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ABSTRACT

This presentation describes an early warning system based on meteorological observations and weather 
forecasts that has been designed to warn farmers about cool weather that can damage rice crops.

Tohoku District is located in northern Japan, in northern Honshu, south of Hokkaido. It has a cool-
temperate rainy climate, and in winter there is a lot of snow. Tohoku District has abundant water resources, 
and its major industry is agriculture; 26% of Japan’s rice production comes from Tohoku District.

Figure 1 shows historical trends in grain yield in Tohoku region. Yields have increased progressively 
from 1.5 t ha-1 in 1881 to more than 5 t ha-1 in the 1970s. Although yields have remained relatively constant 
since the 1970s, low-temperature stress and disease are constraints on stable production. Considerable 
fluctuations in yield are experienced in Tohoku region. The most severe yield losses have been caused by 
cool weather, which occurs roughly every 4 years. Damage from cool weather is the most serious climatic 
damage to rice production in Japan. This damage is particularly serious in northern Japan because of the 
variability of its summer climate.

Rice blast is the most serious crop disease in Japan; it becomes serious in cool summers, and often 
decreases rice yield. Suitable conditions for rice blast are five days mean temperatures from 20 to 25°C, 
cloudy skies accompanied by fog or drizzle, and high relative humidity.

Cool summers are brought by the Yamase, a cold northeasterly wind that is characteristic of northern 
Japan. This important summer phenomenon causes 
considerable decreases in rice yields. To mitigate 
damage from cool weather, breeding programs have 
been conducted to improve the cold tolerance of rice 
and to improve cultivation techniques, such as deep-
water management. Unusually severe cool weather 
damage occurred in 1993, when the average rice yield 
in the region decreased by 44% compared with the 
normal yield. This cost the region ¥469×109. 
Therefore, to reduce the agricultural damage caused 
by cool weather, the National Agricultural Research 
Center for Tohoku Region developed the Early 
Warning System for Rice (Figure 2) in 1996 (Torigoe 
2001). This system provides crop and weather 
information through the Internet to help farmers 
reduce yield losses. The system is primarily based on 
a combination of meteorological observations with 
information on rice growing stages, the impacts of 
low temperatures, and the impacts of diseases such as 
rice blast.

Severe cool weather damage also occurred in 2003, 
when the average rice yield in the region decreased by 
20% compared with the normal yield. However, rice 
yields for users of the system decreased by less than 
10% because farmers were able to implement deep-
water management (which uses the high thermal 
capacity of water to mitigate temperature decreases) 
and timely spraying of agricultural chemicals to 

Figure 1: Changes in grain yield of brown rice in Tohoku Region.

Figure 2: Menu of the “Early Warning System for Rice”. 

Available at <http://www.reigai.affrc.go.jp> with translation.
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control rice blast.
Following the cool weather damage in 2003, the Early Warning System was improved in 2006. This 

new system uses meteorological forecasts based on the Japan Meteorological Agency’s Global Spectral 
Model to predict the weather several days in advance. The current experimental version of the early-
warning system provides 2-week temperature forecasts so farmers have more time to respond. When the 
system predicts abnormal weather, it can send an alert to a user’s computer or mobile phone (Figure 3). 
In previous versions, only historical data were used, but the current system uses numerical simulations to 
extend the rice blast forecast several days into the future. Agricultural chemicals can effectively control 
rice blast if they are applied at the right time. The model forecasts conditions conducive to rice blast 
growth using meteorological data and recommends the best timing for chemical spraying (Figure 4). 
Because rice cultivation was recently damaged severely by hot weather, the new system also provides 
warnings of the risk of high temperature damage, which can affect ripening of rice grains and the incidence 
of sheath blight disease.

Decreased rice yields caused by cool weather have also been reported in Australia, the United States, 
Taiwan, Bangladesh, India, Nepal, and other countries. Similar information systems would benefit these 
regions. In recent years, rice production has increased in Heilongjiang, in northeastern China, where the 
growing period for rice is short and temperatures are low and severe yield losses are caused by cool 
weather roughly every 4-5 years. For example, rice yield was unusually low (33% below normal in the 
Jamusi area) in 2002 as a result of cool summer temperatures. The temperature was roughly 19°C during 
the meiosis stage, and was below 17°C at heading, causing spikelet sterility and incomplete ripening. We 
are therefore constructing an early warning system for use in Heilongjiang to provide weather and crop 
information.

