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Forecasting Water Storage Level of
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Agricultural reservoirs in Korea

(Source; KRCC, 2011)

Agricuttural KRCC City

Fadilities

Count Area(ha) Count Area(ha) Count Area(ha)

. 340984 112327 453,311

Reservoirs 3363 (654%) 14206 (393%) 17,569 (56.2%)

. : 166142 34611 200,753
Pumping Stations 4077 319%) 3390 (121%) 7467 249%)
) 13669 138742 152411

e 2 26%) el 486%) AR (189%)

Total 13327 520,795 55997 285680 69324 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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Modeling approach
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Time-series of seasonal forecast

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

O wateshed o Kijcheon reservoir

— Watershed area: 755 ha

B . .
== lrrigation area

Land use

B Urben — lrrigation area: 270.7 ha
O EE!%Z?”“E'
petand « HOMWRS modeling
M eer — Period: 1996 ~ 1997
N — 6 months forecast at every
(A\ March

0 BO0 1000 18500 2000m

HOMWRS: Hydrological Operation Model for Water Resources System



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

« 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)
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Storage level using forecasted weather

Dry years are underestimated

Forecasted Monthly Weather

Forecasted Monthly Weather
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Result of monthly storage level forecast at Jun. 20
(462 Reservoirs, forecast issued at Jan. 15)

Wet years are overestimated
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Drought alerting for June 20, Reservoir Level
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Forecasted weather

Observed weather

Drought alerting level for Jun. 20 based on daily modeling
(branch Level, forecast issued on Jan. 15)
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Seasonal Forecasting of
Water Quality

APCC
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Procedure for seasonal water quality forecasting

[~

GCM 1 - SME

GCM 2 - SME

GCM 3 - SME

GCM N - SME

GCM 1 - SME

ax.

GCM 2 - SME

GCM 3 - SME

ME

—— W. Quality-Max.
»W. Quality-MME

GCM N - SME

Modeling approach

Climate Index 1

Climate Index 2

Climate Index 3

Climate Index N|

_—
Q
w 60
= >
m:
L 06 %
::.'43 g
Eg
w = _ 'E
8 8 > ©
= =
o =
g -E ‘n-:r’
n
2 &
& o > 5
£3 2 <
=) [1]
e £ E
== £ =
=5 € @
o'a [} 0 =
.E§ o
= c =
o o =
Eg - _(DE‘ 2
= 1 EE £
b (== =
o 5]
© o |Bot— |5
= i 9 T
7] o> P =
& = o] o
$ 5 = L EZ =
T2 g =
Eg £~
=
2z s
m
g9
= o
O
i -

E Down Scaling
(Spatial & Temporal)

SME: Single model ensemble
MME: Multi-model ensemble

—— W. Quality-Min.

Temporal Downscaling (monthly to daily)

Hydrology and Water Quality Modeling
Temporal Aggregation (daily to monthly)

TCC. Temporal Correlation Coeficient
GCM: Global climate models for seasonal forecast




Study Area
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Watershed modeling
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Performance meas

ures
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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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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,
ineluding hands-on training sessions on statistical
downsealing and prototype

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

Monthly precipitation forecasts for dry season
(August to October) over 4 provinees in Borneo
lsland showed good predictabiity less than four-
rronth lead time by showing temporal correlation
coefficients (TCCs) greater than 0.5 in all prov-
ire

.

.
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LEEEETR|  Smoke haze from forest fires s 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 region. APEC Climate Center |APCC) has been collect
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 through fisld surveys with resource managers
al three provincss in Indonesia. A two-day workshop was held
for the improvement of the EWS. Finally, the forest fire early
rmation on Borneo Island created using the EWS
4 thowgh the hosting server in APGC

Ki 3'."'.' RDSEC danger; seasonal forecasts; statistical down-
ling; ynamical downscaing; seasonal draught

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 because the burning |s opportunistic. As a rasult
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 ferecasting 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 preject builds 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
g field survay resulls and conducting




Why do we need to downscale for forest fire management?
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« In Indonesia, there is a high risk of sever biomass burning when se
asonal precipitation falls below region-specific threshold values (Fie
|d et al., 2008).
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Spatial distribution of temporal correlation coefficient (TCC)

JMSC_CANCM3

4| MSC_CANCM4

_m||||||||||||||||_
-0.9 -0.75 -06 -045 -03 -0.15 0 0.15 03 045 0.6 0.75 0.9

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/)



Why do we need to downscale for forest fire
management? (cont’d)

S
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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.

| Mo | wwion | RewResowon | TR
Meteorological Service of Canada T63L31 (AGCM)
(Canada) 1.41°X0.94° L40 (OGCM) [
Meteorological Service of Canada T63L35 (AGCM)
National Aeronautics and Space Admi 2°lat X 2.5°lon, 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) 0.7/1.4/2.8°lat X 2.815°lon, L29 (OGCM)
Centre for Australian Weather and Cli
mate Research/ Bureau of Meteorolog T47L17 (AGCM) 30
y 0.5~1.5°%lat X 2°lon, L25 (OGCM)

(Australia)



