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Taiwan Climate Change Projection and Information Platform: Phase 2
(TCCIP-I11)
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Abstract

Taiwan is an area with high disaster risk, so the impact of climate change has been a critical
issue to concern by people and governments. Facing the challenges of climate change, the
Ministry of Science and Technology (MOST) sponsored a series of projects for years to promote
climate change researches. Among these projects, “Taiwan Climate Change Projection and
Information Platform Project (TCCIP)” is an important one and is expected to deliver long term
local climate data, analyze climate changes and associated mechanism, produce regional climate
projection datasets, test projection data on impact assessment, and build an information
platform. We hope all the efforts of TCCIP project not only can help us understand the climate
change impact of Taiwan but also can assist governments to plot and take appropriate adaptation
strategies.

The aforementioned works were done by three working teams in the 1% phase of TCCIP
project. In addition to increasing and improving regional climate projection datasets and extending
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data application to other research fields, the 4™ working team, data service team, was added to the
2" phase of TCCIP project (TCCIP2). The data service team is in charge of promoting climate
change data and knowledge, and communicating with data users. Therefore, the whole works of
TCCIP-2 can be summarized as 4 scopes, climate change mechanism analysis, climate data
production, projection data application, and climate change data service.

Keywords: Climate Projection, Data Application, Climate Data Service
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2iE  BusSFErREER - SRORE RESERHEH TCCIP SIEN RN - 88 B
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HUEBRAERS  RRBOFREBEEABREER - ARERARIIEERIRE 5 E
BERAEEE - WHAEBRNELRRBIEIEMRRFEE - HEZEEERNREmEEZEELE
PomeEAZEBRKWAEBERZER - RRBAER MG RENRBLFABOERER -
ERIRREREERELNERKER PP ERRIAER SEN EREE TS
REBERIEIR - BEFRFE -

FASER : ERIE - EREUL AERRER

Abstract

The weather observation in CWB has begun in Taipei, Taichung, Tainan, Hengchun, Penghu
since 1897. All these data and weather maps are archived in the Bureau. Although the documents
are well protected, we can’t process them directly. CWB planned data recovery since 2010, it
includes digitizing data, scanning the weather map and metadata construction. CWB participated in
TCCIP program and the digitized temperature, precipitation data have been analyzed in this
program.

Besides digitized weather parameters, CWB also construct grid observed data to serve much
more researcher and user. In order to make sure grid data is correct, data QC and filling process is
necessary. The gridding data also feedback to data exam. Data recovery is the basic of climate
research. It is not just keying data from archive, data exam and correct are much more important.
On the other way, good metadata are needed to ensure that the final data user has no doubt about
the conditions in which data have been recorded, gathered and transmitted. The metadata is
constructing now. CWB will be a better data provider in the future.

Keywords : data recovery, data digitizing, gridding data
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SEME HERKERCERE (1960-2015) ZEH

Constructing a daily gridded rainfall dataset in Taiwan (1960-2015)

FRF - BEE
[ 17 2= 72 BT #5822 341 38 2+

=S

BERMMZEATENL - 21 2000 ERITEAIHREER - Zliﬁﬂjmﬂjllzmﬂﬂﬂ{-_tﬁﬂﬁ’]/ﬁmﬁlﬂ
K - BARES ISR - HHEREREITIEEE(CER R UL 0] 3% /Y 58 5 0K 20
pEIE  ETRIIEERMEE - B AARIERRE TN B ERERETHIE - 1%
BB 95%nNWERE  BHENRFEEE  Wia2 1 2AERTENEER - NIBEE/M 2 TN
BEXrEZEENARCEHOEE  BREBEEEMNSERREWRRNE - REASROEE(CRE
RER - UESFSAEBSNYIERKE - LITEBIBNETE  2E—E 1 2 ERBTE -
EEME U #5 FIESEHE) WRIAHRERABIEERE (1960/1/1~2015/12/31) -
AMFEOHERENAEEHETHADTT - EERER - BRAEERNAEEME/NR
HEFTERAREEY - MEE N/NRERBEREERNAEEY -

FASER . HEMEMREK - BESHEE - MEEN - 52

Abstract

Collecting nearly 2,000 rain gauge observations from various governmental agencies, this
study treats the station rainfall time series as the latent Gaussian variable and standardizes it (i.e. z
scores) by means of a proper reversible monotonic function. Station data imputation has been done
on the basis of the transformed z scores. The griddization is then operated on the eigen vectors after
employing the EOF analysis to perform the localization. These eigen vectors are interpolated into
1-km resolution mesh before being multiplied by the corresponding principal components and
summed together to obtain the gridded z scores by which the gridded rainfall can be calculated
through the inversed monotonic function. The above procedure is repeated for individual months
and it results in a complete and long term (1960/1/1~2015/12/31) gridded rainfall dataset with 1-km
by 1-km resolution across Taiwan area (including Penghu, Green and Langyu lIslands). The
uncertainty of this newly released dataset is analyzed in detail and the result shows that the
uncertainty caused by the transformed method is much smaller than that caused by the imputation
procedure and the latter, in turn, is smaller than the uncertainty that arose from the griddization.

Keywords: Daily rainfall accumulation, Latent Gaussian variable, gridded data, Taiwan.
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SEE HFKEBEERE (1960-2015) ZEE
HRFE - BERE

o - BROHERERZHAN

MESEE (6~9 F) - HEHERR—

EZLEBREM (BZ

28 - BERIRBERERDIAD - B2 11 ANZSEHAIZE 11 # -
#x 1. =EMERERAEMBMNEKRN LGV HEIAWSEHLER -
Jan. Feb. Mar. Apr. May Jun.

