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— Introduction(1/2) Ncor

2 Most General Circulation Models (X

Indicated that
global temperature should In nificantly, and
, » Water _kesource

management problems m C

arder un Imate
change.
2 The study ai Imation impac resources
due to through ul stream flow In
. GCMs’@rojec coul

d not be used to
pact ' ange directly.

annual dry days probabl

wet and dry
evaluate t

2 IPCC provided jec esults of GCMs for different
Representative ntration Pathways (RCPs), each
GCM proj n 1s‘one possible result.
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— Introduction(2/2) Neofs

2 The researchers of impact assessment usually limited
by the excessive number of GCM '
not evaluate impacts one by '
adaptation policy from aI

> How to apply p
few GCMs
Import

onsdat f all GCMSs
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A

- Why do we need downscaling? .
2 GCM too coarse for local assessment
2 GCM biases in climatology(spati porally)
2 Regional climate change vagi aphy, sukface
landscapes, coastlines)
GCM(~300km
25km m |
25N . B
25 20 15 -10 -b 0 & 10 15 20 25
]
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— Statistical Downscaling

< Bias correction statistical downscaling method (SDSM
< Spatial coordination: 5Km resplution
< Four emission scenarioss €26 GGiMs

e | RCP26 | RCP45 | RCP6O | RCP8S
of Gom 26a€%38 %21 4 \

Distribution of Grid
after Statistical Downscaling
> Projectian period sk g
= 1986~2005(baseline)

= 2016~2035 (near future)
= 2081~2100(end of century)
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— Trend of Future Climate Projection

2 Temperature would rise about 4 Ggfand rainfall
would increase obviously in centraland south
Taiwan during the end of@the eentiry in RCR 8.5.

Ensemble Mean

RCP8.5 ~ RCP85 RCP8:5 RCP8.5 o
2016-2035 - 2081-2100 2016-2035 A.‘ o oasi2m0
? \
i 5]
SREE 2 (C) i 51 J: )
<225 13: [ PRS2 42 (%) £ / %
2252375 " a < } y/ s
237525 Ay B s
25-2625 B -3 3 /
2625 - 275 3.2 3y 4
B 275-2875 2.1 N
Bl 23875-3 -1-0 ‘ lr
[ JERERPE 0-1 \J
B 525-325 _ 1-2 a
B 35-335 -3
Bl 3535 I -4
s Bl s
B -5

TP EesreersnEnsa 200673/ -l



15

1 -
o O U1 O

=
o

Rainfall change ratio (%)

=
92}

— Multi-Model Ensemble(MME)

< Rainfall change ratio in wet spell iIR;ARS scenarios
IS greater than its in AR4, whilettRe fecreased
trend of rainfall is more igsigaificange in dry spell.

2 The difference of rainfall change in between wet
and dry spell irAR4 is m@re obviaus than IMARDS.

A

NCOR

AR4 v.s. AR5 in angfuture

\ vwm spell
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monthly
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_ Box plot of monthly rainfall A/

change ratio

< The variance of monthly rainfall@fAange ratio in
ARS scenarios are great thangf AR4"scenarios.

2 ARS5 scenarios could ca#se mokesevere impacts of
water resource.
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_ Rainfall characteristic of GCM

in wet and dry spells
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< There are 73 GCMs that precipita#f@n increased Iin
the wet period and decreasedsf thedry period.

( including RCP4.5 and RCP8.5 scenarios in two future period from

projection data of all Taiwan grids ).

Near future

m Far future

RCP 45& 8.5
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c 20 -
-

0 P

I [ 1L

Near future 21 11 17
Far future 21 7 8

Wet spell-
Dry spell +

f\

Wet spell +
Dry spell +

<€

—

-
ITI rll = - II-. == . I 4=k \g > e T~ A
TCCIP SRR eRseramRnTs

2016/3/14



Proiection a

R

Taiwan LClimate Chanse

L]
(L1 B
==

I?I rll [ 1]
I L

A

NCDR

&
i
.ﬂ.ﬂ
=
g
o
]
¢
m

3. Selection GCMs based on

@) performance.of Monsoon onset

EEEEEEEEEEEEEEZEEEEEEEN
EEEEEEEEEEEERECEEENANEER

2016/3/14



— Analysis of performance metrics

2 The performance metrics of sum
season In East Asian area w

GCMis.
e

2 The Taylor Skill Scor
the perform feach odel.

- Accor kill Sc
(TOP worse
selected ssess t
compared WI

change&

A

NCOR

monsoon
select the

»@

5) were
pact and
I GCI\/Is due to climate

ted

CMs
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— Monsoon onset

e The summer monsoon rainfall
starts around the beginning of
May and continues until
September or October.

|t Is consistent with the wet
season of May to Qeteber and

RPI

In term of*hydrology im Taiwan.

