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1.  はじめに	

•  短期間（7〜14日）冷害予測の試み	  
– 気象庁、東北農研の例	

h-p://
www.data.jma.go.jp/

gmd/risk/
taio_suitou.html	
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1.  はじめに	

•  水稲の生育シミュレーションの高度化	  
– 品種による生育の差を表現できる	  

	  

•  Ens気象データ ＋ 水稲生育モデルの冷害予測	

– どこまで予測できるか	

S. Fukui et al.：Methodology for estimating phenology parameters of rice cultivars using common variety trials 

- 83 - 

shihikari, from 45–85 for Kirara397 and from 60–110 for Hinohi-
kari. However, the number of TP-HD days was overestimated for 
Koshihikari in Area 2 and for Kirara397 in Area 1. 

The estimated values for each parameter varied greatly among 
cultivars (Table 3). G1, the shortest growth duration under opti-
mum climatic conditions, ranged from 30–60 days, but there was 
no obvious relationship between these values and their putative 
cropping times (i.e. late-maturing and early-maturing). Two tem-
perature-related parameters, α and Topt, also varied among varie-
ties, including among those with the same area of origin. There 
were distinct differences among cultivar in DVR response to tem-
perature (Fig. 6a). Cultivars that originated in the north (e.g. 
Kirara397, grown in Area 1) tended to show greater sensitivity to 
increased temperatures than did those from the south.  

Parameter β, which represents sensitivity to photoperiod, varied 
from close to 0 to 8 (Table 3). Cultivars that originated in the 
north (or at higher altitudes) had smaller β than did those that 
originated in the south. This resulted in a distinct difference in 
their responses to photoperiod (Fig. 6b). Cultivars that were de-
veloped in Areas 1 and 2 showed almost no sensitivity to photo-
period, whereas those developed in Areas 5 and 9 were highly 
sensitive, and their developmental rate decreased as photoperiod 
increased. Kinuhikari and Koshihikari were developed in Area 4, 
and showed moderate photoperiod sensitivity. 

For the HD-MT growth phase, RMSE ranged from 2.7–6.0 
days (Table 3), and that for the mixed cultivar dataset was well 
within this range (4.5 days). This implies that within the exam-
ined range of environmental conditions, the response of develop-

Fig. 5. The relationship between observed and modeled number of days from transplanting (TP) to heading (HD) for three culti-
vars: (a) Koshihikari, the most popular cultivar in Japan, cultivated widely from Area 2 to 9 (Fig. 1); (b) Kirara397, bred and 
grown specifically in Area 1; and (c) Hinohikari, released in Area 9 and now cultivated widely, from Area 6 to 9. The comparison 
son was based on independent sample datasets that were not used for estimating the parameters. The solid line is the regression 
line, and the dashed line represents y = x. The regression intercept and slope are shown in each panel. R2 in each panel represents 
the coefficient of determination. 

Fig. 6. The response of the developmental rate (DVR) of 10 Japanese rice cultivars to (a) temperature and (b) photoperiod. 
Sensitivity to temperature (a) was estimated with the photoperiod fixed at 14 h, and to photoperiod (b) was calculated with the 
temperature fixed at each cultivar’s optimum temperature (Topt). Dashed lines represent the approximate ranges of temperature 
or photoperiod in the database. 

図：（a）気温、（b）日長に対する日々の成長率（Fukui	  et	  al.	  2015）	
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2.	  方法	

•  入力：気象庁1ヶ月Ensハインドキャスト	  
– ただし、JMA-‐NHMで5kmにDS（Fukui	  et	  al.	  2014）	  
– 期間：2000-‐2009年	  
•  7月10,	  20,	  30日、8月10,	  20日（14日予報）	  

– メンバー数：9、解像度：5km	  

•  水稲生育モデルHasegawa/Horie	  （Yoshida	  et	  al.	  2015）	  
– 品種：各県で作付面積一位（例：コシヒカリ	  ←	  福島）	  

＜気象＞	  
14日ハインドキャスト	

＜作物＞	  
Hasegawa/Horie	
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2.	  方法	

•  H/Hモデル：2%程度の収量誤差	  
•  収量減は冷害発生と対応	  

Yoshida et al.: Rice adaptation assessment by cultivar-based simulation

and simulated yields for the period as an average
over the grid cells with paddy fields ≥1%. The H/H
model reasonably reproduced the inter-annual varia-
tion in the observed yield (Fig. 3a). The correlation
coefficient (r) was 0.80 and the average bias −1.8%.
The yield dropped sharply in 1993 because of a
strong Yamase airflow, which resulted in severe cold
damage to rice. The model simulated the large 1993
reduction in yield, reflecting a high ƒ(CDD) value
(Fig. 3b). The simulation also predicted relatively low
yields in other years, such as 1981, 1983, 1995, 1996,
and 1997, when ƒ(CDD) exceeded 0.3, although the
predicted yield reduction tended to be larger than
the observed yield reduction.

The geographical distribution (Fig. 4) of the ob -
served yield showed a small regional difference
(mean ± SD: 628.5 ± 67.9 g m−2) because of the coarse
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Fig. 3. (a) Interannual variation of observed and simulated
yields from 1981 to 2000 averaged over the analyzed area.
r: Pearson’s correlation coefficient. (b) Same as (a) but for 

ƒ(CDD), the simulated low-temperature stress value

Yoshida	  et	  al.	  (2015)	
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2.	  方法	

•  実験設定	

– 前日まで：AMeDASで駆動し、生育段階を揃える	  
– 検証期間：CTL＝AMeDAS、Ens＝各メンバー	  

Set initial DVI	

Ens: Member 9	

Ens: Member 1	

CTL: Mesh-AMeDAS	Mesh-AMeDAS	

...	