Zhreshold | 0.7615 0.5784 0.5776 0.5115 0.2924 0.1221
a, 0.638228 0.468665 0.498028 0.428365 0.181357 0.048738
a, 0.310654 | 0.277119 | 0.263851 | 0.256416 | 0.240824 0.197058
a, -0.00899 -0.00771 -0.031414 | -0.028289 0.001477 -0.010472
a; 9.240E-05 | 0.000444 | 0.003612 | 0.003340 | -0.000222 0.000780
a, -1.94E-05 | -0.000244 | -0.000235 | 2.848E-06 -3.85E-05
as 2.63E-07 | 9.750E-06 | 9.851E-06 1.053E-06
ag -2.32E-07 | -2.50E-07 -1.45E-08
a, 3.236E-09 | 3.789E-09 7.878E-11
ag -2.41E-11 | -3.18E-11
aq 7.40E-14 1.069E-13
b 0.549743 0.546808 0.684989 0.645791 0.479834 0.592275

Jul. Aug. Sep. Oct. Nov. Dec.

Zihreshold | 0.2915 0.1216 0.3723 0.8268 0.8719 0.8511
a, 0.211675 0.026426 0.271915 0.722907 0.784402 0.751159
a, 0.215408 0.229321 0.241562 0.259912 0.264825 0.273849
a, -0.017018 | -0.009055 | -0.010278 | -0.015128 | -0.025282 -0.012820
as 0.001615 0.000251 0.000211 0.000541 0.002266 0.000835
a, -0.000107 | -3.45E-06 | 1.791E-06 | -9.03E-06 | -0.000136 -5.50E-05
as 4.423E-06 | 1.789E-08 | -1.15E-07 | 5.586E-08 | 5.088E-06 2.032E-06
a, -1.08E-07 1.057E-09 -1.15E-07 -3.55E-08
a; 1.552E-09 1.544E-09 2.322E-10
ag -1.19E-11 -1.12E-11
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Regional Statistical Downscaling of Extreme Weather and Climate Indices:
From Daily Data to Extreme Events

BRIEIE - MBI
R o7 B T A

=S

Wi A RERESARERRARERELSR  HNHE - KFRRIENEEEARN
FIOREARBERLT L E - BRI/ RIEEB/)\A (Intergovermental Panel on Climate Change,
IPCC) BARMLWE - UAREEREEBRETHBRSPOMREAREEANERER -
EHLTERRIEZEEBUTET  FFEUEAESMAERZINERSHEE - MERKAT
PREVEEIEM - EEARERHNOFERETEHE  ERBRRERBESTHEESEA - H
BB SERIRERIENN - A4 - _EHMSIR K R ERESGHER RN CHE G EREZ AT
SIEFELERERMK - BF oM ERABRHBEERERRER A - BEREFIHIRIRE
1t - B2 BEE(L  EERLERBEZIKSERENENTE FNEZEEN - LA
7T HRENELSEEENYIEREZERARESRRIEEEL -

KR EASHE IPCC FHEBEMEANBEREEAHEERTE (CMIPS) &R #
TR KR R RS A e R R SRR REHEHRE S EIRE - BLEHEEAREEIRES
RiEPWBRIG KR AREISIZIEES - WA EENE CHAEAREY - HRZNG
ZRSEBETENSIERNEED  ERRTRGRREARERERIMERREBIKKRAR
EEENZEBETE - BB EERERE -

BASERE : TCCIP ~ WlnmIEIEIR ~ MEFERE

Abstract

The impact from changes in the occurrences frequency and intensity of extreme weather and
climate events on the society, economy, and environment are much greater than changes in the
mean climate condition. The scientific assessment on climate change from the IPCC 5th
Assessment Report (AR5) and Climate Change in Taiwan: Scientific Report 2011 concluded that it
is very likely that extreme precipitation would be more frequency and intense based on the current
climate model projection. At the same time, the wet day or light rainfall event frequency will
reduce and lead to longer period of consecutive dry days. It would create greater temporal
variability for precipitation and make both floods and droughts more frequent. But at the same time
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it is also an important water resource. Although the future projected frequency of tropical cyclone
will generally decrease over the globe, the typhoon intensity and associated rainfall extremes will
increase once the tropical cyclone formed. However, the projected future change in weather and
climate extremes are mainly based on global climate model that might not properly simulate the
extreme events with relatively low spatial resolution. Nevertheless, there are also significant spatial
differences in the project change in high impact weather events. Even if we can use dynamical or
statistical downscaling method to provide further regional details. One should still carefully
examine whether GCM can reproduce similar change at lower resolution, especially the linkage of
changes in extremes to large-scale environment and physical processes that GCM can properly
simulated.

The proposed work will use the model outputs from CMIP5 experiments used by the
IPCC assessment report and analyze the simulated present weather and climate extreme indices and
their future projection. The ability of model in capture the present-day extreme events will be
evaluated and properly compared with observation. The likelihood of future changes based on
climate model projection will be estimated with probabilistic format. Further, high-resolution
observational data will be used to statistically downscale the regional details of extreme indices
from low resolution global climate model.

