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ABSTRACT

As various economic activity is complicated and the industrial sectors
affected by the climate is increased, the use of long-term climate prediction
data for designing proactive planning in the sectors of society has increased.
Direction within the water resource management was already converted to
prevent the potential problems in advance rather than to correct the problems
caused by extreme climate. Despite the high usability of the long-term
prediction information for proactive water quality management, it is difficult
to find examples of utilization of a long-term water quality prediction material
to the actual decision-making both in Korea and abroad. Low utilization in the
field of such aggressive water quality control is due to the low reliability caused
by the high uncertainty of long-term prediction. Further, the difference in the
spatio-temporal scale between the long-term climatic prediction data that is
actually provided and the prediction information required for water quality
management can be anindirect cause of low utilization of the long-term climate
prediction data. In this study, we developed the basic technologies for spatial
and temporal downscaling technology necessary for long-term prediction of
integrated streamflow and water quality and evaluated the predictability of
technology that has been developed. In addition, we suggested the policy
as well as possible approach for utilization of long-term climate prediction

information for water quality management.

Three different downscaling methods in accordance with the degree of
utilizing long-term climate prediction information were developed in order
to improve the predictability and refine the spatial scale. They include: 1)
Simple Bias Correction (SBC) method which directly uses long-term climate
prediction data, 2) Moving Window Regression (MWR) method which
indirectly utilizes long-term prediction data, 3) Climate Index Regression
(CIR) method which mainly uses the observation-based climate information
and additionally take advantage of the long-term prediction data. Temporal
downscaling can be conducted based on the monthly downscaled prediction
data (e.g. monthly precipitation and average temperature) generated using
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SBC, MWR, and CIR methods. The temporal downscaling method was
developed based on the Mahalanobis distance which determines the closest
year and month from past observations data by comparing to the monthly
prediction data. Among three spatial downscaling methods developed, CIR
method based on the observed climate information was most reliable in
predicting the monthly average temperature and precipitation during all the
period.

In the evaluation of the long-term predictability of climate prediction
information through the application to the water quantity and quality
management, predictability for inflow of agricultural reservoir, inflow of
multipurpose dam, water quality at the medium-size watershed, and water
quality in the mainstream of Nakdong River was assessed. Compared to
the simulated inflow using the observation climate data, simulated inflow
using predicted climate data by SBC, MWR, and CIR method within the
three agricultural reservoirs with the capacity of more than 1 million tons in
Nakdong River basin was analyzed. It showed results similar to those of the
evaluation of the predictability of three downscaling methods. That is, the
CIR method showed higher and the most reliable predictability, compared
to the SBC and MWR methods. In the case of inflow prediction that targets
Andong multi-purpose dam, approaches including 1) observation-based
method which predicts the inflow amount based on the observation data
without long-term climate prediction information, 2) modeling-based method
which uses the long-term climate prediction information as model input,
and 3) teleconnection-based statistical method were compared. Statistical
prediction method based on the teleconnection showed the highest
predictability among the three methods for all periods with the exception of
December, in which predicted results were similar to each other. Long-term
predictability of water quality within the Wecheon medium-size watershed
within the Nakdong River basin was evaluated by comparing the modeling-
based approach and teleconnection-based statistical approach. In the case



of statistical method, results of long-term water quality prediction for the six
constituents at three stations showed appropriate predictability: 89%, 72%,
83%, 89%, 72%, 61% of all cases (12 months x 6 constituents x 3 stations)
respectively for water temperature, BOD, TN, TP, SS, and chlorophyll-a
showed significant correlation coefficient which is higher than the critical
value at 0.05 of significant level. According to the provisions of water quality
prediction and response measures, long-term water quality predictability in
the Nakdong River mainstream was evaluated by using 3-month lead-time
climate prediction data generated in February, May, August, and November
as model input of the HSPF-EFDC modeling system . The results revealed
that water temperature showed the highest predictability and followed by TN,
chlorophyll-a, and TP in the order. When compared to the results predicted
using the observed climate data as model input, water quality results based on
climate prediction data for all constituents showed the significant correlation
coefficients higher than the critical values at 0.05 of significant level. Finally,
we presented an integrated approach that takes into account various climate
information, downscaling methods, and water quality prediction methods
for the probabilistic prediction of water quality which can be used for the
decision-making.

Survey through various water-related agencies showed that percentage
of actual utilization of long-term climate prediction data was lower than that
of the potential utilization by showing 50% and 70%, respectively. It was
revealed that low usability was due to the low reliability of the prediction
data. There was no positive response to the question on reliability of the
prediction data by showing equal percent of neutral and negative responses.
Also, it was found that improvement of user's convenience related to the
spatio-temporal scale and file format of the long-term prediction data are
necessary. Services that utilize long-term climate prediction can be used for
the long-term preventive measures in water quality management including
1) prevention of non-point source pollution load, 2) decision-making for the



management of the water environment and quality related facilities, and 3)
integrated management of water quantity and quality. Amendment of the
provisions of water quality prediction and response measures regarding to
the definition of water quality prediction, predicting water quality constituents,
target area, announcement, and configuration of the water quality council
was suggested as a legal and institutional approach for long-term water
quality prediction. In addition, legal and institutional improvement in the
higher level law was recommended in order to take advantage of the long-
term prediction information for the preservation of ecology and water quality.
It was also proposed that content on the application of various water quality
management techniques which utilize the long-term climate prediction
information for the prevention purpose should be added to the guidelines and
plan for the water and environment management. About the construction of
the long-term water quality prediction system, GIS-based prediction system
was suggested for the improved utilization of spatial information such as
spatial distribution of pollutant sources and past water quality trend related to
water quality management as proactive response and preventive measures.

Keyboards: Seasonal Forecast, Long-term Prediction, Water Quality,
Downscaling, Climate Index, Multi-Model Ensemble (MME), Teleconnection
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£ 25 (Constructed Analog on Soil Moisture, CAS), 7]7d<|SAE{(Weather Prediction
Center, WPC)e] w7] 9l F7] 71 ASEE A3 ost4 o55% AIHNCEP
version 2 coupled forecast system model, NMME, IRI, International MME), Global
Forecast System(GFS)9] 74 o= I 7HEA]4: ENSO w59 thekslt w7 &
St 7hE B BUEE 9 A9 AR A 9 V)R, EE G% akE, dE
= 59 FUHAQL A5 FESE @ NOAAOA FEA SR o]Fd Qe 7He XHRl =
7} E38t 7He X A]2~El(National Integrated Drought Information System, NIDIS)S8)

oA AlTE AL S

U.S. Seasonal Drought Outlook {
Drought Tendency During the Valid Period

Valid for September 18 - December 31, 2014 .

y Released September 18, 2014

Drought persists or  Author: Anthony Artusa, Climate Prediction Center, NOAA | -
intensifies hitpeliwnw cp c.ncep. noas.gowiprodu cialexpen_assessment/sdo_summary himl

Depicts [arge-scale rends based on subje ctively darnived probabiities guided by shar- and
i kng-range statistical and dynamical forecasts. Shor-term events — such as individual storms —
mproves cAnnSl Be ascuralaly Brecast mare IRAR & fw days in sdvance. U se caution fr applications.

