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Multi-purpose dams in South Korea

» The role of multi-purpose
dams

* Water supply 65% (12.2 billion m3)

Flood control 95% (4.9 billion m3)

Hydropower generation

Water quality control

Recreation activities

Navigation

Debris control




General multi-purpose dam operations

e Approximately 60% of the annual dam inflow is concentrated during the wet
season (July through September)

* The extreme seasonality causes periodic shortages of water during the dry
season (October through early June) and floods during the wet season

* To control flood and supply water, dams start to store inflow around Sep. 20,
after the period of frequent rainstorms & occasional typhoons has ended

»Soyang Dam (1975-2007)
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Potential threats to sustainable water supply

due to climate variability and change

» Trends in annual precipitation for 1911-2005
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Potential threats to sustainable water supply
due to climate variability and change

» Trends in seasonal precipitation for 1975-2005
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Potential threats to sustainable water supply
due to climate variability and change

» Trends in annual dam inflow (Soyang Dam)

Annual dam inflow for 1974 -2007
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Potential threats to sustainable water supply
due to climate variability and change

» Trends in dam inflow of Soyang dam

Dam inflow (m?/sec)

Dam inflow (m*/sec)
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Spring and early summer drought in 2014

2013

Drought broke records
in the lowest dam
storage levels in Soyang,
Chungju, Hoengseong,
and Boryeong dams
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Seamless hydrometeorological and climate
services for various applications

Initial conditions

Boundary conditions Anthropogenic forcing
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APCC Multi-model ensemble seasonal forecast

* APCC is providing high quality climate data by operating a real-time and well-
validated climate prediction system based on the MME technique

* APCC services include:
(1) Monthly 3-month MME forecast @ :gg_.ﬁf.:%':..-- e
(2) 6-month MME forecast B @ p ),
(3) Sub-seasonal forecast (BSISO) ' > '

* Climatic variables: =

Precipitation (prec),

2m temperature(t2m), | 7
Temperature at the 850hPa (t850) . =
Sea level pressure (slp)

Wind speed at the 850hPa (u850 & v850)
Geopotential height at 500hPa (z500)

16 organizations in ten countries (2014)
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Challenges in seasonal hydrologic prediction

using APCC MME forecasts products

» The first challenge is to create reliable daily climate forcing for hydrologic
modeling from the monthly information provided by GCMs (temporal scale
problem)

== Using monthly water balance model

» The second challenge is to correct the systematic biases in CGCM products
(systematic bias problem)

= Using simple bias correction

» The third challenge is to resolve the discrepancy in spatial scales between
climate models (2.5° x 2.5°) and hydrologic model applications (spatial
scale problem)

= Using lumped watershed concept



Seasonal hydrologic forecast framework
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GCMs used for APCC MME

Mcdel:

acronym

Institution tcountry}

Resag!ution

Forecast range

Reference

HMC

Hydrometeorological Centre of
Russia (Russia)

GDAPS_F

Korea Meteorologcal
Administration (Korea)

MSC_
CANCM3

Meteorological Service of
Canada (Canada)

MSC_
CANCM4

Meteorological Service of
Canada {Canada)

NCEP

Climate Prediction Center /
NCEP / NWS / NOAA (USA)

POAMA

Centre for Australlan Weather
and Climate Research
/Bureau of Metecrology
{Australia)

BCC

Beljing Climate Center {China)

PNU

Pusan National University
(PNU}

CWB

Central Weather Bureau
(Taipel)

APCC

APEC Climale Center (Korea)

2.5

2.5

lolstykh et
al. (2010)

Park et al.
(2002)

Kim et al.
(2002)

Simmons et
al. (2004)

Saha et al.
(2010)

month

Zhcng et al,
(2005)

Ding et al.
(2000)

Sun and
Ahn (2011)

Liou et al.
(1997)

Jeong et al,
(2008)
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Correlation NCEP reanalysis & hindcast of GCMs

CORR with JAN prec (1983-2005)
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Correlation NCEP reanalysis & hindcast of GCMs

CORR with JAN t2m (1983-2005)
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Performance of water balance models

Dry years

(1993-1994)

R? > 0.85
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Spearman rank correlation btw SSF & OBS