Keywords: TCCIP, extreme indices, statistical downscaling
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Taiwan LClimate Change Projection and Information Platform

F_HEERRERE

ERREEXHRERENETDRRIZEEEZRE SFEFNERRN 11 ERIERERZ -
1. s AHPERBE(RXIDAY) » 2. XEZNHEERERE (RX5DAY) ~ 3. & HMEMR®
£ (SDII) ~ 4. ?RE (RR1) ~ 5. KFRBEE (R10mm) ~ 6. FFAREE (R20mm) ~ 7. FZHREE
H#( (CDD) - 8. WEAEZEHE (CWD) 9.9 BB ZEEMR= (R95pTOT) ~ 10. 99 B
fIrk H 21&E (R9PTOT) ~ 11. HZEEREZ(PRCPTOT) + BR ¥ R95pTOT £ R99pTOT 2
20 FEBHIIREIN - HEREZE 20 T - LT AR IEEMERA -

L.I B EEE

1. FRAHMEMEE RXIDAY (Max 1-day precipitation amount)

H—FPRANWHERZREER  WERBERELIHEIER/EEE  SEPEEMHLE—
FHEAE—RAHERBE - HEUAKALE (mm) -

2. ERXESTHEMREERE RXSDAY (Max 5-day precipitation amount)
R—FPEENHEANHBRRZREE - HEUSAE (mm) -
3. FEEHEMEE SDII (Simple daily intensity index)

FENEEMAREPNERFERRE B2FRBERERURBHERZERRE
B 1 E) 2XE - BoFRZFNRHERBERR  HEUARE (mm) -

4. FIH RR1 (Number of wet days)
—FRNEANRBEREBB 1 AERR>=1mm) WAEHE  EUAEXE -
5. KMIH R10 mm (Heavy precipitaion days)
HEREAS—FPHEBEREAR 10 mm WXE - ENASXE -
6. A B R20 mm (Very heavy precipitation days)
HERA—FPHEBERREAR 20 mm WA - BEUB/KE -
7. §zHREE HE CDD (Consecutive dry days)
HESZBEHZEBEREPNR 1 AE (RR<Imm) ZX&8 - BEMH/XE -
8. FREAZEMAHEL CWD (Consecutive wet days)
HESZEHEBEWREZN 1 AE RR>1mm) ZX8 - BEMH/XE -
9. R95pTOT (Total precipitation percent due to R95p days)

RES - Hii=ZER 95 BN 2 EEWE - oI\ RFEARH ZEERE
UBAE (mm) -
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10. R99pTOT (Total precipitation percent due to R99p days)

PRED - HREES 99 B MR 2 E2EME - ofRABm AR 2 EEWE - HE
BAE (mm) -

11. PRCPTOT (Annual total precipitation in wet days)

RMHRERE - T2MEEFMBERBPNRERERE - EEUR/LQE (mm) -
3.2 EEME ZERIBIHIEE

FEREIRI D RME - —HEUERERENRBERTHERER - EUS mm - 5
—USREXEERRERER - BUS day - & 2 BEEREZEAERATIER -
&2 0.25°x0.25° BRHT/E NRrET BB IR RIZFERER S BUBSELNARHFZEZEES
1Y (Mean) - LB ABAER - EBBUR/SBINRIEERIER - AERBEEREHNER
SRS (0.25°x0.25"BTEA 75 18) EITIEFIIREMNIE -

FERERIERT - #£ SDII ~ RR1 ~ R10mm #] CWD E[ERIEEMNEERE - = Mean 89
ERERIPTEXNETEREERRSEEERER - BEREMRWEBEHE DM _E/\RAIEES)
BZ . \RREERZHEINFRIR - HEARMERSHEmERE - AThpy@EMRET AR EM
5% - W RX1DAY - RX5DAY % - # MR - iR REE I EREE RS E FIBE - 3R
3 °

i TR B BLRD $Henih 2 12 1 £2 0 SDII > RR1 ~ R10mm v CWD % *% & 5 %9
B g PSRN A G TR A nf B 5 LA Aol TG B IS B e iR %
& RE T RN i B T AR 4p B -5 RXIDAY ~RX5DAY ~R95pTOT f= R99pTOT
SO EIE FEEU TR

T2 MTE 025025 EAEH (REELLERN) BRI BIGREEREIRSIE -

index | 10th % | 25th% | Median | 75th % | 90th % | Mean |Aphrodite| unit
rx1day 46.7 54.6 79.3 103.6 115.0 80.0| 131.4 [mm/day
rx5day 113.3] 136.2 185.9] 222.8| 266.5| 186.8] 253.9 |mm/day

sdii 6.5 7.4 8.6 10.4 12.3 8.9] 11.9 |mm/day
rr 143.6] 160.1 179.8| 197.6] 220.3] 183.1| 1247 day
r10mm 31.3 36.4 45.5 55.1 63.7 46.9| 38.7 day
r20mm 8.7 12.5 17.6 23.6 29.6 18.5| 19.6 day
cdd 14.2 17.1 21.0 25.0 30.3 215 31.9 day
cwd 15.3 17.3 21.6 30.9 39.1 26.3] 11.8 day