Meteorological records for northern Asia suggest that temperature fluctuations are growing in magnitude 
and frequency, so it is becoming increasingly important to protect crops against poor weather by using 
weather and crop information provided by an early warning system.
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Paddy rice, Cool Weather Damage, Rice blast, Early Warning System, Tohoku, Japan
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Figure 3: A web-based agricultural information system. Alert mail will 

send automatically to users when a dangerous situation will occur at 

their fields.

Figure 4: Rice blast outbreak information. Users can see the 

time series of danger levels from the past to the future.

Session 4

192



65

43

21

193

Eiji Kanda



1211

109

87

Session 4

194



1817

1615

1413

195

Eiji Kanda



2423

2221

2019

Session 4

196



25

27 28

26

197

Eiji Kanda



198

Chairman Dr. Kazunobu Toriyama: The last speaker of this session will not talk about insects; instead, he will 

address cold damage to rice. Allow me to introduce Dr. Kanda, who is from the NARO Tohoku Agricultural 

Research Center. His expertise is in the area of crop management, where he has worked for some 15 years. He 

recently received an award, and his presentation today will highlight some very interesting new tools. Please, Dr. 

Kanda, the floor is yours.

Dr. Eiji Kanda: Thank you very much for the introduction. Usually I am speaking in the Tohoku dialect in 

Japanese and a computer language; therefore please allow me to speak in Japanese rather than in English.

Now, even though I do not speak in English I am extremely pleased and delighted to have this opportunity to 

speak to you. Today I would like to talk about the current status of an early-warning system against cool-weather 

damage in rice production. I would like to talk about the history of what we have been researching and our 

aspirations going forward.

First of all I would like to talk about the history of the Tohoku region and the geography of the Tohoku region, 

and also the weather. Because of the cold weather, high-quality rice is being produced, but when there is cool 

weather damage, rice is also damaged. In the summertime, in the past 30 years we are seeing yearly variations in 

temperatures. That is the reason why we require the early warning system, to guard against the damages of cool 

weather as well as extreme weather. I would like to talk about the most up-to-date system. Also, what we have 

introduced in Heilongjiang in China. I would also like to talk about the second renewed system, and lastly talk 

about the future system that we are working on at the moment.

Please refer to this red area; this is the Tohoku district. It is located in the northern part of Honshu Island. It is 

monsoon weather; we have distinct seasons. Usually the summertime is hot and humid and in winter there is a lot 

of snow. It is about 46° latitude, similar to Beijing as well as New York. For your information, this is Heilongjiang 

located in the north east of China. This is 46° latitude; it is north compared to the Tohoku district.

Now, about geographical features. Tohoku has a cool climate and we are blessed with abundant water resources 

from river valleys, lakes and much rainfall. This is the reason why this region is able to produce high-quality rice. 

As a result, Tohoku produces 26% of Japan’s rice harvest of top quality rice. Heilongjiang is also a region which 

has abundant water and a cool climate. In Heilongjiang 27% of China’s Japonica rice harvest is produced.

Now, let me talk about the agricultural weather in Tohoku. Here we have the temperature trends for 1950 to 2010. 

I have shown here the deviation from the normal year. In the 1980s the annual mean and the winter mean 

increased and from there onward it increased by one degree. However, if you look at the summer temperatures 

we do not see an increasing trend. Prior to the 1970s, there was low volatility in terms of temperature. However, 

from the end of the 1970s that volatility has become greater. These red circles indicate hot summers and the blue 

circles indicate cool summers. The end of the 1970s is a milestone transition period where changes have occurred 

thereafter.

Here we are looking at the changes in the grain yields of brown rice in the Tohoku region. In 1881 it was about 

1.5 tonnes per hectare but it continued to increase and in the 1970s it exceeded 5 tonnes on a constant basis. But 

even then, we can see deterioration in terms of yield even though we have seen this increase. In 1993 and 2003 

there were significant aberrations. That we talk about these cool summer damages. Usually if we standardize a 

regular year to be 100 then the price production index for 1993 was 56. In terms of the total damage rate for the 

rice paddies it was 54.2%. 48.7% was due to cool weather damage and 4.9% buy rice blast disease. The losses 

amounted to JPY 469 billion. 

In order to reduce the damage from cool weather in rice production we embarked upon the development of an 

early warning system. We are trying to provide the information necessary to mitigate the detrimental impact of 
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cool weather damage on the part of farmers. This is the main menu of this website. If you go to this website the 

information is available to everyone free of charge.