Month  Soyang Soyang Chungju Chungju
BMA SMA  BMA  SMA |
OlJan 0444 0415 0533 038
02Jan 0171 0008 0419 0305
03-Jan 0352 0311 0231 028l
02-Feb 0429 035 0348 0342
03-Feb 0182 0128 0188 0157
02-Mar 0528 049 0439 0412
03-Mar_ 0468  0.388 0531
01-Apr
02-Apr 0247 0248 0361 0402
03-Apr  -0311 0272 012 0.2
01-May 0263 O.1S|Om6s 0451
02-May 01 -0076 0274 02
03-May 0398 0373 0242 0242
OlJun 0344 0442 0027 0153
02-un 0153 0153  -0238  -0238
03Jun 0126 0126 0048 011
0l-Jul 0084 0059 0289 0359
02-ul 0332 0341 0205 0214
03-ul 0251 023 0212 0224
0L-Aug 0335 -0359 -0427 0445
02-Aug 0492 0484 0546 0516
03-Aug  -0011 003 0033  -0036
OlSep 0032 0026 0206 0311
02-Sep 0135 0141 0027 0017
03-Sep 0123 -0162 _ -0135 _ -0153
01-Oct 0295 0161 0259 0217
02-Oct  -0104 0209 0271 0217
03-Oct 0147 0044 0114  -0168
01-Nov 0483 0420 NOSE0NNN006S8
02-Nov 0405 0341 049 0254
03-Nov 0249 0146 0071  -0117
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129E
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— rivers
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HapcheonHapcheon Sumjin -~ Sumjin
BMA SMA BMA SMA

0191 0.314 0.508 0451
0.134 0.282 0.233 0.149
-0.292 -0.191  -0.358  -0.305
0439 0.338 0.538 0.433
-0.26 -0.365 -0.087 -0.101
0.358 0426 0.323 0.302
0483 0.512 0.238 0.247
0478 0.449 0.346 0.379
0.408 0.509 0.459 0.444
0.522 0.554 0.38 0.405
0.305 0.325 0.089 0.068
0.25 0.179 0.062 0.053
0.502 0483 0.217 0.266
0.333 0.404 0.189 0.218
-0108  -0.108 -0.131 -0.077
-001  -0.022 -0.122 -0.029

. -0.429 -0.143 -0.102
0456 0407 0.347 0.329
-0.233 -0.154 -0.46 -0.215
0.495 0.483 0.468 0.429
0.275 0.341 -0.017 -0.11
0191 0463 -0.107 0.147
0.169 0.233 -0.138 -0.251
0.27 0.262 0.266 0.262
0.387 0.529 -0.015 0.132
0.559 0.603 0.09 0.319
0.367 0.338

0314 0.624 0.758
0456 0.254 0.22
0.555 -0.105 -0.146
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Skill scores for wet and dry seasons

APLC CUINMATE CEINTIN

Above normal flow in the wet season Below normal flow in the wet season
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Empirical hydrologic prediction using teleconnection

APCC
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Climate Indices: Monthly Atmospheric and Ocean Time Serles

o
5 91 MULTIVARIATE ENSO INDEX
Q'/ Earth System Research Laboratory g 2
Eadl
Physical !Icwm:elouv-mn About Contact Ressarch  Data  Products News  Outreach % ° l ."
tunmm-uonu g
2 -2

NOAA/ESML /Paysicel Ecieare Divmisn - Utiversily of Colocods ot &umx (IHES

1850 1965 18960 1863 1870 1573 lB!ﬂ 1940 1990 1980 2000 2000 2010 Elllb
Selecton | onges (Vixx)
fanasaries P le ! Tune s at ' Sabed Niave & * N0 Tal rame
aase reference Umes series use (n publications * e regularty dpd S Nty Multivariate ENSO Index (MEI) for the seven
2 strongest La Nifia events since 1949 B
T T T T T
u - 072
FNA Pacific North American index®. F o0 NOAA Cuinate Pracde ion Conler (000 +§§: (‘\\/\"\\
| East PacificNorth Pactfic Osedlation: | NOAA Clmute Pydciion Cerier This mrdes 1ezses g 1 1
Tosonmections. | RS
| ghe ol EF indes w v Rned i —a— 10+ \m
AL WP NAGH S | ! Western Pacific Index™ I 1om MOA Climate Prooon | 2 . \B\qx P | gl:Mﬂu
AT | N ol | 0-12)
| N Lastern AsiaWestern Bussia © rorn 1OAN Camans Proscde boar Canlber | 3 ‘% /’/ / /y—M \
. - N
A Nortthy Atlantic Osedllation® 1 1om NOM Chrte Prede ton Caeter (01 5 /s 9
R Al ;
Atmospherw: North Attantie Oscillation | rm i '§ b P /\/\y,\/" 5
O | o Arguiw 7 77
Mot | AAD | A fureell JW 1665 Decodul bends in the Nort Allants SCOUIIN 0] tetmtomabyps | /
u rrIIna bernperatire and seecmtatrn Ycoence M 2 Taimels o V " 2
Vane ones P $rason T ) Wheeder D 1907 Exiermion 1o thir Nonh At Wty bl ""’_ A Hotens ":"‘5‘““ Ui “_V“fc“ ""“":““’"‘"'mﬁ_ b
Vreciphation g mally radurreital presaure observations b Wor iy i South Weat cetarnd It E H 3 E 3 E 3
z 5 3 5 z 5 3
s M | Save | S0 dematol 17, 14321440 3 = a 3 & 3 3
b | | B
' Southern Oscilfation Index & rom MUAA Clerade Preduson Cenkes (U Multivariate ENSO Index (MEI) for the seven
Enso Foeo +* [Eastern Tropical Pacifie SST (NS, 1 S0W. GOW) From NOAA Climate Mrodcho —r strongest El Ni‘lo events since 1950 vs. 2(!)9;10
vt " J | Mewy " Bivariate ENSO Timeseries [alculated bom combemrg a stand od S01 and a stangardised Nnod € S5 13
"’ 2 e | - Pirssarion Note that diffursnt SST dataset (Madiey S57] is now used 10 calcutate Nino 3 4 timeseries
- T™ON
P This replaces the GISST dataset. Most recent data is Baned on the NOAA O V2 S5T datanet | .
S50 Pacie ‘ Tmpiulnornomlduwn Index* y of the average of e morsy ST from 5 5N 1o 23 5N aod 19W - "
| bo 5T BW HadiSST unit NOAA OF T ! ihatasets are wbed 10 creale ndes Chmatofogy s 16871200
UL v | ¢ . A )
11 N 41 I | s Enfwid, DO, AM Menls A Mayer, and L Ol Serano 70 Veorm (aquatonrs m e dprse seiatiorahig o
= e \War | W Dropscnl ANANDC see matoce Senpes gtures? ST 104 18417548 AOML sl PSI 'E
— . ‘ Tropical Southern Atlantic mdex* Anomuy of e average of S montiy SST frum: Eg J0S and 10€-90W 5 ¢
PladiSS Tand NOAA O 121 dutasats are used i crasie indes ratoMgy wn % i
BT At | g
i ;

