
Projection of the future change in 
precipitation in the vicinity of Japan 
during the rainy season using a 5-
km-mesh regional climate model 

Sachie Kanada*1, Masuo Nakano*1, and Teruyuki Kato*2 

*1 JAMSTEC, *2 Japan Meteorological Agency 



Outline of my talk 

1) Brief introduction of our experiments 

2) Reproducibility of daily precipitation 
over Japan by NHM5km: In comparison 
with an outer global 20-km-mesh 
atmospheric climate model 

3) General characteristics of future 
changes of precipitation over Japan 

4) Future changes of the rainy season, the 
Baiu/Meiyu, around Japan 

5) Summary 



Kakushin Team-Extremes (Team-3, Kitoh-san’s group)  
Time-Slice Climate Change Experiments 
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AGCM/NHM are climate model versions 
of the JMA operational NWP models 

Nested in the 

AGCM20km 

JMANHM; Saito et al. 2001, 2006 

GCM group 

RCM group 

with KF w/o KF 

Details were introduced 
by Kitoh-san. 



Simulation status for the NHMs 

• NHM5km: June-October 
– Present (1979-2003): (25 years) 
– Near-future (2015-2039): (25 years) 
– Future (2075-2099): (25 years) 
 

• NHM2km: June-October 
– 25 years for present, near-future and future 
 

• NHM1km: A/N (as needed) 
– For chosen extreme events such as Typhoon  

Main target: 
Changes in characteristics and 
extremes of precipitation in 

the vicinity of Japan 

Almost 
have 
finished 

……Still executing 



Descriptions of the NHM5km on the Earth Simulator 

Horizontal resolution NHM5km NHM2km 

Grid points 669x594x50 767x562x50 

Cumulus parameterization Yes (Kain-Fritsch) No 

Cloud physics 
Simple 2-moment 3-ice bulk 
scheme 

2-moment 3-ice bulk scheme 

The spectral nudging (SN）
method 

Yes No 

Execution period 

From 17th May to 30th October 
for each year for 25-year period 
in the present (1979-2003), near 
future (2015-2039), and future 
(2079-2099) climates, 
respectively. 

From 1st June to 30th October for 
each year for 25-year period in 
the present (1979-2003), near 
future (2015-2039), and future 
(2079-2099) climates, respectively. 

Time step 20s 12s 

Output (2D) 1 hourly 1 hourly 

Output (3D) 3 hourly 3 hourly 

Details will be introduced by Nakano-san in next presentation. 



Why do we need the NHM5km? 
2) Reproducibility of daily precipitation 
over Japan by NHM5km: In comparison 
with an outer global 20-km-mesh 
atmospheric climate model 

Data: Obs. (APHRO_JP: 0.05degree), 
AGCM20km (the previous version), 
NHM5km from Jun.-Oct. in 1990-1999 

Data of NHM5km and obs. are averaged over the AGCM20km grid. 



Characteristics of precipitation 

Probability density distributions of daily 
precipitation amount from June to October 
between 1990 and 1999. 

total 
amount 

wetdays 

SDII 

Obs. AGCM20 NHM5 

AGCM20km overestimate 
the number of wet days 
and underestimate SDII. 

(Kanada et al. 2010. SOLA) 

(Kanada et al. 2010. SOLA) 

Data of NHM5km and obs. are averaged over the AGCM20km grid. 
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NHM5km reproduces more 
realistic characteristics. 

Obs. and NHM5 
have almost the 
same distributions 



Monthly variations of wet days over Japan 
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The biases of AGCM20km’s precipitation has the seasonal 
variation. 
Who knows in the climate change experiments? 
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Each axis → Each month 
10 circles → the value for each year 
3 thick solid lines 
     → The 10-year mean values  

(Kanada et al. 2010). 
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Mean top-3 daily precipitation 
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NHM5km reproduces 
precipitation extremes. 

Fig. 4. Horizontal distributions of 
the mean top-3 daily precipitation. 
The three largest daily precipitation 
amounts from June to October for 
10-year period are averaged over 
the AGCM20km grid. 

Probability density distributions  in the square. 

Obs. and NHM5 
have almost the 
same distributions 



Why do we need the NHM5km? 
Because, 
NHM5km provides more realistic characteristics 
of daily precipitation including precipitation 
extremes. 

↓ 
Present climate (1979-2003) 

vs 
Future climate (2075-2099) 



Future change of precipitation 
General characteristics from Jun. to Oct. 

Decreases 

More 
intense 

(F-P)/P(%) 

Wetday (25yr-mean) 

SDII (mm/day, 25yr-mean) 



Increase ratio of precipitation 
frequency for every month over Japan 
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Increase ratio of frequency of daily precipitation per month
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Rainy season (Baiu) 

Break of rainy season (summer) 
Rainy season (TC) 

Present-day climatology 

Jun.Jul.: Weak ↓, Intense ↑ 

August: Weak ↑, Intense ↑ 



The Baiu 
-Mid-June to Mid-Jul. 
-A huge system extending 
from west to east  
-One of the most remarkable 
rainfall phenomena 

700km 



Seasonal variations of rainfall during the Baiu 

The NW-Pacific High stays south and extends to west over the sea south of 
Japan. 

