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Use of long-term water quality forecast in decision-making for
dry-season water quality management
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ABSTRACT

Demand from water resource managers is increasing for seasonal climate
prediction information with a lead time of several months, as this information can
provide key knowledge on issues like long-term dam inflow and water quality
prediction information. Long-term water quality forecasts are particularly important
in watershed management because they allow for these managers to implement
proactive water quality control management techniques.

The objectives of this study are: (1) to develop a hybrid downscaling technique
for predicting long-term precipitation and temperature on the Korean peninsula,
by considering both the multi-model based prediction data provided by the APEC
Climate Center (APCC) and the statistical prediction information based on
teleconnection for water resources management; and (2] to evaluate the applicability
of the seasonal forecast information in long-term future water quality predictions
by using the predicted climate information as inputs to water quality modeling.

APCC produces climate prediction information utilizing a multi-climate model
ensemble (MME] technique. In this study, four different downscaling methods, in
accordance with the degree of seasonal climate prediction information utilization,
were developed in order to improve predictability and to refine the spatial scale.
These methods include: 1) the Simple Bias Correction (SBC) method, which directly
uses APCC’s dynamic prediction data with a 3 to 6 month lead time; 2] the Moving
Window Regression (MWR) method, which indirectly utilizes dynamic prediction data;
3) the Climate Index Regression (CIR) method, which predominantly uses

observation-based climate indices; and 4) the Integrated Time Regression (ITR)



method, which uses predictors selected from both CIR and MWR. Then,
sampling-based temporal downscaling was conducted using the Mahalanobis
distance method in order to create hourly weather inputs to the HSPF-EFDC modeling
system in the National Institue of Environmental Research (NIER).

The SBC method shows the highest model selection for temperature forecast,
while the MWR method shows the highest selection for precipitation prediction.
For both precipitation and temperature prediction, there were difficulties when
selecting models for the period of January to June. The greatest Temporal Correlation
Coefficient (TCC) values occurred during the months of December and September
for precipitation and temperature, respectively.

A framework for delivering water quality prediction information for
decision-making was presented by considering four different levels of information
including: 1) long-term water quality prediction information, 2] risk index information
for each river segment, 3) best management practice information, and 4) economic
analysis results. For the long-term water quality prediction information, the
modeling-based predictability of water quality within the Yeongsan Basin was
evaluated by using predicted data for January - June, 2014. The risk index, concerning
the mass proliferation of blue-green algae in the mainstream, was considered by
using the similar concept utilized for the vulnerability assessment of climate change.
This consists of three components including exposure, sensitivity, and adaptive
capacity. In terms of the best management practices, the scenario to control the
total phosphorus concentration in the effluent of sewage treatment facilities, was
selected. Then HSPF-EFDC was applied to assess the degree of water quality
improvement through the management activities.

A comparison of observed Chlorophyll-a concentration (Observed-Chla), simulated
Chlorophyll-a concentration using observed weather data (EFDC-Observed), and

simulated Chlorophyll-a concentration using forecasted MME data (EFDC-Forecast),



shows that more uncertainty occurs in water quality modeling procedures than
the seasonal forecasting procedure. Risk assessments showed that risk due to
algae increased in the downstream section. Even though the downstream section
has higher water storage in agricultural reservoirs and lower Chlorophyll-a
concentrations, the risk index was highest there mainly due to sensitive index in
consideration of water demands.

For a legal and institutional approach for long-term water quality prediction, it
was suggested to make amendments to the provisions of water quality prediction
and response measures regarding: the definition of water quality prediction,
predicting water quality constituents, target area, announcement, and configuration
of the water quality council. 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 prevention
purposes, should be added to the water and environment management guidelines
and plan. Regarding the construction of the long-term water quality prediction
system, a GIS-based prediction system was suggested to improve the utilization
of spatial information as proactive response and preventative measures, such as
spatial distribution of pollutant sources and past water quality trends related to

water quality management.

