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Challenges in Korea

4-river project Saemangeum project
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Algae bloom in Nakdong River

Source: http://www.yangsanilbo.com/

algae = f(Nutrients, Water temperature,
Sunlight, flow velocity)
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Presentation overview

- Research framework for water sector at APCC
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Pollution with Consideration of Uncertainty in CMIP5




Introduction

Things to be considered in climate
change impact assessment

Reproducibility
for historical period
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How well dose a climate change scenario reproduce
the spatial and temporal pattern during the

historical period?

Scenarios Inflow (mm) % change
Historical 988.5

RCP8.5 1078.1 (91)

Even though we have
same future projection....

® What should be premised in
order to have significant
meanings within the future
climate change projections?

® Does scenario-based data
reproduce the characteristics
of rainfall (extreme,
spatial/temporal patterns)
during the historical period,
compared to the
observations ?
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How reliable are projections of future climate
change scenarios?

Scenarios Inflow % Change
Historical 988.5

RCP8.5: GFDL-ESM2G 1198.0
RCP8.5: inmcm4 953.7 -3.5
® How decisions can be utilized

when opposite signals are
projected in the same

watershed?
® Even though MME-based Un* '\elﬂt—va
projection shows same S— N S N————
projection, what kind of : :OF fl.lture p
‘ A b L]

additional information should be
provided for decision-making?
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Scenarios Inflow (mm) % change

Historical 988.5
RCP8.5 1078.1 (2)

Even though we have
same future projection ..
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- Downscaling and Bias Correction

of Daily CMIP5 Data

"H335 % Baily 6 weather variables (Precipitation, Min/Max Temperature, Wind
speed, Relative humidity, Solar radiation) = 1 RCM & 33 GCMs
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» Downscaling is required

RCP8.5 Scenario
« KMA RCM
« 10 GCMs

Climate Data
Precipitation \
=  Min. temperature
= Max. temperature

= Wind speed
Relative humidity

=\

KSoIar radiation j
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Uncertainties of weather variables before bias

corection (Historical, Jeonju)
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Bias Correction of Daily CMIP5 Data

(Non-parametric Quantile Mapping methods)

Historical (1976~2005) Future (2011~2040)
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Uncertainties of weather variables after bias

corection (RCP8.5, Jeonju)
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Watershed Modeling
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Soil and Water Assessment Tool (SWAT)

P
Within each . ’ :@

ﬂbwatershed Subwatersheds are divided into

Hydrological Response Units (HRU)

== Riparian buffer
<—— Baseflow

—— Subwatershed boundary

Conservation practices
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Streamflow
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Spatial reproducibility: pollutant loads from

HRUs to streams

Observed

Historical

g, China, Octobe



Temporal reproducibility: pollutant loads from
HRUs to streams within hot spot (subwatershed)
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Uncertainty of sediment yields from HRUs to stream

RCP8.5 (2011~2040)

SS Yields

% Changes
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Uncertainty of pollutant yields from HRUs to

stream within hot spot (RCP8.5, 2011~2040)
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Seasonal Forecasting of WQ




Introduction

.,:.: -85 X Survey targeting water related government agency,
public enterprise, research institutes (29 out of 73)

Usefullness Credibility
W Potential  m Current m Positive m Neutral = Negative
100 100
80 80 -
9 60 - > 60 -
g £
= Q
G 40 - g 40 -+
3 o
20 A 20
0 - 0 T
Short, mid-range Long-range Climate change Short, mid-range Long-range Climate change

® Spatial resolution(50%)
® Temporal scale (20%)
® Data format(20%)
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Overview

'Climate Information

Modeling Approach

Statistical Approach
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Observation

Forecast

modaqeils

—Dynamic__

=Simple Bias-Correction==

—— Temp, Prcp mp Temp, Prcp

Used
variables

Target
variable

-WQ Forecast-

A

del
[ Model1 ]
: | = Moving Window Regression r 3 £
e - ste 1850 ... mp Temp, Prep : MBI s
(]
L1 3 = -
Climate Index Regression é—
FENSO, AO ... ™ Temp, Prcp 2
Forecasted »«— Observed —
Prcp, Temp SLP, Z850 ENSO, AO ENSO, AO
@ @ Lag=0 {} Lag>0
Prcp, Temp Prcp, Temp Prcp, Temp
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Simple Bias Correction (SBC)

Observed (JAN) Forecasted (JAN)
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Moving Windown Regression (MWR)

Observed Forecasted
A Models: MSC_CANCM3, MSC_CANCM4,
% e NASA, NCEP, PNU, POAMA

o Variables: PREC, T2M, T850, U200, V200,
AT U850, V850, Z500, SLP, SST

7 (JAN, 1983~2005)

> 5 8 P DS D DD DD
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-
o

]

Temperature (C)
o

Temperature
(JAN, 1983~2005,Korea)

Temp = a *SLP + b

, Ul e (S £
(Kang et al., 2009) - |Best Variable & Location
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Climate Index Regression (CIR)

