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ABSTRACT

The current watershed-scale quantification method for non—point source (NPS)
pollution does not reflect the annual or seasonal variation of precipitation as well
as spatial characteristics of soil, land use, and topography. It is necessary to develop
a method for quantifying spatially and temporally changing NPS pollution loads in
order to utilize the seasonal forecast data that predicts the change of precipitation
up to 6 months in advance. In addition, it is possible to consider the application
of nonstructural management measures within the time scale of several months
as a part of proactive countermeasures against NPS pollution. Especially in
agricultural lands including paddy fields, it is possible to apply various management
methods such as adjustment of sowing and irrigation time and adjustment of fertilizer
and irrigation amount as a part of best management practices (BMPs). Therefore,
the objective of this study is to develop a method that quantifies and predicts the
reduction of NPS loads at the watershed scale according to applied various farming
methods by considering temporal variations based on seasonal prediction information
as well as spatial variability of soil, land use, and topography.

The study consists of three detailed sub-items. First, the Observation-based
Moving Window Regression (MWR-Obs) method using reanalysis data was added
to the existing system. Second, the applicability of the APEX-Paddy model, which
is known to be able to consider the characteristics of paddy fields in Korea, was
evaluated. Finally, spatial and temporal variations of NPS pollutants was considered
in a watershed with multiple land use characteristics.

Analyzing the monitoring data from the previous study on plot-scale paddy field



showed that precipitation amount during the growing season acted as an important
factor for the non—point source (NPS) pollutant load. The APEX-Paddy model applied
to quantify the NPS pollutant loading according to various farming practices in the
plot-scale paddy field showed similar tendency of annual variations in total nitrogen
(TN) and total phosphorus (TP) loads but quantitatively underestimated the loads.
NPS load for TN and TP at the Jeonju—A TMDL (Total Maximum Daily Load) water
quality station was evaluated for different land covers including paddy areas. TN
and TP loads by overall NPS pollutants corresponded to 43.5% and 42.9% of total
pollutant loads, respectively, showing slightly smaller loads than that of point source
pollutants. In addition, the proportion occupied by NPS pollutants during wet years
tended to be higher compared to dry or normal years. Considering different land
covers, TN and TP loads contributed by paddy area alone corresponded to 6.9%
and 8.8% of total pollutant loads, respectively. The forecasted TN and TP loads at
the Jeonju-A TMDL station using 6-month (May to October) seasonal forecast
information for 2011 and 2012 showed underestimations of 26.5% and 13.2%,
respectively, compared to observed values. As a result, we presented the possibility
of the utilization of seasonal forecast information in the decision making process
for quantifying NPS pollutant loads and selecting appropriate farming practices as

BMPs for reducing the NPS loads from agricultural areas.

Keyboards: Seasonal Forecast, Long-term Prediction, Water Quality, Downscaling,
Climate Index, Multi-Moade! Ensemble (MME), Teleconnection, Non-point Source

Pollution, Best Management Practices
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NIFA-CEAP Watershed Assessment Studies S o
§oe. . onCropland and Pastureland (2004-2011) .
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1) https://www.nass.usda.gov/Surveys/Conservation_Effects_Assessment_Project/
2) http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/home/?cid=stelprdb1047821
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Table 1 = HE 2UHY 2XE M8 dsie] H ZARS
T st S
pgm | R Tom (R B
O | U= xEREE [USY 1 2ASW| (102 212)
. Ab -
=S SPD#T, LA @571 9 108)
mp | SL:12m - HUTAL: 0] U LS A & 58
Ngm | U2 BB UR - EYTAF: O 03] O} (U U EY S3SK T
- I 1 SPD#2, #6 - HEYSIA L Mz YAHE 3 iy EUEZ
- 81 Tem (MRS 24 - $ZEMES S5, TN, NO3-N, TP, TOC, DO,
Abfe] | - Hiz o 254 Hlz pH, EC, =2
AR (@271, 18-8-8+4+0.2) - A2 92 Y SEAX| BN
- B SPD#3, #4

Table 2= APEX-Paddy =@ o © 33t 2013 ~ 201599 "EA|H F=H]
HE Ho] Fof
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Table 2 IR 9= (2013 ~2015)
_—— CHAST (2l =2 AlH[FE
SPD#1 SPD#5 SPD#2 SPD#6 SPD#3 SPD#4
NS 06.08. 05.20. 06.03. 05.31. 05.20 05.20
M2{E! 06.12. 05.21. 06.08. 06.01. 05.24. 05.24.
06.11. 05.20. 06.05. 05.28. 05.20. 05.20.
A R 165 | UAE 168 | UE 165 | U= 163 ASH k5N
(7||H||> (A 116, (HA 126, (A 114, (B4 103, (2404, | (494,
QAL QI QUL QAL Q42 | QRE 42
20134 3.1kg/10a) | 5.7kg/10a) | 5.2kg/10a) | 4.7kg/10a) | kg/10a) kg/10a)
Q| 06.13. 05.24. 06.11. 06.03. 05.27. 05.27.
MISTH) | (MERE) | (MRRE) | MR | (HRRE) | (A2
Y
(=217 06.14. ~ 05.24. ~ 06.11. ~ 06.03. ~ 05.27.~ 05.27.~
S 07.14~21 | 07.07.~16 | 07.10.~22 |07.09. ~20 | 07.09. ~22.|07.09. ~22.
e 10.21. 10.18. 10.21. 10.21. 10.21. 10.21.
AN 05.20. 05.20. 06.05. 06.02. 06.10. 06.10.
U S| 05.25. 05.21. 06.07. 06.05. 06.13. 06.13.
05.25. 05.21. 06.09. 05.31. 06.15. 06.15.
A o= 165 | UE 165 | UE 165 | UE 165 ASM eheM
(7|IH|I) (A 126, (R4 126, (B4 126, (B4 126, (2404, | (H4A94,
g QAL QI QUL QREBRT7 | QRE 42 | QRE 42
2014¢ 5.7kg/10a) | 5.7kg/10a) | 5.7kg/10a) | kg/10a) kg/10a) kg/10a)
27| 05.29. 05.21. 06.09. 06.07. 06.15. 06.15.
Y
(=217 05.30. ~ 05.24. ~ 06.10. ~ 06.09. ~ 06.16. ~ 06.16. ~
S 0/M.~0719, 1 07.00.~07.24. |1 07.06.~ 07.21.|07.06. ~ 07.21.| 07.07. ~ 29. | 07.07. ~ 29.
e 10.15. 10.05. 10.25. 10.18. 10.25. 10.25.
AN 05.17. 05.24. 06.11. 05.26. 06.11. 06.09.
U (ES) 05.20. 05.26. 06.14. 05.28. 06.14. 06.11.
05.20. 05.26. 06.14. 05.28. 06.14. 06.11.
S 162 | UE 162 | UE 168 | & 162 22t 2t
AlBI H]) (Bl 126, | (BN 126, | (B4 126, (BN 126, | (B4 94, | (B 94,
P Rk QAL QR Rk QUAk: QAL
20152 5.7kg/10a) | 5.7kg/10a) | 5.7kg/10a) | 5.7kg/108) | 4.2kg/10a) | 4.2kg/108)
27 05.28. 05.29. 06.15. 05.31. 06.15. 06.13.
EHEE ) 05.30. ~ 05.29. ~ 06.15.~ |0531.~  |06.15. ~ 06.13. ~
S 06.26.~07.30. | 07.02.~07.31. | 07.17.~08.04. | 07.02. ~07.31.| 07.17. ~07.28. | 07.17. ~ 08.05.
= 10.15. 10.19. 10.21. 10.14. 10.21. 10.21.
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st 3ho] Wasit AFA BHFAL o ARAE AL P HBFA 2o]
2290 WAMIS A% (3301665) SIUE4 422 B89
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Figure 5 DIAZLONO| AXIQUZTH| CTIOJOO] QI J|Af AX|

HEedo] Qe Fotg2 W7 FHol AR 1071 SshrAAIE FollA
A g ole AFstrdgAeld # FolgsstrA Al do] YR8kl Sl
EQ AFAClE BRI, YHFAF, AFFETe, sk A AL H 7,
€4, B sieAEAld S 7717F RIS . Figure 6 B Table 32 AFA @9
4 el S7I2AEEY] 334 AR AldE Hof FaL Sl olF AFAA
SF 7€ AF1 3 AF2 skeFTA Y] WRTgel A FRTe 99.7%S

A5k 9t
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Table 3 HEFA SRIRGU 27I=AE HE
A2E 82m® 2 7ISHAE 257
& (T, T52) 403000 1990.04.01 Bt
-0 700 2008.06.25 EESEE
AR OSokeAiald 60 2006.04.10 AL ol
A OiSoRAfY 40 2006.09.05 Al Skt
HrES0Sok A Mg 60 2008.06.19 AL ol
SterAMe A 40 2002.01.11 BN EEESAL
7Y 0|LeAMeAE 50 1998.12.23 HEAEHESAL
IS0k A 45 - -
RSSO 48 - -

Figure 6 TFA HRIRAY| 287 I=AE SR



AFA 20| BFAolA9 HF e FolgF AL Ul 53X AR E4S
aEsk7] fIske] 30m]E AR}p oA F3StTt. Al-ZHH L
AedY EAL nEst AL, 714 BEA, EXolE, EY 59 3HH £xE
Figure 701419} 2ol & 3159717119 AALE o]&sto] sttt FEHEYT
(Hydrologic Soil Group)?] A% w7t 71 45t Ax EG2 AA 599 45%

7P 53 D Y2 7%E Aot oH, Bat ¥ C# 2

ut
g
of
o
o
riu
s

il
oS
lo
N,
N
N

9 21%9] Hl&S AT EX|olRe] A9 A7 AZAS, BYA S, A=A, 2]
%7, U, Sode] EX|olg HA] o] tfat u]go] 4 13.3%, 20.2%, 59.7%,
1.8%, 1.0%, 2.1%, 2.0%2A AFHA|Fo] 7FY =2 Hl&S

g0 hato] AR Y= WL 13.5%2 Lrepdh
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2.2.1 HARE AZGIE AAE