- - such 8s crops — that can be affected by such events. "0 ngeing™ drought areas are
Drought removal likely approximated fom the Drought Wonitar (D1 to D4 intensity).
For waekly drought updates, see the latest U.S_ Drought Moniter.
Drought development HOTE: The fan area areas imply at least a f-category improvement in the Drought M anitor

likely ntensty levels by the end of the pariod although drought wall remain.
The Green areas imply drought removal by the end of the period (D0 ornone)

Drought remains but

Figure 6. CPC2| & 7t& H(0= A|E: 20143 9€ 18Y)

P
1o

A7) FA RO A HYJor qHE AXshE Ade A Eagla AT =

8) http://www.drought.gov/drought/

el
ofm
o
4>
Ao
=4
A
o2l
N
2
I
~
>
N
nz

AZoE YEE &8



Chesapeake Bay Forecasting System(CBFS)9) Z 2 A E7} Qlo] AsfdtaAt dir)
CBFS ZuAE= 7/ Fol "ak= 19 7K1 glem ml= Ho skl AR
(Chesapeake Bay)ollx1e] tiefst 431 T2 54& @] 2 7)o AlzE oA
gFeh= e HHOoE AL AR fo

RS APAE] $15to] NOAA, USES, NASA, USDA HloJE= &2 9Aiw=3) HA &
UEE 55 As® ARSIt

1419] 7] 4 37§ o] 7] a5 311/\1% 718 A5 AmrF F g,
st A AFozRE & 7 Eﬂo}oi s 1570 o5 s WHE Alsshs
SCHAMAS A A7 IS BHE RERE AU NS CrazEAE
= (Fig. 7)3} 7o) 717d= &<l Weather Research and Forecasting(WRF), -5-2352
F&el Soil and Water Assessment Tool(SWAT), 3fkE3<el  Regional Ocean
Modeling System(ROMS)= AISE BHlg AAELE 7|Hko® sfof 7|5, ti7|e] 4, &
2, 2|97 g4, ABEA o] B WS AREARS] Sl Alwgitt

)
i

9) http://www.cbfs.umd.edu/
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Chesapeake Bay Forecasting System Project
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Three-month seasonal forecast
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AEE AlFshz Zo] S5 7] A9l T shtEA Holl 3T w55 7]
FelMe (Fig, 1003 o] 7= 9 250 tisle] o5 Aoz E] &5 3719
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22 glom Rfo) Oisk /MY oS ARE 2010d 12€ o] F o] & Fao] 7
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10) http://www.bom.gov.au/climate/outlooks/#/overview/summary/

11) http://www.bom.gov.au/water/ssf/
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Yictoria
Seasonal Streamflow Forecasts
for October to December 2014
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A7 5 A5 A AR Bayesian Joint Probability(BJP)2R= EA|8H2] Wyl
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713N Alwshe AR 7S] A AT oS5 E3(Clobal Climate Model,
GCM)9] A= T= AREsHA] ¢kl APCCE 3Heh = A77|# W A Aivk=
2 7Y A7) 715 AETF IaaelM BAA, o8k 1 S ueke 34 Ve A8
g Bikshs A7) A oF dyE 7Rke R wid AEvbd 1R o A9
Eoatal glom, o]F YVl HEA R asto] st Qi

-

= 715 AT AE7]EQ APEC 7]S-AlE ol A+= 2005d A5 %7] APEC 97 3]
=, 1871 7])&_1%% B 7|91 7IREe] oS AR E Aleuiekont Fof 7]ae] /17 -

54 290 Aokoz HTo= 1071, 167 7180 AdAS FRE ujY A o}
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= ARE st A A ESN Fal Algstal vk MVES ZiE7]SE 0] 7t
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4.1.1 Simple Bias Correction(SBC) Method
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Table 5. 7H ZSiEH Qbat

i

i ol

I

7|zt

—

Ensemble | 0|

Model Institution ——— time
CWB Central Weather Bureau (Taipei) 3
GDAPS F Korea Meteorological Administration (Korea) 20 3
HMC Hydrc?meteorologlcal Centre of Russia 10 3

(Russia)
IMA Japan Meteorological Agency (Japan) 5 3
MSC _CANCM3 | Meteorological Service of Canada (Canada) 10 3,6
MSC_CANCM4 | Meteorological Service of Canada (Canada) 10 3,6
NASA National Aeronautics and Space 1 3.6

Administration (USA)

Climate Prediction Center /
NCEP NCEP/NWS/NOAA (USA) 20 3, 6

PNU Pusan National University (Korea) 15 3,

o)}

Centre for Australian Weather and Climate
POAMA . 30 3,6
0 Research/ Bureau of Meteorology (Australia)
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cate} mgska, Aok 2ol ghel Fgole

obs,m (6)

P/ _ (Py,m _Phist,m> + Pgbs,m fOl’Py,m = Pym
R (P -~ P ) < Pobs.m for Py’m < Pobs.m (7)

y,m * * hist,m

rlo

oA71M, Te 2%, P 45 ve 9= g, histe A5 AkRe] #7713t gtk 3
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185101 o1

2 95 AR A4S AR B BTL ol85] A ANE 43 o

& S ol 577 BEAC) A FFE o830 FHE TR oF o) B
2 FHgITE WolnPE AT FF o Aut wE9 Fipah v Falo] A
ApAskel] ol§HIgith SBC el ASeli Y lSEe] PPRANES BT o] §

St & i 2 EE oE WSS W HSko] Single Model Ensemble(SME)S
ArLsEL, 67] 7)EdE=EEE2] SMES =+ o] Multi—model Ensemble(MME)ZS
AiksraAct,




User Input Procedure Database
all stations
one station
o
(e =5 » ZHE HID (P17 E21) e
Bl AE)
2EH E==2
Aot UEOP
no
W= DB (NetCDF)2 36
AHZEAE) 25(2Y)
MRS JI2H| CHEr ol = ZI2HH| CHER 2t
(AZEE, S| gmp s TR A 4
z2ur) |

Bias Correction
=# (s 2T

R

2t CH& &= St
A=) Bz (25, ER18)