Keyboards: Seasonal Forecast, Long-term Prediction, Water Quality, Downscaling,
Climate Index, Multi-Model Ensemble [MME], Teleconnection, Algae
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3.1.2 7|&AH (Climate Information)
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b S AHgE 7131 ALRE S FRIE Hol a1 gl
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Table 3 AZoI=E SM=iol AEE 70 2 2lAE
Model acronym Institution(country) Model resolution|Ensemble size
CWB Central Weather Bureau (Taipei) T42118 10
GDAPS_F Korea Meteorological Administration (Korea) T106L21 20
HMC Hydrometeorological Centre of Russia (Russia) | 1.125°x1.40625° 20
JMA Japan Meteorological Agency (Japan) T95L40 31
CANCM3* Meteorological Service of Canada (Canada) 1.41°x0.94° 10
CANCM&* Meteorological Service of Canada (Canada) 1.41°x0.94° 10
NASA* National Aeronautics and Space Administration (USA) 288x181 9
NCEP* NCEP Climate Prediction Center (USA] T62L64 15
PNU* Pusan National University (Korea) T42L18 5
POAMA Centre for Australian Weather and Climate 4717 10
Research /Bureau of Meteorology (Australia)

* GiE o= Ttm HE 2

9] = 9 7R dSe SlEiA = AAE ARG er Ao,
S 7Y 75 U 24 WA 0T BEARE Figure 153 o) 764 o|F A
7} 2= 7144 9 577l S 1ATEEA| A (Automatic Synoptic Observation

System, ASOS)®| URk9] ARE A-FZIA O PFstel Agstect



Table 4 APCC MME F0{ 7iE 20| A S

S o
Variable Description
PREC Precipitation
T2M Temperature at 2m
1850 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
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B7) 715 AL A R 712 I‘HOPO% ?:ﬂEH monthly)fé Brrskc & o
TollAe ALY Hof HiR e B

Mean Square Error (RMSE
gsten, AS HSe /dﬁé e -57}0]'7] HOHH Equation 4%} 71'0]
Pearson’s correlation coefficientS ©|-83}0] Temporal Correlation Coefficient
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tF W% (multi-category) IS4 BH7F A& HsiM= A5 HFT A+
(Forecast Verification Research)ES {3 WWRP (World Weather Research
Programme) ¥ WGNE (Working Group on Numerical Experimentation)of|A] -&
Fo2 AAIZE WHED Fof|A Table 52 Z2 o HEF % (Contingency table)]|
5ty Accuracy X Heidke Skill Score (HSS)E ARESIATE 7| AAA A= 73
2 7|2 diste] 371 A oS RS 37 T (FEET WS, Bdy) v,
BAHEY =2 & AlEsta o, & dAFAE 37 HEE Vel R S4B
7rekeit, & oA B#S ARE olgste] k9] 33%5 HEEM W F-9(Below
normal), 719 33%S HW¥} H|<(Normal), A9 33%5 HYHT =2 FH$
(Above Normal)®] 37§ #7Fe.2 EFaIaL oS Ay} 24219] jlF=of ==
Sl E B #(Contingency Table) 2 2MJ3lF & Equation 5 2 Equation 6& ©|-&

st o542 HBkc,

NRMSE = Z (F,—0;) 3

1—1

> (F— F)(0-0)

TCC= — _
VS (- F2VS (0- 0)

4

Accuracy = — Zn F.,0;) (5)

1—1

7) http://www.cawcr.gov.au/projects/verification/
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ZFL ol (Pressure) A|3Ee} i\_EEﬂi\_% A5l 2% 5= WH-S-(Response) A|EZE

SEA|GE A7t Ee] wE B O] ApolE alefsty| fdliAlE AdAdlS fFiRef Y=
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317] a4 HeseAs HEAE Lejsigt,

Di— Actual Value — Minimum Value )
Maximum Value — Minimum Value

« aXEl+ (1—a)xSI
2

RI=(1-p) +3x Al €©)