Obseryed

Climate Index from CPC

Temperature (C)

Temperature Q
(JAN, 1983~2005,Korea) -

1. Linear regression (all CIs * Lags)
2. Select N best CIs and Lags

3. Decide multivariate regression model
Y = a *ENSO_lag7 + b*ESPI_lag0 + c
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@7 F-SForecast-V1.0.R

[[]source on Save | & A - ]

3884 ~ # #4# # #4# #4 #
3885 # Function to regression ysis for all c tions on Cross

3886 - # ## ## ## #

3887 » CIReg.All.Regression.Crossvalidation <- function(prjdir, vardir, varf11e, idxdir, idxfile, syear_mme, eyear_mme) {m=3}

3981

3982 - # ## ## ## ## # ## #ARER

3983 # Function to extract best fit regression results

3984 - # ## ## ## ## # ## #4554

3985+ CIReqg.EXtract.BestFit.Regression =- function(prjdir, mmedir, mmefile, vardir, varfile, NBest, syear_mme, eyear_mme) {E3’

407

4080 ~ # #4# ## #4# ## # #4# #HE#E

4081 # 01. select n best predictors and combine into

4082 # 02. Decide best model using Leaps

4083 # 03. Run regression for Cross val ( eyear_obs)

4084 - # B B

4085+ CIReg.Select.BestModel. Run. Regression_ observed <- function(prjdir, vardir, varfile, idxdir, idxfile, NBest, syear_mme, eyear_mme,
4263

4264 ~ # ## #

4265 # Run regression for Cross mme) and spilt » eyear_obs)

4266 - # ## # ##

4267 + CIReg.Run. Regression. scenario < , mmetype, vardir, varfile, idxdir, cpcidxs, scnnm, LTimes, syear_mme, eyear_mme,
4431

4432 - # ## ## ## ## # ## HEEEE

4433 # select best fitting month from cobserved data

4434 ~ # #4# ## #4# ## # #4# #HE#E

4435 CIReg.selBestFitMonth <- function(scndir, MeanDFile) {EZg3*

based on scersrio

4481 » CIReg. Da11y Samp11ng scenario <- function(prjdir, stndir,

on BCPOINT output

vardir,

scnnm, AcuMmonths)

function(prjdir, varfile, mmetype, LTimes,
4739 ~ # HE HE HE HE # ## HERBE
4740 # calculate Error Statistics based on water qQuality out p_ based on CIReg
A74A1 ~ # == == == == = == Hxss
4742 +» CIReq. wqua11tv ca1cu1ate Error.statistics =- function( pr1d1r stnnm, vardir, varfile, mmetype,
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' APCC MME Grid (2.5° x 2.5°)
/ KMA Weather Stations

NakDong River Basin Wicheon Watershed
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Temporal Correlation Coefficient

WQ  Station JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
w1
BOD W2
W3
w1 040 028
Chl-a W2 043 040 0.28
W3 0.57 052 041 004
w1 055 049 042 (048
s W2 0.55 049 042 048
W3 040 067 071 030 047 050 053 053 045 057 020 036
w1 0.55 049 055 042 052 049 053
Temp W2 0.55 049 055 042 . 052 049 0.53
W3 0.57 059 051 044 0.33
w1 0.56 0.43
N W2 0.56 043
w3 060 o0s0
w1 0.60 0.44
TP W2 0.60 0.44
W3 -0.19 -0.50

APEC Climate Symposium 2014, Nanjing, China, October 27-29, 2014



Monthly SS forecast using CIR approach
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Integration
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Summary

“"Climate Change
= Precipitation shows the higher uncertainty after the BC
= MME Is necessary in order to consider uncertainty.

= Reproducibility and uncertainty-related information
should be provided for decision making.

= Non-point source pollution was sensitive to climate
changes.
Seasonal Forecast

= Three DS methods were compared and observation
based method(Climate Index Regression, CIR)
showed much stable predictability

= WQ: need more time to get final conclusion
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% Process and region-based evaluation of Climate

~ Information and DS methods is necessary

[ GCMs } { DS/BC #11 Application #1

DS/BC #2} Application #2 J

Application #3
DS/BC #3 )

Application #4

Provide Climate Data >
< Return Evaluation Results

Application #100}

Concerns in Downscaling
= Spatial/variable coherence, Hourly data, Grid data
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Impacts of changes on water

resources

Changes Processes
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Uncertainty of TN yields from HRUs to stream
RCP8.5 (2011~2040)

TN vyields

susassasng.

% Changes
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Uncertainty of TP yields from HRUs to stream

RCP8.5 (2011~2040)

Min. Mean

TP yields

% Changes
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Percent changes in pollutant yields from HRUs to
stream according to CC scenarios (MME, 2011~2040)

RCP 4.5

RCP 8.5
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Evaluation of Downscaling Methods

® TCC: Temporal Correlation Coefficient
® NRMSE: Normalized Root Mean Squar Error

NRMSE

Perfect

O

TCC
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