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Fig.2 River basin unit mask for each RCM grids (78 categories)
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Fig.4 Monthly mean precipitation bias by prefecture unit for each RCM (upper: February, lower:July).

Too much (wet) area is blue, dry area is red. Small bias (ratio is close to 1) is yellow.
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Fig.5 Monthly mean temperature bias by prefecture unit for each RCM (upper: February, lower:July).

Too high (warm) area is red, cold area is blue.
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Fig.6 Example of frequency distribution of precipitation intensity (blue line: model output,

green line: corrected value by monthly mean bias, dot: observation)

Count a each olass (Shizuoks) Count at each class (Oita) Count at each class (Ishikewe)
3000 2000 800
Corroct] 1800 Corrostl 700 Correctl
2500 A obs07) 160 obs(07) bs@7) @
] 600
2000 1400
1200 ; 500
1500 1000 L4 o 400 i Y
H i 5,
o0 ; 3 800 H A 300 [ e H
i e & Yo ; 3
A Ay oo i ) 200 4 Le .
& %, Y
500 i @ 400 . Wooe Yo
£ e, # 100 s .
o e 200 i ', i " L]
0 g 7 . . . . sy Py, . . . . iy Y . . . . L . .
292 2904 296 298 300 302 304 306 308 310 294 296 298 300 302 304 306 308 310 200 292 294 296 298 300 302 304 306 308
Tair (K) Tair (K) Tair ()

(a) Shizuoka (Jul, NHM-MRI)

(b) Oita (Jul, NHM-MRI)

(c) Ishikawa (Jul, RAMS-TU)

Fig.7 Example of frequency distribution of precipitation intensity (blue line: model output,

green line: corrected value by monthly mean bias, dot: observation)
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c(j) : % B DL

f: EEk

pre : B 7 UAE O 1R R K i

store(j,ic0,icl) : jFEH OEBIZ L - T, BEkico
2B REfRicl ~B @) L 7o Bk &

store(j,ic0,ic2) : jFEH OEBIZ L - T, BE#kico
D0 BERic2~ B L 72 BEK &

INDHMBIEIC Lo TS, Eohitbe() T E

DBET D> & PEF I~DEE U 7=k B store (J, k, 1)

Z, RETIRREZ 7)Y XL TERFET 5,
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RATHL !
2
o
BmL »| BSWER 2
DR [ 4
&
5
k
6
_|MBmER 7
| DR
8
BB AE 1 |4if(D) |dif(2)|dif(3)|dif(4)|dif(5) |dif(6) |dif(7) dif(®)
Fig.9 Flowchart of unit correction Fig.10 calculation of dif
BEIEORE 1 BEV RO 1
123845 6]7]8 fu 123|456 7]8 fu
1 del(1) 1
2 del(2) 2
g 3 del(3) g 3
[ dela) | [ | 4
# 5 del(5) w 5
k k
6 del(6) 6
7 del(7) 7
8 del(8) 8
o ds
Fig.11 calculation of del Fig.12 calculation of ds
1 —0.14 —-80.68 0 0 0 0 0 0 0 —80.68
2 —0.14 55.43| -118.42 0 0 0 0 0 0 —62.99
3 -0.14 0 141.69] -302.68 0 0 0 0 0 -161
4 —0.14 0 0 -17.17 -27.84 0 0 0 0 —45
5 —0.14 0 0 0 -18.38 0 0 0 0 -18.38
6 —0.14 0 0 0 16.61 -20.76 0 0 0 -4.15
7 -0.14 0 0 0 0 0 0 0 0 0
8 -0.14 0 0 0 0 0 0 0 0 0
1 0.14 80.68 0 0 0 0 0 0 0 80.68
2 0.14 -76.28 139.27 0 0 0 0 0 0 62.99
3 0.14 0] -100.84 261.84 0 0 0 0 0 161
4 0.14 0 0 -63.31 108.31 0 0 0 0 45
5 0.14 0 0 0 —-36.19 54.58 0 0 0 18.38
6 0.14 0 0 0 0 4.15 0 0 0 4.15
7 0.14 0 0 0 0 0 0 0 0 0
8 0.14 0 0 0 0 0 0 0 0 0

Fig.13 Example of the table of store(j,k,1) and del(k) (upper: @ =-0.14, lower: « =+0.14)

