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Forecasting Water Storage Level of
Agricultural Reservoirs
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Agricultural reservoirs in Korea

(Source; KRCC, 2011)

Managed by Managed by Total
Agricuttural KRCC City
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vers S881 (26%) 38401 486%) 44,288 (189%)

Toial 13327 520,795 55907 285,680 69,324 806475

62% of total water resources are used for agricultural water  (2007)

80% of agricultural water are used for paddy irrigation during Apr  -Sep.
80% of irrigation water for paddy areas are supplied from agricultural facilities
56% of total irrigated areas are supplied by agricultural reservoirs
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Integrated Downscaling System for Seasonal Prediction

Modeling approach
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Time-series of seasonal forecast

A December precipitation forecast, 1 -month lead time
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Seasonal Forecast Application for  Kicheon Reservoir

O waeshes A Kicheon reservoir
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HOMWRS: Hydrological Operation Model for Water Resources System



Seasonal Forecast Application for  Kicheon Reservoir
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A 1996 shows good agreement in storage level

A Underestimation of precipitation on May, 1997 resulted in
overestimated water supply and underestimated storage level
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Monthly storage level forecast at Jun. 20
(462 Reservoirs, forecast issued at Jan. 15)

@ (1

120

A 6-month lead forecasting
>, R=07¥ e
2 £
800 — 8 80
Sz
700 © T 60
5 2
£ o O
£ 600 D 5 410
o g 2
500 2+ 2%
2% (7)) w

0 20 40 60 80 100 120

Storage level(%) using
observed weather

200
1980 1985 1990 1995 2000 2005 2010 2015

Observed Forecasted
30 year (1984~2013) average of accumulated
precipitation amount for JAN to JUN
A Wet years: 1998. 2003 Observed Forecasted

A Normal years: 2006, 2010
A Dry years: 1995, 2005

Observed Forecasted

-l




APEC CLIMATE CENTER

Dry years are underestimated
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Wet years are overestimated
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Drought alerting for June 20, Reservoir Level
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Drought alerting level for Jun. 20 based on daily modeling
(branch Level, forecast issued on Jan. 15)

Dry years Normal years Wet years

995 2000 2006 2010

N T\

Observed weather

Forecasted weather



Seasonal Forecasting of
Water Quality

APCC
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Procedure for seasonal water quality forecasting
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Study Area
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SWAT Verification Results

APEC CLIMATE CENTER

10000000 100000

CAL ® Observed — Simulated CAL
— ©
Performance meas e - 100000 | 2 G 60
Calibration Validation g & o
ures 2 £
ED 1000 ) ggqee oo ) E 100
[ ° =
% Error . . Py °
10 A a
1 T T T T
Monthly NSE 0.95 0.92 01 : 110 100 1000 10000100000
2007-01-01 2008-01-01 2008-12-31 Observed T load )
200 10000000 - 1000000
CAL E— VAL ® Observed — Simulated VAL
—_ & ﬂh!! 'E! R E [¢] o o
E 150 = 3 3 100000 - - 000, 00
S o
2 100 - 2 :
E 100 1\ K] 1000 4 .‘3'0 o o ho 3 '..; e
[ . z oo 3 o 5 100
2 50— A - g S
& Ry E:_ o 1 10 @
ﬂ L] & L - 2 - A . A - L] = .l i, . . °
ED[JE zﬂm 0.1 ; 1 100 10000 1000000
2010-01-01 2011-01-01 Observed Th load (kg)
120 .
VAL | Total N TN) Load
i 100 - * simulated ofa |trogen 0adads
2 80 i 'Y 1000000 - 10000
E &0 - Y s CAL ® Observed — Simulated CAL ©
. i 5 lo00 9
40 — i L . 10000 4 S
E . B . K] i ° %ooo%
w20 - . / # e 3 E 1 SR
LI . L - e o 100 K
o T T o E 1
= H
2010 2011 1 Jeee o ® A 01 5
120 7
200 5 _ % 001
E YR LA 20 2 o0 4 &53'(?2??2'55 001 . oot ! 10 10000
= g Lol T 5 § ’ 2007-01-01 2008-01-01 2008-12-31 Observed TP load (kg)
S 80 ey
: E 1000000
E v ) E 60 By VAL ® Observed — Simulated 1000000 VAL
- = P -
é “ B B 40 7 3 10000 - £ 1000 ° Pl
5 3
L5 < H
20 T =
CAL 5 & 100 5 °
o T T T 1 0 — B o ololglol o . g
0 s We W 00 % H 1
0 20 40 60 80 100 1 th'e M @
Dl AR T (T
0.01 T T T
0.01 T 0.01 1 100 10000 1000000
2010-01-01 2011-01-01 Observed TP load (kg)