Analysis period 

Set initial DVI	

Ens: Member 9	

Ens: Member 1	

CTL: Mesh-AMeDAS	Mesh-AMeDAS	

...	

Analysis period 

Set initial DVI	

Ens: Member 9	

Ens: Member 1	

CTL: Mesh-AMeDAS	Mesh-AMeDAS	

...	

Initial: 30 Jul	

Analysis period 

Set initial DVI	

Ens: Member 9	

Ens: Member 1	

CTL: Mesh-AMeDAS	Mesh-AMeDAS	

...	

Analysis period 

Set initial DVI	

Ens: Member 9	

Ens: Member 1	

CTL: Mesh-AMeDAS	Mesh-AMeDAS	

...	

Initial: 10 Jul	

Analysis period 

図：実験設定。初期値を10日ずつずらしながら14日間予測を行う。	

Initial: 20 Jul	

Initial: 10 Aug	
Initial: 20 Aug	
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3.	  気温の予測精度	

•  全ケース平均	  
– RMSEは3℃程度、東北北部・太平洋側で顕著	  
– 日本海側でのバイアスは小さい	  

図：気温のRMSE（℃）。（a）1-‐5日、（b）6-‐10日、（c）11-‐14日予報。	  

（a）	 （b）	 （c）	

1-‐5日	 6-‐10日	 11-‐14日	
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3.	  気温の予測精度	

•  誤差の時間発展	  
– 前半は2~3℃、後半は3~4℃のRMSE	  
– スプレッドは単調に増加し、空間相関も低下	

図：気温の（a）RMSE、（b）スプレッド、（c）空間相関。	  
色の違いは初期値の違いを表し、10年平均した値。	  

（a）	 （b）	

（c）	
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4.	  冷却量への影響（空間分布）	

•  5日予報までの誤差は小さい（2℃以下）	  
•  後半は太平洋側で誤差が拡大	  
•  日本海側の誤差は小さい	  
– もともと冷害が予測されていない	  

（a）	 （b）	 （c）	

図：冷却量のRMSE（℃）。（a）1-‐5日、（b）6-‐10日、（c）11-‐14日予報。	  

QT = max 22 −Ta , 0( )
DVI=1.5

2.2

∑
冷害：低温の強度と継続が重要	

1-‐5日	 6-‐10日	 11-‐14日	
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4.	  冷却量への影響（時間発展）	

•  予報時間の延長とともに精度が低下	  
•  季節が進むほど誤差の成長が早い	  
– 多くの地点で基準の気温を割り込むため	

図：冷却量のRMSE（℃）。（a）RMSE、（b）スプレッド、（c）空間相関。	  

（a）	 （b）	

（c）	
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5.	  予報誤差拡大の季節依存性	

•  11-‐14日予報と1-‐4日予報の冷却量を比較	  
•  8月は大きな改善が見込める	  

Set initial DVI�

11 Jul� 21 Jul�24 Jul� 1 Aug�

Analysis period 

Ens: Member 9�

Ens: Member 1�

CTL: Mesh-AMeDAS�Mesh-AMeDAS�

...�

Analysis period 

Member 9�

Member 1�

Mesh-AMeDAS�Mesh-AMeDAS�

...�

Analysis period 

Member 9�

Member 1�

Mesh-AMeDAS�Mesh-AMeDAS�

...�

14 Aug�4 Aug�

Initial: 11 Jul�

Initial: 21 Jul�

Initial: 1 Aug�

Set initial DVI�

11 Jul� 21 Jul�24 Jul� 1 Aug�

Analysis period 

Ens: Member 9�

Ens: Member 1�

CTL: Mesh-AMeDAS�Mesh-AMeDAS�

...�

Analysis period 

Member 9�

Member 1�

Mesh-AMeDAS�Mesh-AMeDAS�

...�

Analysis period 

Member 9�

Member 1�

Mesh-AMeDAS�Mesh-AMeDAS�

...�

14 Aug�4 Aug�

Initial: 11 Jul�

Initial: 21 Jul�

Initial: 1 Aug�

図：実験設定。11-‐14日予報は	  
次の初期値の1-‐4日予報と同じ日

が対象になっている。	  
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5.	  予報誤差拡大の季節依存性	

•  11-‐14日予報と1-‐4日予報の冷却量を比較	  
•  8月は大きな改善が見込める	  

図：11-‐14日予報と1-‐4予報の冷却量RMSE（℃）。	  
棒はRMSE、点は改善率（11-‐14予報/1-‐4予報）。	  
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6.	  品種別シミュレーションの意義	

•  作付面積1位と2位で冷却量（8/10-‐30）は異なる？	  
– 岩手：ひとめぼれ（70.2）	  	  	  	  →	  あきたこまち（16.1）	  
– 秋田：あきたこまち（77.0）	  →	  ひとめぼれ（8.7）	  
– 福島：コシヒカリ（66.2）	  	  	  	  	  →	  ひとめぼれ（23.7）	  
•  （）はH27年度の作付面積の割合（%）	

図：アメダス入力での冷却量。（a）作付面積1位、（b）2位、（c）1-‐2位。	  

作付1位	 1-‐2位	作付2位	
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7.	  まとめ	

•  品種別の冷却量（冷害）予測	  
– 2週間アンサンブル気象データ	  w/	  生育モデル	  
– 7月~8月上旬：10日程度まである程度有効	  
•  青森以南の平地	  

– 8月下旬：1-‐4日予報の利用が効果的	  
– 品種による冷却量の差は基準実験のRMSEと同程度	  

•  今後に向けて	  
– アンサンブル予報のありがたみ	  
– 全国スケールでの検証	  