Tablo 4 OIS AMEH AARIOl MoROlol Bl

En 88 7 (S, 2015 = o

AHHE 25 * SBC, MWR, CIR, ITR * SBC, MWR, CIR, MWR-Obs
« I OEZY (@) CWB, GDAPS_F, | « 371iE OIEZY (47h): BCC, CWB, MC,

5 HMC, JMA IRI_CA
7XE-I 7—<|XE o’ = = 1o =05
TR o oisea @b canovs, oanows, | - 67 1SR (7): APCC, CMCC,
NASA, NCEP, PNU, POAMA MSC, NASA, NCEP, PNU, POAMA
ST 2| ent oo a9 . Sy B

(Post process)

- - 2 717 T OIS 200 T Bl |+ 29 JIE HEISl HATIMIND, HCHRE
it REel | o0 B | o), HE e, o B 2
SR QVIN, HRMAY), BEOME) | (MAX), BEUMMEN Sftt B 58
SEE L um Xz

1 = o i . eI ABHOIE =x Iy} 2
B | VN o o) ofgy iy | ONE HERIR TS ORI
NER B | PR 2 0 O TP 2 O A

A, A AdaE B8O AF, A5 Al AREEs A=l TEbA A4S A=
£ A3 ArdleE @<Ho|EAY(Simple Bias Correction, SBC) ¥, d& =g
HEAH 02 AMESH= Moving Window Regression (MWR) ®H, = g 7|4H9]
Climate Index Regression (CIR) ¥, MWR U CIROA AAE d&xE B%:
ARE&5= Integrated Time Regression (ITR) B S04 ITR HHE AMASH A|A
oA AAsH= tiAlo] TEAE 7]Hke] Observation-based Moving Window
Regression (MWR-Obs) W2 F7l6lith. oy A A3+ 7]FE3P(Global
Climate Model, GCM)°ll 9J3ff o&H 25 AF2 2= ARESh= SBC ol 71




ReTE HIEQY H2| QMY X[HS £ APCC ARME BE 28 et g

el
NI\
H
ot
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S~
o
ol
(r
0,

(o]
?
ol
&
H1
1o

3to] CIR, MWR, MWR-Obs®} Z-2 EA 4
Zo] FAZ A olA GCM AAQ] dl&Ado] W] wjEo|tt. Figure 82 & A+

]
A AR AARE AEGS AlLFS BARE Hol o 4 AlES 2Ed S4S

2
=

= __ [ ] 9_ [ ]
R by »
2 18—
= S8 E
Ll S 5 s = 5
P e @ . 3 E o X z
O |zl 2%:e— 2 3 = & |2 E | [NPS loads Max |
< PESSMEESMER— 5 c 52— 8 e - “—tME_{ > |{NPS Loads MME |
: & g g E £ Min. |8 -
GCM N - SME |—| —5 g z "5 < (H{Ps Loads-Min. |—»
O— t o £ o S
B i Pk S— 5= 5
%0 1 g 288 5 £ s g
E‘G Reanalysis 1 E s % — E - g E 2
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e Yo =
~ 1 L _— " —
Figure 8. HARZE AZNS AL 2AIE
Table 5 2R AR 259 E4 W
= SBC MWR CIR MWR-Obs
AR 715 He APCC APCC NOAA/APCC | MH=AMKtZ(Reanal
e AENIEA = Ve[S GEON NS ysis 1)
O THa pieo} ol
= = = = =
Ol0IRIele] 2 =2 . s s
[UE=SlN SN SNl
o 3 = Lz [tz [tz
OL="1 =
OISRt ClISCHA =o) =o) = o=
B0 ARZHA 28| °= °= (KIGAIZY (KICIAIZD

40 SBC HPES APCCOA wig 974t 177 Zleko i) S35k A 7)5
22g(GeMel 8 AP A A9 @ Jkke) & ARE L YT EHED)



TS BAste] E8ok= dE A= 715k 2RI AAIE ot & STt e
A o] FRHEo|HAS) d&stels 7|7 ARl Aol x5
== GCM AR B 32 SARS] 5UT A7|7ol gt I8+ #hat
H|wsto] i EA5k= GCMY A2 xHBias)E Hsto] AMESh=

AR el St M) A7 A= AAZEE 34E FE Sk F¢-

3 APoSARE A8 miee] ST A A=E ARSI

HhH MWR -2 SBC ®H 3 o] APCCOA wid k= 78 GCM2] A&
ARE AREOhE A2 oY, itk AJEe = dS FEE ddE ARk o
Aol GCM22RY dSH FAFRe] 7|FdlS FE FollA e T =2

ABEAE Holt ASULE EE S4uYIe 53 2L feuss olgste] B

HE A= Zoldt ATAE BY 5 e dS5d: g2 ERgE 2 &
goll itk Hbdo]l ¥S7IRke] *p=o] Feols ASAt=et vlaste] 284/l |
A8l Atz Aol At CIR W2 FA+29 3 | di7] <23 A9 &
HHe) o] Aedate] AHAAE ol8sto] didAIde 71FE ASshe $A1A "ol
g FolA MWR W3 Hlsie). sHARE CIR W2 dSA=E AMSohe HiAl

o FSARE o83t W FHlPlEHE 7IFU K Climate Index)E AIEAA}
(predictor)® ARGRIH. IARREE d50] ARSI HsiA= ARESHE e d5AR
7|9ke] 7] 9RIAR} Qe FJ= Atolof] AAAIZE (lag time)o] EASHoF 3l ol
d&staAl sk A5 717Hlead time) Hot #|oF Jtrt.

H Aol A F7Fe Observation-based Moving Window Regression (MWR-Obs)
S AAFFEE] AR 713 A = 2R Aol w2 et A IS SR
zoll= Wl QlojA MWRHHTF SUsHAIT, IS4t 7|9 S 2tis)st]
A cSAR=E 7iE GCMO] ASARE ARESHA] %ol #EAE Q] NCEP/NCAR
AEAAE (Reanalysis 1) ARSI CIR W} BlsH BE7|9 AARE A5

5) €9 A 2 712 &S HoiAE 20159% ATt SUSH e AAE IR oR AHgotglon,
769 o]% =7} EAek= 7139 57/ TR ASEEAI AR (Automatic Synoptic Observation System,
ASO9)Y] L] AEE Al-37HH R BHole] e B ISR ARESITh



| ReHE HIEQY 2| QMEE XIS £ APCC ARME BE 28 Yot g

g7 HeiAe AT Wt AEAAF Atelofl A|AAIZKlag time)o] EASHoF
o 2 AdFolAE AQARNE FHd 8/ E7MA] sttt MWR-Obs W Eot
MWR g3} Lo 8A4 dS2g] Arjzee A Hsl sdet A=A

|
A AROE AFIA

T

A AT 24 FES I3 AN HUS] datel A7) AT 42
Nded 239 4Y ARE B AL H9 HES A9 ARE WP
SHe AIZE4] AbAsh 3ol Wasith Az AAsh gL oEE 4 ArE A%

o7 WA AR d ARE HEY ote 7€ A7 5L WS ARESHA
ot & didA G0l diste] diSd dE Fed 2 Hues FE A9E gL
2 A S A2 RE ALME 308 AT 2 g7 23 vk} 7P Hls
o EA4E THE d/Es AR & A8E BAREY A/EERE ) A Qo]
=0} e BE BSHY ARE FAlo] FE5t0 A ARE AHTH (EFALE,
2014). BT 715 B 2 /99 AL 271 W (FF 2 Bd2D)E ol&
5to] Mahalanobis distance (Mahalanobis, 1936)& A4S &, A=j7t 7P 22>

6) BAA &L E 75 A IS WA6k] $Jote] WAFH(Cross Validation) ¥ £8737%(Split Validation)
e 2851990k BAFEAL I #=717K1983~2013)0] tisle] AA] di&) HUst 242 Adsh] JeiA
diEstuzl ofe W/9Y Y3 AlFe dERIAE 2R AAS & EAZHS F=5M= Leave-One-
Out-Cross-Validation (LOOCV) B& Arga}ct 519839 190l st 3172 EE gsk=t] AloiA 1983
W 1€ A% 19841~20054 7179] 19€9] dIERIRE ol g5le] Sl ES Fgdote] 198319 19S &3t
Umz] 7|710] tisiol 5UeH HH o2 oj&S $883ic}. o] - AXTE dSof|A] d&Ado] FHE] sl
il Egoa AxH SR BYUSH #olojofsly FUSH A|Fo] wEEF o R X|glof gt Tk
jd AAHE &7} Mol F57) i AY BUg Myt AR EEE Y7 viEchE AA7E oo
QolAE &S JHaE|7F ofFrt 3 AAIZE dEo] QlojA] A& = SRS AHsH] YA
il WA Selohs FoA B BHE F8oYt) dIE 0 19831 1€9E &5k A9 A
F=2717H19848~20139) 717+ E31717H198418~2007) 2 HA717H2008E~2013W) 02 &5t AHA
Az T B0l E3717H] 2/30] AT MES ERV7Y] Al SQ4W)HE F2ARlE At
T2 A ZZke] AZ 71710 tiste] S (cllERhet F&uaele] AARE &Rl AR
2 3t AR 20 AT AE Z2Ee A9 o] ATBAE A= (9GS FESN] F 7HR|9] AE
IHoIGc}. Z7bo] Rgof tisto] BE AT oA AAIRS] o1kt ghETE 2 Fho] RiEA o2 Vet
A 4 At dutgoz BA o foJugt AATAE ZH= A G2 of Ao Ealzlo] A&
4 it} olF ZHHoE JFY YA Bt A9S INIRELE B &1 ARG afA Fold
Zof| AN ZAhS 97| G== AAsIsitt F WA oz F3 Izt BRlo] AFE A dEES
olgste] Uz] A7kl tistolx F&uapete] AdARE Feict. o] Avt Z7|7F 9 AA7I7He] AATA
TEY ot 5YUs B2 dIEQIRte] MAE F9Ict wiek ofg] #iEo| A A9olE AR dEiE
Zo|A F87|7 Bote] AEE gt AlAIRe] Hatgo] 7FY & Wb 2EF0] d&IxgE A8
o]9} Zo] wAFAA 9 B3 9 5o 7 dlgAdo] w2 v 9 N[9S AFske A B4 dxdle
A7E &L ¢E s At Tt B AFoAe AR AAH dEAAEe] AA 717 80%
ol AAET, FUTH W4Tt T=7|7te] Ik o) BT A o) RIEElE B9 2FHoR d& ngor
At dIEIRt AAE I3t dl&7|5 ] o] HYe 7|dEng] o&/do] B2 Hoa I
-40° ~ 40° & A3t