Onset Date

50N

dry season of Novemiser to April-so +

0.050 | | | | | ] | | | ] |

0.040
0.030
0.020
0.010

0.000

18 19 25 31 87 43 49 55 61 67
Time(pentad)

1. 7

40N €

30N

20N +

10N 4

EQ -

* East Asia Monsoon(EA) —=90°E-135°E, 10°N-40°N

Summer Monsoon period
Onset AN
Peak (duration)
0 retreat N

.
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— Assessment of performance metrics

< The characteristic of the GCMs hasibetter
performance on simulating thésummer monsoon
period as the basis for GCM selection.

2 The daily rainfall data of 18 GCMs from the
CMIP5 projec€isused to evaluate timeysekiesiof
SUMMeLMonseon.

< The 1931 t0y2000 daily sainfall'€PC Merged
Analysisief Precipitationi (€ MAP) by NASA
GPCPGlobal Pé€cipitationi@limatology Project) IS applied to
verify the performance of GCM models and
evaluatethe accuracy of summer monsoon rainfall
onset and retreat time during GCMs simulation.

T = 2R gEhREEaENTa 2016/3/14 .
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— Taylor Skill Score

2 Kitoh (2006) uses pattern correlation coefficient and
root mean square error to analyze tiRe Statistical
correlation of monsoon rainfallgiming@€hanges
between different models agttolservation data by

Taylor Skill Score (20019:

W\ 4(1+ R)*
N . A _ \2
(af +1/65) @t Rp*
- &fis normalized standard deviation between models

and observed fields(aq/o,)

2 R is correlation coefficient between model and
observed fields

2 R, Is maximum correlation attainable(Ry=1)

.
TP SeaEserEREnTa
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~ The phenomena matrix of
monsoon for CMIP5 models

Table of EA Taylor skill score(CMIP5)  *

(1)CMAP
(2)ALLENS
(3)TOPSENS
(4)LASTSENS —| 0.3

(S)ACCESS1-0 — _ 032

(6)bcc-csm1-1 —}

(7)BNU-ESM —]
(8)CanESM2
(9)CCSM4
(10)CESM1-BGC
(11)CNRM-CM5
(12)CSIRO-MK3-6-0
(13)FGOALS-g2

0.9-1.0

0.8-0.9

0.7-0.8

06-0.7

05-0.6

0.4-0.5

A

NCOR

Poor skill score of onset timing
e 2 items above 0.5, at least

OS( Onset of monsoon)
RT( Retreat of monsoon)
DR(Duration of monsoon)

2- ES
L-CM5A-MR

ad

(14)GFDL-ESM2M - MPI-ESM-LR
(15)Ha:c::fm2-Ej g > NorESM1-M
(17)IPSL-CM5A-MR 02-03
(18)MIROC5 LAST5 (WOfStS)
(19)MIROG-ESM-GHEM 0.1-02 >» CSIRO-Mk3-6-0
s wo | > FGOALSg2
T » MIROC-ESM-CHEM
) é . > MRI-CGCM3
- >
Onset Retreat Duration cesma
T i"||= %’%ﬁi&ﬁ%ﬁiﬁﬁé%?: 2016/3/14



. A
— Uncertainty of GCMs HEEE

2 The 20-year moving average for climate variations from now until the
end of the century.

2 The TOP5 models are having the minim@mediStrigution range (smaller
uncertainty), while the LASTS5 madels mainlygdistrtbute at maximized
ranges of the all models, so it canike Gensidekred the worst scenatio.