This is the real-time meteorological data that has been provided. This is an example of 2003. Information on 

temperature, sunshine hours, precipitation and wind speed and direction are available. Throughout the cultivation 

period, the time series of temperature can be identified as well.

Now, we are looking at the estimated rice growing stage by model. We are collecting cultivation data from some 

farms’ monitors. By so doing, we are able to reduce the damage incurred by cool weather.

The cool weather damage is an important issue in Japan. However, in Taiwan, Bangladesh, India, Nepal and 

other countries, similar problems have been reported, so this is not just limited to Japan. We took this system to 

Heilongjiang, where production is increasing yearly for rice paddies, but the time for rice paddy cultivation is 

limited and the temperature is also lower so cool weather damage occurs once every four to five years. In 2002, 

because of the cool weather damage in the Jamsui area the yield was unusually low, 33% below normal. That is 

why we created the early warning system for this area as well. August 2002 information is shown here; summertime 

weather was relatively low.

This is the Japanese version. After we created the system the first cool-weather damage occurred in 2003. The 

rice production index was 80%, so the yield came down by 20%. Please refer to this photograph; you can see the 

rice ear coming out. 40 days after emergence it can be harvested, but in this case we saw a significant number of 

empty glumes, even after this period.

Use of the early warning system can mitigate the damage. As you can see here, the sterility percentage is lower, 

and yield is 20% more than in a regular year. The yield in 2004 is in line with the regional average, although there 

are some ups and downs. Therefore, using the early warning system they are able to control the cultivation, 

including the rice blast disease, as well as controlling water.

The effectiveness of the early warning system has been verified. Therefore, we have embarked upon improvements 

to the current system. There are four improvements that we have made. First of all we are now providing access 

to information via mobile phones and email. Farmers can only use desktop computers at night, but if the 

information is available via mobile phone it can be accessed from the field as well, so if there is information that 

we would like to share with the farmers we are sending it to mobile phones.

The second improvement is use of Google Maps. Farmers are able to register their fields. Up until now we have 

been identifying the AMeDAS (Automated Meteorological Data Acquisition System) point and information was 

provided for certain farmers. But now farmers are able to make an estimate for their own fields on any given date 

and receive services accordingly. So far we have been using historical meteorological data but we are now able 

to incorporate forecast data from the Japan Meteorological Agency (JMA). By so doing we can forecast the 

weather and bring this information to bear on cultivation management.

This is by membership, but you can access information on this website. We are also providing warning information 

regarding cool weather damages. We are also sending email of this kind. We are able to provide information 

including two-week low temperature prediction, taking into account the location of the farmers’ fields, and in line 

with the stage of cultivation. When we send such emails, server access will increase, which allows us to verify 

that many farmers are receiving the necessary information.

Another important point to consider is the rice blast disease. By predicting the weather, infection can be avoided, 

and we are providing such necessary information. This is information relating to rice blast outbreaks, providing 

information on which particular days are high risk for rice blast.
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In the past, in the Tohoku region people were happy when there was a hot summer; high temperature gave a good 

harvest. But currently there are examples where high temperature will lower the quality of the rice grain. We are 

therefore providing such warnings as well. When there is low temperature there is rice blast disease and when 

there is high temperature, there are occurrences of sheath blast disease. We have a prototype providing information 

on predictions for occurrence of sheath blight disease as well.

Now, with respect to future systems, this is an early warning system for nationwide use. We have given it the 

name Agriculture and Meteorology Alert Transmission and Expert Regional Assistant System (AMATERAS). 

Any Japanese person will know what Amateras means, as it is the goddess that controls the sun. So our system is 

now relying on divine powers as well.

We are now focusing on the early warning system for cool weather damage for rice production but we would also 

like to cover other crops as well as other problems. We also want to take into consideration the mitigation of 

climate change. We would like to provide new cultivation technology through the system so that we may 

contribute to agriculture in Japan going forward.

Lastly, let me summarize. In Tohoku, the summer weather has shown large year to year variations in the past 30 

years, which is having a severe impact on rice production in the Tohoku region. The early warning system is 

effective in reducing cool weather damage to rice. The early warning system can be used by farmers free of 

charge, and by so doing, the cool weather damage can be alleviated. Going forward, we would like to develop a 

nationwide system.

That is all. Thank you.

Chairman: Thank you very much for that presentation and its inclusion of some very impressive new technology.

Session 4