USRI d/dS A BS5 AREFEH A9 o] A% tAAAG del A
=S40 ot Lt 7179 d A=E 7L B2 2 ZEHO

=4, A% At ® thE Aol AARE AdAESE s 83t VTR
SNA 71545 HEe 71E A7t SL5 NOAA 3 APCCOlA Algdhe AAIRE
AgwNE A3 B A2 1#E MWR-Obs o] d83t AE(RE 716t
ARG, MWR % CIR WHo| dast 7/ AFSEIS A A+ EALE,
2015)%} Blwste] Table 63 Zo] ¥MAHE A=E ARSI, APCColA =€ 971
= 1770 713822 $45k= N2 7|$oSE3e MWR Uil 22 542 2
718k} AAIZE AFoSol ARG YA BAANS Ar&(hindeast data) ERT
Algstofof Bttt A& &0] oIS FEE AlF5k= 71# (Model providers)ollA] 95
S MAske AF A AR olF9] AR dISAEE AlFsks Aol tisto
HAZ|7ro] sl AA A5 AR Adste] AP A=l dACS ARE Al
Sotofof gttt BAlE dESngo ofs AT &3 IS Z= BA7IE o
St hindcast data= MZ BAE ASEFY dS4 B7HE fsiAE & At 2
Foltt 20169 6¥oll APCCOlA FH5k= ASH ol #so] AU & AFFolA
ARESELL Sl AdAISE AlAElo]l AAIZE Am RS fls] AEste] ARESHL e
APEC Climate Center Data Service System (ADSS)99] Al ZAt® 2 AE HE0]
AL S E01, 714 NA AFstd GDAPS-F HP2 A2 F7S5ET

7) =714 CIR -2 NOAA HHo]A] (http://www.esrl.noaa.gov/psd/data/climateindices/list/)°lA Al
HE 4078 719944 FolA w74l 1674 QIAlel wig Al AEAAEE (NCEP Reanalysis )25
NCLZ o]835}o] APCCOlA wie AJakske= 971 QUK http://www.apcc21.org/ser/indic.do?lang=en)E Tt
Z 257) 7150AE AR A5 Hlsto] ARSIt

8) 7 7|dollA A=l YA dEAtEs ARSERE T3l ufEtA] Aolgt IS ARESIL Qlon, £ AolA
£ APCC Multi-Model Ensemble (MME) A38< $J8l] 2.5° x2.5° 22t 2712 7155 A2S ARSIt Bada
27127 Wsle| web MR OE 4] /fERPRGE AFE ATt o & Aok EEFY
MAFE HIHES teBH3t Single-Model Ensemble (SME)E E430]] AR&319it}. o]= SBC Hiy} Zo] 239)
BAA ABLALE HAGs] HsiAe g ABilEls 5YU3t 39 PAEHHE] AL 9S24
QLofof SEA|TE AA| A= AR 271240 wE BAYEY] i) AgeAkE BAske Aol 9v|7t gl
= Q7] wjio|t}. Al3wl= W42 PREC (Precipitation), T2M (Temperature at 2m), T850 (Temperature
at 850 hPa), U200 (Zonal wind at 200 hPa), V200 (Meridional wind at 200 hPa), U850 (Zonal wind
at 850 hPa), V850 (Meridional wind at 850 hPa), Z500 (Geopotential height at 500 hPa), SLP (Sea
level pressure), SST (Sea surface temperature) 5 107} 57t oy, 4T 9 71L& =22 &A=
TLe g ALt 87 MEE A& A predicton)E ARESHAT

9) http://www.apcc21.org/ser/adss.do?lang=en




| RO HIEQY el SMEE XiEE flet APCC AENE E2 28 e &+

(GloSea5)°] =gl Wt 2y SAENAM A= Tk & Atolxe
M 3 6/ME ARASARS] 5 Table 63} o] B4ld ASEEE SoIAM 1983
W o]F 7|7tol| diste] 73A1E hindcast AARE AlFohs Lol 2zt 478 E 7A
AR F 117 HERFO] ARGEIH. & 7idd AddS AAlst AlAgle dot
< 7180 AgAeE Zol ASHE AlE 718 EFNA ofFtoll wEkA FAA
dEmYe Aol HAgHoIof staL ofd] W dS4 ERE B7IEofoF it

Table 6 HEOS MMl ABE 7|20E 2 2AE
Model acronym Institution(country) Lead time(month) Ensemble size
BCC Beijing Climate Center (China) 3 8
CWB Central Weather Bureau (Taipei) 3 10
HMC Hydrometeorological Centre of Russia(Russia) 3 20

International Research Institute for Climate and

IRL_CA Society (USA) 3 24
APCC APEC Climate Center (Korea) 6 10
CMCC Centro Euro—l\/lediterlra'neo sui Cambiamenti 6 9
Climatici (ltaly)
MSC Meteorological Service of Canada (Canada) 6 20
National Aeronautics and Space Administration
NASA (USA) 6 9
NCEP NCEP Climate Prediction Center (USA) 6 15
PNU Pusan National University (Korea) 6 5
POAMA Centre for Australian Weather and Climate 6 10

Research /Bureau of Meteorology (Australia)

MWR-Obs ol AMH A2AAEE AT 52 f8iA Wig AEclE
ofof gttt 7]FRololA ARG EHE= AEA Am== NCEPOIAM AlEdh= Climate
Forecast System Reanalysis (CSFR) ¥ European Centre for Medium-Range
Weather Forecasts (ECMWF)OlA Al&ok= ECMWF re-analysis (ERA) & Thdst
ZA=z7F Qo0 B AojaE= g 784lo] &= NCEP/NCAR Reanalysis 1 #F
2102 A48si9th SISARZE Table 73 20| % 9719 W48 ALgsioit

10) https://climatedataguide.ucar.edu/climate-data/atmospheric-reanalysis-overview-comparison-tables
11) http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html



Table 7 HIZQIXZ MHEE Reanalysis1 MEM XfZ29| 4 2|AE

Predictor Description
slp Sea level pressure
850 Air temperature at 850mb pressure level
z500 Geopotential height at 500mb pressure level
shum Specific humidity
u200 Monthly mean zonal wind at 200mb pressure level
v200 Monthly mean meridional wind at 200mb pressure level
ugb0 Monthly mean zonal wind at 850mb pressure level
v850 Monthly mean meridional wind at 850mb pressure level
0500 Monthly mean omega (vertical velocity) 500mb pressure level

AR, 54 4 3 AQ9S 7170l disiM oF S gl EAske B¢ 2

Y& (Multi-Model Ensemble, MME) A&59] dA¥s4do] = Ap=e} H|wste] 7+
achs 23S HY 5 Ak gEpA 2 dtolAs Mgk disAtErt #SAETt
2tz AT U5l 2 4 == Equation 13} g0 EAFYTE ol8sta] A
ottt &, 24 A-39] Temporal Correlation Coefficient (TCC) %2 SLsH
FAE A TEATe) BAH50] oflE&A1=2] Coefficient of Variation (CV) %ol Lot
T 42] (Post process)s $H5IALt.

F = alF )

o71M, Fy = BAE o5 AAE A&, F= B4 A9 di& AAE AR, o= A

A, APEX-Paddy 2¥9] Ao & AMREE ASARY PHEWH A 2
< Figure 9914¢} o] Aeigd = IeE A ({4202 F7Isksich. 1A
AAA FS 671ES &St BF 59 AdS2Fol EA6t= 1, 3, 671
AP 5] Hfol thEalEEF e Ha MIN), Hf MAX), B+ (MME) gto] &
A 5 oy, @ d&ngvto] EAste 4719 APST S Po] glojA]
A 7|7k2] Btk (Climatology)= AMESh= Aol &, 24, Btgke]l 5Yst
A gt 7120l= 6/ME FA 71 gt A&, Jo, ¥4 37 PFERHTRS
139 Yo s &gt o, & AfoAs g Hd, H4, B ote] A

it

e

i



AutH o g o] W FEHS dISote B AAVIZY] AeEe] Ha/H
tigte] fge A/t sAsHA Uere 7hsAdo] ARk, A3t o] e
3t =4o] HAZH o R JhEot= F9ole TAAT 4 e BE XFE £ERE9
JEo R 1Tt F ASH A FolA Ha/H/BHES Foke el FHF
d 4= 7] "2olth. I A& Al-37HER] AAIsE HsiAe 71 A7 5
UstA I DBRREEQ MEHck= W12 ARSIt A 9 7129 270 ¥

>~

& ©o]&s}to] Mahalanobis distanceE AAFE off, Z3<=2] H-9-ofl:= Figure 9°1A
o} Zo| o5 gAISt ol & ZdE9 A7E Bt MMESE Hthigt (MAX) 9 243t
(MIN}Z AR oY 229 o= B %k (MME)¥HS o]-&3to] gt 37)
Z3 (B4 MME-7]2:MME, Z<=MIN-7]2:MME, Z<MAX-7]2:MME)Z AHe-

l

S MAX: AlMax]-C(Clim)- 2HMax)-@(0ne -G (Max) Z304
A MME: Mean(4—E)- ClClim)-Mean(Jt—H})- ClClim)-Mean(D-E) OTAI—E
1 MING BIMIN)-CClim)=-H HMIn-@(0ne)-&Min) ce=
Ojl 1 2 3 4 5 53
= = = = = = =
Al g g g g g g
H = = = = = =
It
218 g 9
=) ; Ct - ©
C clim @ clirn
= |0 - ©
Ht
= Avax) JHha) Qrax) =774
& Mean(A~E) X CICImM) X Mean(Dt~HE) X @DiOne) X C(Clm) X Mean(Q-&) . otALE
2. E(Min) B M) @(Min) ce=
Figure 9. HEMS MAet QESHH M 24

12) & d7olM= d5d € Aws 7R WAXE DBERE 4d9] A=E MET she TS ARSI
(FAZ, 2014). APEX-Paddy HHGAINRON 875k AT ARE S5 VI, 71, ol&d 2%, s
T, A 21, QAR 5 81 71l dis) A skt & ol 7\}3’] e % i’ﬂ—]’ A B A=Y
= FabAtole] 271 W2t 71:2)E ©1-851%] Mahalanobis distance (Maha anobis, 1936)E Akt
T, AL 7P A2 gha THe A/EE I TS ARRRE AP ¥ 5770 BS540 AR AR E
AgE /49 A=E Al S8
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T, AAIZE 7159] 2 A Akl Figure 109] BEsle] HZslto] 9x|g
g 24 A3 ANRE] 7120 1719 AelZo] g ATure

AASH AS Besto] 171EolA 671 d AgelSel dish a5 235 A==

6-month precipitation Forecast for JUN. 2010 - NOV. 2010 (Issued: 2010-05)

§ . -&-  Climatology -8 Obsanved —— Forecasted MME
=
g4
g
E o
5§ %
z
[+
o
g
B:7
- ]
T T T T T T T T T T T T T T T T T T T T T T T T
200801 200803  2009-05 200907 200809 200911 201001 201003 201005 201007 201009 2010-11
Year-Month
Monthly skil scare for JAN, 1983 - APR. 2016
N JLIL A P OCT NOW
LT1-TCC o 0,69 0,67
LT1-HSS Z7[01504
LT2.7CC [0.68 [0.66
LT2-HSS 15 (038
LT3-TCE 0,58 [0.66, .