[Hah A1
(M=

e

Temporal Downscaling

Model loop
Lead-time loop

Ensemble loop
<:|| Procedure

End ensemble
End lead-time

End model

Figure 20, Simple Bias Correction(SBC) AfM|st =X}

4.1.2 Moving Window Regression(MWR) Method

of|Z7|4F AbA|E} HPH O 2= Kang 5(2009)e] 23] AA)JE o]3 APCC MME A&
5 o] &%t skt 7 W 2%0] AAIsE Sl of ARt 2JE] ARgE L JfAE

il [¢]

vl 2= Moving Window Regression(MWR) & AE3litiKang et al, 2009



Kang et al, 2014, Min et al,, 2011), MWR %L (Table 6)¢l] #|A]E]o] gl APCCO]
A BArskal Qle oS5 ARl 107] WHsE 394 e S (predicton) = o] g8t}
Z 257 x20° (t)2F 2,500kmx2,000km) <] AREAF Ao] S 25° 37]_% F3ld RE
ARE o] FshiA Ee HHWgE tieto] 58 (predictand)?] 1912 ¥ A%

T 73el £Eete] AHEAE Anteitt oo 7Y w2 AHIllE Kol SYW
T 9 AE olgeto] RG-S hdete] AREshs WHolth MWR s W9
A= (Fig, 21yl AA=S] Sl

l‘

o,

Table 6. APCC MME ZH JH¥ 23S Xi& Ha

Variable ‘ Description
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
7500 Geopotential height at 500 hPa
SLP Sea level pressure
SST Sea surface temperature




User Input Procedure Database
SUEE PR ——— I E=
([H{—j ZI= xt]\: = =0 M):I = ):“._ 4 DB KMA
2| AE) (ELHe: 28 L2 3 20 J|AEE L)
"q_‘_,_:-l"-’r.-'-._.—
—
AEE DS HREM A ABH S A o
(NEE, (BEES v IS US ) A
ZEHE) Cross-Validation DB (=2)
“-—._.-—"’ﬂ_._
— !
Maving Best | £ H=+ 3 Moving
Window 37| | Window2| /% 2

|

Best Regression 23 &7

|

Best 23 2|gt
HZ A2 HA2E)

v

Temporal Downscaling

Model loop
Lead-time loop
<:|| Procedure
End lead-time
End model

Figure 21. Moving Window Regression(MWR) A&} &X}
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) BE AxAA ABAS ALk (Table 6)0] AAE o= o 7HE] APAlke

25" AL JE 7|3 HSES S5 (predicton)®E 3] 25° X20° A4719] 9%
5 M SHHR BE ARES olFstiaA] Sy S50 A
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4.1.3 Climate Index Regression(CIR) Method

CIRZ 7|5-2oke] 7]&

Z/\/\

A= Eaf Aoy /fEo] & 7]3Q12KClimate Index)
F<EH(predictand)@l -
°

A 98] AB A D 2 Apelo] EAE Sl A
MHlag—time)= L3t & 5 7HAIL QlomA “gAloll AA|AIR ] A3 e=
7]Z_Hlead time) Rt} & Agol ststo] A A5 55 7HEeZ Ak

ASHTFE AREshz 7IWolth IuellM= ofe] AgAlEo] ] A 4l 2o
°§§"~€ PR 7] 5QIAkel XAl gt AT-E e B JlvHAAE] 5
A g3} w7, 2010; Kim et al,, 2007), FE3t $HEeS T35t Folrlol X9 W tjek
g Age] At d-siA 715QIAE ol 8d vket A7 3 EATHChol and
Moon, 2013; Hong et al, 2011; Kim and Kim, 2007; Schepen et al, 2012; Wang et
al, 2008). ¥ <oA= Climate Prediction Center(CPC)olA] ¥ E #|¥38t1. Y=
4099749 71512k & (Table 7yell AAE 7545 SR ARSIty 5, &
HEEo] 7 9l 7)) e wA= 7151t thst AR ARIE glvks 7 st
CPCol AlFH= B 7157kl tiste] AAxZRe 0~1270d7kA] 7dshas g
T A 9 e R AT =2 715ARE Adgste] oSl 28sisith CR
A8 2= (Fig. 22)e AxE o] it

ol

=3

Table 7. Climate Index Regression ZH0|| A=l 7|ZQIXt

Index | Description(reference)
AAO Antarctic Oscillation
AMM Atlantic Meridional Mode
AMO Atlantic Multidecadal Oscillation
AMOSM Atlantic Multidecadal Osillation, smoothed
AO Antarctic Oscillation
ATLTRI Atlantic Tripole SST EOF(1st EOF of SST 10N-70N, 0-80W)
CAR Caribbean SST Index
CENSO Bivariate ENSO Timeseries
CIP Central Indian Precipitation




Index Description(reference)
EA Eastern Asia/Western Russia
EOFPAC Tropical Pacific SST EOF(Ist EOF of SST 20N-20S, 120E-60W)
EPO East Pacific/North Pacific ~ Oscillation
ESL Equatorial Eastern Pacific SLP
ESPI ENSO precipitation index
GIAM Globally Integrated Angular Momentum
GML Global Mean Lan/Ocean Temperature
MEI Multivariate ENSO Index
NAO North Atlantic Oscillation
NBRA Northeast Brazil Rainfall Anomaly
NINAL1 Extreme Eastern Tropical Pacific SST
NINA3 Eastern Tropical Pacific SST
NINA34 East Central Tropical Pacific SST
NINA4 Central Tropical Pacific SST
NOI Northern Oscillation Index
NP North Pacific pattern
NTA North Tropical Atlantic SST Index
ONI Oceanic Nino Index
PACWARM Pacific Warmpool (I1st EOF of SST(60e-170E, 15S-15N) SST EOF)
PDO Pacific Decadal Oscillation
PNA Pacific North American Index
QBO Quasi-Biennial Oscillation
SahelRain Sahel Standardized Rainfall(20-8N, 20W-10E)
SOI Southern Oscillation Index
Solar Solar Flux(10.7cm)
SWM Sahel Area averaged precipitation for Arizona and New Mexico
TNA Tropical Northern Atlantic Index
TNI Indices of El Nino evolution
TSA Tropical Southern Atlantic Index
WHW Western Hemisphere warm pool
WPO West Pacific Oscillation
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Index Lag Index Lag Index Lag
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Table 11. SAX Lo Qg 2N SEE W 37 =& HSHAAML =2 ZFE temporal
Z

correlation coefficient (TCC) Zu}

Constituent  Station JAN MAR APR

0.33
HAH
Chl-a 2| 0.43
2H2 0.57
HAHE 0.55
S 21H 0.55
2H2 0.40
HAHE 0.55
Temp 21H 0.55
2|Hp 057 059 051 044 059 0.51 - 0.33 040 056
UAHHE 0.56 043
TN Lkl 0.56 043
A2 050
UAHHE 0.60 044 058 0.51
TP 21#H1 0.60 044 058 0.51
?1H2 -0.19 -0.50 0.31
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Table 12. SWAT S& 23 % Y ZIH(EH)