Streamflow Total Phosphorus (TP) Loads



Monthly prediction of TN and TP Loads

APCC
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Monthly Temporal Correlation  Coefficient

Total Nitrogen (TN) Total Phosphorus (TP)
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Dam Inflow Forecasting
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One-month lead dam inflow forecast using climate indices based on
tele-connection
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Abstract

Reliable long-term dam inflow prediction is necessary for efficient multi-purpose dam operation in changing climate. Since 2000s the
teleconnection between global climate indices (e.g., ENSO) and local hydroclimate regimes have been widely recognized throughout the
world. To date many hydrologists focus on predicting future hydrologic conditions using lag teleconnection between streamflow and climate
indices. This study investigated the utility of teleconneciton for predicting dam inflow with 1-month lead time at Andong dam basin. To this
end 40 global climate indices from NOAA were employed to identify potential predictors of dam inflow, areal averaged precipitation,
temperature of Andong dam basin. This study compared three different approaches; 1) dam inflow prediction using SWAT model based on
teleconneciton-based precipitation and temperature forecast (SWAT-Forecasted), 2) dam inflow prediction using teleconneciton between dam
inflow and climate indices (CIR-Forecasted). and 3) dam inflow prediction based on the rank of current observation in the historical dam inflow
{Rank-Observed). Our results demonstrated that CIR-Forecasted showed better predictability than the other approaches, except in December.
This is because uncertainties attributed to temporal downscaling from monthly to daily for precipitation and temperature forecasts and
hydrologic modeling using SWAT can be ignored from dam inflow forecast through CIR-Forecasted approach. This study indicates that
1-month lead dam inflow forecast based on teleconneciton could provide useful information on Andong dam operation.

Keywords: Dam inflow forecast; Climate indices; Teleconnection; SWAT; Andong dam
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Selected climate indices for precipitation
prediction

Table 1. Selected global climate indices for forecasting I-month lead precipitation forecast. Lag indicates the number of lagged months,

Month Lst predictor 2nd predictor 3rd predictor

on Index Lag Index | Lag Index Lag
Jan Solar(+) -1 NOI(+) -10 WPO(+) -12
Feb NAO(+H) 12 AAO(-) 4 AO(+) -5

Mar TSA(+) -12 AAOQ(H) -6

Apr NOI(-) -7 GML(+) -3 ESL(-) -1

May EPO(+) -4 AO(-) -8 NAO(-) -
Jun AO(-) -7 NAO(-) -6

Jul NOI(-) -1 Solar(+) -1 AO(-) -1

Aug WPO(+) 9 GML(+) -6

Sep TNI(+) -11 NP(+) -5

Oct NAO(-) -1 TNA(-) -10

Nov NINA3(+) 2 TSA(+) -1

Dec ESL(-) -1 CENSO(+) -1

Table 2. Selected global climate indices for forecasting I-month lead dam inflow forecast. lag indicates the number of lagged

months.

Month I st predictor 2nd predictor 3rd predictor

Index Lag Index Lag Index Lag

Tan Solar(1) -1 ESL(1) -10
Feb NOI(+) 7 TNA(-) -10 CAR(5) -11
Mar AAO(-) 5 PNA(-) -1 AO() -1
Apr CAR(+) -1 NOI(-) -7

May WPO(-) 12 AO(-) -8
Jun NOI(+) -11 SOI(+) -11
Jul AO(-) -11 PDO(+) -8 ESL(-) -10
Aug GML(+) -6 AAO(-) -5 CAR(+) -6
Sep Solar(+) -4 AO(H) -4 SOI(+) -5
Oct NP(+) 6 TSA(+) 12 EPO(-) 6
Nov NAO(+) -2 NINA4(-) -10 AO() -9
Dec NINA1(+) -1 ESL(-) -3