OBS&CMIP5 over Taiwan(5km)

Pr wet_season 10yr-run mean
PC:1981-2000, LC:2081-2100

60 | 1 1 [ | ! | ! | | | 1 I | ! 1 | | I |
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| oBs i
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E 2.0 _\_w/'l \/‘ N
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o IS Wi o/ AL
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- Assessment of streamflow impacts

Bias correction statistical do
(Monthly cllmatlc

BCSD)

ther G ator
faII and tempere
- \\\' ‘

Simulate streamflow by hydrology model
(GWLF)

CN AN

’

(Change ratio with baseline and projection period)
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— The GWLF model e

2 GWLF (Generalized Watershed Loadi unctions) , a

lump hydrological model, is used reamflow.
2 The parameters are based y roperties of the
n other c ex

watershed, so the uncerta

models.
vapotranspiration

recipitati

. % Grotndwaten: N Stream Channel

Deep seepage
ggﬂ:mted P Pag Haith and Shoemaker,(1987)

Tira
I
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— Study area

hosen for
ted In

2 The Danshui river and Gaoping river
assessing the impacts of streamflo
Northern and Southern Taiw

2 These two rivers are very
supply drinking water to Ne

. 22
TP e s 2016/3/14 =



— GWLF model verification

required to verify.

with good accuracy.

A
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The parameters, evapotranspiration cover coefficients, are

GWLF model was able to predict®he*monthly stream flow

Index R NSE MEatic RMSE
Value = 0.89 0.84 0.9 7.88

250 -
. ——QObseveration . = =Simulation Dahan river
(7]
§200— |
3 :
e i
5150
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o
& 100 - |
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L
= |
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Cumulative Probability

0

1 -
0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 =
0.3 -
0.2 -
0.1 -

Wet Spell

60%
exceedance
probability

-60

-40 -20 0 20 40 60
Change ratio of streamflow in wet spell(%)

— Change rate of streamflow

A
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The more 60% of all GCMs are shown steam flow increase
In wet spell and decrease in dry spgil la Rear future.

Range of change rate of streamt flow 1s,-40%40% and -
40~50% in wet and dry spell, respectively.

Dahan river
DrviSpell
L e
0.9 8
0.8
Z07
§0.6 ( —o— RCP4.5
§0-5 60% —a— RCP8.5
£ 04 O — — RCP26
E ogrpbablllty ...... RCP6.0
S 52 s
0.1
. - | | | |
60 40 20 0 20 40 60

Change ratio of streaflow in dryt spell(%)
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_Change rate of streamflow In A

different projection period

2 The stream flow impact is merely moregékious in end of
century. The change ratio is -40~120% tnWet spell, and -
80~50% in dry spell in more than'80%WRGCMs
projection.

——-RCP8.5-NF-Wet =#=RCP8.5-NF-Dry ===RCP8.5-F-Wet ===RCP8.5-F-Dry

1 Dahan river

0.8 -
0.6 -
0.4 -

0.2 -

Cumulative Probability

0 I I I I I I I |

-90 -60 -30 0 30 60 90 120 150
Change ratio of streamflow
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Box plots
Maximum
Upper quartile
Median

Lower quartile
Minimum

Dots are outliers

-
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Change ratio of streanmflow(%6)

150

100 -

50 -

0

-50 A

-100

Dahan-RCP8.5-Near future

- Impacts of monthly stream flow

NCOR

The box size represents the variange in monthly
stream flow change ratio. Thesariability in July
and August are greater.

The result of MME is smallefwhen comapaking
with that of allgGCMs.

[ RCP8.5(All GCMs)
—— RCP8.5Ensemble

4 5 6 7

Month

T T T
10 11 12

2016/3/14
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LA
— The ensemble mean result

< To reduce the uncertainty of different GCMsgKnutti (2010)
recommended MME, so as to eliminate t ate system
deviation of the climate models.

2 The variation of streamflow |
during June to November was'¢elo

WO cat ents

2 The variation was gignificant different in Dece Apxil the
next year. T Iver stream flovi wet and
dry spe

_ vonth o



~ The change ratio of streamflow A

in different intervals

The 25 GCMs exhibited 0~30% chamge ratio of
streamflow In the wet spell ar@ <809%%6~-1% change
ratio in the dry spell.

The decision makers collldeuid adaptation
strategies to déal®with a 30% incxease W awet spell
and a 30% detrease in a drysspel koK stream flow.