Performance measures Calibration Validation
% Error -1.6 -1.1
NSE Daily 0.35 0.41
Monthly 0.95 0.92
Daily 66.9 55.7
RMSE
S Monthly 9.4 8.4
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R 31,0014 MAS ARESIES 3P, R promptol|A] install packages "Ho]E 9|
23] stringr, ncdf, reshape, doBy, ggplot?, raster, maptools, leaps, EcoHydRology,
zoo 52 WX E AA|Sof g}

7|12 AR Foll= ollA AAH F7|X]5S loaddty, R promptol|A] nedfZf]7]4]
= AREstaAr & A9 Library(nedf) 2} 72| Library functiong ARE-3c}

Ao el sk 9ls
(F-SForecast—V1.1 R)S 3= Zrof] BAlel] =317, R promptolA source

("F:/F—SForecast—\V1.1.R) &} 72¢] souce functione ARE3l functions=- loaddith

—

ofg) 19le] oo} go] AL Pak UIEER 4~3idl 2hel WA 7
5ol et AEE (Table 149} 2k

194 enEny



Tibrary(ncdf); library(stringr); library(reshape); Tlibrary(dosy); Tlibrary(ggplot2); library(raster); library(maptools); library(leaps);
)

1

2 11hrary(E:oHydko'\Dgy) 11hrary(zoo) Tibrary (hydroGoF

3 source("F:/F-sForecast-vi.1.R")

4 owrite = F; NBest = 3; smonth = 1; emonth = 12; esmmode = F

5 syear_obs = 1976; eyear_obs = 2011; syear_mme - 1983; eyear_mme = 2005
6 mmetype = "3MON" # MME type: 3MON or GMON

7 #E#RR szenam‘us for HSPF modeling

8 scnnm = "2F-3F-3F-3F-1F"

9 LTimes = c(2, 3, 1, 2, 1, 2, 3, i, 2, 3, 1)

10 # Climate Index wh1ch 15 updated thruuqh CPC webpaqe

11 cpcidxs = c("PNA", "EPO", "WPO", "NAQ", "SOI", "NINA3Z "CENSO", "TNA", "TsSA",
12 "wHW", "MEI", "NINAL1", "NINA4™, "NINA34", "TNI", "AmMO", "QBO",
13 "solar”, “ESL")

14~

15 prjdir = paste("F: /SForecast/Kana")

16 dbdir = "r /srorecast/{) DBase"

17 idxfile "CIndex-Hindcast— Comb‘med csv”

18 stnfile ma_asos_57stns.csv"” # Station file name

19 varfile ma_asos_537stns_1976-2011.csv"

20 bndfile = "korea”

21~ #

22 obsdir
23 stndir

paste(dbdir, "/kma-asos”, se
paste(dbdir, "/station-info”,

paily observation folder

station information folder

apccvme folder including scM and Individuals
Boundary file folder with shape format

GPCP data folder

APHRODITE data folder

24 mmedir - paste(dbdir, "/apcc-mme”, sep="")
- paste(dbdir, "/gis-boundary", sep="")
"

25 bnddir
26 gpcpdir = paste(dbdir, "/noaa-gpcp”, sep
27 aphrodir = paste(dbdir, "/aphrodite”, sep=

28 vardir = paste(dbdir, "/var-predictand”, sep variable folder for regression analysis
29 dxdir = paste(dbdir, climate-index"”, se| climate Index folder
30 rnldir = paste(dbdir, "/reanalysisl”, se reanalysis folder

o G W W W

31 wgendir = paste(dbdir, "/wgen-gem/kma-asos sep="") GEM weahter input folder

33 # create monthly observed values
34 cal.monthly. station.Mean(stndir, stnfile, vardir, varfile, syear_obs, eyear_obs)

36 # simple Bias Correction

37 BCPoint.Extract.MME.Stations(prjdir, stndir, stnfile, mmedir, mmetype, OWrite)

38 BCPoint.Bias.correction(prjdir, stndir, stnfile, mmedir, mmetype)

39 BcpPoint.paily.sampling.all(prjdir, stndir, stnfile, mmedir, mmetype, syear_obs, eyear_obs, syear_mme, eyear_mme)

40 BCPoint.paily.sampling.scenario(prjdir, stndir, stnfile, mmedir, mmetype, syear_obs, eyear_obs, syear_mme, eyear_mme, LTimes)
41 BCPoint.calculate.error.statistics(prjdir, vardir, varfile, mmetype, LTimes, scnnm, 1)

43  # moving window Regression

44  MwReg.Cal.All.Regression(prjdir, mmedir, mmetype, vardir, varfile, syear_mme, eyear_mme, smonth, emonth, esmmode)
45 MwReg.Extract.BestFit.Regression(prjdir, mmedir, mmetype)

46 MwReg.Run.Regression(prjdir, mmedir, mmetype, vardir, varfile, syear_mme, eyear_mme, eyear_obs, smonth, emonth)
47 MwReg.Daily.Sampling.Scenario(prjdir, stndir, stnfile, obsdir, LTimes, syear_obs, eyear_obs)

48 mMwrReg.Calculate.error.statistics(prjdir, vardir, varfile, mmetype, LTimes, scnnm, 1)

50 # climate Index Regression

51 «cIReg.all.Regression.crossvalidation(prjdir, vardir, varfile, idxdir, idxfile, syear_mme, eyear_mme)

52 CIReq.EXTract.BestfFit.Regression(pridir, mmedir, mmefile, vardir, varfile, nBest, syear_mme, eyear_mme)

53 CIReg.Select.BestModel.Run.Regression_observed(prjdir, vardir, varfile, idxdir, idxfile, NBest, syear_mme, eyear_mme, eyear_obs)
54 CIReg.Run.Regression.sScenario(prjdir, mmetype, vardir, varfile, idxdir, cpcidxs, scnnm, LTimes, syear_mme, eyear_mme, eyear_obs)
55 CIReg.Daily.Sampling.Scenario(prjdir, stndir, stnfile, obsdir, LTimes, syear_obs, eyear_obs)