r95pTOT| 393.4| 425.9] 498.2| 588.7| 643.5| 506.7] 610.4 |mm/day
r99pTOT| 146.3] 171.6] 204.3| 250.9] 276.3] 212.8| 338.5 |mm/day
prepTOT| 1161.1] 1294.7] 1534.0/ 1865.9| 2181.5[ 1615.7| 1508.0 |mm/day
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index 10th % | 25th% | Median | 75th % | 90th % | Mean |aphrodite| unit
rx1day 116.1 | 121.9 | 1284 | 136.4 | 141.9 | 129.1 131.4 |mm/day
rxbday | 254.3 | 270.6 | 293.2 | 321.3 | 339.6 | 297.0 253.9 |mm/day
sdii 11.5 11.8 12.1 12.4 12.8 12.1 11.9 |mm/day
rr1 129.3 | 131.1 | 133.0 | 1349 | 136.5 | 133.0 124.7 day
r10Omm 39.5 40.3 41.3 42 .4 43.5 41.4 38.7 day
r20mm 19.7 20.3 21.0 21.8 22.6 21.1 19.6 day
cdd 27.9 29.8 31.9 34.6 37.0 32.3 31.9 day
cwd 12.5 14.0 15.5 17.4 18.6 15.7 11.8 day
r95pTOT | 598.1 | 610.9 | 628.3 | 646.1 | 662.5 | 629.3 610.4 |mm/day
rO9pTOT | 281.2 | 300.4 | 324.0 | 353.9 | 386.1 | 330.3 338.5 |mm/day
prcpTOT | 1529.9 | 1572.9 | 1613.6 | 1666.2 | 1726.7 | 1622.3 | 1508.0 |mm/day
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Dynamical Downscaling for the 2™ phase of TCCIP project -
multiple regional climate projections

BhE ' MEF - BRKS TR WRIEE®
EKEHHBXPL - PRIFERRZEEBPL - B EMB AR

=S

EEREEBHMEEMTEEEFE (TCCIP) PENRRENBENENREBESZ
AWERDESSENESHERMTENBEEREHRLER - TRHAREZBEHERE Y
F3 - 2%} 21 42K - RCP8.5 BB{LIBIE - £ 2 i TCCIP 52— HEH 2 BT ERIKRIE
B - 4 BARRICERFIMEMNEIRRIEHOERETRRE - 5tE5%2 5 A5 AEEN
E%%&mgﬁﬁﬁﬁ%wEmﬁnhmﬂzgéﬁmﬁﬂﬁﬁﬁﬂzgﬁﬁﬁi =23
FRRBOEEMMENEEENETRRE  AMERS FERNBITE - tE THRIEER
HEER - #A 5 HERMDARMURER %mxﬁm@ HIEE—HETEERE—HAER
HANBRRAES RE BRERENHELESBLEYDIHR ol ftE—THWOTHEER -
PIZERERKNEB LA - 5 ANHMAERBERAENSERIEREMREKIEN - RERKEEKR
b RREBME SR %%me e - 5 AESFRKEBHOINIREERS - €
TRENAETEN  BRE—DHWONT  LCEREEILE(E N SR -

FASER : TCCIP - BEIRIZEE - $INERE

Abstract

The primary goal of dynamical downscaling in the Taiwan Climate Change projection and
Information Platform project (TCCIP) is to create high-resolution regional climate projection data
over Taiwan area, which can be used in many climate change impact studies. Aiming at the
projection of the end of 21% century, under RCP8.5 warming scenario, climate projections
simulated by 2 high resolution atmospheric general circulation models driven by 4 different future
projected SST were downscaled to create 5 sets of regional climate projections with 5 km
horizontal resolution in the 2" phase of TCCIP project. Because the interaction between general
circulation and complicated terrain play important role in Taiwan’s climate, using more realistic
terrain in regional climate model allows dynamical downscaling not only increase the resolution
but also improve the quality of regional projection data. Although 5 projections may be still too
few to cover the whole spectrum of how future climate may change, they can provide more detailed
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temperature, precipitation, and typhoons information for application than a single projection can.
Take changes of seasonal precipitation as examples: because all 5 projections show that future
meiyu precipitation of the west coast will increase and autumn precipitation of east Taiwan will
decrease, we are more confident in these results. On the contrary, spring rainfall changes over
Taiwan are diverse among 5 projections, indicating its high uncertainty. It is still difficult to draw
a conclusion about how future spring rainfall may change without further investigation.

Keywords: TCCIP, regional climate change, dynamical downscaling
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A ERTHHRRENENENREREYEERNE NEXERDIESSHERTE
MNEFREELER -FIEDNEHELE  HRESEHNEERE  ERNNEREERE -
TEASTED  BNEANERFZZERATEANARIERZNEML L - ERBEES 1 HES
BREERE AT EBGHEERNAREEURSHLERNELE - ARstEHNERSA
gFNRREERNAEE S - #t4 2 ES#TE AGCM (Atmospheric General Circulation
Model KRFIRAEI) WERFERNEBRETRERE 84 54 21 RN EERE R
LB -

STYBEOBRECHNEYE  2XEAREEGFENNMEREBERES 20 HARFE
(1979-2003 &) LUK IPCC-ARS (IPCC, 2013) SPFfE%E RCP8.5 WER(EIBIE FRY 21 AR
HY (2075-2099 FF) & 25 F-FHR 20-25 AES#ITE AGCM N EREREAENETEER -
REEHEIFRANBBER (XBRBEYIR - time-slice) - ZREBAARBIEFAENSIE - IS
7 4 AAESRTEEEI MRI-AGCM REBEEIRAKFFIAH G ETRRE - RAEMN
BRREEE AGCM FISEIARMSIEEGEER - oIIBEGSISENBGERIOUR - 84 4
HNWAREREHE LTHBEARE BRE4ABRZERREN IR 7 1 HRAERNZE CMIPS R&E
28 - BEAeth 3 2L CMIPS 8RB BEEE DT E LR - BB AHTELEE 4 AW
ERACEERBEATINAEEY  H/REENEREZBHNEHEREIEN - TR
BAZHE "EEREEBEMEENTEREFEE _HER)EEMRTEE L (2016) £
EFESHNAS -