&]7] A, DI = Dimension index, RI = Y& %= X]4>(Risk index), El = =& A4
(Exposure index), SI = RIZE Z|4(Sensitivity index), Al = &35 X|$
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5. 2014), WA F2 WSS RS Table T3} 2th, ALAEE] ATHIEE §

ps

[¢)
Sz WA ool ARIRAE T8l 27 LA TS AHAITIE ARl

Fotek, ol ACIA BET 5 Y hSYAERL JPAF FUA], BEE
Tel, 27 FuA T, stk P Sol Aed & vk JFARY HuAel
YA 2 o, AYH SAAN ETE 7] A G A2 vy
o wel7t Fasht Telel 282§ 2AAMeE 1Kk Alzto] 287
G glow] Apara el Zulztel Sof AE1E| ofzlo] nesle] Qlofof dth & AT
A Aol AR AR W A Jhee] Ak Wors Agshe
AL BHOR 3] uel, AL H We] FA) JFAT FUAl WA AW
2 Yorom AT Telgere] 2 gl wE 4o njAE G 5o B4y
2 WIS AUt 9.8 &3 § HSPP-EFDC R@leo] 2§l +2 P4 HES

o,

7¥atsiet.



Table 7 Tl 2l HAE T8 LtE
oA Mg g
SH | Roli=n 2l o] AKERIS Soll S27 M2 27 W 7315 HAAZ AL &1 HA
- SUER FUAO! (Fe dHeZ H-HIY | S49 ¢ H Ha K(o])
oflt ye | % j% D;g_ra
- A7 FHA 22

- AEENA O

- 25 o, 213082, WL, A5 A8 4

Z|
Ug | - 32 AtEse A 2
- THS 7IRS Aol ApEise
- 2% % 9F, U 2
o | RO A VRIS RIS HIOR Fu| E0IN KR BRA 9 =2y
| SRR o 9 7isE Susls 2SIty
the - PR A0 Faf=x HE AT NS S8 FALAY BS
< - —
g | - SRR MR Y O A8, 1% Bk
T - el Yt 2o 29 ¥x
- 200} gjcjofele] A5
o | I AKICN0| izl MEiR =S pbr] XIAXQ! XI2 HE X YIEiEe] kY Tiof oSt
o
ot _ JlslAzIo|
< e A22el Eot

- 72 ofaszuel mot

= ofEl & (2014) p 118-127. MAF 29f



4.1 7120% ol5d YR

Nr

Table 8 47}A] ZHAS} B ol ofqt ARy | & 7|7tol w2 dd b4 ==

off AAE ASHG o) dus Hol Foh ASARE A3 AR-SH= SBC X ‘ﬁA %]
= 1~670d 3] A 2426, 7, 8, 1, 0, 0 7 o] A= MA|H o= a1
7N 2ol AREUS, 1~370d A3l &71Ttol|l A= vlsztt 749 ®Ego] A
FE Hhde] Ao S]] 4~67fd = ST EHEA A o] FASHA Haxst
= %S Bt A5 E7|NRe] 1A ] R ¢l MWR-2 1~670Y Al3g7]7ko] tf
A Zzb 7, 6, 9, 4, 4, 4 7 BFo] AAE o] & 347) mFo] A=t SBCH
it v|s=shA| 1~371d A3l S7170] A7 4~6711E Ao S7170 e o B2
A SHFo] AG= et vhd #SAFE 7|HH] CIR WS 7o 75 7dof thsf
Aut mao] AAEALH CIR ¥ W MWR HWo] EA)o AR A Soul Alg-8
o Sl ITR - 749] 371 2 670 A3l S 7|3k b b RS KA
& MWR, SBC 9] 9|47 7|9te] Who] FA|2 ¢l CIR ¥t} HIHsHA A
A= ATt SBC O] A% 107] WE oS & of| Al 79 7--olli= POAMA,
PNU, JMA go| Z+zt 6, 6, 5 7|% ZH2 A= o] st ofA] € 233} v| s}