HES 0.011[0.41 Probapbility forecast for 2010
Ties A0 e JUN JUL AUG SEP OCT NOV
L'I's-HTcsg .37]0.410.62 low [67] 0] 0] 0] 0] 40
LT £f .31 041 Mormal| 0| O] 0| 0] 0] 50
LT6-TCC 37[0.41(0.50 f
LT HES 27l0 31l 27 High [ 33[100[100[100]100] 10

Figure 10 HEOE 21 M5 HES (ES0IH &24 box: 1747210 st SIS &7t MIME 2fet EOIS)

oA, & AFLE oA ARGE AECE AASE B &4 5A <ofl RY
714] (sforecasp® 7Hdste] ¢ 5L WHS ok A F A8t F AREA
7t A A8 & JEF sileH, 71 AR Bl distolA = AREAL TR
HE=of AAlst3ict



| RO HIEQY el SMEE XiEE flet APCC AENE E2 28 e &+

222 =g ot

Aol A ASH F4Z 918 SBC o F7tste] 1#EH MWR, MWR-
Obs, CIR WH& 5 ol&slo] dSH it Fo a9 Aed 9 7|2
gt dl&S4d B7PE $RAEUAT. Ad45F "ol ditt AEAHE BUlsH 94:5]]/‘1&
Equation 22} Z©°] Root Mean Square Error (RMSE)E #=¢ke] EEHAE o8
Sto] #ESRE NRMSES ARESHloH, d&iidt #54te] A9 dde ”3 7kl
A Equation 33} o] Pearson's correlation coefficientE ©-&51°] Temporal
Correlation Coefficient (TCC)E Alitsto] ARSI TCCx A e 2% 5
o] FUR Wl disto] IS dSEE ¥lasks A% 19 7RSS w2
A&54< Yehdch

Us H5% (multi-category) 9154 B7F A dishid= oS A5 A7HForecast
Verification Research)& 9o} WWRP (World Weather Research Programme) 2
WGNE (Working Group on Numerical Experimentation)ol4] 5-52& AA|St vF

=13) 394 Table 81} & J|HEFH(Contingency table)]l W5} Accuracy
‘;-l Heidke Skill Score (HSS)E ARESIATh. 713 0MA= 35 9 7|0 thsto]
7MY A dE AEE 37 HF (BEEY W, Fdd B, HdEn 222 A
3okl 013‘:4 2 AFME 37 HFE 7IElR dS4S Bkt & THA

T

5 AEE ol85to] 519 33%E RS W2 %$ (Below normal), $4+2] 33%
= ﬁék_’ 7} H]% (Normal), A9 33%S HUHRLTE =& 39 (Above Normal)9] 371
o2 ERSIAL dF Ayt 449 HFo dgEe= AeE ETSH

(Contingency Table)Z 2}4J3t & Equation 4 ¥ Equation 5% ©]-&5} ol&4d<

B71stsict,

(F 0,) 2

I Mz

NRMSE = \/

z|~

i

X (F— F)(0-0) @3)

TCC= — —
VS (- P2V (0- 0

13) http://www.cawcr.gov.au/projects/verification/



1 &
Accuracy = N Zn(Fi,Oi> @
=1

1 & 1 &
ﬁ;n(Fp : ——;

HSS = —— - Nz ®)
1
1——ZN(F IN(0;)
NZ =1
Table 8. s 83 o2 E8H
0l =
F1 F2 F4 A7
(0] n(F1,Oq) n(Fz,O1) n(Fk,O1) N(O1)
02 n(F1,02) n(F2,02) = n(Fk,02) N(O)
04 n(F1,00 n(F2,00 - n(Fk,0y N(OY
2 N(1) N(F) e N(F2) N
o714, O= ¥=, F = 2Ok 0= #2349 B4, F= RO B4, N = &

29 9 U= ggolrt,

o

N4 WHs WY AES SYSHe ARS JlEoR AE oJESugEe] B
MMES o= S98t9ith. = MME AWlol MBS cdl&aze] 7is
Sshe AHoRRE AgelE FIzto] Lowj—% ZolET} o2 59 20169
o HLL 2L s AL, 1712 T 892] Aol 20164 2] of
AL A Aok 700 3 T A A A s
of 20174 199 Aol 78] o=H 6712 AHol= Azbaro] MME A4l A}
Fhs st

r_?l N _I"
R omle o

o



| RO HIEQY el SMEE XiEE flet APCC AENE E2 28 e &+

2.3 STHEY ol g=t 2Ed
2.3.1 APEX-Paddy 23

FHgEgete] g AdEe vHed Folg A4
ZUHY S AR o oy BUEY S g2 ARN HEo] a7 o
7 Ao} Al-FZHAR1 EAFo] of YAl Afoljt BRI wE AR avE Helel

7l°ll ojgfzo] mEtt. w2 dFolAe BA qFRIA Y] oot deEget A8

o Wg IFF Ad aIE ATl Ao 2dY YHES ARES)

|

FsHAS 1HT 5 U= HEHR] FIEEZ = Soil and Water Assessment
Tool (SWAT)O| et T2y F3AA Y HFH Y vl&Fslds E017] A8 AR
g & e ot FETHEdd e EAFRAAY A= s 2 EYY =4
E4 #olE Hogh= o dA7F Ao dlE 591, B (Tillage)?] 4% 0
HEo] 28 ket AgE W UM B 35 2 2 5 22 EYY =
212 E4o] t=A WHaHA F =74
E4o] HatA =t o]9} T2 EY E49 Holke= BAY 7= ¥ ¥R = 549

HgkE o]ojx|A At

ofg] ¥AFHO] By F tiEAQl HFPOF EPIC (Bnvironmental Policy Integrated
Climate) 23 (Williams &, 1984)°] Sltt. EPIC X382 19809 %o 7|14, EYF
Eﬂ Oﬂlr_l:ﬂ-/ﬂol .';_01 15} _{,}_X}-‘H—E_ﬂ]}\-] tﬂ‘/lﬂo = 7(]/\]0] AﬂA]—Hoﬂ ] ]L‘ OﬂoJL—- _\_1_]-01—
517] fIsiA A= dch EPIC 232 CREAMS(Knisel, 1980) ¥ SWRRB(Williams
5, 1985)9] tjkdt 245 9 GLEAMS(Leonard 5, 1987) 299 5 A 7%
o] F7HEEA 2, JA-FH4, = <, 5oF Eo, A A B 2
T, 3%, AAE B A= 4 Aol 5= 2T 4 s s 18 71set

%“%E] 8A4RE $4, A2, WA, g, A A, ES N, B, 7EAA,
&2 9 7 vm W 59 AT 9 AR AP 28 50] 0“3}- APEX (Agricultural
Policy/Environmental eXtender) @192 EPICEE 9] 715 5 AA = 4

T2 felow ] g ApLEiglon, thRt Aol o el 2,

14) http://epicapex.tamu.edu/apex/



ES A4, 3 e S0l vl ¥F= w45 Ash ARgEo] T s

A
2ol =l 57322 60%Cl = Aok =9 B2 d W AEE, o, Wil %
i 53 Zo| =3 IHE G & 150l AT Sl o]df s=X183
Az mls AL AM BAAFLe} 3 =W =9 - 5d 713 2od 5
UEE APEX-Paddy 2E& 2ol 7idste] S skt

APEX-Paddy 22 Z4AMS & wo] W& g =olA9 B AT A4
A =2 9= 2o 4 9loH, FE =2 FHas9E &+ U= BMPY AA
of A2 4 U= b A AdRt BFPor A=A Uth. APEX-Paddy 2
+=oll42] BMP A&l QUolA Aed B ol EFYAL] A nE EF 9= 4
=9 A2 W3l Ao TE A7A] EFY AMIS) ©40] 8t 1 =g}
5= BOF 4 St} =olA9] st o RE @ W E HigTE ALEEofof
stH, 2S5 B = o|dAH (transplanting)ol] ©HE ZHEAS 5o 1LY
wojof shal, FEHAlY A= oldS Flt A Fo] HolA o] ST Bl
Sto] Al Eofof jitt,

G Aot TS| Figure 110412F Zo] SCS-CN ®Hojl 7|RFeE APEX 2]
< 713 OEA B4 W4 ol &'t FET A ot EYRA, B
Ao] o] Wsh 9 49, old] wE AEAS dirE|Eoe] FUHE U =olA
T2 5= 28 EYY FYAEE (Hydraulic Conductivity)E RF 11253
w AEE FsH4lo] APEXS] OPS DBl 7= it AEd A& Ao W& &
o grE &3 AHEE oA Feol E EGSHO Bl webd Ea, <
4, AE0] ZtolE 59 &30 1HEY ARHoR FAREES] ALY SRt
Aol HojE. S| FF, APEX P9 Asilie EYTEY F5 Al 28
+ §HHol| APEX-Paddy 2 ¥ 9] AFs#7= OPS Ho #4E G4 olstz 49

I W= o A8 AF2A859] F9 =049 o] 185ty HsiA ol AlIF
o] %27] LAI (Leaf Area Index) #& 0.12 ARESII Ad%o] B33t Heat Unitse
2,200 degreesoA 1,500 degrees® W7AsI¥ o THA(mMAYF WY 7HAl+=
1242 AM83t9iHt. et eSS g5k= DLAP1 % DLAP2 wi7/isE =743}

of 2710 w2 dgshs AT (Biomassye ASFAL 0] Al 27| Hio] A

o 2 o

lo

N
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£ 100kg/ha 2 2ESIGITh & 243} vlwsto] G710 378 <A
£ 235t A Hioleufjof gt §Ejo] wjgo] Hot E}Eﬂl 7:H: T 2o
A A=

Daily loop

Begin Subarea Processes

No

Flooded?

