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1 ACCESS1.0 G63L17 192 145 171

2 ACCESS1.3 G63L17 192 145 171

3 BCC-CSM1.1 T42L17 128 64 256

4 BCC-CSM1.1(m) T106L17 320 160 102

5 BNU-ESM T42L17 128 64 256

6 CanAM4 T42L22 128 64 256

7 CCSM4 T95L17 288 192 114

8 CMCC-CM T160L17 480 240 68

9 CNRM-CM5 T85L17 256 128 128

10 CSIRO-Mk3.6.0 T63L18 192 96 171

11 EC-EARTH T106L16 320 160 102

12 FGOALS-g2 T42L17 128 60 256

13 GFDL-CM3 G47L23 144 90 228

14 GFDL-HIRAM-C180 G192L17 576 360 57

15 GFDL-HIRAM-C360 G384L17 1152 720 28

16 INM-CM4 G59L17 180 120 182

17 IPSL-CM5A-LR T31L17 96 96 342

18 IPSL-CM5A-MR T47L17 144 143 228

19 IPSL-CM5B-LR T31L17 96 96 342

20 MIROC5 T85L17 256 128 128

21 MPI-ESM-LR T63L25 192 96 171

22 MPI-ESM-MR T63L25 192 96 171

23 MRI-CGCM3 T106L23 320 160 102

24 NorESM1-M T47L17 144 96 228

MRI-AGCM3.2S T639L60 1920 960 17

MRI-AGCM3.2H T213L60 640 320 57

MRI-AGCM3.2L T63L60 192 96 171

a G denotes grid model. Two digits after G show corresponding spectral wave number.
  The digits after T denotes the triangular runcation at the corresponding spectral wavenumber. 

  Two digits after L show vertical levels. 

CMIP5: The fifith phase of the Coupled Model Intercomparison Project

IPCC: Intergovermental Panel of Climate Change 

Table S2. Features of 24 CMIP5 models used in this study. Target period; 1983-2003, 21 years. Three
versions of MRI-AGCM with different horizontal resolution are also listed for comparison; S=20 km,
H=60 km, L=180 km.

Name in Table 9.A.1 of
 IPCC (2013)

Horizontal
resolution
and vertial

levelsa

Longitudinal grid spacing
(km) at 35 ºN

Longitude Latitude

Number of gridsNo.

8 
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 9 

Figure S1.  Comparison among observations for annual average precipitation (mm 10 

day-1). (a) GPCP 1ddv1.2, 1.0 degree, 1997-2013, 17 years, (b) GPCP v2.2, 2.5 degree, 11 

1983-2003, 21 years, (c) CMAP v1202, 2.5 degree, 1983-2003, 21 years, (d) TRMM 12 

3B43 V7, 0.25 degree, 1998-2013, 16 years, (e) GPCP v2.2 - GPCP 1ddv1.2, (f) CMAP 13 

- GPCP 1ddv1.2, (f) TRMM - GPCP 1ddv1.2. 14 

15 
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 16 

Figure S2.  Comparison among simulations for annual average precipitation (mm 17 

day-1). 1983-2003, 21 years. (a) HPYS, (b) HPAS, (c) HPKF, (d) CMIP5 MME mean, 18 

(e) HPAS - HPYS, (f) HPKF - HPYS, (g) CMIP5 MME mean - HPYS. 19 

20 
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 21 

Figure S3.  Same as Figure S2 but for R5d. Unit is mm. 22 

 23 

24 
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 25 

 26 

Figure S4.  Root mean square errors (RMSE, %) of global distribution of precipitation 27 

indices (Table 3) between observations by GPCP 1ddv1.2 and model simulations. 28 

RMSEs are normalized by observed global averages indicated in the bottom of panel, 29 

respectively. Red, orange and blue bars denote the 60-km models with the YS, AS and 30 

KF schemes, respectively. Black bars show the CMIP5 individual models. Green circles 31 

indicate the MME of CMIP5 models. Green bars indicate the AVM of CMIP5 models. 32 

 33 

34 
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 35 

 36 

Figure S5.  Same as figure S2 but for bias. 37 

 38 

39 
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 40 

 41 

Figure S6.  Dependence of model skill on the grid spacing (35°N) of 31 models 42 

including 7 MRI-AGCM3.2 models (color) and 24 CMIP5 (black) atmospheric models. 43 