2 d&5A 415 Eoth MWR ®H2 749
8, 67H§ B} m¥ET} v|wale] 7P wo] AAE

i
o

é
=)
o

iy
O{N ok JIN'
EE N

oﬁL’
o 2
1o

-lO r0l¢

PNU, CANCM4 X3 o| z+z};

32
=

Table 9 47HA] AFAlt ®isiollelgt 357130l whg 42 72 5= f18)
A ] 2 Hof Eo ASARE A4 AMSol= SBC e H9= 1~6
MY Asge] 49 Z2h 19, 10, 8, 1, 2, 2 7] ®o] AFE o] MA|HoZ 427] nE
o] A=, 1d Y5770l tisiA 7P B2 ol A=A, 2~370
2 Ao 27|17t diaAs vlsat A mao] AAE whHe Asjo]Z7]|7to]
4~67ER STHEEA AEE LYo G fachkes dde B SR
7]9ke] 7H A 9] B ol MWRE 1~670Q Ad}7| 7o el Zzk 5, 2, 4, 1, 2, 2
N 2ol sl F 167 BFol A=At SBCHR} BlszstA 171 A3y
S717k2] 3971 570 o] A= o] 7HE WAL 2~6711d A5l A2
H]2238t 7o) mESo] AAEQTh vhE &R 7|Hke] CIR WS 6, 9, 1099




10of| A% ﬂ"*t}. SBC %“%Lﬂol 42702 71 ol A
52, MWR 9 CIR W0l 712} 1670 10719] =y AAAIE Bk HA|z o
2 MWR, SBCY| o|5At= 7[Rke] Wiio] SAA "<l CIR R =T RIFSHA 4
A=glch SBC H ] A /i o] wE Fo]A PNU, JMA GDAPS F, NASA &
@ol 2421 10, 8, 8, 8 /N4 Zfzr A= o] fHtIof| A Bf Ry} vjasto] &2 oS

4 BaE HAth MWR S 78] 75 PNUZE 7/ A = o] Bf KgS3 vl
skl 7P w2 A daE 2l

5

oAo}7] 7| FelZ mYo AV WAL AH 27 AHESHS SBC WL 47)
9 olae] Mael 7ol thal A4 @ 71 mE ARE mye) At ghashs

2 ! 7ol
el 242 % 427) W 217} mEo] Ao}, oty myo] A9 girprcks 7l
o] Ao E& 24 AT Belrh, W MWR WS 34 9 72 dhe) 2
7t % 34, 16709 mgo] AAE o] 7l Lurk Aoo] s £ ol 24e wart

H
ol
o
5
ey
N
rfo
=2
é".:
:Ij
s
N
N
N
N
=
ﬂS
e
Ne)
e
=2
N
o
52
rlo
Hd
Ol
o
l-‘>~ d
o
o
2
)



34 | &7| £EE x1RO| 27| 2ETE| OAEY SR Yot
Table 8 MSMoIE7 |70l M2 2E 24 052 et 2y MY At
Month | 1 month lead | 2 month lead | 3 month lead | 4 month lead ' 5 month lead | 6 month lead
JAN ©IMA,
(5POAMA
FEB @ CWB @) GDAPS_F
MAR | (s POAMA @ CANCM4 | @ CANCM4
(®HMC,
APR (ENASA,
@ NCEP,
@ PNU
MAY @ PNU
JUN | @ HMC @ CANCM4
JUL |(@© Lag (© Lag (O PNU © Lag © Lag (O NASA
AUG | 3JMA (®GDAPS_F | ™ POAMA @ CANCM3
@ NCEP,
GDAPS_F,
SEP | @ PNU, (®PNU %PNU - @ CANCM4
@ POAMA
OoCT @ CANCM4 @ PNU
PNU
(5 GDAPS_F, g M A'
NOV | (9)PNU (®PNU, @POAI'VIA (PNU @ PNU
JMA ’
© @ CANCM3
(®)JMA,
(5POAMA, (5POAMA, (5POAMA,
DEC @ PNU, @ CWB, @ GDAPS_F, | @ CANCMS, & PNU @ NASA,
@ CANCM4, | @ HMC, @ POAMA, | @ NASA - @ NCEP
@ NASA @ POAMA, @ NASA