AAQ s antarctic oscillation, AO is arctic oscillation, CENSQ is bivariate ENSO timeseries, EPQ is east pacific/north pacific oscillation, ESL is equatorial
eastern pacific sea level pressure, GML is global mean land/ocean temperature index, NAO is north atlantic oscillation, NINA3 is eastern tropical
pacific sea surface temperature, NOI is northern oscillation index, NP is north pacific pattern, Solar is solar flux, TNA is tropical northen atlantic

index, TNI is Trans—Nifio index, TSA is torpical southern atlantic index, and WPQO is western pacific index.



APEC CLIMATE CENTER

streamflow (cms)

streamflow (cms)

SWAT calibration and validation results
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Fig. 3. Performance of SWAT simulation for calibration period (upper panel) and verification period (lower panel).



Comparison of forecasting skill
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HIGHLIGHTS]

* Four different downscaling methods were devel-

oped and integrated into the prototype of EWS in

order to improve the predictabiity.

Long-term predictabiity of monthly precipitation

for the four regions within Bomeo Isiand was

evaluated,

APCC led a two-day workshop in Malaysia,

Including hands-on training sassions on statistical

downscaling and prototype.

= Needs assessmenl for early warning informa-
tion was conducted through fleld surveys with
FBSEUICE MANAgErS.

= Monthly precipitation forecasts for dry season
[August te October) over 4 pravinces in Borneo
Island showsd good predictabiity less than four-
month lead time by showing temporal correlation
coefficients (TCCs) greater than 0.5 in al prov-
inces,

.
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Y AL Smoke haze from forest fires & among South-
east Asia’s most sefious environmental problems and these is
a clear naed for a fire and haze early warning system [EWS) for
the regicn. APEC Climate Center |APCC) has been collecting
maonthly dynamic prediction data produced by 16 institutions
and has been producing 6-month lead multi-maodel ensem-
ble MME] climate forecasts every month. In this study, we
developed four different statistical downscaling methods and
assessed the forecast skill of the integrated forecast system
over faur provinces in Bomeo Island. Wa developed a EWS pro
totype in which three-manth precipitation {August to Octobar)
is predicted during April 1o July and the forecasted precipitation
amount is then translated into four fire danger ratings based
on the relationship betwaen precipitation amount and GO,
emission. A neads assessment for early warning information
was canducted thiough field surveys with resource managers
al three provingss in Indonesia. A two-day workshep was held
for the improvement of the EWS. Finally, the forest fire early
warning informatian an Bormeo Island craated using the EWS
will ba provided though the hosting server in APGC

KEYWORDSES danger; seasonal forecasts; statistical down-
scaling; dynamical downscaling; seasanal draught

Intreduction

Smoke haze from forest fires s among Southeast Asia’s
most serious environmental problems. Severe buming in Indo-
nesia occurs onfy during years with anomaloushy kow rainfall
Menitoring for these conditions is important, but has kmited
effectiveness becausa the burming s opportunistic. As a resulr,
measures to prevent these fires and mitigate their impacts
remains limited by the absence of long-ead early warning
system (EWS). Severe burning conditions, therefore. nesd to
be forecast weeks 1o monihs in advance for any prevention
to be effective. In this context, Iitle of the progress made in
seasonal foracasting has been applied to fre early waming in
Indonasia and there is a clear need for a fire and haze EWS for
the ragion. The project bullds upon current fire danger rating
systems by providing forecasts at a longer lead-time using sea
sonal forecast data maintained at APCC, a time-scale that is
miore relevant and useabis for decision makers. The final objec
tive of the project is to develop a prototype of fire danger EWS
by considering field survey resulls and conducting a training
workshap.




Why do we need to downscale for forest fire management?

A In Indonesia, there is a high risk of sever biomass burning when se
asonal precipitation falls below region -specific threshold values (Fie
Id et al., 2008).
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Source: Field, R.D., and S.S.P. Shen. 2008. Predictability of carbon emissions from biomass burning in Indonesia from 1997 to 2006, Journal of Geophysical Research, 113.