_EEERERE
2.1 ERKERAEZR

P S AR AT E 2 BRIR T 20 B MRI-AGCM3.2S (Mizuta et al., 2012) LA HIRAM (Chen and
Lin, 2013) - MRI-AGCM 73 B AR R ERRWTFFT (Meteorology Research Institute, MRI) 22/%
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Taiwan Climate Change Proiection and Information Platform
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Research, NCAR) SR AXRIMITHATRIAETL (Weather Research and Forecast model, WRF)
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The influence of global sea surface temperature on Taiwan climate
as revealed by 1951-2015 climate data

B miE =8 2 &
PREZBR %ﬂ?ﬂﬁmqﬂ/u

=S

ARERBREMBU LNRBHEES(EREFRERE (SST) & /&
RIENEEEZRANREFE - Qb - MEREERENRBSCNZ R EEENRGR - o
RHETEERE - RE - BERRREZRSREZ R SST EHEAERIEE  BERRERA
EEERSTEERY SST AR E B IR IENBHRIESEE B2 IK SST #LHEERENTE
R Z2RE - WER ISR DT IPCC EIRFEENERPUIEBRSERRFIEOIREL
b - A3 1951-2015 FEAIEREZ I 23K SST b HEERETENERERE - TART
Em2NMEANYSER - EaEHH  EEREECRSREZIKSST EERBEMLTFI
FEBESENREEE -  £ZRGRERES - REMNBEAGAOREEZCTZEMK -
LFEEB IR SST THERBREGREE - T - EFTWHIRRS - NELFRENRZRE (LR
RAAREREFANEFEZATF SSTREEMN AR AN RF AR E S GEER
REENEE - AMIRGERIFRAREEBREIERRAERERAEENEE -

PSR . EERE  EFEEREEE  BREREERRE -

Abstract

Atmosphere variations in the time scales longer than two weeks are highly modulated by the
sea surface temperature (SST) variations. To understand how large-scale climate variability
influence Taiwan climate, we propose to attack the problem by, first, to identify how Taiwan
climate variables such as temperature, rainfall, and low-level winds are influenced by the major
modes of global SST variability. Second, using the current scientific understanding of global SST
influence on the Asian-Australian monsoon dynamics as background evidence to design a
hypothesis. Third, using the observational data to evaluate the hypothesis and, finally, to establish a
conceptual framework to illustrate how global SST variation influences Taiwan climate. The
conceptual framework can be used to analyze IPCC global model product to raise the awareness of
possible changes of Taiwan climate in a warm climate. In this paper, we will present the conceptual
framework using the observation data during the period of 1951-2015. The preliminary model
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analysis result will also be introduced. It is found that Taiwan temperature variation reflects the
major modes of global SST variation in the marginal seas around Taiwan. The precipitation and
wind variations are highly influenced by the tropical SST during the seasons of autumn and winter.
However, the relationship between Taiwan and global SST climate variations during the spring and
summer seasons is too weak to be identified. The results present in this paper can be used as a
reference material for those who wants to use the global climate model output for specific usages.

Keywords: Taiwan climate * Asian-Australian monsoon region climate change ~ SST variation
major modes

=

]]II

EIBRERE (Sea Surface Temperatures, SST) Z{EAEFH R EEHRELRE ~-RE
RiFEEEZSNEEEARRMNTE, REASAFNEH "EBE2IRE% , (El Nifio and Southern
Oscillation, ENSO) - 2R R 28/ AR O LB B EpIRER - D BBEAAI (warm phase)
NI EAR (EINifio) F1/248MI (cold phase) N AEHIYEM (La Nifa) - MiSFER " BE 134" )% 4
EIETERA 180 ERIERMIRE XN F SST thm iz F19EMRERES R < B#FEFFEL W
AR B&(Rasmusson and Carpenter, 1982 ; Rasmusson and Wallace 1983 ; http://www.cpc.ncep.
noaa.gov/products/precip/CWIink/MJO/enso.shtml) - 51k SST E{EABRE RS « KFER
AT IR BEMUMBREERES I ERE N B2 - RENSSTERNRAGEREE.
FEAES RN ET ST HESR/E (Sea Level Pressure, SLP) B8 REBIGE(EHEE EIZEE
EMEEERBIRREERRE - ®mAIRE (SO, Southern Oscillation) /327 E R K %80
2 S A s 0 7 B8 7 A3 3 7 O RSB 32 7l SCORIG 38 DRI G RIS A0 SLP B9 EA R I
IR\ EERNE(CRE%G - WANRG K8 RARENEG - IMEERFTRAF
7 SST RS AZE M SLP RIE(BZERMSCAINL SLP RS - MEVE R K F SST RIERFAZH
AlNE SLP R S 1B3E M SCAING SLP RIE - B/ B R g EIFZ AT ENSO Z{EEEAANEI 2 7
F - BFAEAESST Z(ERE - JBFRE 700 AR B FERERHZENBKREES
MENEET H ol DIHHBERRE KRB EE - MAKEBBOR BRERISMNR B AL R
FEEINEEI  REERTERESNANEG NEEHRAKERBRZNTE - AFHE
FM ~ KP9FE ~ R KMEFZEIZVT R BN RSNRESEE R ENSO fFRMBRRRSFE
FHNRIERRE  SZEEFRIANUEHERFTERATE  EMSHAKKREFTEIE -