: Change ratio of streamflow in dry spell(%)

Change Ratio Interval 560 31~60. 030 -1~-30 -60~-31 <-60
Change >60 0 2 1 1 2 0
o of 31~60 0 1 4 4 5 0
streamflow 0~30 0 7/ 14 25 18 4
et | =1=-30 [550 0 9 22 2 1
spell(%) -60~-31 0 0 1 1 2 0
<-60 0 0 0 0 0 0

Dahan River in the end of centuryH

TP EsarEReenants o/
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— Comparisons of all GCMs and some models ==

2 These 20 GCMs with four scenari@sShare selected to
compare with all GCMs.

= The user can apply the20:GCM s\ assess glimate
change impacts, based on thesvariancedsetween all
models and thé,20 GCMs'are closet

Wet Spell Dry Spell Laonong River

S " L Intersection model < i [ Intersection model
= 1 All model ot [/ All model
2 i | PPN — g o
s . H T 100
5 20 y E II
; 5
g 0 v z
2 ° ° ® i J—
g 20 R T i g*
g .

-40 T T T T CP2. RCI;’ . C

RCP2.6 RCP4.5 RCP6.0 RCP8.5 Scenarios

TLLIP 2espeEreasaze oefs/ie
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— Streamflow impact with selected models

2 The monthly streamflow change between ALLENS
and TOPS5ENS are relatively closek.

2 The LAST5ENS is greater8sStreamflow increases
20~60%0 In wet season*andidecrease 20~40% 1n dry

SeEason.
80 - —+~ALLENS —-TOP5SENS -#=LASTSENS
60 -
40 -
20 -

0
20 -
40
60 -
80 -

Dahan river

Change ratio of stream flow (%)

J FMAMIJ J A S ON D

2l 1
S e e 8 S ot .
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Comparison between AR4 and AR5 data

2 Most GCMs show streamflow WI| rease in wet
and dry spell in Laonong Riv

2 There 1S more serious Iin
dry spell in AR5. The
water resou rce nagement

during dr% the futur

MOre et IN
gl

estr
1l be.ne

Laonong River

09
s A7rgr O U Der"Sf=—
07 AtB
E 06 A2
Cos
D B1
F 04| ——RCP26
03 —«—RCP4.8
22— 3FT R T ®=—4et—"—"T1T —e—RCP6.0
0.1 ——RCP8.0
0 :
-40 20 0 20 40 60 100  -50 0 50 100 150 200 250
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— Summary(l)

< Based on the rainfall of GCMs prgfection, the wet
spell becomes wetter and dry-spell becomes drier
In Taiwan in the future,

2 The box-and-whisker plot ISuUsed to presentytire
results of streafmflow impacts, the decision-makers
can evaluatathetuncertaintyste take@appropriate
adaptatignistrategies.

= This study’had shetva thatstream flow would
increase in wetspell (+40%), and decrease in dry
spell (-409%) innéar future about more than 60%
GCMs pgojections.

-
T = 2ERREEsEARENFS 2016/3/14
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— Summary(ll)

< The five better GCM models are BEC-CSM1.1,
HadGEM2-ES, IPSL-CM5A-MR, MPI-ESM-LR
and NorESM1-M based-the onset and retreat of
monsoon in East Asia region.

= The user cangpplied the 20 GCMs\to assessment
climate dmpact, hased on thewariation between all
modelsand the 20 GCMs areclese.

=2 There Is more seriQus In'wet season, but more wet
In dry seasondMmARS W Southern Taiwan river.
The mare flexiglestrategies for reservoir
operationsand water deployment will be necessary
during dry’spells in the future.

TLLIP 2espeEreasaze ose/a/ie
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- Change'rate of streamflow
In different projection period

——RCP8.5-NF-Wet

A
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~#-RCP8.5-NF-Dry = e==RCP8.5-F-Wet  ===RCP8.5-F-Dry

£ 1.
=
8 08 -
o
(a
T 0.6 -
2
& 04 -
£
s 0.2 -
(&)
0
100

I I | |

100 200 300
Change ratio of streamflow in dry spell
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_hourly rainfall data
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- Data application

hydrological scenarios

Flood Control and
Sediment

Management due to
Climate Change
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Selection of GCMs for impact studies of water A

Tam-Sui River precinitation valhu B
20 =#—oneSD =f=Ensemble d;if:,';’ﬁ:?:;,,,:;?,ﬂmy :
A 30 /l
0
220 I
2 N \
o
g 0 P‘"&;—f‘?‘/ \/\AF l
-10 1 2 5 6 7 8 9 10 \1 12
220 - \
H them are of
-30 similar )
pattern like
-40 month observation.
Multi-model ensemble + one time standard deviation
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