Source: http://www.esrl.noaa.gov/psd/data/climateindices/list/ 2 |l g 1 | e ' :

[HOAM ALY g b Bfames Dnin - Pumerig & Cobjube « Mot LS

[
Sk
Dol
Ak -




Empirical hydrologic prediction using teleconnectio

» Empirical regression models (Soyang dam)

_-

Q1 = 4.378+0.002*Solar(-2)-3.162*TSA(-5) +1.249*EA(-8) 0.43 0.34

Feb Q2 = 11.49+3.283*NOI(-7)-13.35* TNA(-10) 0.54 0.50
Mar Q3 = 8.28-12.21*PNA(-12)+30.57*SWM(-9) 0.44 0.39
Apr Q4 = 58.05-7.01*SOI(-2) 0.38 0.36
May Q5 = 54.06-10.65*NOI(0)-18.44*WPO(-12) 0.49 0.43
Jun Q6 = 46.38-11.13*NOI(-1)+23.12*NOI(-11) 0.47 0.41
Jan-Mar Q13 = 15.78+5.755*EA(0) 0.33 0.30
Apr-Jun Q46 = 59.82+60.49*A0(-9)-10.71*NAO(-4) 0.64 0.61
Jan-lun Q16 = 35.30+8.96*EA(0) 0.23 0.20

Solar: solar flux, TSA: Tropical Southern Atlantic Index, EA: Eastern Asia/Western Russia

NOI: Northern Oscillation Index, TNA: Tropical Northern Atlantic Index, PNA: Pacific North American Index

SWM: SW Monsoon Region Rainfall, SOI: Southern Oscillation Index, WPO: West Pacific Oscillation, AO: Antarctic
Oscillation, NAO: North Atlantic Oscillation

Source: http://www.esrl.noaa.gov/psd/data/climateindices/list/
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Empirical hydrologic prediction using teleconnection
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Toward improving predictability of seasonal

hydrologic forecast in South Korea

Predictability of 7850 in January

Development of statistical
models based on the
forecast of selected regions
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Conclusions APCC

» Our results showed the potential utility of seasonal dam inflow prediction
during dry season, indicating APCC MME seasonal climate forecast can be
useful information for developing proactive water supply plans and better
preparing periodic seasonal droughts in South Korea.

» However, there was no significant forecast skill for the wet season,
especially June and September. To improve the predictability of seasonal
dam inflow prediction we need to develop a hybrid technique that
integrates APCC MME-driven forecast and Teleconnection-driven forecast.

» This approach can play an important role in bridging the gaps between
climate information produces and forecast consumers, such as water
managers and operational agencies.



Thank you for your attention !

“Typical numerical weather forecasts attempt to predict atmospheric conditions several days into the
future. This capability is highly valuable for aviation, severe weather alerts, and everyday weather-related
decisions. However, predictions on such a short time horizon cannot inform decisions relevant to water
resource planning, agriculture management, drought preparation, or other activities that require
knowledge of weather conditions weeks to months in advance.” (Eric Wood et al., 2008)

TEREMY JENSEN

Golden gate bridge, San Francisco, USA