EEREERTHEALKFFZTARELRFN D  SERESLCEEARZTEAZA#KE
{EE=ERFRIR (Luetal, 2016 ; Kuo et al., 20164, 2016b Zhang et al., 2016) - It - THE=
ERESELASMBEREAIEREFF/AMNE(EHE - MERZTREAAKEZLHEIE
AIELHIAIE SR e UER BRI A EN D LUBEHZTRARENTERE - EBME K
A BEEBAERME ST RERNHRIER AR RRIEN ST AR - EAEINARZAEM
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Wang et al. (2002, 2003) FEAHACHIENIR L ¥ ENSO dH e &R AL R FEEFE
RBEREE - 18R ENSO By SST X FE(ERANLEBREMENEFXEINHER - (BEHEH
AREEFFMEERDNATEEREE ENSO HAUBN EZTAIL K :RIAFSE (B8)
MMRIEMN®RSS  EMTERTEFTZTRERKWBEMNFEY KRB HEEREEE
22 EZ B 1EME El Nifio B9 SST #1E - 7RiED ~ AT FHNAEMR SST HERAS 180 ELAFURITE
FEBNAILXEEEAEE LZELTLE (Rosshy) - MIEAXNFEFISEEREMEEE
f®m/28 SST 2 B R ERE % E MK E B 50 R E R F A i@t 1EEeE/F R MmE K
EREEFNERMBEEREER - & Rosshy K EISECMEEGHFIIRA R QB RR AR I®
ZHFBUARBREEE  EFTHTFHERANENSRBENIELEIERERAES -
HIt - SEREBMAILKIERISE El Nifo RF7EVRNEZFRERBRSE - B108
WRBEZRNZEREEZ MBS - ENSO IR EZFRNTET TR ZERIANEEEA
EEAARER - Rosshy JKHVEE EIHESEREE BEMNGEHIE X R R EA MR FRAEBELHRN
AGROEFNVARABRSEIER  BRERZRBMAHBEZZEBFRER T B ERERIT
MARGHREDZE BN SST MR BERAVNIEBNN B FREREEK SSTHE
B AT EER YR El Nifo SIES ENEZAGERINEREMMFEAILX
ERR - SST 2R EERuEAIEFFEZTZRANIER - BE  WMESFES(L- I
TERERETZ I FUIE H ENSO B R B PR bR xRS ERR 7 Bt s 2 INEBENE
>¥ (Xieetal., 2009 ; Li et al., 2008 ; Wu et al., 2009) * K78% (Geng et al., 2016) B R¥EJER
EBEAE RN EREBIFELUK El Nifio A1 La Nifia WIFRAEMUZERE (Wu et al., 2009,
2010) - #2A2M= Wang et al. (2002, 2003) REHERRBERBZNAZ 1 ## ENSO B[
IO SER - B ENSO BB - R BAUHRRENTLEZZE F1954E# (Chou et al.,
2009 ; Wu et al., 2010a, 2010b) °

Wu and Zhou (2016) 7347 7 18 {& IPCC/CMIP5 &=, (Flato et al., 2013) FIIE#EIAER - 8
IRER 7 EER O] KEEE ENSO B9 ~ REMEHREEAIE K ERENTEET A2 EA
R AEAIRE % - El Nifo SHRI N EEABM SRR EERAMAG I E ¥ 8 BN E&Er
EXFFEERRIE (western North Pacific anomalous anticyclone, WNPAC) ZBEFEE 8 B
I BEMKSFEEREL La Nifa ; M La Nifa BRIFREE S /SR LIRHVAIE I IER EI Nifo 7
METEER - BEFZHVIISNEERAEAERENMRIER - DIBRALRKEEER
S (western North Pacific anomalous cyclone, WNPC) TJ{FErIEERE I B EZERRK
FEMEIEE El Nifio & - ELEZER ENSO B E L K E =R BEGERBE IR
s 7 ER N ER 3 ERE XAV RE 4 REE XA E A El Nifio £2 La Nifa BB BB 1E #95R o0 B2
AR EFRNFEASBMEAMNNE G - ZEE ENSO 5EE S 2R E NI ABE
21& WNPAC A WNPC £ ENSO SEHIPE R e -

BRI X ZFZFE (East Asian winter monsoon, EAWM) RIMETUAEREEE ) - Wang et al.
(2013) 73477 30 & IPCC/ICMIP5 {383REA 10 AR NEESIEEHE ENSO B EAWM WITE
1950-2003 FEHARSIRIAB AR EE 1 IR 2B 45 = - EAWM FE 1970 R P HALARTAVI8 59 &4 (LARAE =2 B
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ENSO 2 - HZ7 1970 £ HI 2 B ENSO MIREARABERRISS - M ENSO ¥ oo AR BERY
S E7E 1970 Eﬁtiﬂﬁﬁ%ﬁﬁh%ﬁ@ﬁ’ﬁﬁ% =Wang et al. (2013) DUSLERHEERIZE/REA]
PE 3 BARIEEMNER - 2TE IPCC RIEWRIEEBIFEIR (RCP4A.5) &M FR2K ENSO
¥ EAWM RS2 3535 ENSO-EAWM BB{ATEXTRIR (2016-2046) 51858 - tH42 D (2047-2067)
TS EHACK (2068—2099) KIEIL A

