Test bed for the effects of elevated CO2  on rice paddy under 
open fields conditions - 

The first Rice FACE in Shizukuishi, 
Lat/Lon: 39°38‘ N, 140°57’ E 
(1998-2008) 
 

Tsukuba FACE, Ibaraki 

Lat/Lon: 35°58'28.57" N, 
139°59'36.98" E  (2010-) 

Diameter:17 m 

CO2 is released from 
windward sides of the ring, 
targeting 200 ppm above 
the ambient. In each CO2 
ring, 20 varieties，3 N 
levels and 2 
soil/temperature levels 
are nested as sub-plots. 



y = 0.0095x + 0.6899
R² = 0.5893

y = 0.0208x - 9.9602
R² = 0.8692
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Biomass vs cumulative CH4 emission obtained under 
FACE/warming experiments 

High CO2 & soil warming  
High CO2 

Soil warming 
Control 

CH4 production ↑ 

Biomass ↑  

Rhizodeposition ↑ 

Higher temperature even 
enhances this process. 

FACE with experimental soil 
warming indicates: 

Tokida et al 2010. Biogeoscience 



Adaptation and mitigation should link together 
-Adaptation measures should also be evaluated in terms of 

impacts on the environments- 

CO2 x soil/water 
temperature effects on 
CH4 emission;  Large 
warming effects (+2°C)  
by +44% (Tokida et al 
2010, Biogeosciences) 

 

40–60% of season-total 
CH4 production 
originated from current- 
season  photosynthates  
(Tokida et al 2011, 
Global Change Biology) 

Carbon flow management through plant management 
under higher CO2 and T. 



Continuing and emerging efforts to link different disciplines 

    

Monitoring climate / rice 
production/GHG 

•GRA 
•Fluxnet 
•MINCERnet  

Open-field 
environmental 
manipulation 
experiments 
•Global Crop FACE 
network 

Agricultural Model 
Improvement/ 
Evaluation 
• AgMIP  rice  



Global Agricultural FACE site list as of 2011 
(Replicated trials with a ring diameter> 8 m only) 



 Is a bottom-up international network, founded on the 
voluntary, collaborative efforts of countries.  

 Was launched on December 2009 in the UNFCCC COP15. 
 Brings countries together to find ways to grow more food 

without growing greenhouse gas emissions. 
 Organizes 3 research groups and cross-cutting issues 
 Japan, together with Uruguay, was appointed as a co-chair of 

the Paddy Rice Research Group  
   See details at  
 http://www.globalresearchalliance.org/ 

Global Research Alliance (GRA) 
On Agricultural Greenhouse Gases 

Cross-cutting Issues

Research Groups

Alliance Council

Livestock
New Zealand
Netherlands

Croplands
USA

Paddy rice
Japan

Uruguay

CN cycles
France

Australia

Inventory
Canada

Netherlands

Secretariat
New Zealand



The Agricultural Model Intercomparison and Improvement Project 
(AgMIP） 

Co-Leaders: Cynthia 
Rosenzweig, Jim Jones, 
and Jerry Hatfield 

The rice team has been formed 
to initiate the evaluation of 
crop model uncertainties since 
August 2011. 

Currently testing multiple 
rice models using  four 
sentinel sites data; 
1. Shizukuishi, Japan 
2. Nanjing, China 
3. Los Banos, Philippines 
4. Punjub, India 
 



Maintaining crop yield and quality under adverse conditions that 
may occur more frequently climate change is a big challenge. 
 
More general goals of agricultural research in the context of 
climate change are to improve and coordinate multiple tasks of 
agriculture;  
 
food, feed and energy production  
reduce GHG emission  
enhance carbon sequestration in the agro-ecosystem  
 
While new technologies are developed, evaluated and 
implemented locally, we need to enhance mechanisms by which 
the methodology and databases will be utilized across borders.  

Conclusions 
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