Why do we need to downscale for forest fire
management 2 (cont od
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Global climate models (GCMs) cannot simulate climate at the
regional scale

Table: Description of dynamical seasonal prediction models used in the study.

Meteorological Service of Canada T63L31 (AGCM)
s 3 (e 10
Meteorological Service of Canada T63L35 (AGCM)
s D L
National Aeronautics and Space Admi 2A at &dan, L34
nistration (AGCM) 10
(USA) 1/3 by 5/8, 27L (OGCM)
Climate Prediction Center / NCEP/NW
(USA)
Pusan National University T42L18 (AGCM) 4
(R. of Korea) 0.7/1.412.8A at & 2R0r812%(OGCM)
Centre for Australian Weather and Cli
mate Research/ Bureau of Meteorolog :I'47L1? (AGCM) 30
y 0.5~1.5A a t Aprg L25 (OGCM)

(Australia)



Evaluation of original GCMs without bias correction
- Time-serie and Scatter plot
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Observation (APHRODITE), Forecast models (Emonth lead time)
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Evaluation of original GCMs without bias correction
- Time-serieand Scatter plot (c
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Spatial distribution of temporal correlation coefficient (TCC)
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Temporal correlation coefficient between forecast models and
Observation(GPCP), period: 1983~2005 ASO, forecasted on July

GPCP: Global Precipitation Climatology Project -NASA
(Webpage: http://precip.gsfc.nasa.gov /)
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Performance measures (TCC and NOF) for ASO total
precipitation (forecasted on July without BC)

@ CSUM
25 4
2 7 v
u
159 % X |
z x;& A‘Q@ gx XZ QXXD X
ox oot mt
11 X X X ©
%
05 { ool Someo o
t+oH *

-04 -02 0 02 04 06 08 1
TCC

o CANCM3-Ensemble ® CANCM3-SME
> NASA-Ensemble + NASA-SME

+ PNU-Ensemble + PNU-SME

X Grand-MME(SCM)

b
b SSUM
2.5+
2 A 3 X
X X
L x >2<>é<
Q15 X %
= % %@W
1 | 5 \\'zv ‘.‘/
020870
+o8 ¥
05 o o 4:’%‘;9?%.0
0 T T T T T T
-04 -0.2 0 02 04 06 038 1
TCC
: d
@ SKAL
25
2 4
6
2 1.5
l 4
0.5
0 T T T T T T

-04 -02 0 02 04 06 08 1
TCC

~ CANCM4-Ensemble A CANCM4-SME
o NCEP-Ensemble ® NCEP-SME
x POAMA-Ensemble X POAMA-SME



Two different downscaling approaches
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Dynamical
Downscaling

Comparison [—*

Statistical
Downscaling

Model
evaluation

MME

v

Need
Assessment

Research procedures for 15t year of APN project

Strengths and Weaknesses of Statistical Versus Dynamical Downscaling (after Fowler et al. 2007)%*

Statistical Dynamical

Advantages Comparatively cheap and computationally efficient. Produces responses based on physically

: . — : consistent processes.
Can provide point-scale climatic variables from 9 RV JIOCEases

GCM-scale output. Can resolve atmospheric processes on a smaller
scale (e.g., orographic and rain-shadow effects in

Able to directly incorporate observations into mountainous areas).

method.
Disadvantages Dependent upon choice of predictors. Computationally intensive.
Does not account for non-stationarity in the Limited number of scenario ensembles available.

P : lationship.
RORCICIOEAROICE 0 IRIRtoNaiip Dependent on GCM boundary forcing; affected by
Regional climate system feedbacks not included. biases in underlying GCM.

Affected by biases in underlying GCM. Dependent on RCM parameterizations.

Different RCMs will give different results.

Source: Cooney, 2012, Downscaling Climate Models: Sharpening the Focus on Local -Level Changes, Environ Health
Perspect 120:a22-a28



Dynamical Downscaling Experiment
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A Dynamical downscaling using the
Weather Research and Forecasting
(WRF)model

Source: WMO
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» Expensive but fail to simulate the precipitation center: excluded from the study



Development of EWS Prototype
- Overall structure-
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Development of EWS Prototype
- Translating precipitation to fire danger rating