Dry Flooded

Runoff(SCS-CN) Discharge (WB)

Erosion (MUSLE) Sediment (Puddling)
Nutrient Dynamics

Evapotranspiration

!

1

1

1

1

1

1

1

:

Nutrient Fate '

1

:

Evapofranspiration i
]
1
1
!

e . .

Crop Growth Crop Growth

End Subarea Processes

Figure 11 0N EHaX 1S 9f5t APEX-Paddy 239 &1iE|s AE
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B AToAE $F 0] Gue 1ot WATFL APEX-Paddy Z99 &
AV S e A 481 D BUA £ LAY 29 Aolg v
slo] TMDL 99199 F2olde] v Hog Hotre Fst & 5 9t 718 A%
st g AR FFE L bt 2o
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| SO0 HNMOHE 2| QAEN XS 95t

71, - P

APCC A== EE &8 et o
A RSIFS Long-Term Hydrological Impact Analysis (L-THIA)15) 2
REgional Diffuse POllution Loads Estimation (REDPOLE)16) &3} Zo]
Table 99149} Zo] ZHF EX|ulE9 Curve Number (CN) 3+ 0]83}0]
Equation 6~ 99 9Jdf AAPHE=Z APYE AHFET EXol8E ks
Ha5E (Event Median Concentration: EMC)E &9to] APgstgict. ofqt

U9 A AR HAPE S8 AP EALS 159 Equation 83} 20|
A1 B9 BARE 1LEsto] CN#t= EAS F ARESHITh ERt 5 A7l
gt FETAASLE 2SR OV T ON,, CNQQ} 0N394 2o Zi7h
35.56 mm. 53,34 mm& 120 AAsHAc), W AN I vided

B2 RSRS APESh] SR A A AEaEe

ol g3t 9oy vEnolEe TAR

2 olganl 3 9

0= i ¥s ©
g 255;\([)0 sy @)
o, = - 100 o ®
(1+( CN2_1) -« (L1- Slp+ exp(3.7+0.02117 » Slp) )
CN, = 2.281—0%;/;8 con, = 0.427+oi](\)f;7 . CN, 2
T8 F9F (). 1, * 27 EAF (om) (1, =0.055 A8), S+ A

A E- <= (potential maximum retention) (m),

‘l'r‘—g-‘l"o (mm) CN123' /ijoﬂﬂ-OZ;qoﬂ

BYE FETAAS

15) https://engineering. purdue.edu/~lthia/
16) HIH ARG A SR HIH L HHSAA 2813t

A (@B,

0 AEREI ok

< FEFAAE, OV, AARE ALEsto]

2016)



Table 9 EX|m= ¥ CN 2 EMC

Sz SCS Curve Number (CN) EMC (mg/l)
ee | R ooy aesm | asmn | asen
B2 | T sy Ea@p E¥RC E¥mp o0 NP
AR | 110 53 73 82 86 58 | 504 | 031
ok | 120 81 83 o1 93 | 1991 363 | 038
MRIKI | 130 9% % 97 97 | 3424 695 | 066
QBRI | 140 58 73 82 8 | 1303 468 | 053
ISR | 150 87 o1 %3 9% 86 38 | 024
ZIAER | 160 58 73 82 86 671 | 533 | 034
= 210 78 78 78 78 41 205 | 041
ar 220 64 75 82 8 | 1075 @ 839 | 249
SIQARNK | 230 08 9% 98 98 0 0 0
T2l 240 a4 66 77 83 328 | 569 | 077
JERHIR] | 250 59 74 82 86 505 | 795 | 266
gea | 310 47 67 78 85 148 | 302 | 009
meal | 30 46 68 79 86 117 | 225 | 003
253 330 47 68 79 86 129 | 162 | 004
MIER | 410 30 53 71 78 504 | 155 | 09
Zox 420 52 70 80 8 | 491 82 | 086
JERER] | 430 52 70 80 8 | 401 | 302 | 031
Wsex | 510 9 %8 9 %8 0 0 0
OORSK | 50 08 9% 98 98 0 0 0
HEK | 610 77 86 o1 9% 3 08 | 006
JELR | 620 77 86 o1 9% 878 | 38 | 039
TSN 710 100 100 100 100 0 0 0
st 720 100 100 100 100 0 0 0

EXf: CN: iS22} 0|EF, 2008, EMC: HEQHRIAS X SHULIXY BIHQH HpPA Mot 13
= 2016)
L)

=] octRaleyl moly] OohHslakS H|Lah gkay] 9l EMC BAA
A~
T

2 olg3ltt. = uIHeY WERHNF ANl AgT EA01§E FF
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3.1 7|5 W30 M2 HEeH S5l HE EM A

HUEE APIEZRY 7P 7R 714 EEAR AFHE49] I571t G
~ 99)yset H 30¢ B A2 997mm o™ FhHel 2013Woll= 721mm,
2014¥0f+= 587mm, 2015¥00= 373mm=E AA YERGTE Table 10 ¥ Figure 12
= 92 dxE AR OE dede 7HY A8 e §=7, TN, TP #5159
HILE Ho o dARCR 201349 AT 7IE2=® 49%7F E°l= 2015W°] 74
o= TN-AH|#Y 5 AYstiles e 49l ol &% 4 ey #
stgo] Eolie Z2HE HAlth ¥ 19%7F Eol= 201499 Bfole FE3(H=x
T & AREE) 2 TNAEEE), TPAERF D AHEE)9] B9 S716ks A3
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Table 10 Qisuis 92 2 Doy vl
&+ (mm) R85 (mm) TN 55 (kg/ha) TP 251 (kg/he)

il L
N ma o osm b ume seel G0 om s 0

2013 | 997 721 401 340 | 384 | 156 | 119 | 86 1.4 1.01 0.7
2014 | 997 587 532 | 326 | 401 15.2 9.3 101 | 172 | 082 | 1.41
2015 | 997 | 373 252 229 255 7.2 6.5 8.1 066 | 049 | 0.66
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Table 11 MSOIZ7RI0N M2 2 242 022 93t 28 48 Zo}
1 month
Month lead 2 month lead 3 month lead 4 month lead 5 month lead 6 month lead
JAN
FEB B_NCEPO3
MAR B_HMCO02
B_CWB02
APR  B_NCEPO1 B MSC02 M_PNUO3 B_NCEPO5
MAY B_APCCO3
JUN B_NCEPO6
B_APCCO5
JUL C_Lag01 C_Lag02 C_Lag03 C_Lag04 C_Lag05 C_Lag06
AUG B_BCCO2 B_MSC03 B_MSC05
B_NCEP(2
B_POAMAO1 - B_NCEPO3 M_APCCO4
SEP M_APCCO1 B‘PNUOZ B_PNUO3 M_MSC04 B_POAMACS
O_LTime02
OCT
B_NCEPO1 B_NCEPO3 B_NCEPO4
NOV B PNUOT B_POAMAQ2 B_POAMAG3 B_POAMAGA B_NCEPO5 B_NASA06
B_NCEPO4 B_NCEPO6

B_POAMAQ2 B_CWB03
DEC  M_CWBO1 B_NASA02 B_APCCO3
M_CWB02 B_POAMAQ3

B_POAMAQ4 B_POAMAQ5 B_APCCO6
B_NASA04 M_NASAQ5S B_POAMAQG
M_NASA04 M_NASAO6
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Table 12. MANS/ R0 ME 28 V|2 tsS 9t 2 AN Zut
Month 1 month lead 2 month lead 3 month lead 4 month lead 5 month lead 6 month lead
B_HMCO1
B_NASAO1 B_NASAQ4
JAN B_PNUO1 B_POAMAO4 B NASAQG
B_POAMAO1
B_POAMAO1
FEB B_NCEPO1 B_NASA02 B_POAMAO4 B_POAMAQS
B_NASAO1
B_POAMAO1
MAR B_MSCO1 B_NASAQ2 B_NASACS B_POAMAOS B_POAMAOG
B_POAMAO3
M_BCCO1
M_POAMAO1
B_BCCO1
B_NASAO1
APR B_PNUO1 B_NASA02
B_POAMAO1
B_NCEPO1
B_NASAQ6
MAY M_CWBO1 B_NASAQ3 B_NASAQL B_POAMAOG
C_LagO1 B_NCEP05
JUN M APCCO C_Lag02 C_Lag03 C_Lag04 C_Lag0b C_Lag06
- M_PNUO5
JUL  BBCCOI B_HMC02
AUG  B_POAMAQ1 M_CWB03
B_NASADT B_NASA02 B_NASAO05
BPNUOT prapooy BVASAGS B NCEPOS
B_NCEPO1 B_N CEPOD B_POAMAQ3 B_NASA04 B_ APCCOS B_NASAQG
B_APCCO1 - B_MSCO3 B_MSC04 - B_POAMAOG
SEP B_PNU02 B_MSC05
C_Lag01 B POAMAQ2 B_NCEPO3 B_PNU04 B PNUOS B_MSCO06
M_APCCO1 - B_PNUO3 C_Lag04 T C_Lag06
M_NASAQ1 C_Lag02 C_Lag03 CLaglh
O__LTime01 M_NCEP02 - M_PNUO5
B_HMCO1
- B_NASAQL
B_CWBO01 B_CWB02 -
OCT  BNASAOT  B.PNUO2 BB_ll\_liAMSCA%% B_APCCOA MBE('\)’E&%B E—E’Eﬁgg
B_PNUO1 M_POAMAO2 - 6 LTime05 -
B_POAMAO1 -
B_NASAQ4
NOV  B_POAMAO1 B_NCEPO3 B_POAMACA B_NCEP06
B_HMCO1 B_NASAQ4
DEC B_PNUOT M_POAMAQ2 B_NCEPO3 B_POAMACA B_NCEPO6
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Best predictor (u200:Positive.csv) for Var=prec Month=SEP Model=APCC LeadTime=1 months
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Temporal Correlation Coefficient
o
=y

0.3
0.2
0.1

0

FEB MAR Apr May Jun Jul Aug Sep Oct Nov Dec
B 1 month lead ® 2 month lead ® 3 month lead
= 4 month lead ® 5 month lead m 6 month lead
Figure 15 MHOIZ7[2i0f M2 &F TCC (=¥, W 0S 3 29
Table 13 MHOIE7[70N T2 24 TCC (Z2)