@ PNU




Table 9 MSoS7 1710l M2 2E 712 OS2 fIst 2y MY 2t
Month | 1 month lead | 2 month lead | 3 month lead | 4 month lead ' 5 month lead | 6 month lead
(5)GDAPS_F,
(5)CANCMS,
CANCM4, ) )
JAN gPNU, (5)POAMA @ CWB @ PNU
@ POAMA,
@ PNU
FEB e®JMA
MAR (5)GDAPS_F,
®JIMA
APR | @ GDAPS_F | (SNASA
MAY | @) CWB @ PNU @ CANCM3 | @ NASA
© Lag,
JUN La - L
© Lag @ PNU © Lag
JUL | ®JMA @ GDAPS_F @ PNU
(®PNU,
AUG @ CWB
®HMC -
(5)GDAPS_F,
GDAPS_F,
(PNU, (5NASA, gHM c -
(JMA, (5 GDAPS_F, SIM Al ©PNU (5NASA, (5NASA,
SEP | ®HMC, (3)PNU, @NAS,'A © La ’ (sPNU, (©Lag,
(ENASA, © caNCM, | g ©Lag @ PNU
(5POAMA, (D NCEP ©la ’
(@) NASA d
JMA,
(5)GDAPS_F, SN ASA
PNU ’ GDAPS_F
OoCT ® ’ (5 GDAPS_F, ®© ' | (© Lag (5PNU
(®HMC, ©PNU © Lag
(i) CANCM3 '
© Lag
(®)JMA,
NOV 0
(5POAMA @ PNU
DEC |@ POAMA ®JMA
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Best predictor (u200:Negative.csv) for Var=prec Month=SEP Model=FPNU LeadTime=1 months
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Best predictor (u200:Fositive.csv) for Var=t2m Month=MAY Model/=FPNU LeadTime=2 months
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Best predictor (u850:Positive.csv) for Var=t2m Month=MAY Model=MSC_CANCM3 LeadTime=3 months
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Best predictor (slp:FPositive.csv) for Var=t2m Month=MAY Model/=NASA LeadTime=4 months
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Figure 23  MAI=7[2iof ME ZE TCC (F=E, g oE +d 39

Table 10 MO [20] T2 28 TCC (&4
Month 1 month 2 month 3 month 4 month 5 month 6 month
JAN 0.67
FEB 0.65 0.65 0.56
MAR 0.57 0.55 0.55 0.55 0.5
APR 0.51 0.51 0.51
MAY 0.48 0.48 0.48 0.48 0.48
JUN 0.67 0.6
JuL 0.56 0.58 0.62 0.5 0.54 0.57
AUG 0.64 0.56 0.52 0.43
SEP 0.58 05 0.51 0.42 0.42
ocT 0.56 0.56 0.56 0.49 0.49 0.49
Nov 0.63 0.6 0.58 0.58 0.51 0.5
DEC 0.66 0.64 0.64 0.63 0.61 0.63
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Table 11 HelolE7 1710l 2 g4E TCC (712)
Month 1 month 2 month 3 month 4 month 5 month 6 month
JAN 0.67 0.58 0.51 0.45 0.45
FEB 0.6 0.35
MAR 0.57
APR 0.51 0.36
MAY 0.48 0.65 0.43 0.47
JUN 0.67 0.52 0.52 0.52 0.54 0.39
JUL 0.56 0.56 052 052 052 0.52
AUG 0.64 0.49 0.49
SEP 0.58 0.73 0.7 0.68 0.67 0.61
oCT 0.56 0.53 0.53 0.54 0.51 0.51
NOV 0.63 0.44 0.44
DEC 0.66 0.34 0.34
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? 6-month precipitation Forecast for JUL. 1994 - DEC. 1994 (Issued: 1994-06)