AIAMREN - |IERTIUE SST R R FIE K-+ FEREGRIERE N2 @ RixE
NELERNEERE - REREKKREEBHEERENTE  AAREARBEAER
DERNEFESERIZNEIK SST TR RE  BE—TRLFEREREBERNE -

BUNDTREENELNRRERGERN - LRERRKSEREEEBE -

— - BREA
Bl

A EANERAZE I ERMNERREEHNOEMER DTRES 1951-2015F -
SEEAEENES 21 BREREARZALEES 60 FL LS 5T 208 A K
(1951-2015 FHERTRKLLAER 1%) - HP =1L - E - EF - BE - 16E - EFR 6 R
ﬂEEEEﬁELﬂ:E’J?HﬂEﬁ/ﬂJnEﬁ* (1911-2015 F HERHRKEEBIER 1%) - E M UL 6 &5
ERAHBEFAL  E-REEAENOFREZLCEEBLE -

EIRRIEZERIERTE SST FA 7 NOAA ERSST v3 (Extended Reconstructed Sea
Surface Temperature version3) (http://www.esrl.noaa.gov/psd/data/gridded/data.noaa.ersst.v3.html) -
EREREBRITES 2°x2° - ARERME @M ARRRE - RE) EANERERIZ NCEP/
NCAR Reanalysis (https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html) - Z= B &
RIS/ 2.5°%x2.5° - REBENREER GPCP (Global Precipitation Climatology Project
ZERAEBETE 2.5°%2.5°) - F] ERA Interim B2 E R (ZEE#HTE 0.75°%0.75°) R Y
1981-2015 FERILABRE D TAER -

22 ik

RFEFEZTIK SST BEHEERENTE  SWERAOT - — ERKRIERKE G A
(Empirical Orthogonal Function, EOF) 2T E£IkEF (1-128) R=ERE# (1-38-2-48 -
3-58. . F121E&EME) FIISSTHEZELERE - _ - FtEZRIKRE (2-meter temperature, T2m)
PRE ~ {EfE (850hPa) & [E REL SST £ (prlncipal components, PC)RYBEF A2 - PhiE
HIESEM AT REMIE 95% A MBI E 5 DM EZAEHEBEZEIK SST 16
FEREREAIEREEZRME G - &18 SST %ZEZ/%"/—MI; =R - 1 - RIB

AL BN ERE X ST ERIELERBRESERRIIEEL -
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Future warming scenario over Taiwan:
Results from ECHAMS5/MPIOM-WRF dynamical downscaling

MESE - TR BB - FFR% - B2
P RIFRBRIRIZE B R PO

=S

EER—EEETAMFIFEER IRE IPCC RIZFE BT EEEET 100~200 AL -
ARBITEAS - BAFETERNEELE  HItEBFERARIKERNAERKFmEERR
MREZEBEBHRS - BENI - T —H852 - HAEFAA IPCC AR4 T EIKET
ECHAMS/MPIOM - EBEMEFM - 1§ ECHAMS/MPIOM EBRER NRREEESE
NERBITE #&£H3EE 25 F (1979-2003) HHERGRERIMRRE T BELXHAEEE K
ar7Z + ECHAMS/MPIOM-WRF B IR ERRHIIBRMFTEIEMIES 25 F (2015-2039 K
2075-2099) ZEINERE - iRAREER - FIEMSHEARKR (2075-2099) @AVIEREEE
FEinipRE - ERLFEEILEIDRMIEREEA - EFE _HFtET - HARALERRRIRE
REIBESLL - B AEEREEICREIEE (wet-bulb globe temperature, WBGT) BI#fd - XY
51t5m6) - FiBE (2003-2012) EZF (7 B 8 A) EFEBRER (WBGT>31°C) MRXEH
£ 10.7% - AR (2075-2099) TJE 50% ° BIh - UL EARREABIHAEESIE - 1T
B LR LS A TEHRENEIKELLERAEREA -  HERNRBEAMEREEFLIR
RERE SV EEE -

FAfRsE . B HMERE - ECHAMS/MPIOM ~ #UR ~ JB2IKEE

Abstract

It is difficult and inadequate to use a global model alone for projecting future climate changes
such as Taiwan, a complex geographic nature island, due to its coarse resolution. In phase I, we
have performed dynamic downscaling of Taiwan’s climate in the recent past (1979-2003) and
climate change projection for the near and distant future (2015-2039 and 2075-2099, respectively)
by using the Weather Research Forecasting (WRF) model. The simulation is forced by the Max
Plank Institute Hamburg, global model, ECHAMS5/MPIOM. Simulation results showed close
correlation between fine-resolution downscaling by WRF nested with ECHAM5/MPIOM and the
actual observation data for the period 1979-2003. Projection of future climate changes revealed
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both altitudinal and latitudinal variations in warming trend, with more significant temperature
increase in mountain areas than in plain areas toward the end of the 21st century and more obvious
warming in the north than in the south of Taiwan. In phase II, we further apply this data set on heat
wave and others collaboration studies. The trends of heat wave and the heat stress index Wet bulb
globe temperature (WBGT) in the past (2003-2012) and future warming scenario in 2075-2099 are
also discussed. The results obtained in this study can be applied to other regions of similar latitudes
and with comparable relief.