(d) HERERNMEDEzHOTILT XL

ATEE TICRE LIfEEE > T, RO A A
T ThD, TETNANAALT AR/MEDT=DODT v
TN RZLERNT D, o7 ATY XL, 4.1(a)
TERE L EEOEBIL 2> T, ThZh ok
TEDO LS REGHEFEELIIMZAE, 4.1(0b)IC

RLUEMEREEZR/METEDONER/RET D,

(1) BN, flSHIEROETT MEIZ DWW TR
OAEFBEAEEZRD, 52K 1) D mvar TR
Licb Dk, MIEBRECHMELE ED D, LOET
NMETR L, WSHEZDOET MEICETHET L
NRAT A HEE LTRDZDF, BEHMEICE
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o CEH) A Bk &2 BLENE & 13135 LWMEIC 22 - T
WoHMRHEWI B E, —fEOBEEL L E T 2K
T TR ZEICE-T, n BRICET DEKE
28 (n=2) BEARICBEN L TV 2 oI, (n-1) BERRIZIE T
ZBARED (n+]) BARICBEI T2 WO FE L 72
W —ARNEZ 0% EVIEHND B,

(2) 4. 1) TPHEEHL T\ store(G, k D%,
Fig. 10 D X HIC L TREIEDORHK I Z LT LEaDb
T, Ih% dif L35, 20 dif (FEBICK
LREIEDOMHR T L OEFHBEARREENL) &, XQ)
THWz mvar (FFEROEFREAKR) 1I2H& 2 M2 T
W&, KD IZ K> THUORIERZE (dvar) BT 5,
T, WMEREZEHT I L EI0E, WmBOREE
ZOREROEBLOZEOMXEF 1.0 Z#ix 72
Ko EE L 52 & T, (1) THEITFEBAKROL
FLL VBRI 2P < &3, FHRRER o mEiE
Ko TW\W5b,

(3) &5 store(j, k, DEANT, ds (FEHIC
LD L DEFBAKEEO) ZEHT
%, £, Fig. 11 ® X 51T store (J, k, 1) % 5t D PR
kZTEICRLADLET, T0OM%E del (k) (£EBL
WL DO L OEFHEKEEL) &35, &
52, ZO del (k)% Fig.12 TREIND L HIZET
DR TR LEDEZLD%E ds L35, Fig. 13 1%
store (J, k, 1) & del (k) DI TH 5,

4) @ TEHLEMERENSYMME LY /&L
o TERY, 2o, (3) TEM LI ds BNEEREF
BekiED 3 X—k Y FRlTH D L X2, ZOMIE
MR BT MIERRZE L LT, TN O IE
FAE L T O RIRICT D,

5G) @B @WDOKRYVIELIZE->T, KbHERE
BNEL lpol2 X1, TOMEREZEEH L
A BERR OB A fed 7p BB O A G DR L L,
IhboleEatFHELREZRE LALELZLD
%, HMEROFRELRE T D,

(6) iz, ZOhEENTIZET NVEOVEIA B
KELBHEDO LX) HBEKEDOLZ LY, MK L
LT, ZOWitbZ7 /3 Y XA TEEH L 7KK
ERIZNT D2 E CARMEORBELRE L T5, 7o,
(3) T Tds WAKED 3 N—tr MR LVWH 5%
PEAEF T EOX, ZOREOMPEN TG o
HAZEBACLEDRVWIICTHEDTHD, 72
e b, I ds DEEERAFEKEOHFTHLD O
BAEEDTLESEDL, KEDHMIAKIZL - T,
THAITYRATHFESNTHESANEALLTLE
IHEMRHDLINLTH D,