Jun. 11-20th   21-30th   Jul. 1-10th     11-20th    Aug. 1-10th  

Present 

Future 

The Baiu has 
finished! 
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As the NW-Pacific High moves toward north, the baiu 
(rainy zone) is pushed up. 

Huge rainfall 



Break of 
the Baiu 

Northward 
march of 
the Baiu 

Changes in seasonal variations of rainfall around west Japan 

Delay of a 
northward 
march of the 
Baiu 

Increment 
of rainfall 

Present (1979-2003) 

Future (2075-2099)-Present 

(mm/day) 

increase 

decrease 



Seasonal variations of domain-average 
rainfall amount around west Japan 

TC+front 
Obs.(15yrs) 
Present(25yrs) 
Future(25yrs) 

The Baiu 

With high confidence 
above the 90% 

Mean precipitation 
amounts in early Jul. 
and Aug.  increase. 

Ratios of intense  
precipitation in 

early Jul. and Aug.  
also increase. 

Obs. 
Present 

Future 



Samples of heavy rainfalls in the periods 

1983.07.01-10 2085.07.01-10 

2094.08.01-10 

Intense and narrow H 

H 

2085.07.09.00Z 

Axis of Baiu 

High-qe 

Low-qe Analysis region 

Baiu Zone 



The Composited Baiu front in early July when the front is 
detected in the analysis region (125-130E,30-35N)  

SN gradient of qe （K/km） ←Axis (min. gradient) 

Distance from the axis (km) 

Precipitation 
Amount（mm/day） 

Period： 
0701-10(10days) 
Present(1979-2003) 
Future(2075-2099) 
 
1) Estimate daily 
south-north gradient 
of equivalent potential 
temperature at 
z=500m. 
2) Average 1) between 
125-130E. 
3) Extract a day with 
an axis < -0.02K/km 
between 30-35N→The 
Baiu front is detected. 
4) Composite data 
against the axis. Deeper gradient 

Huge precipitation 
in a narrow area 

Present 

Future 

Present 

Future 



With the 90% confidence level 

Domain-average qe, specific humidity and their SN-gradients 
at 500m for each year 
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The Composited Baiu front in early Aug. when the front is 
detected.  

SN gradient of qe （K/km） ←Axis (min. gradient) 

Distance from the axis (km) 

Precipitation 
Amount（mm/day） 

Period： 
0801-10(10days) 
Present(1979-2003) 
Future(2075-2099) 

Similar gradient 

More precipitation 

Domain average QV 

16→19g/kg 

Present 

Future 

Jul.1-10 Aug.1-10 

Present 52% 32% 

Future 54% 37% 

Appearance ratio of the 
Baiu between 30-35N 



Summary so far 
In the future climate, some changes in precipitation during the 
rainy season, the Baiu/Meiyu, are projected. 
1) June-July:  

1) A delay of northward march of the Baiu 
2) Remarkable increments of ratio of intense rainfall 

(>100mm/day) in the end of the Baiu.  
2) August: Occurrence of the Baiu-like rainfall  in the early 

period 
 
The early July change is characterized by the Baiu with 
→ Larger QV + more intense SN gradient of qe 
→ Intense precipitation are brought in a very narrow region 

near the front. 
 
The early August change is characterized by an appearance of the 

Baiu-like front around western Japan with 
→ Larger QV 
→ Heavy precipitation are brought in the southern side of the 
front. 





Fig. 2 Horizontal distribution of 10-yr mean RH(%) and EPT(K) in July: NHM5km 
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Figure 2. Horizontal distributions of monthly mean relative humidity at a 5km height (a) in the 

present and (b) in the future climates and monthly mean equivalent potential temperature at 

a 500m height (c) in the present and (d) in the future climates. Dotted-black rectangles show 

the averaging regions for Fig. 3. 
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b) RH (%: z=5km) Future 

c) EPT (K: z=500m) Present d) EPT (K: z=500m) Future 



Horizontal distribution of 10-yr mean RH(%) and WV(m/s) in July: NHM5km 

Jet stream will 

shift southward. 

Higher SST 
Supply of high qe air 
mass at the low 
level 

Dry 

Delay of the northward 
movement of the Baiu 
front 

Larger 
convective 
instability 

More intense 
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Increment of 
intense 

precipitation 



25yr-mean monthly precipitation in Jun., Jul., and Aug. 

Jun. Jul. Aug. 

Present 

F-P 
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100mm/day以上の雨量と回数の生値:0701-10 



With the 90% confidence level 

Domain-average EPT, QV and their SN-gradients for each year 
when the front is detected (125-130E,30-35N) 
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Top-3 
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2. 後期実験の特性 

降水量 

wetdays 

SDII 

観測 前期20km 後期20km 

全球後期20kmの6-10
月の降水特性は、前
期20kmと比較したとき
改善傾向がみられる
も、 
1)Wet days過大 
2)SDII過小 
また、格子スケール
（粒状）の降水集中が
目立つ 

ABC研究連絡会(9/22@京大防災研): 金田 

後期5km 

かなり
改善 