Month 1 month 2 month 3 month 4 month 5 month 6 month
JAN

FEB 0.5 05 05

MAR 04 04

APR 0.63 0.52 0.49 0.36 0.36

MAY 0.45 0.45 0.45

JUN 0.43 043 043 0.43 043 043
JUL 043 0.44 0.45 0.47 048 043
AUG 0.6 0.6 0.57 0.42 0.42

SEP 0.67 0.7 0.7 0.6 0.46

OocT

NOV 0.6 0.54 0.52 0.54 0.58 0.53
DEC 0.71 0.71 0.69 0.66 0.67 0.62
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Temporal Correlation Coefficient
o
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9I5t APCC HA0IE 32 28 4ot o

0.3
0.2
0.1
0 !
JAN  FEB MAR Apr May Jun Jul Aug Sep Oct Nov Dec
m 1 month lead m 2 month lead m 3 month lead
4 month lead ® 5 month lead ® 6 month lead
Figure 16 MHOIZ7[2i0f M2 &E TCC (712, MHE 0= =3 249
Table 14 MAOIE7|ZH0) ME &E TCC (12)

Month 1 month 2 month 3 month 4 month 5 month 6 month
JAN 0.71 0.49 0.49 0.49 0.39 0.39
FEB 0.54 047 0.39 0.39 0.37
MAR 0.76 0.51 0.47 0.39 0.39 0.35
APR 0.53 0.49
MAY 0.57 0.53 0.53 0.52 0.52 0.58
JUN 0.52 0.49 0.51 0.54 0.58 0.39
JUL 0.46 0.35
AUG 0.65 047 0.47
SEP 0.7 0.67 0.68 0.69 0.68 0.6
OCT 0.64 0.62 0.59 0.6 0.57 048
NOV 0.48 0.45 0.45 0.45 0.35 0.35
DEC 0.54 0.38
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AL BHOZ Ftk B iU AWA B HFT 1FIRE BEte] 1A
717100 dhel A ST Adstel T2 ZuYe 24 Wt WS
mFsich

1. 2ot ATEQH AX|

R AA: R 2332 Linux, Mac OS, Windows 72 A|¥35l1, OSof W= A
2 W 9 g5 FAJAF]ECl CRAN, Comprehensive R Archive Network)o]
At Window #HF949] A= “Download R for Windows” -) “install R for
the first time” o] o} Z1&l¥} o] AY== 4 HAS AX|sHd
3 A w2 he MXHRo] Next (th) HIES A% Z2std ®rk. RO 44
% otte= ARUEZE E EEEo] 1 A4 WA Al AAAS BoiA AREeE ZAO
et B2 ¥ 5 Uk o] BF AR oA o] AEZ EnglishE Ao T

=
ge Jue 9g 4 Utk

o

Rstudio AA]: ¢to = AE Y852 RE AAsHH 7| 2402 AFsHE= R &
oM AREol ZhssHAlRE, EHoh #AgE 9t S0l ARESH] flsiAl=
RStudio® ARES7|E A3t RStudio= F2ARIEOA RStudio Desktop?]

Open Source Edition WS HX|olH FrE AR 4= Qloh

SForecast H7]A] AdA]: SForecast package X

RStudio?] =31t Packages ®9] Install HES 3%t & Figure A-19149}
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Zo] B = A=A Install fromoll Package Archive Files(.zip;.tar.gz)= Al

5 T2 1S Browse HEOZ X|ASt & Install HES S olH HA]

e
|
Ql-| & - - Addins = & Project: (None) ~
Console Environment  History
. . . # [ | % mportDataset~ | List »
R version 3.3.1 (2016-06-21) -- "Bug in Your Hair" =

Global Environment

Copyright (C) 2016 The R Foundation for Statistical Computing
Platform: x86_64-w64-mingw32/x64 (64-bit)

R 1is free software and comes with ABSOLUTELY NO WARRANTY. Environment is empt,
You are welcome to redistribute it under certain conditions.
Type 'license()' or "licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
"citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or

"help.start()' for an HTML browser qinterface to help.

Type 'q()' to quit R.

N Install Packages Files Plots Packages Help Viewer
install @ update
Name Description Versi..

Install from:

Package Archive File (zip; targ2) M
User Library

Package archive: [0 assertthat Easy pre and post assertions. 0.1
Browse... [] automap Automatic interpolation package  1.0-14
Install to Library: [] basebdenc  Tools for base64 encoding 0.1-3
Cy/Users/userl /Documents/R/win-library/3.3 [Defaut] - [ BH Boost C++ Header Files 160.0-
2
[] bitops Bitwise Operations 10-6
brew Templating Framework for Report  1.0-6
Install | | Cancel o - patne "
) eneration
[] caTools Tools: moving window statistics,  1.17.1
GIF, Base64, ROC AUC, ete.
[ chron Chronological Objects which can ~ 2.3-47
Handle Dates and Times "

Figure A-1  RStudio0i2] R 7 |X| MX]|

RStudioE ©]&%t 7]A] AA]: H]5=6FA SForecast H7]| Ao Q3 oo Al-F
H #j7|X|E Install from: Repository(CRAN, CRANextra) &4 o]&slo] HA]
o},

ot

install. packages(“reshape2”)
install. packages(“doBy”)
install. packages(“RODBC")
install. packages(“sfsmisc”)
install.packages(“plyr”)
install. packages(‘raster”)
install. packages(“maptools”)

install. packages(“rgdal”)
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install. packages(“maps”)

install. packages(“spdep”)

install. packages(‘leaps”)

install. packages(“segmented”)
install. packages(“verification”)
install. packages(*hydroGOF”)
install. packages(“EcoHydRology”)
install. packages(“plotrix”)

install. packages(“ggplot2”)

install. packages(“XML”)

install. packages(“chron”)

AddESS AT &Y olF % F2= ARBA HAS A8 G =] Sl AE
A& fsliAe AlEdS Akl ettt Atws 9 Ayt AgE A4S EHU
basedir, ZEAE 0]Z9] priname °|&& A A5 Folof gt} | ZE2AEO| st
AddE GAlstel 283t e AY HFE 23 Qe envfile® (prinamed}
envfile?] o]g°] ZEE HA3IT}). AMEA= basedir, prinames A3 & o}
o] oo} Zo] g AYPAZIH AREAE AT basedir oFfio] TR EHES
5072 AT enviile Y-S §Ho} prinameS TP o]EC 2ol txtE A}
& 519 basedir EH 0l A4ttt o] 2 FF AAISAAE SL5HA 3
.

EnvList = Set.Working.Environment (basedir="F:/SForecast-ADSS’, prjname =
"Korea_57Stns")

ol

e APAIZIE enviileo] AFH HPES A2

% Envlisto] ZAE 2o
t}. envfileol:= Figure A-20]42} Zo] 397} ®W4=Eo0] A= o] 9]

=of gt A2 Table A-10 A|AI=o] it

d

2 A %5}71]%
o o9
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mdlnms 3mon="CWB", "GDAPS_F", "HMC", "JMA"

mdlnms_émon="MSC_CANCM3", "MSC_CANCM4", "NASA", "NCEP", "PNU", "POAMA"

adssld—"jpcthG"

adsspw="RPCC210RG"

ptronms="slp",6 "sst","t£850", "u200", "uss0", "v200", "v850", "z500"

NBest=1

cpcidxs="BENA™, "EE", "WE"™, "NAO™, "SOI™, "NINO3™, "TNA"™, "TSA"™, "WHWE", "MEI", "NINO12", "NINO4", "NINO34", "AMO", "QBO", "ESL"

apccidxs="RRO", "AO", "ATLTRI", "EOFPAC", "NOI", "NP", "ONI", "PACWARM", "TNI"
S nrange=3

10 minlat=-40

11 maxlat=40

12 MinGrdCnt=20

13 MaxGrdCnt=80

14 smonth=1

15 emonth=12

nrange=3

syear_obs=1976

eyear obs=2013

syear:mme:1983

eyear_mme=2007

eyear sim=2016

stnfile="kma_asos_57stns.csv"

varfile="kma asos_57stns.csv"

idxfile="CIndex-Combined.csv"

ptrfile="ptrlist.csv"

bndfile="Korea.shp"

nrstfile="kma asos_ 57stns nearest 10stns.csv"

BCPointOpt="0n'

BCAreaopt="0ff"

CIRegOpt="0n'

MWRegOpt="0n"

MWRObsOpt="0n

tscale="hourly"

fcstmode="Cont"

combnmode=F

fiyearmode=F

AcuMonths=1

precopt=F

3% CRAGF=1.0

Figure A-2  envfile Of|A|

@ o W R

Table A-1 envfileOf ZatE QUgHa 2|AE

e i 4
mdinms_3mon | 37tiE A0S 2 2|AE
mdinms_6mon | 6718 MACE 2 2AE
adssid ADSSE Soll HEXNEE ChEE 7] Q6 Hedt ID
adsspw ADSSE &l HIEAIRE HREE 27| 2l TSt Password
ptrnms M OIE2™HY MWR 20l AFE0LIA} Sl B 2|AE
NBest CIR 20l AFEoIIA} Jotk= ZMH K&K predictor) 244 (12 &l AL A)

cpcidxs NOAA CPCOiIN HMEotks 712 XIe S0IM GIE0| ARZOHIAt Sl 712Kl 2|AE

apccidxs APCCOIM HSol= 712Xk SUIM GIE0 ARZOEIA} Sl 7|k 2IAE

nrange 4 3 7129 SE0EE o TRt HRQ| i
minlat MWR 3 MWR-Obs HEA| GIE2IXT ZMS Qfot I=0| EAgL
maxlat MWR % MWR-Obs HEA| GIEQIRt ZMS Qfot 9| Z[CHY
MinGrdCnt | MWR HEI0IA OIZQIXH Al 275= ZA (171 ARk 250km SHEEE #1
UB)
MaxGrdCnt | MWR L0l HIZQIXH M-Al 27 5= 20 =+(17 XK= 250km SHEEE w1
UB