ﬂ -&- Climatology -8 Observed = Forecasted MME
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T T T T T T T T T T T T T T T T T T T T T T T T
199301 199303 199305 199307 199309 199311  1994.01 199403  1994.05 199407 199409  1994-11
Year-Month
Monthly skil score for JAN. 1983 - DEC. 2013
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Probapbility forecast for 1994
TCC [0.690.65/0.57|0.51/0.48 0.67)0.56/0.64|0.58|0.56|0.63)|0.66 JUL AUG SEP OCT NOV DEC
NRMSE |0.76/0.76[0.82]0.86/0.870.77|0.82/0.83/0.83(0.82|0.84]0.76 Low [ 17/ 25 14| 0] 10
Accuracy|0.52| 0.5 [0.45/0.48/0.45|0.52/0.55/0.42(0.42(0.61]0.35/0.52 Normal| 83| 75| 86| 0| 70 42
HSS [0.28]0.24/0.18/0.17]0.19]0.27] 0.3 ]0.22]0.17]0.42]0.110.27 High | of o] 0[100] 20] 58
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A-month Anomaly Temperature (2m) Forecast for JUL. 1994 - DEC. 1994 (Issued: 1994-06)

- -&- Climatology -8 QObserved = Forecasted MME

Anomaly temperature (C)
0
1

T I 1 T I 1 1 T 1 [ 1 I T I I I 1 1 1 [ 1 1 T T
199301 1993-03  1993-05  1993-07  1993-09  1993-11  1994-01  1994-03  1994-05  1994-07  1994-09  1994-11

Year-Month

Monthly skil score for JAN. 1983 - DEC. 2013

JAN FEB MARAPRMAY JUN JUL AUG SEP OCT NOV DEC Probapbility forecast for 1994
TCC [0.77]0.22 [ 0.7 [0.45[0.66]0.52]0.68]0.64]0.72]0.55] 0.47 [0.42 JUL AUG SEP OCT NOV DEC
NRMSE [0.78[ 0.99 [0.73/0.97(0.75/0.84]0.780.82|0.72/0.84] 0.88 |0.89 low [ 0] 0[23][31[ 0] 0
Accuracy|[0.61] 0.34 [0.58]0.48(0.55]0.42/0.42]0.45(0.58[0.45/ 0.39 [0.48 Normal[ 33] 33| 65] 62| 0] 0
HSS [0.41]-0.032/0.38]0.240.31]0.170.11]0.17]0.35/0.16/0.0590.22 High [ 67 67 12] 8 [100[100

Figure 27 AlAH 7|2 OISA XIS 9t si=al 1

S AARE oZas BARA AxEGlel RS o] §3tel AUHL
WE APS B BEAE} b 9ol WEHOR AGT S YES TS
u] Figure 283} o] /| FARE Aefstel B4 n@e FEsked]

283} o)F HlgoE B Ao AAE HHES FESHEY Bad IEw 1y

=] gtk



) FoSForecast TR »
[JSourceonSave | & /= |

07 Run_Real-SForecast-Korea-V30.R 1528

[Jscurceonsave | S /= L izi;'
1 ra(Hst-1500) 1591
2 . : y i | sz
3 lbrary(stringr); 1ibrary(reshape2); library(doBy); 1533~ FERERRERERHERIE #a Ll
4 Tlibrary(nedf); Tibrary(raster); Tibrary(maptools); * j534, sceoint. Get.common. Dataperiods < function(ndldir) i)
5 library(leaps); library(segmented) 1564
6 library(verification); 1ibrary(hydrocor) 1565+ #4
7 library(Econydrology) 1566 #
8 Tlibrary(plotrix); library(ggplot2) 1567 # Ex
9 _ _ R 1568~ RRERBERERBERIRASRRERBENIENINRENIERIREE IR EERIRR AN SRV E RO IR IR IRY
10 rootdir :/SForecast-RT 1569 - MWReQ. Extract. Predictor,orid function{md1dir, curmon, LTime, syear, eyear, purnms){
1 1570