U EOKRMIEICBT DTV X LOEKRK 2
nNE7a—Fv¥—hL LT, Fig. 141277,

(1) dvar OFIHAfER E

L
[

| |

(2 3)
b 5EBH % b 5HE %
HAwnwizt&n Azt &n
dvar DEIE ds DEIE

4

S BT/ E 72 dvar Ol

®)
4‘5&%%%%%%’»—_____

(6) dvar 23H/)s & 72 % i b SR D i H

Fig.14 Flowchart of bias correction system

4.2 HENMMEEBEL-HEZOERER
3.4 TRLUIEBNZOWT, SEESAZBE LM
EVEEGEA Lo R A £ Fig. 15, Fig. 16 (TR
T WTIOEA S GBI~ TR B ICHE 5
HRPREBEENTWDIZENRTEND, 2721,
M6 OARD LS ITDET VEDHSAARHEDIZ
HTHEN TV A BEITIE, EEEO B ST I TS
T2 L IIRETH D, MIERBOBEERHMAEE KT
TS 5 LB S ORI 2 A MICE 59D 2 &
IXTEDLR, TORAGRKRRHFHERMRLEST L L
W27, o, HEVITRREIRHEESEST Z &% T
E)] OfiEz#Ex 5EETH D, ETAVHNAY
NEOFLE F CHESA % FE T & NIEmEo [
PEHED THIENFREIC/R D DM E Vo= 2 & (£
TNLVEBDIZODHTA RTA L DEIRBD) b4
BHRFI LTS TETH D,

4.3 WBEOHRMEICDONT

Fig. 17 1%, SEEMFERBD 99%FEBibmER (A7
1%) BKBEOBMAKTHY, LRIX2 AT 5
b0, FRIX T ACETLIHOTH D, HHPIHE
fR¥E RMSE DfE bR E TV D,

2 HiZ2nWTik, BESMEBE LIMEICEIDY
CC & RMSE BRIBIZE SN TWD Z ER0 D, 7
AELTHHBEZSINATWAS DD, £1E+H457
BLIZE 2R, BEOTLITY XATIETOET
NVHAEOEEN L 2D LERSRNWE, 2L 24
EZMTFee LTS, REFHmIFIEICI 2 2R T
MEZ BT 25 2 LT TE R, BBRENZ LI,
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(¢) Miyazaki (Jul, NHM-MRI)

Fig.15 Example of frequency distribution of precipitation intensity (blue line: model output, green line: corrected

value by monthly mean bias, red line: corrected value considering frequency distribution, dot: observation)
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Fig.16 Example of frequency distribution of precipitation intensity (blue line: model output, green line: corrected

value by monthly mean bias, red line: corrected value considering frequency distribution, dot: observation)
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Fig.17 Scatter diagram of extreme precipitation (99percentile) for each RCM output and bias corrected value

(blue: model output, green: corrected value by monthly mean bias, red: corrected value considering frequency

distribution, upper:February, lower: July )
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Fig.18 Same figure as Fig.17 but for low temperature extreme (1 percentile)
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Fig.19 Same figure as Fig.17 but for high temperature extreme (99 percentile)
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Table 2 Input and Output of bias detection/correction system

71 2 A : GSI/basmask.f
ANNT—4
WO7_52M_**.txt (**=01~47)  Jiik - JELEKIE A v v =
code Lonl-Lon2E_Latl-Lat2N.dat (AL#EE DO XJTHI~ 2 7 57— &)
../RCM/comp/orgMODEL.txt (MODEL=NHM-MRI, RAMS-DP, RAMS-TU) &5 /L#4 1 H .0 JBE S
HhT—4#
prefecarea.txt &FENFIRIZET 5 RCM 7' U » R4t (NHM-MRI, RAMS-DP, RAMS-TU)
basinarea.txt %7/KFRIZET H RCM 7' U v N4 (NHM-MRI, RAMS-DP, RAMS-TU)
gridpMODEL.gad % RCM ¥ DHEFF IR~ A 7
gridtMODEL.gad 4 RCM #% 1- D /KRB~ R 7

7w 77 A : RCM/comp/stnmatch.f
ANNT—%
addramd.txt 7 A % 2 @R R ONLE, HE 15 )
../../GSl/prefecarea.txt F-#BEFIRICET 2 RCM 7' U v Nk
.././GSl/basinarea.txt K /KRIZET D RCM 7'V » R
../../GS1/gridpMODEL.gad 4 RCM &1 D HRIE FF B~ A 7
../../GSI/gridtMODEL.gad % RCM ¥+ DKRH~ A 7
orgMODEL.txt &7 /L#& 1 H.0 A2
.././AMEDAS/amedas1hrYYYY.gad (YYYY=2002~2004) 7 A X AT —4
HATF—%
gridmatchMODEL.gad 4 RCM #1712 J& 7~ 2 Bl 5
maskorderMODEL.gad # RCM #& 1% 1 IR JuBL AN~ 2 5 %56 DONARL
amedas/topoMODELA.gad (A=r,p) i7" 2 = U 7 BN~ % 7o — R ILELH OB AAE R T — &
amedas/VARMODELYYYYA.gad (VAR=Prec, Tair) 2FAli3 2 = U 7 BN~ % 72— R ochl F o Bl 7 — #