smonth AZIE AR E




2= 1. A0S AMist TR0 AMEXE 0RY | /5

UHH 4%
emonth AEOIE O 2
syear_obs Chel HEAH IS5 BE ARET
eyear_obs Chel ZEAH IE #S 0K A
syear_mme | HindcastOll AFEE ARATZ
eyear_mme | HindcastOll AFSE O(X2f HE
eyear_sim OiES Salfe OKE Ee
stnfile X9l B A2 3 7128 Zlthol| Qo BRst #EA 2AE 3 FHE TG
my 01F
varfile CHAXISO] Tt 22 3 71200 CHEH APIE Az I
idxfile CIR 2ol M8Ek= 7 Iﬂgll—’f— LMY (CIndex—Combined.csv £ 17)
ptrfile MWR-Obs &0l AEE GIEQIAt 2AE 3 FHE HBIGH I 015
bndfile USRI AXHY 42 AEATL MESst A0 st B 24 2 7IRE AHGY|
Sl B3t GIS A O|E
nrstfile HEA X0l 2Z0 | = 4R 7 VIR BEA U2 MBS B (MEAE W
5L 2AES f U= I 0I8)
BCPointOpt | &5 7|2 CBS W& AtEa| At Flag (On E= Off & A=)
BCAreaOpt | ZXHKI= 7[Et CBS g MESI| {8t Flag (On E= Off 5 4H)
CIRegOpt | CIR Y&S AtEal| 218t Flag (On = Off & ME)
MWRegOpt | MWR &S AIEl7| ¥t Flag (On %= Off 5 M)
MWRObsOpt | MWR-Obs H#H& Al8ol| At Flag (On L= Off & 415
tscale AR SMEio B3t 7IAI=e] AP HE (daily = hourly SOiA A1EH)
festmode IHE AZOIES 3otz 49 Cont M8, EF 202 AROEE &oks 42 Once
MEf (Cont £71C= 17F)
combnmode | YHE AE MygS flot 24 (Onl E2 ZHAX 4= 0I5 & Min, Max, Avgd ZE
ZE2 13, Off2l 22 i Min, Max, Avg 371 RAIZHE 44)
fiyearmode | OI&2 $dols 9 A=E 2T 20N ZSX| O Z™HE 2%t flag (OnQIE?
HEAE L= climatology AIEE AR, offQl 22 GISCHA0| Tiet XAI=D0HE Mike)
AcuMonths | AEE Zit 2ME I3 SN (B2UER /HES S&E 2 HZ, EF Zut MMS fist
12 08 A)
precopt OISCHY a7t 401 82 Ao HRIZE mm/day MM mm/monthz #dot7| 9fet
SH(Ongl &4 el 2
CRAd OIEQIRE MEA SAMCRE ROlot TCCUS XHP| 28t 24 (12 15t A8
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3. OOl Cj2=t
3.1. HIES ¢let 712

ALAS FASHE fleiA A% BHe AmE 2Y¥S FeotaA she =E A
B2 o2t vh=t} AFdqE AASE SE%0fA Simple Bias Correction (SBC)
2 Moving Window Regression (MWR) B2 APCCollA wig 1671 7| o 2 HE
Xﬂ—‘—‘*“ MERFO d= A= Q= 51, Climate Index Regression (CIR) B

2 i AHASARE 7|HEo R APAE = NOAAAS Monthly Atmospheric and
Ocean Time Series @ APEC Climate Center A& 7|¥A4¢ A2E Q=2 o},
Observation based Moving Window Regression (MWR-Obs) B2 Y AA|7E
o2 Adblo]ExE Ak NCEP/NCAR Reanalysisl AH2E Q2 3t}

off IrE HIPATI= AF APCCO /N RFol oJjt dIS A= basedir/
Database/apcc_mme ZH°]|, 7|$A]4 A&+ basedir/Database/ climate-index T,
A A Am= basedir/Database/reanalysisl Zt]o] #& =k APCC ¥ 2¥
AnE Ae EEESH: 49l updatemode = FE 31, AARE AIS5S A
FE A= AYlo|Esk= 749 updatemode = T 2 A3}

Update.Climate.Information (EnvList, updatemode = F)

3.2, #&5Xi=

7V (KMA) L/AES] #SAR 713 S ESZR(ASOS)Y 4t
9 HEAEe VAR REE Y SRSl E 3 theEE 't
ArE 22t B7] fsiA= 7ol Basith Had AR 2RIt &
ofefl LI} o] Am£3] Ho]A] ]/\1 Z]’i"aEH *tm, 7|2 Fo 9= 1
4 145H dAAE, A H + Figure A-394¢} o] HAE A sf
A based1r/Database/observed/asos daily_download” &tlof 7]& =
Fxoto] ARt Wi BAlE dARE v Fole FY3 Tl Aot
of gol2H Hr} ofF krE AdYst7| Ao A EnvList THAQ] tscale W57

=
)
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daily2 AA=o] A=A SRl
KMA.ASOS.Observation.Update (EnvList, fillingmode = T)

e Aot A AT ARE sforecast W71 oA Q3 FA o2 RS
W75t basedir/Database/observedo] A&t} ESE  basedir/Database/
station-info ZT9] Q= EnvListd stnfile ¥5o] Ao &= T4 digh
A Hat FEH 7128 AR basedir/Database/var-predictand T 0]
EnvList 49| varfile Mg AGE o o528 AT, varfileZ AEAS
EA By F=A] 5 (predictand)® ARR-ECE Fillingmode = TE A43sH= 4
£ TSAE 2F0| U= A% Envlisty nrstfile ®o] X789 Tdo] A=m(HA
HEAERE 7R Aol U= FH BS54 FAE)YE olgsto 7 TR B
29 #E ARE olgsto] 2 AmE AR o|fyE A3t oE AASE €
A7t BARYO PH o & ARG S Aol EAlske A5 ZdY oA
27} Aok A9 F-85H ARE 4 Sl

l

QldxtE R x
<« € | [ https://data.kma.go.kr/data/grnd/selectAsosRItmList.do?pgmNo=36 |z =

2140 HBatE 742 HYYSE AS wod & YBUc

Q) uxanyEs HOE  JSSARM  FwEI 4D il 8
o-r .’-\ )
@ E“OIE" Zl-ﬂ}—il -%_Td'jljg-'?'_l-é A Home B0  X& P SBIIMES P ASZH-FEIMBS

ooooo

S| 4E T (ASOS)E FE B2 E RS DBOIM FH/FLL CSVIIYR CHREC o £ glact

Z| 22 LAE0 22 312, AR 22 2420/0], 2|0 LR2EC 7|2H2 YAIR0| 22 104, AIZRAIZS) 22 19 YUk

AR R 3
o= 4 o A=z
st + B L <717t 20160101 |F8 ~ 20160803 [
lojgf +
2l * S <
2302 + Hengtzs
A + -
e = +
A8 0
7|apsz| +
A Z
AHEL - [CEEEE
[EEESE
= I ZrA -
. % = o
Figure A-3  7IMH UH?| &= A= URZE oA



| ReHE HIEQY 2| QMEE XIS £ APCC ARME BE 28 Yot g

KMA Az F871Vd #5354 AR thE2E @ Envlist HA9 tscale ¥4
hourly2 A74=0] = Aol Figure A-3°14 AR2FHE A=EE A=t
T A" 4 g4 AEE AAZ ¢ F 1d 92 FE2" ZIH}E basedir/
Database/observed/asos_hourly_download Ztjo] A&t} fillingmode = T2
AR E= ASole dailye} BlsH S| #S4a0 25 7|7to] sk Hroh =2 7|3t
o= AFEIHS olgsto] AL, A5 7I3to] A7ITHRI Aol daily o412t Zo]

nrstfile U0 g 7phe BEaREE LxpHoR ANl A2 © g2 Aot

GHCN 499 #EA= : A9E #EA=7t = 4Fole vI= National
Climatic Data Center (NCDC)OA Al&5k= Global Historical Climatology
Network-Daily (GHCN-Daily)At&g the-2E ®of AR 4= qlth. o &
A7) feiMe =7 FAEY i Z=0F Hasith et dE Aue
basedir/Database/observed/ghcn-daily_download &0l A= 11 sforecast
71X oA "Qst o g HMSte csy XU AFEE basedir/Database/observed &
Hof AAEh E3F Envliste] stnfile ¥<po] fFE= TSRO Higt AEE=

basedir/Database/observed/station-info ZE o] A= cH7).

ghcn.daily.update (EnvList, cntry = “KS”)

17) %9 AYE A9] ARt ge 22 ARS EYSHT 92 5 Utk gebd A Aol AgsH: B0
A7t A BELER UG F AGoInE AHHES Tt
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4. Hindcast 7IZi0f CH! GIS=S 4%

A7) et BY AL ol g ARteEN T Mgt BEd
ARE B Envlist Y2 BCPointOpt (= BCAreaOpt), CIRegOpt, MWRegOpt,
MWRObsOptS On, Off2 A3t} AEZSH 4 Qi)

ok

Hindcast.Forecast. Model.Construction (EnvList)

4.1. SBC (BCPoint) HitH AlsH

T4 ARS Ho|HA 0]&3sH= SBC H'H (BCPointOpt)o] A Alefol A
g 55 4% basedir/priname/BCPoint &6 of A87]7to] wak4 3MON
% 6MON EH7F A=A Ho|2A4 glo] =% gE2 01_extracted EH | #=
AMHZ Station ID-Target variable-Model nmae-Lead time(ex. ID0O90-prec-CWB-01.csv)
zZHog AFHEHo U Y& FolA v00 ZHEE2 IE HHEZ ArietH
MME Z¥2 5 WHES @ B ¢ Auetth. E3F HolHAH Aee
02_BiasCorrected &t{of A=},

ol

nAg e s HolkAo] gu¥ AM=HRE TCCE 7|IElE SAZCE fofu[gt
BFE AEste] AAIRE aSo] AT dSEFS FEsHA Hoh 9°F dik=
basedir/priname/0_Analysis/BCPoint &t]o] 413477t wekA 3MON 2 6MON
Zoiol AE. sig ECol dlSdid #gol tisiA 2712] ool BAE . & A
Hprec)d 7ol BCPoint-prec-AM0O1-TCC.csv 2} BCPoint-prec-AMO1-
Summary.csv Irdo] AAHET} of7] A BCPoint 52 AAISH W<, prec TE2
St HEE, AMO1 52 F4717E (5 012 F2glo] Eve] 23S 9fn
9, TCC FH2 AXkE TCC 32 EZFstL 22 oF il
g dQESEgS sl ASEH HA 717t gt AAE AmE Ho Foh TS