56 CIReg.Calculate.Error.Statistics(prjdir, vardir, varfile, mmetype, LTimes, scnnm, 1)
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Moving Window Regression(MWR) % Climate Index Regression(CIR)
H“ﬁ"ﬂ o)t AAIE Aol 3|HEE AAgo] ZR3L predictand JRE E
varfile sskal Qe A o]E. vardirel AEe] Qlojok s, yearmon ZHH->
H]—E}\] sUe E(ex. 1976—01) 02 XEFHE o] §lojo} s vmix] L=
<> ARgAtel]l oJal] gelE 4 Qe
CIR Wil AFE-EE predictorsS E3Hsl e HA9] o=, idxdirel A
idxfile w0 °‘°10F 3h, yearmon ZHE WHEA] o] Qlojof sfal A
52 AR o8 71 4 9l
GIS Z2]3* shapedtd 24 Z2]2 Yol AA90E 182|259 32 o83t 7
bndfile A Ul Bgks AxksR=dl AREE gdye] SRS Alglsh ol
bnddirell #= o] lofoF 3hH, GISS LS k= ‘ID” ZHE
A 2gkskar glofof &
MY == 671 AdS ARE APs] ¢8] SMON” Hi= “6MON”
mme c
P Zol st AdeElolol g
Az Al Algte] o Ae|n=, 7]Ee| Al o] EAlshs A5 3
OWrite S oA 9y A @S skipst’] Y3l Al FEHE option. True: 2= 3}
A5 AL False: 34do] oln] EAlsh= ¢ A& skipdh
NBest CIR el o8l thsl#as AREstaat she 4% AR7Ess Hdl
predictor?] 71
year obs | B IS AR g T Q8L AYsRed] Ao w5 AR
- o A A%
FAIsE B S AkEe 7P S /9S AYsked sk I5 AR
eyear_obs | 7Fo] mpx|ul A%, T3l =4 H7) A] split validation 7]7Fe] wER|EF A m
2 s AR
syear mme | Al F 52| cross—validation 7]17Fe] A%} A%
eyear mme | AAAZ A7 2] cross—validation 717k mRA|EF A%
smonth MWR B ARE Al 54 717HD) of] tigh 24 733 ¢ 7|3ke] 212 €
emonth MWR ¥ ARE- A] 524 71D ol dist 248 5383 49 713k mix]et €
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esmmode

5| 413

)

1o

53]

E5elo] MWRE ag

MWR B2 2= /MEEEES] e WS
Q3] wFef, esmmode optione FalseZ X
o] MMERFS AME-&1al, True® A= 4$ &

28 AR A9 AU olF o w5

lead—time®] forecastAtmE ARESIIANSH=

S ARE &E8h= BF D).

AR,

Al AREAF 27 o]Fe] EY
7F A A Am7F AE. dRbE o R 371 A9-E st ddEA
ek A 4 A5 A8E AREstA she A OF AR
¥ F&
scnnm lead—time®] forecastAt2E ARSstAl sh= A% L& AR
2F—6F—4F2] Zgolle BE 7I7H1E~129) 0l ] A%¥ lead—timed]
o5 AmE ARESHAIRE 3¥€RE 897HA] 671€32 2€e d5H 6712
lead—timeS 7= o5 A5 &8 8€ol t}A] 671€¥ lead—timeS 7K+

eSS

b LS B S

gd

(e ZA

LTimes scnnme®l| 715k 99 lead—timeS HWA|ZOE

cpeidxs g Aulo]EVL = EAES] HAE

Climate Predicton Center (CPC) 2] dHo|X|E Eal #|35+&=

e Foll A

. A3} € Function ZAE 4 A9

SetWorkingDir < function(wdir)
A Er(wdin® ol &3, 29l Zu7) fle B9 AT

NumberOfDays <— function(date)
Folxl FHdate)el dlF H= 2o] dE ARk

Filldate < function(x, sdate=NULL, edate=NULL)
dlole] Za|d(x)oll W=(year), H(month), d—&(yearmon)

AlFd(sdate) B! SR U(edate)7t T Aol sl 71kke] A

S 715
a9k HE5E &

ExtractPointValue < function(xin, yin, ncfile, wdir)

2] Er(wdinell 9135 NelCDF ] 7154023 E Jelon Folal J4% A%

(xin, yinell sd== A%t AAL ARE 5

=Z




* ReadNetCDF < function(wdir, ncfile)
2] Zrj(wdin)oll 928t NetCDF o] 7]13At&

= Sglo] AxpHE % (lat), 7% (lon),
H0] Zhvar), WA H(fin) 59 - JRE =8 &

* GIS.ncVar2raster — function(x, y, var, ext=NULL)
NelCDFE ReadNelCDF %2 2lod] 38 2, 9%y, Wel ghvan s 919
o 3lo] WGS84 HEAAY raster o|v|X 2 HESEGIS EE]S QP o7 Flo] W
Be Ashe AHeg,

* Aphrodite.Area.Averae < function(prjdir, aphrodir, bnddir, bndfile, pointopt, weightopt)
wA% ool A9 #5 AR} gl A9 Z2AE Zr(pridin) oF APHRODITE DB
ZU(aphrodin)ell $Ix|gt 0.25° A=} =7]1¢] APHRODITE?) o (daily) 4 A=Z5-E
onddirell 171 37 Eel slondiile)e] EelEd WABF PEES Aol
varialbe ZUt(vardir)oll 48 AlAY #%(aphro_bndfile_day.csv) 9 4 AlAA Y
(aphro_bndfilex_month,csv)S #73h

APHRODITE & 7}58F A= 1979\ d5E] 2007 d7HA] AF=7)F 418

pointopt: ZAA] 3Fd(bndfile)2 EQIE shaped}do] Folx]+= Z-pointopt=T), HZH
FreF gidlel g Al s e A whe FE5k] AR

weightopt: A (bsnfile)o] Z&]eL shapex}Ael ¢ weightopt=TrueQ! 7%
s WA HHE Aaksly, Falsel 79 ogkdel zkS AXSH

o

4

* Aphrodite.Area.Averae.Monthly < function(prjdir, aphrodir, bnddir, bndfile, vardir,
pointopt,weightopt)
Aphrodite Area Average $H=9 HUgk itk € (monthly) APHRODITE A5 2H-E 2

A g A i T

* GPCP.Area.Averae.Monthly < function(prjdir, gpcpdir, bnddir, bndfile, pointopt,
weightopt)
Aphrodite Area Average Monthly gHrel 53k ok ¥ (monthly) 73 A5 2A]
NOAAZ] Global Precipitation Climatology Project(GPCP)28) Ai& AR3-3h,

* GetStationData — function(stnid, obsdir)
KMA 91 715 A DB Eti(obsdinell 9113 BEAd slEere o F
oIzl #54 ID(stnid)ell G = 717 A=E oA Wk dW 71 AFss SWAT

2ol dast 67] W7 Pep,mm), Hil2%E(Tmax, C), HAE(Tmin, C), 3%

198 ar=EnM




(WSpeed, m/s), Ath&EE(Humidity, fr), YA (SRad, MJ/m2)) At5E E3HsH

* GetStationData.10var — function(stnid, wdir)
GetStationData &8} F-1d thql & 714} 2427} HSPFe) B @3k 2127k (SShine,
hr), &% 49! F712(Tavg, O)F EF3taL .