The skill measure is the spetial correlation coefficient R between the GPCP 1DD 44 

observations and simulations over the globe for annual mean precipitation PAV. The 45 

correlation coefficient between grid spacing and R is -0.410, which exceeds the 95% 46 

significance level based on Student’s t test. Grid spacing of models are given in the last 47 

column of Table S1. Letter S, H, L denote MRI-AGCM3.2S, MRI-AGCM3.2H, 48 

MRI-AGCM3.2L, respectively (Table S2). Red, orange, blue colors denote the YS, AS, 49 

KF schemes, respectively. For the MRI-AGCM3.2 models, only the first member of 50 

ensemble simulations is selected in order to exclude excessive and unfair contribution 51 

of specific models. Note that red H is overlapped and hidden by blue H.     52 

53 
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 55 

Figure S7.  Correlation coefficients between the skill and grid size of 31 models 56 

including 7 MRI-AGCM3.2 models and 24 CMIP5 atmospheric models (Table S1) over 57 

the globe with respect to PAV and 4 extreme indices. The MRI-AGCM3.2 models 58 

include SPYS, HPYS, HPAS, HPKF, LPYS, LPAS and LPKF. The skill is based on the 59 

spatial correlation coefficient R (sign is reversed) between the GPCP 1DD observation 60 

and simulation over the globe. Horizontal lines show statistical significance levels. 61 

Scatter plot in the case of PAV is displayed in Figure S6.  62 

63 
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 64 

Figure S8.  Same as Figure 5 but for 850 hPa height (meter). Green contour denotes 65 

the 95 % significance level.  66 

67 
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 68 

  Figure S9.  Comparison between future changes in annual average precipitation 69 

(PAV) by atmospheric model and AOGCM. (a) Future change by HFYSC0 (2079-2099, 70 

21 years) - HPYS (1983-2003, 21 years). Change is normalized by HPYS. Hatched 71 

regions show changes above the 95% significance level. The 60-km model with the YS 72 

scheme is used. (b) Same as (a) but for AOGCM. The atmospheric part of AOGCM is 73 

the same as that used in (a). HPC: Present-day climate, HFC: Future climate. Heat flux 74 

adjustment is used to prevent large deviation from observed SST and future SST of 75 

CMIP5 AOGCMs. For detailed experimental design, see Ogata et al. (2015). (c) 76 

Difference defined as (a) minus (b). 77 

78 



13 

 

ANalysis Of VAriance (ANOVA) 79 

  A two way of ANalysis Of VAriance (ANOVA; Storch and Zwiers 1999) is applied to 80 

future precipitation changes by the ensemble simulations of 60-km model with respect 81 

to three different cumulus convection schemes and four different sea surface  82 

temperature (SST) distributions. The total number of simulations amounts to 12 = 3 83 

convections x 4 SSTs. The total variance among these simulations V is defined as 84 

( ) −
= =

=
I

i

J

j
xxijV

1 1

2

00 , 85 

where 86 

x: precipitation change at a grid point 87 

i: the kind of convection scheme 88 

j: the kind of SST 89 

I: the number of convection schemes, I=3 90 

J: the number of SST, J=4 91 


= =

=
I

i

J

j
ijxx IJ 1 1

00

1
. 92 

V can be decomposed into three terms such that 93 

IJJI VVVV ++= , 94 

where 95 

( ) −
=

=
I

i
I xxiJV

1

2

000  96 

( ) −
=

=
J

j
J xx jIV

1

2

000  97 

( ) +−−
==

=
J

j

I

i
IJ xxxx jiijV

1

2

1
0000  98 
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=

=
J

j
iji xx J 1

0

1
 99 


=

=
I

i
ijj xx I 1

0

1
. 100 

The statistical significance of influence of convection (i) and SST (j) on the total 101 

variance V can be evaluated by the following quantities;   102 

( )11

1

/
/

mmIJ

mI
I JIV

IV
F =  103 

( )11

1

/
/

mmIJ

mJ
J JIV

JV
F =  104 

where 105 

Im1 = I - 1 106 

Jm1 = J - 1. 107 

FI obeys the F distribution F(Im1, Im1 Jm1). FJ obeys the F distribution F(Jm1, Im1 Jm1). 108 

Therefore, statistical significance can be evaluated for specified significance level.  109 

110 
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