12 sowrce(paste(rootdir, "/0_Tools/F-SForecast-RT.R'
13 source(paste(rootdir, "/0_Tools/F-KRCC.R™, sep="")
14 1573 monnms = c("JaN", “FEB”, "
15 bndfile = "Korea’ 1574

1571 | ptrent = length(ptroms)

., "aPR®, MAY", "IUN", "JUL", "aUg”, "SEP", "0CT", "Mav", '

16 1575 # decid folder de on the Lead T on LTime at Aug come e fr
17 smonth = 1; emonth = 12 1576  monnum = which(monnms == curmon) - LTime + 1

18 syear_obs = 1976; eyear_obs = 2013 1577 1f (monnum 0) {monnum = monnum + 12}

19 syear_mme = 1983; eyear_mme = 2007 1578 mmemOn = monnms [monnum]

20 eyear_sim = 2015 1579 mmedir = paste(mdldir, "/", mmemon, sep="")

21 1580

22 mdlnms_2mon - c("CwB", "GDAPS_F", "HMC", "IMA", "M5¢ 1581 out = APCCMME. Get.MMEFile. Info(mmedir)

23 mdlnms_6mon - c("MSC_CANCMI", "MSC_CANCMA", "wAsa”, 1582  MaxLTime-outSMaxLTime; esmcnt-outSesmcnt; latent-outSlatent; loncnt-outiloncnt; d-outid
24 1583

25 ptroms = c("slp”, “sst”, "t850", “u200", "w8s0”, "vi 1384 yrent = eyear - syear + 1

26 1585

27 # climate Index w 5 updated through CPC and Rej 1586 mpty array .

28 MBSt = 1 1587 ay (na, dim<1ist (lonent, Tatent, yrent, prrent))

29 cpeidxs = c("pNa", "EP", "wP", "NaO", "SOI", "NINO3' 1588~ for(i in liptrcmt)

AT Mimmll MR et Maam maoam 1589 prrnm - prrms[i]
g;ﬁ ralidxs = c("ONI", "NOI", "NP”, "TNI", "A0", "Aa0", };gi’ for(j in ;yw—evear\i'
rno syear +

;2; nrange = 3 1592 :cfﬂe pas‘{:._'-n(dh, " 3, /7, prrom, T.nc”, sep=""

: 1593
34 minlat 5 . :
S5 wingrdcnt ™ }23.; if(File.exists(ncfile))
i P 1596 Fin - open. nedf (ncfile
37 stnfile tns. csv” ; e AP 3
38 varfile = "kma_asos_575tns_1976-2013.csv" i;g’s data = get.var.ncdf(fn, prros)
39 idxfile "cIndex-Combined. csv” 1599 na for lan is replaced by -999
i iy : iy - r 1600
41 prjdir = paste(rootdir, "/", bndfile, sep="") 1601
42 dbdir = paste(rootdir, "/0_DBase”, sep="") 1602 d=3 means is already MM
43 mmedir - paste(dbdir, "/apcc-mme”, sep="") 1603+ if(d £}
44 bnddir = paste(dbdir, "/gis-boundary”, sep="") 1604 ome[, yrno,i] = datal,, LTime
45 aphrodir paste dbdir, "/aphrodite”, sep- 1605 - else |
46 vardir ar-predicrand”, sej ) 1606
47 ddudir ('h'marp—mnpx“, sep. 1607 # preclon,] ,time] level i5 ensemble m
48 rnldir /reanalysisl”, sep="" 1608 mme[,,yrno,i] = apply(datal,,, LTime], 1:2, mean)
49 obsdir = paste(dbdir, "/kma-asos_Ovar”, sep- 1609
50 stndir = paste(dbdir, ;Latwr info”, sep 1610
51 smpldir - paste(dbdir, “/obs_samples”, sep-" 1611 elose(fin)
52 homwrsdir = paste( (dbdir, "/HoMwRs", sep="") FiAmpie UG T11ES TOM HUMWKS ysTem
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Figure A-1 Stz 28 2k OS2 I8t OIS0IKt & S7HREE