* Cal.Monthly.Station.Mean <— function(stndir, stnfile, vardir, varfile, syear_obs, eyear_obs)

TVEASA APl BRI SRE Sste] ti Aol Hit b W VRS ot
o2 A7) o= xgE YA =4, Moving Window Regression(MWR) 2 Climate
Index Regression(CIR) AHAs} Wl o] H Q 3t FEH<=(predictand)?] XS A3k Al
Ak E4

H=2 AR station EU(stndir) o}l A3 A=A A
7 =)o} glofof &
AR =S it 75 ISR, H 7]2)2 Variable ET(vardir)oll AREAF XA
sk gFlo|E(varfile) 2 A7,
717k AREA}Oll 9] FroiR)= AlZhd E(syear obs) W wRAERA T (eyear obs) Alo]e]
ek =5,

* Calculate.Error.Statistics — function(indir, infile, outdir)
Q1Y Zr(indir)oll ¢x]8F & ukd(infile)S 1o Temporal Correlation Coefficient(TCC),
Normalized Root Mean Square Error(NRMSE), Index of Agreement(D), Normalized
Objective Function(NOF), Nash Sutcliffe Efficiency (NSE)E AAiksto] AREA7Y X743k
=9 Zt(outdinell A¥} gk A3

olgmlele #= ul o =7ke] AJAY pmoln] &d mele] o]2e glY mele] o=
(infile)el] “—Err” & Z7}sto] A3k

* APCCMME.Get.ModelNames.LeadTime < function(cmmedir)
A MME ET|(cmmedin)ol] 913 ASEFEE EH o]FCoRFE AR Tk oS5
F=9 olF 9 APAS7IIHENE e o7h ) RS WSS

* APCCMME.Get.Ensamble.Count — function(prjdir, mmetype, mdlnm)
APCC MME Fof ASEHZE] A5 27129 Wste] wke = 2717 vs. wet
A L2 AE Zt(pridir) o} /BCPoint/mmetype/01_extraced & o] 9|3+ BIAE E
Yo FEF ARERE ofSRPel ol Fmdrm)el P PR 271F g
NetCDFeH b 712 o 9= ol 54 RI(PNUS) 3% 9z e

AHolE HEE 28 S8 42 - X A S 7l e 199
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* APCCMME.Get.MMEfile.Info < function(mmedir, syear)
MME Zt|(mmedir)ell 91xet AL Zriselx] Folxl Alfhdk(syean)®] rats
(prec.nc)Z o] ## AH(Leadtime, IAE F7)(esment), AR & - A% 75 (latent,
loncnt), dimension(d))S WFskH

* APCCMME.Area.Averae — function(prjdir, mmedir, mmetype, bnddir, bndfile, varnms,
pointopt, weightopt)
2 AE Z(pridir) ol MME ZT(mmedir)ell $12]3F APCC MME NetCDF U&=
HE bnddirell 918 A Eef 3d(ondfile)2] Zelerd WAE dhe
AAFste] pridir/MME/mmetype/01_Area—Average EUjol| B]AE Fuio g 2|35}

pointopt: A7 I (bndfile) & EQE shaped}do| Fox]= A (pointopt=T), WA H
e el slid Aol dids= WEFe gk =35k A3

weightopt: 747 3FA(bsnfile)o] Z&]3* shaped}del -9~ weightopt=True?! 7%
A WA B AXESka, False?l 9 thEkA el 3hS AR

oX
=)

* BCArea.Bias.Correction — function(prjdir, vardir, varfile, mmetype)
T2 AE Z (pridir) oF /MME/mmetype/01_Area—Average ZU o] B]IAE Yo g
AdE AR MME A58kt vardir ofl) 91XIRE A5 vkd(varfile) 2t MIRLE &
3lo] Ho|®W A(Bias Correction)S 33+ 3 pridir/MME/mmetype/02_BiasCorrected &
ol A3} 9d& A3t

varfile® APHRODITE = GPCP AT ®5-E] U A ddel] tisto] Axke w7
Bt WA

* BCPoint.GetDataPeriods — function(mdldir)
AZmEER A2 Awol vixe} Es} th2y] W] (R aE Als 9 uixet <l
8 FEsl] Mg

* BCPoint.Extract. MME.Stations <—— function(prjdir, stndir, stnfile, mmedir, mmetype, OWrite)
ZRAE ZU(pridir) EFU ofg station ZT(stndir)el]l x|t #A5A YAE 9
(stnfile) 8] AZHE] G = APCC MME AAR] 3h& NetCDF 3 Eollofla] FE3}
o] AAY RS BAE WO pridir/BCPoint/mmetype/01_extractedel] #|7-3h
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o] EAlsh= A5 1Y B,

* BCPoint.Bias.Correction < function(prjdir, stndir, stnfile, mmedir, mmetype)
BCPoint Extract MME Stations ol 29 AAIE A5t 35 A59 vus E3)
Ho|W A (Bias Correction)S 43 3 & prJd|r/BCPomt/mmetype/ 02_BiasCorrected %
ol A¥} 9kd& A3t

* BCPoint.Get.Common.DataPeriods — function(mdldir)
AZwFER dlolE] 77to] Aola] wlEe] RE HPEe] FEH HolE 77kE F%
Sfo] Wk

* BCPoint.CalCovarianceMatrix < function(obsdir, outdir, stnnms, syear_obs, eyear_obs)
Mahalanobis distance At 918l B .23t variance—covariance Matrixs AAF

* BCPoint.SelBestFitMonth < function(outdir, mdlnm, LTime, esmnm)
28 (mdinm), A&Z713HLTime), 35 W(esmnm)d HolR € 44 o5 A=
of tfste] Mahalanobis distance?} 7P 22 #5 A1 574 A/€S AAsto] &
He F7he & A9 skl A%

* BCPoint.CreateDailyData.10var — function(outdir, sthnms, mdlnm, LTime, esmnm)
A% Arsl 7P nlsst 54 /99 A5 ARS HoR A W) oS Aus A4
gk 23 (mdinm), ABNS717HLTime), 7dE ¥ (esmnm) = 5343k

¢ BCPoint.CalMonthly Mean MME - function(mmedir, outdir, stnnms, mdlnm, LTime,
syear_mme, eyear_mme)
Holny d #ASANH o5 AmEFE i Add dgEHe d5A7 girE
(stnnms) 2] Bt AL

* BCPoint.Daily.Sampling.All < function(prjdir, stndir, stnfile, mmedir, mmetype, syear obs,
eyear_obs, syear mme, eyear_mme)
EE 7Fs3E oS Alue] 2o thsle] BCPoint CreateDailyData SHE-S o|-&3F]
mgel gy o dadt Adaly) @9l 5 AaE P

okojl A 153+ BCPoint. CalCovarianceMatrix, BCPoint.CalMonthly_ Mean MME, BCPoint,
SelBestFitMonth §HrE0] A7H] ZAlgt 38 flsto] AR,

o5 Aot AF RS BHOE A8 ek YA FolAis o) Al
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(4] el5e shh) 2 AaelS7 N R vle] ef5g shihel Wby There 2