Development of EWS Prototype
- Overall structure-
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Development of EWS Prototype

- Translating precipitation to fire danger rating
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Development of EWS Prototype
- Translating precipitation to fire danger rating (cont’d)

0 Decide threshold using segmented regression

250

Decide ranges for ‘normal’, ‘low’ and
‘'very low' as equal interval

100 150 200

carbon emission (gC m-2 month-1)

50

50 100 150 200 250 300

precipitation (mm/month)

Decide ranges for ‘very high' and ‘high’ as equal interval



Development of EWS Prototype
- Template for delivering information
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Monthly precipitation for AUG. 1997 - OCT. 1997(barat, 1 month lead-time)

S -&-  Climatology -8 Observed — Forecasted MME
(2]
§ _
-
s & 7
£
E
E o
5 °
i
a
8 8
i °
% -
T T T T T T T T T T T T T T T T T T T T T T T
1996-01  1996-03  1996-05  1996-07 1996-09  1996-11  1997-01  1997-03  1997-05  1997-07  1997-09  1997-11
Year-Month
Forest fire probapbility for 1997
Monthly skil score for JAN. 1983 - DEC. 2007 AUG SEP OCT
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NQOV DEC Very High{100.0{ 32.1| 6.9
cor |0.83]0.81/0.82]0.81/0.78]0.78(0.76/0.76|0.77(0.74| 0.82 | 0.76 High 0.0]25.0 34
nrmse|0.55(0.62|0.56 [0.62|0.62|0.64/0.64|0.6610.63|0.68| 0.57 | 0.63 Normal | 0.0]42.9(20.7
PC |0.96|0.64/0.84|0.76/0.72]0.68(0.52/0.44|0.56/0.72| 0.8 | 0.84 Low 0.0| 0.0/65.5
hss |0.83] 0.4 [0.64]0.33/0.51[0.41/0.35/0.25]0.36/0.33|-0.068/-0.087 VeryLow| 0.0] 0.0] 3.4




SEA Fire and Haze Early Warning System

APEC CLIMATE CENTER

el - O X
& methodology | APEC CIl X
&« C | ® www.apcc2.org/ser/seado?lang=en a ¥ &b
APCC LOGIN | CONTACTUS | STEMAF | %38 Q
APEC CLIMATE CENTER
Research Climate Information Services International Cooperation Media Notices About us
Climate Information + Home > Climate Information Serviee > Applied Forscast > SEA Fire and Haze EWS

Service SEA Fire and Haze EWS

+  Seasonal Forecast

+  BSISO Forecasts Ilntroduction
Haze from forest fires is among Scutheast Asia’s most serious environmental problems. Severe forest fires in Indonesia occur
- Applied Forecast only during years with anomalous low rainfall, causing severe haze in 1982, 1991, 1994, 1997 and 2006. However, measures

to prevent these fires and mitigate their impacts remain limited by the absence of a long-lead early warning system (
Severe buming conditions need to be forecast weeks to menths in advance for any preventative actions to be effective. This
indicates the clear need for a fire and haze EWS.

+  Current Climate Conditions

APCC is proud to present its developed fire and haze EWS which translates 3-month precipitation data into four fire danger
ratings based on the relationship between the precipitation amount and CO2 emissions. It is our hope that this data will be

+ (LK utilized to prevent dangerous forest fires and haze.
N CLIPs
+ ADSS 1 SEA-Fire and Haze Early Warning System (FHEWS)

Barat ¥ P

E-month precipitation Forecast for AUG. 2017 - JAN. 2018 {lssued: 2017.07)
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Drought & Hydrological
Modeling Results
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EDI
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changes

Spatial and temporal

APCC
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Drought monitoring on 1983-05-30
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EDI

Monthly EDI on NE region (22 Stations)

Monthly EDI (1D431301)

Comparison between EDI and

storage level

Monthly aveage of daily EDI (ID431301)
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Correlation Coefficient (CC)

Too much missing data during
drought years

Comparison results

Dty Correlation Costhaient
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Drought monitoring using gap filled
precipitation data

Jan/ Jul Feb/ Aug Mar/ Sep Apr/Oct May/Nov Jun/Dec

< Using Effective Drought Index (EDI)

s Used as reference data for
evaluation of 6-month drought
forecasting

0

150 1
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Concept of EDI

EP(Effective Precipitation)

- SIE

DEP = EP — MEP
EDI = DEP/ST(DEP)

Available water decrease as time goes on
200

200 mm precipitation

Available water
after 1 year later
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< AIMS and user-centered downscaling
procedure was applied
Selection of

1. Raw GCM analysis for excluding worst GCMs = GCMs

2. Analysis of reproducibility and signal changes
using climate extreme indices

2.1 Evaluating reproducibility of climate extreme Selection of
indices for the historical period = downscaling
2.2 Comparing signal changes in climate extreme technique

indices before and after downscaling

3. Evaluating reproducibility of spatial correlations
among stations using variogram

User-centered

mp Climate change
projections

4. Estimating multi-model ensemble (MME) mean
and providing uncertainty ranges according to
number of GCMs

Reproducibility(Climate Extreme Indices)