Best predictor (sst:Negative.csv) for Var=prec Month=MAR Model=MSC_CANCM4 LeadTime=4 months
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Best predictor (v200:Negative.csv) for Var=prec Month=AUG Model=MSC_CANCM3 LeadTime=4 months
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Best predictor (u850:Positive.csv) for Var=prec Month=DEC Model=MSC_CANCM4 LeadTime=1 months
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Best predictor (v850:Negative.csv) for Var=prec Month=DEC Model=NASA LeadTime=3 months
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Best predictor (u200:Positive.csv) for Var=prec Month=DEC Model=PNU LeadTime=2 months
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Best predictor (slp:Positive.csv) for Var=prec Month=DEC Model=GDAPS_F LeadTime=3 months
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Best predictor (t850:Positive.csv) for Var=t2m Month=JAN Model=PNU LeadTime=1 months
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Best predictor (v850:Positive.csv) for Var=t2m Month=JAN Model=CWB LeadTime=3 months
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Best predictor (u200:Negative.csv) for Var=t2m Month=DEC Model=POAMA LeadTime=1 months
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A-month precipitation Forecast for JUL. 1984 - DEC. 1984 (Issued: 1984-06)
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A-month precipitation Forecast for JUL. 1988 - DEC. 1988 (Issued: 1988-086)
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A-month precipitation Forecast for JUL. 1990 - DEC. 1990 (Issued: 1990-06)
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A-month precipitation Forecast for JUL. 1992 - DEC. 1992 (Issued: 1992-06)
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A-month precipitation Forecast for JUL. 1994 - DEC. 1994 (Issued: 1994-08)
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A-month precipitation Forecast for JUL. 1996 - DEC. 1996 (Issued: 1996-06)
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A-month precipitation Forecast for JUL. 1998 - DEC. 1998 (Issued: 1998-06)
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A-month precipitation Forecast for JUL. 2000 - DEC. 2000 (Issued: 2000-06)
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A-month precipitation Forecast for JUL. 2002 - DEC. 2002 (Issued: 2002-06)
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A-month precipitation Forecast for JUL. 2004 - DEC. 2004 (Issued: 2004-06)
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A-month precipitation Forecast for JUL. 2006 - DEC. 2006 (Issued: 2006-06)

T T T
2004-03 2004-05 2004-07 2004-09 2004-11

600 800
i

Precipitation (mm/manth)
400
i

-&-  Climatology -@  Observed —— Forecasted MME

T T T T T
2005-03 200505 200507  2005-09 200511 2006-01 2006-03  2006-05 200607  2006-08

Year-banth

A-month Anomaly Temperature {2m) Forecast for JUL. 2006 - DEC. 2006 (Issued: 2006-06)

200611

Anomaly temparature (C}
0
I

—a- Climatology -®-  Observed —— Forecasted MME

Figure

2005-01

A-31

T T T T T T T T T T T T T T T T T T T
2005-03 200505  2005-07  2005-09  2005-11 2006-01 2006-03  2006-05 200607  2006-00

Year-bonth

St 7i|E0l= Z11{2005~2006)

200611




HEZ ) Stz Zt4 4l 7|2 oE Z1H1983~2014) | 109

A-month precipitation Forecast for JUL. 2008 - DEC. 2008 (lssued: 2008-06)
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A-month precipitation Forecast for JUL. 2010 - DEC. 2010 (Issued: 2010-06)
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A-month precipitation Forecast for JUL. 2012 - DEC. 2012 (Issued: 2012-06)
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A-month precipitation Forecast for JUL. 2014 - DEC. 2014 (Issued: 2014-06)
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Use of long-term water quality forecast in decision-making for
dry-season water quality management
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