71 W 5 A2

* BCPoint.Daily.Sampling.Scenario < function(prjdir, stndir, stnfile, mmedir, mmetype,
syear_obs, eyear _obs, syear mme, eyear mme, LTimes)
ARGALl oste] i oS kR AuE] e JR(LTimes)oll whebA] R Qg o
2 23t A(daily) AHEZ BCPoint CreateDailyData 10var <75 ARg-slo] AAISH

ool 13k BCPoint. CalCovarianceMatrix, BCPoint. CalMonthly Mean MME, BCPoint,
SelBestFitMonth 0] AIZH] ZdAlgh 8-S flsto] AREE.

o5 Al or A% PHARE BHOE AA] K] FAR FolAt oIF A
(A eSS shoth W AYelS7IHATRY vle) S shohe] nebd vk 3

DX S LR

* BCPoint.Calculate.Error.Statistics — function(prjdir, vardir, varfile, mmetype, LTimes,
scnnm, AcuMonths)
Simple Bias Correction(SBC) B} <] -40}01 AL ST H oPE Wil oJslo] A
o Aol gt A5 Fuasdt w5 ARl &gt A9 Btgks Calculate Error,
Statistics =& o]-&3}Fo] Coefficient(TCC), Normalized Root Mean Square Error
(NRMSE), Index of Agreement(D), Normalized Objective Function(NOF), Nash Sutcliffe
Efficiency(NSE)E AXkste] d3tE #733h

* MWR.Extract.Predictor.Grid < function(mdldir, curmon, LTime, syear, eyear, esmnum,
ptrnms)
Moving Window Regression(MWR) o] Q3 MME dHo|E|1S ¢lo] AlExlef 23|
FolZl i & (me]of), H(curmon)ell tidt AtRE ¢lo] widel A7dgh

]_
S A0 (AR, 9%, ZIHAR), HHas)

e MWR.Decide.Best.Window <— function(curmme, mmedata, cormme, wwidth, wheight,
threshold)
ofsl o] YO FolMi RS vgow AgAe] g3 Foldl Awg )
(wwidth, wheight) 2 TCCeol] th3t threshold 3t 7|02 71 =2 A0dAE zta
AT FHWF(predicton) 8] A= XS AAst A o] SHHETY AAA A

=
55 9%

curmme: MWR Extract Predictor, Gride-r2 58 FEH E4 Yo i3t A4 MMERIE
ZFollA A Axel slid== AR
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mmedata: 57 el tfste] FE3 AA MMEA}R. FollA] Cross validations %] 0%
A A&e] Apmrks ALld MME AR5
cormme: correlation coefficient ¥l [A%, 9% SH™T]

MWR.Get.Common.Predictors.IndividualModel — function(mdldir, syear mme, eyear mme)
Folxl Al At(syear_mme) 9 wpAH} A(eyear_mme) Ato]o] 73t Fl RER
W SR (predicton) 7 EAIE = Q7] wiEel, REER e VIR <ol e
P1ze] gl SHNFET olES FET

MWR.Cal.All. Regression < function(pjdir, mmedir, numetype, vardir, varfile, syear mme,
eyear_mme, smonth, emonth, esmmode)
MWR Decide Best Window &=of] QJ&ll Alike 24 A% Ax 2 E3HS(predictor)
AAD Aot S5 (predictand) AR S o]8-8to] A = 3l 7357
Soul 2w Ai~ieg), olERE, HRelSVINE EE eAY)e] et Beal AR B

Hglo] Ane AW

o=
AT

MWR.Extract.BestFit.Regression < function(prjdir, mmedir, mmetype)
MWR Cal All. Regression gkpefl oJste] Alike BE 790 s|9ny Ayzie 713
HIE7) =0 =)W (predictor) S AAE MWR Cal All Regression?] 7-<$-ol= Cross
validations 7|HEO. 2 ZeYE]7] wiFo] A% AFe S5l 9 A% X7} Adol
&k
.

MWR.Run.Regression < function(prjdir, mmedir, mmetype, vardir, varfile, syear mme,
eyear_mme, eyear_obs, smonth, emonth)
ool MWR Extract BestFit. Regression -5 o]-g&38l] AAE Best S5 S~predictor)
= ol&sto] vl IFIRES AEete] HF Ads AR B9 5ol A" MME
vk AL(eyear_mme) ©]F- WEA; 3= AR 7F EAShs 71Heyear_obs) Alelell=
Split Validation =2 AAFSH

MWR.SelBestFitMonth < function(wdir, meanfile)
MWR RS olg3le] 2} oZmae] eJslel olEE A P4 % Fir
Mahalanobis 715 olgsl] U5 ARZHE 7P Hlsssh 54
BestMon—All-Simulations,csv 3 ef| #7s

MWR.Daily.Sampling.Scenario - function(prjdir, stndir, stnfile, obsdir, LTimes,
syear_obs, eyear_obs)
MWR SelBestFitMonth &r=ef] 2]&ll A& Best Fit Month A}5E o]-8-8fo] AL&A}e] 2]
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3 Folxl o5 Aue] (L Times) el wet A(daily) AEE V5 AR2HE FE3)
of A3

* MWR.Calculate.Error.Statistics < function(prjdir, vardir, varfile, mmetype, LTimes, scnnm,
AcuMonths)
MAR el olalo] o Aol tigh ol Bt et w5 Asel ojh Ao Eiwks
Calculate Error Statistics 75 o] 23J0]  Coefficient(TCC), Normelized Root Mean  Sguare
Error(NRMSE), Index of  Agreement(D), Normelized Objective Function (NOF), Nash Sutcliffe
Hificdency (NSE)E Ahtslol Aas APdsh

* CIR.Get.ESRL.Climate.Index < function(idxdir)
Climate Prediction Center(CPC)2] 7|31z} A& Ad|o]|#| 229 FE] 407)2] 7]3R1=}=
F210 Hol sz AR

* CIR.Update.Reanalyis1 — function(rmldir)
NOAA?] AEAA}E Qo)A 230 RE] Reanalys 1 ARE TR Tslo] YA 27
DBE FHAO ARE Hlo|E & &5 ¥ AR 7N 75RIAE FEsheT AR

* CIR.Combine.Climate.Index < function(idxdir, idxfile)
5 APCC MVERFE FEEL cZ7) 7150749} 2570 7)52%
A B B ATE A g

i

]

* CIR.combine.Obs_Cindex < function(VarDFile, IdxDFile, month, varnm, idxnm,
lagmon)
Fo1z1 (month), 71T (varnm), 7]19-Q12Kidxnm), A|AAIZHlagmon)el] thebr] #=
A5 (VarDFile) &} 719914} A5 (IdxDFile) 28] 3l X8l S ARE FEsto] Rkt
gk 3 N 7IRIAE ARSeRs A AR