Monthly-TSeries Et|oll= ¥ AAE A=E A3t

i
1
g

t}. Summary 52 Al
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4.2. MWR i &l

MWR ®o] A AejolA 5 F50l= ¢ basedir/priname/ MWReg
Ztio] AH8H 2H9 AgAzto] web 3MON 2 6MON EH7} A€t G5
3o Aig HIE ARgok= SBC WS AlQg UwA] BAH HHEES HHAT
HAE st sl ZAZIZ] s xR dE A%E Adcke nAAR
(Cross Validation) B ARg3Ic} webd 3MON 2 6MON Z4dof dxd Z¢
7} AT 2] A=o] diste] ol Table A-200419} 2ol 3749] Z7} AYAE]
o 54 A3} mpglo] ETEE A4

O

Table A2 MWR Hgis &l dd=l= 24 2 &9 I

= =

Z0Y MUFEY)
01_Regression-all - MWReg-prec-MO1-CWB-LT01-slp-Negative.csv : &
ARIE EHOHF0, MWReg 52 SMSIZES, prec =2 OIS HE,
MO1 &=2 &2, CWBE=2 M8 OIE2YE, LTO18=2 MRS, slp

MERE OIEQIKIS] HaHS Negative =2 OIS a2t AELE
Rt & E= Yo HHHAE 20 U=KIE QofE
- WReg-prec-M01-CWB-LTO1-slp-Negative-TSeries.csv : %A 25
H 2HMWReg-prec-M01-CWB-LTO1-slp—-Negative AEHS 3
Ae=RH FEE HSQUKQ AAE K= 20jg
- MWReg—prec-MO1-CWB-LTO1.csv : GIERINZE ME7 IS T =5 2lAE
02_BPredictor_TSeries | - MWReg-prec-M0O1-CWB-LT01-v200-Positive.png : ¥A H8E 0=
OIXE S0 M 28 TEAT = HIEQIXICS K| 201 7IAECE HAIR,
- MWReg-prec-M01-CWB-LT01-v200-Positive-TSeries.csv : Z&
Hoz MYE OIEQIXS| JHE AR|=RE FEEH SRS AAZKIE,
03_Run_Regression - MWReg-prec-M01-CWB-LT01.csv : A1EHE GIEQIKIE Soll At o=
B0l CHEE OISar AIAISKE MY,
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HHEE SIE ougitt. HFHOoR AAH dESAXE B E TCCE 7Ieo2
A7 d|&of AREY JESEFP S basedir/priname/0_Analysis/MWReg &5 0]

of A, sig ETo St Wl disiA 2709 whdo] AdEHY. & I
(prec)?] o= MWReg-prec-AMO1-TCC.csv 2 MWReg-prec-AM01-Summary.
csv otho] AEHT o714 MWReg &2 JAISH B, prec 52 S
A8, AMO1 352 F4717HS (& 012 F3glo] €a9 Z2HRD)S ujsict
TCC FE2 EE ABH ASAAE ol-&sto] A4t TCC #t HolES HojEt
i Summary 342 AEE SRS 3l ASH AA 7I7tol] digt AAE A+
25 Ho] £t} E3SE Monthly-TSeries E2H0= €948 AAE A=mE Er =2 P4
Qtet.

4.3. MWR-Obs B 4leH

MWR-Obs o] A" Aeolld 55 Fgohe H-Pbasedir/priname/
MWRObs &0l a3} ZAE sidst7] flsh ZA7]1tl "41‘511 AR & *o*
= Al¥sk= 2AHH(Cross Validation) Bl 23t Ard EH7F A=
7ol Aro] oot ofeff Table A-30041e} Zo] 3719 Evi7h A= &4 éﬂ
mhlo] ZojdE AHct

i

Table A-38.  MWR-Obs H#tS Salf == 2 % &5 I
20 MAH(EY)
01_Regression-ll * MWRObs—prec-M01-LT03-slp-Negative.csv : 4EE GIEQIXC| fIXIE

BN, MWRObs &2 MAMRIZES, prec E52 UIEMY B4E, l\/|01
=2 FS LT03Y=2 MHAIS, sip =2 MEE OISQIRe| HaH
Negative =2 OIS Haet MEE OIEQIAD} 2 = UO| RS ;J'_
U=XIE op0fgt,

MWRObs—prec-MO01-LT03-slp-Negative-TSeries.csv : ¥ SigE &4
(MWRObs—prec-M01-LT03-slp-Negative2] MeiHs 3l R)C2LE =5
E EeXIQ AP KRS op0fgt

* MWRObs-prec-M01-LTO3.csv : HE2IRIZ AIE7ISSt T E5 2IAE
02_BPredictor_TSeries | * MWRObs-prec-M04-LT01-shum-Positive.png : &A1 e OECIKIE &
O A8 2212 DEEAP = OIEQIRIZIS K= 0 7IAECE BARRY,

* MWRObs—prec-MO04-LT01-shum—Positive-TSeries.csv : AEHOZ 4
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St Oz AAIERR M

drd Hdgo] BE Fud A=l ZiE VN R XFHR dSHFS A%
sty AAE A&Q1xF Zik= basedir/prjname/0_Analysis/MWRObs ZT ]|
Composite-Grid T AZHT. & 5L ASAA7 L3 A oA i gt
EE= B9 2541 dEdAE ARt E6dle A A5 fAE
Hol = csv ¥ png ZWO AI7F AR E=H cvs?] <Ak ARE S A
LRt AAONA mid HHEE SleE Qudith HFF 0w HAAEH SRS B Y
o2 TCCE 7|&02 AHANZE d=o] ARES J&=EFPEL basedir/prjname/
0_Analysis/MWRObs &tF{°] of A=t g Erjo] &t Hpol dishiA 2
7M9] mdo] MAHETE & A<(prec)?] A-5-ol= MWRObs-prec-AM01-TCC.csv
9} MWRObs-prec-AMO1-Summary.csv Ido] 3=t of7|4 MWRObs 35
< AAISE B, prec FE2 AlSHA WeE, AMO1 52 FA717 (£ 01
< FAJLo] deke] Ay Uity TCC =2 € AAH 9
o

sto] A4HE TCC 4t Hlol& Eol&th ¥HH Summary oY
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53l csE A 71zt it AALE A=E Hof Foh. EQF Monthly-TSeries &
Holz € AAE AuE ez A4

4.4, CIR Hi Alst

CIR ¥Ho] A AejollA T8 F-50k= 4% basedir/priname/CIReg =T
of izt FAE 23] Ash A7) s AxEE oS e Adsh=
WA374(Cross Validation) ¥l gt A= Et7F Y=L 24249 Aol of
Sto] ofefl Table A-4°149} o] 2719] EH7F A= £4 A3 o] EHE=
A7
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Table A-4  CIR ¥HS Soff M= 20 3 239 Iy
209 MUFHEY)
01_Regression-all - Reg_prec_01-SplitTest.csv : 2 HESH0| =2 7|2X-E HO EL Reg

=2 Regression HHOI| 2ot HHHAS, prec =2 HSHY B-E 01 =2
22, SplitTest =2 split HAES HAM M8 Zuls onfsit,

- prec-MinLag01-Observed.csv : %A ZtE 2E =2 MA0IE A7
EEON Fefet ZROIT, prec E=2 HEMY BE, Observed =2 HS7|Ht
O HHIRIS, MinLag01 =2 MAUISARIS 2[5 = 012 1712 OFE0) oIS
2 g I MEVISE! 7Rk FHE HO| FLOH,

02_Best_multi-model | - prec-MinLag01-Observed.csv : MinLag01 &= MAGIEAIIS 2051
EEMOZ MYE J|SK4E 012510 A= 0IEHS precO| LHSH OIS AAIZ
K= o,
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JEth o714 ClReg I&E2 AJAIsH B2, prec 52 dSH ME, AMO1
717+ (& 012 FAglo] €9 27 9rigitth. TCC a2 94
AARE ol-&sto] AlitE TCC ¢t HolES HojEt. ¥H'H Summary 3t
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5. Hindcast 7[20f| LSt 0iS2 S M™

WA FHEAQ] AR Sl Higt dlSA B7EE T SR d Agols AAIRE
A& oA AR 7Hse e dSEFES st A= FdsH "ok ol
flsix= ofl g Hdckes o el Ed APARPE ARSTEsRE HESl ikt
Temporal Correlation Coefficient (TCO) Z¥R= basedir/priname/0_RTForecast Zt{°] ©f
RTFcst-Table-prec-AMO1.csv 2 RTFcst-Table-t2m-AMO1.csv Tdo] A&t
Figure A-4+= AZE 23] A& Hof Frf,

¢

Integrate.Individual. Forecast.Model (EnvList)

A B C D E F G H I J K L M N
1 month  BJMAOT B.CWB0O2 BJMAO2 B_HMC03 B_GDAPS_FO3 B_MAO3 B.CWB03 B_MSC_CANCMA401 B_POAMAOT BNCEPOT B_MSC_CANCM301 B_PNUOT B_MSC_CANCM402
2 Mot 0.71 NA NA NA NA NA NA 036 NA NA NA NA 035
3 M02 NA NA NA NA NA NA NA NA NA NA NA NA NA
4 M03 NA NA NA NA NA NA NA NA 036 NA NA NA NA
5 Mo4 035 0.34 NA 042 NA NA NA NA NA 054 NA NA NA
6 MO5 NA NA NA NA NA NA NA NA NA NA NA NA NA
7 M06 0.39 NA NA NA NA NA NA NA NA NA NA NA NA
8 M07 NA NA NA NA NA NA NA NA NA NA NA NA NA
9 Mo 0.37 NA NA NA NA NA NA NA NA NA NA NA NA
10 M09 NA NA NA NA 041 NA NA NA 051 NA NA NA NA
11 M10 NA NA NA NA NA NA NA NA NA NA NA NA NA
12 M1 NA NA 046 NA NA 0.38 NA NA NA 053 05 05 NA
13 M12 NA NA 0.46 NA NA 0.35 0.46 NA 0.59 NA NA NA NA

Figure A-4  MEHE YAst 230 M2 2E HSEY 4Y 20 I

X3} basedir/priname/0_RTForecast &t]°l Monthly-TSeries ZE7} A/d %™
&2 TCCHS FUSHA FAISHAA TS5 HEHARF sUsHA B85 dd
AAE =S ARttt
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