Boorpiot of COD:Maximum kength of dry spell (Days)

Boopiot of FRCPTOT Annual total preciortation in wet days (mm)

[
i O u e
L] LIt

Lo

(a) Annual total precipitation (b) Maximum length of dry spell

Downscaling of Climate Change Scenarios

Spatial reproducibility (Precipitation)

SQM

Signal changes in the future period
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(b) Maximum length of dry spell



Climate change impacts on drought using EDI
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Number of Drought Occurrence
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Climate change impacts on dam inflow (Lam
Takhong Dam, LTD)

< 17 GCMs using SQM downscaling Monthly mean flow
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Seasonal drought forecast using EDI

Observed

Daily real time
observed
precipitation data

|

or ezl

4-month 5-month

6-month

—0XX000
——OXNOOO

APCC's 6-month Monthly \ | oo
seasonal forecast \\/ o000

. EDl | OMNOQO
(daily & monthly) S ———
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Precipitation

Temperature

Seasonal forecast: downscaling results

PREC LT1 LT2 NE LT4 LTS LTE
Jan 063 063 063 063 051 038
Feb 04 04 04 04 04
Mar
Apr 02  OB2 0.6 057 049 049
May 054 053 049 049 055
Jun
Jul 046 046 046 046 046

Aug 059 059 047 042 042 042
Sep 037 037
Ogt 053 053 053 053
Mow 057 Q57 057 063
Dec 042 042 036

T2M LTI LT2 NE LT4 LTS LTE
Jan 0.51 051 035 035
Feb 054 053 053 052 052 042
Mar 055 053 0.5 0.5 051 053
Apr 062 06 057 056 055 048
May 071 068 067 067 069 074
Jun 068 064 063 081 059 063
Jul 0BT 066 064 083 061 058

Aug 0589 054 053 052 0534 049
Sep 0.7 o7 058 071 069 Q67
Ot 058 057 055 055 058 052
Mov 085 061 057 058 055 046
Dee 061 0.6 0.6 059 055 055

Jan Feb

ul Auwg S5ep Oct MNov Dec

Jan Feb Mar Apr May Jun  Jul Auwg Sep Oct Mov Dec

=LT1
mLTZ
mLT3
mLTA
BLTS
BLTG

mLT1
mLT2
mLT3
LTS
BLTS
BLTG
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APCC's 6-month
seasonal forecast
(daily & monthly)

Area average drought forecast
(using monthly EDI)

v [ i i H H H
w 2. % SKill score (Northeast region of Thailand)
Daily . 1-month 2-month 3-month
ER e AR Y Temporal Correlation Coefficient (TCC)
dmonth  Smon  Gmorh Month LT1 LT2 LT3 LT4 LT5 LT6 10
Jan 099 099 098 083 069 057 0.9
’] , Feb 093 093 092 091 078 065 08
Monthly] ., .| \ Mar 081 076 077 077 075 068 07
EDI :| | Apr 082 083 081 069 064 063 08
May 083 071 065 066 061 055 o 05
Jun 090 074 061 058 058 056 0.4
Jjul 08 074 064 058 059 051 03
Aug 076 066 054 049 042 043 gi
Sep 070 060 059 044 049 043 0o ' ' ' ' '
Oct 079 066 052 046 045 053 o o o s e
Nov 097 08 071 061 045 043 Lead time (month)
Dec 099 098 083 072 060 047
Heidke Skill Score (HSS)
Month LT1 LT2 LT3 LT4 LT5 LT6 12
Jan 079 072 069 049 044 027
Feb 057 057 064 064 034 038
Mar 061 033 042 055 042 038
Apr 016 032 042 027 048 038 .
May 035 047 036 043 029 010 2
Jun 075 041 029 029 025 020
ul 039 042 012 012 006 019
Aug 024 033 056 016 012 -006
Sep 059 022 023 038 023 017
Oct 050 056 042 042 044 020 - ' . ' T3 ' T ' s ' e
Nov 100 053 033 029 038 035 Lead time {month)
Dec 100 092 050 038 033 043

== Jan
== Feb
=== Mar
== Apr
== May
== Jun
=t=Jul
o Aug
Sep
== Oct
== Nov

== Jan
~ii= Feb
== Mar
== Apr
== May
=@ Jun
=t=Jul
o Aug
Sep
== Oct
== Nov
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Spatially distributed drought forecast
(using daily EDI)

APCC's 6-month
seasonal forecast
(daily & monthly)

Daily
EDI

1-month 2-month

i i Ll

ol &l

4-month 5-month

[
§.
3-month
N
i

6-month

Monthly
EDI

2
3

O
Tl gt

F & EF G
L2 i

L

Target

month

2012-07

2012-08

2012-09

2012-10

2012-11

2012-12

2013-01

2013-02

2013-03

2013-04

2013-05

2013-06

2 month

Lead Time

3 month 4 month

5 month

6 month




Components of Hydrological modeling

bn water demand

" €) Dam inflow modeling using SWAT
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Month
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Downscaled data can be used for impact assessemt
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