* CIR.Combine.Obs_Cindex.Multiple < function(VarDFile, IdxDFile, curmon, varnms,
lagnms, lagmons)
Folzl H(month), 71T 2lAE(varnms), 71917} o5 2]AE(lagnms), AAAIZE
g AE(lagmons)ol] webA IS zF5(VarDFile) 9} 719912} A& (ldxDFile) 2 5-E 3l %=
Yol sh= ARE FEt] Nigkel ofg 7] 719R1AE ARehs A-F AR

* CIR.Scenario.Combine.CIndex.CPC_Rnl MME - function(SimMode, idxdir, cpcidxs,
cindexfile)
Real forecasting $13t 7]%
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¢ CIR.Extract.Best.Model.Parameters <— function(BestModels, curmon)
Best Model TableZ B tg-3]7| ol Adee e o]F, AAARE A4 oAFE W

¢ CIR.Monthly.Cross.Split.Validation < function(VMode, curmon, BestModels, regtbl,
varnm, blagnms, syear mme, eyear mme, eyear_ obs)
Al Heurmon)e] MAE  Bestid(BestModels)?] AAE  7)3AES A1
Validation K. =(Cross, Split)e]l mehx] 37|22 2-8-af] A5 vk

* CIR.All.Regression.CrossValidation < function(prjdir, vardir, varfile, idxdir, idxfile,
syear_mme, eyear_mme)

FE(predictand) 9} SRIRFR 719 Afolell AAARES wAste] ZhuA T
A 7 9l B Aol thele cross velidation W0 ©hedly] BES 289 F

AE A

* CIR.Extract.BestFit.Regression < function(prjdir, mmedir, mmefile, vardir, varfile,
NBest, syear_ mme, eyear_mme)
BE Aol disl W3Ry S 285 AR2NE AR 4edk N7l (NBest) 7}
=S AEE B AYE FESke] A9 gde S

* CIR.Select.BestModel.Run.Regression_Observed < function(prjdir, vardir, varfile, idxdir,
idxfile, NBest, syear mme, eyear mme, eyear_ obs)
sy o rE A4E N7HE Predictor 9 A AXFFORFE T ]I
= 775l LEAPS 371X E o] gste] Us3lHnds HFHox AFt ofF A
e B R e o]8sto] B 7Rt diste] 2835t 5 daE AdE A4
CIR.Combine Obs_Cindex, Multiple, CIR Extract Best Model Parameters,
CIR Combine. Obs_Cindex Multiple, CIR Monthly. Cross Split Validation <52 AR&-3h

* CIR.Run.Regression.Scenario < function(prjdir, mmetype, vardir, varfile, idxdir,
cpcidxs, scnnm, LTimes, syear mme, eyear mme, eyear_obs)
ARgALe] SJsto] Foixl S Ayl @(LTimes)oll whebr 242k 9l APCC MMES
°o]g5= Real Forecasts 7Hg3sle] RIS g2 2 Aol = ARSSHA] ¢,

¢ CIR.SelBestFitMonth <— function(scndir, MeanDFile)
CIR W2 ol &ato] oS5e €l Z= 9 Ft 7|2l tisto] Mahalanobis 72]E ©]
gl 15 ARERE AP ulsd 54 /2e ARl ArE AR
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* CIR.Daily.Sampling.Scenario <« function(prjdir, stndir, stnfile, obsdir, LTimes,
syear_obs, eyear obs)
CIR.SelBestFitMonthel] oJal] oI5 Akmel 71 wiseet 54 /4s 85 AR2HE +
F3ol U RS YT

* CIR.Calculate.Error.Statistics <— function(prjdir, vardir, varfile, mmetype, LTimes,
scnnm, AcuMonths)
CR el gJalo] dpd Aol tist o5 %t #5) A5 Azl &gt A9 Higks
Calculate Error Statistics S5 ©]-83}¢] Coefficient(TCC), Normalized Root Mean Square
Error(NRMSE), Index of Agreement(D), Normalized Objective Function (NOF), Nash Sutcliffe
Efficiency (NSE)E ARsle] A¥E A4k

* CIR.WQuality.Calculate.Error.Statistics <  function(prjdir, stmnm, vardir, varfile,
mmetype, LTimes, scnnm)
CIR ol oJslo] =4S EAK o7 oS3k 4% thd 2 #= A4l o
3t o= 4 f #5 4 o RHE Calculate Error Statistics S5 o]-&310]
Coefficient(TCC), Normalized Root Mean Square Error(NRMSE), Index  of
Agreement(D), Normalized Objective Function (NOF), Nash Sutcliffe Efficiency (NSE)
= ARtste] d3s A7

* WGEN.CalSradiation < function(obs, stnid, stndir, stnfile)
EcoHydRology =71#]9] Solar 3t ARE-ate] A 9 FHo &% 9% Julian dayEs
QElom AlS A ESiioksh o] FTel We gl 4% B AR 1)
Aol A7V AbE AR AHgEl] S8 wHEelR] B B el AgHA 9

* WGEN.GEM.Creat.GEM6.Input — function(wdir, stnid, simyears)
ARGALl eJste] iRl ASAH(stnid) B L A= RO 7ZHsimyears) FEE 7IRES.
2 GEM Y717348737 |(weather generator)] 1=atd(*input)S AT stk &
o] IMFHAl He gle Ae, w5 As il A 71 AR BAste] ARgEl] Sl
& wHEolR g B gt AREE A kS

* WGEN.GEM.Create.Agua_Gem6.Input — function(wgendir, stndir, stnfile, syear obs,
eyear_obs)
GEM®] 9 =& AYshz Agua GEM6 F=9] ¥ s A5 AR=ZNE ARs
AR FEokel o] FxEde] e gle e #F An diile d71 As
Brdsto] ARgal] flall vbEelxl R i Agtell AREE A b
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* GEN.GEM.Create.Daily.Weather < function(wgendir, stndir, stnfile, simyears)

GEM RHe] exed wAHOoRZ Aaste] o 7VIAsE 9T (agua gembaexe —
GenParba.exe — GEMB.exe). sokset o] a3Pdatdo] Ao Q= 4 #5 A
T gialel A7 Ak AAdse] AREs] Sldl vzl SR 1 dof] AREEA] 9k

27) Asian Precipitation-Highly-Resolved Observational Data Integration Towards Evaluation of the
Water Resources: http://www.chikyu.ac.jp/precip/index.html

28) Global Precipitation Climatology Project (GPCP): http://precip.gsfc.nasa.gov/

29) http://www.esrl.noaa.gov/psd/data/climateindices/list/

30) http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.derived.surfaceflux.html
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