71 7'F A : RCM/comp/readmodel.f

AT —4
../../GSV/prefecarea.txt ZH#ENFIRIZET 5 RCM 7'V v R
../../GSl/basinarea.txt &/KRIZET D RCM 7 U » MK
../../GS1/gridpMODEL.gad 4 RCM ¥ 1 D HBE FF BB~ A 7
../../GSl/gridrMODEL.gad 4 RCM #& - O/KRH~ A 7
gridmatchMODEL.gad 4 RCM ¥ (2 J& - % 8L S 5K
maskorderMODEL.gad % RCM #& 7% 1 RSN ~FE 2 2 56 ONERL
Bk, KIBOET VHIEMM=01~12)
./NHM_Ver0/YYYYMM/VAR 105x115.dat (VAR=smgqr, smqs, smqg, tsfs)
./RAMSD/VERI/YYYY_ps/MM/1ht/VAR (VAR=precipr, tempf2m)
../RAMST/1mon/SSVOMM.YYYYMM.grd

Whr—z
model/ VARMODELYYYYA.gad (VAR=Prec, Tair) #Ffli 3% = U 7 BNC A ~HF 2 72— R ITHL S D€ 7 v H I E

71 7'F A : RCM/comp/biaspdfprec.f, biaspdftair.f
AHT—4
../../GS/prefecarea.txt & #SENTIRIZIET D RCM 7'V~ R¥
../../GSI/basinarea.txt F/KRIZET S RCM 7'V v N
../../GSV/table-prefec.txt £ #BHE i Ik [X 53 D 4 il
../../GSI/table-river.txt 47K % O 44 {ii
model/ VARMODELYYYYA.gad (VAR=Prec, Tair)  #li 9% = U 7 BN~ 2 72 — Kool B 0 € 7 /v H )il
amedas/VARMODELYYYYA.gad (VAR=Prec, Tair) #Fli9" %= U 7 BN~ 2 7o — kel F o B 7 — #
Whs—%
gnu/MODEL/pct-statA.txt (A=r,p) T U 7 Bl O H: A i3 e 3. B /K 5 BE oD 8 5L
gnuw/MODEL/percentileMMA..txt (MM=01~12, A=r,p) H B> U 77 5I] D FE B 18 fife 22 15 7K TR
gnu/MODEL/weightMMA..txt (MM=01~12, A=r,p) HBI= U 7 BID P 3o 7 2 & BERRBIAE AR 5K
gnu/MODEL/biaspdfMM-NNA.txt (MM=01~12, NN=01-60) #HEE /34, BEMkBIFeMAK R, FH5

7'v 7'Z A : meanbias.f
ANHT—%
.././GSI/gridpMODEL.gad % RCM # ¥ O#BE N 5~ A 7
../../1GST/gridrMODEL.gad %& RCM &1 D KRR~ A7
gnu/MODEL/weightMMA. txt (MM=01~12, A=r,p) HBI= U 7 MO F kRO FE A4 7 2 L BERRAIH R
gnuT/MODEL/weight MMA.txt (MM=01~12, A=r,p) HBI= U 7 BIOKIRDO LS A T A & BERBIA EFR 2K
HMhs—%
meanbiasMODEL-1dA.gad (A=r,p) % RCM ® A E¥HED /A 7 A (1 &kIT)
meanbiasMODEL-2dA.gad (A=r,p) % RCM ® A FHED A 7 A2 (2 &kIT)
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Synopsis

This study aims to develop the method for detecting and correcting the bias information of RCMs. This
system is designed to be general so that it can follow the change in model setting. Bias information for each
individual grid is too much for handling, and some grids may have no evaluation data. Therefore, model bias
is evaluated in each river basin or prefecture unit. Not only the monthly mean value, but also frequency
distribution is evaluated for each unit area. A new bias correction method that can reproduce the extreme
values while keeping the monthly mean value is proposed. In most cases, this new method works well in
getting better frequency distribution and extreme values.
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