Keywords: dynamic downscaling, ECHAM5/MPIOM, heat wave, WBGT
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EXKELC [IEEBNER N SERERRSENRELFT O AHKHBEENIBEE -
RAREENETEEERER 100~200 A8 - ARBITE AL - BEARTEHENEE®L .
HRlEREMTEIFEEH  BENERBAREEIE Y EEIRRARN - RItEEERAE
KEAWERRIBEERKVIIEFEBEHRS - XFRLERE Max Planck Institute for
Meteorology P& EHI ECHAMS/MPI-OM #EIXL ZEEH AR  FRAXGMREATEHRE
(Weather Research and Forecasting modeling system, WRF) B/ NIBEREZNERER - 2=
E R RS RES(ENFERARKNIBE - BIRSEANREFIEE RN EER RO
TR - DIBEREGRER  HEFE—THBRENWMRBESE  HERNREEBHE
EIEHE -

T

KR PEFADITHNE NERREEEER B —AHAZKESMEREZIREEERAS
KRR ETERIET Z 4 (Weather Research and Forecasting modeling system, WRF) {E
BNRRENARNEELE EXESTER S FEAZBBEKIRIETEH P /0 FTZESA NCEP-CFSR
(Z1&E7TE NCEP) - LbAHE RIHES 1979~2003 FFHA - TE R BKIEN1ESE - 2R A ER] Max Planck
Institute for Meteorology FT 28 f& 89 ECHAMS/MPI-OM 8 3, Z 18 #5t45 R (2% 578 ECHAMS) -
SIREEEEE S =5 - 1979-2003 * 2015-2039 EAHAZRAEFHE (2075-2099) AU%4ER - ER
RIEMESE - ECHAMS £/ ALB 1515 - MmAEREL WRF 2 HE) NERE - WRF 12
NEXEBEAFHART /L (NCAR) FTEEERIOATMITETARBEIN L4 - 1979-2003 FFHEA -
FIKERLH NEREEENGER - HHBILL NCEPwrf + 2 ECHAMS.wrf 3R~ - HA KRR
ECHAMS.wrf.future ZR7R -

ECHAMS SRR ERNEEERRS 6 /N - ILRERINAR NEEAS —KFRETER
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days) - 2HTIUAEER : TCCIP ~ NCEP-wrf ~ ECHAMS-wrf (1979-2003) &K% ECHAMS5-wrf.
future (2075-2099) 2 #RHRR 2 ZEB 2 thlE 5 Fior - LUBERE—FHER (1979-2003) =4
AEERZKIE, ECHAMS-wrf 855, EEEBREZER 2 HE TCCIP 8RIERMEI - FA
WRF #HHBEREEREBARIEDf - DULHEATHAAKRIVRR AR - AEFRAE 2 it EED
g% 38°C -
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mESNREGEHEST (6-8 A)
EHEZBFUNERT - ReE
ISR OIA] - BUR B AR REE
SEBENE  ESEMOA/EEN
ESERY  ERtAHRERNIE
B - BERBEZEEEERY - W
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ECHAN}IS-wﬁ ECHAI\iES-wrf.future
HRBEEHIBRIAZER S ° (a) TCCIP (1979-2003) ;

(b) NCEP-wrf B} R E 4R (1979-2003) ; (c)
ECHAMS-wrf 8 IR R E
ECHAMS5-wrf.future B17JFEREASR (2075-2099) -

4 %= (1979-2003) ; (d)

I [
-25 -20 -15-10 -5

[
5 10 15 20 25

6. FHZEZEFHA% TCCIP (1979-2003) * NCEP-wrf (1979-2003) * ECHAMS5-wrf (1979-2003) -
ECHAMS5-wrf.future (2075-2099) - (_E[El) % RHEAR 850 hPa S/E 3% (1490, 1500, 1510 & d

1520 m)  mEHREES (ERAR -
EEEE - (TE) RABSESHEHES (6-8 BH)ZEFE -

3.3WBGT & E=EEH

ICETA A E Za80 ik B T H

- -4~+4 - RIFE 2%) E

HE=% 68H) ¥

LI E (Linetal, 2017) - BREEN R E S0

RIDREAT  BRERARRTARMURNHBENGE - HILRMCARERIRERH

(wet-bulb globe temperature, WBGT) fERZHEEIER -

WBGT &AM T:
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WBGT =0.7Tw + 0.2Tg + 0.1Td

HopTw BRIORE - Tg /EFKRE - Td BEZIORE - RMUEXRBOREBEAILZ
ErEFER UAEZRENFRIORE AORIORE - BIEFM 2RI Sl R. (2011) #RITTE -
FEAE¥ZEETE Tw A Tonouchi et al. (2006) BY75)A - HERST KB ZRETEREC Tg - 737500
NG

1
Tw = T atan [0.151977(RH% + 8.313659)2
+ atan(T + RH%) — atan(RH% — 1.676331)
+ 0.00391838(RH%)3/2 atan(0.023101RH%) — 4.686035

Ty~ T4=0.017*S-0.208* U - P S 2#H - U RER

WBGT BEIFEERER  RE - B KER WBCGT stRREEFEHBENERRS
2 - B 7 BE10RIAERERER (2003-2012) + ECHAMS-wrf (2003-2012) & ECHAMS-
wrf.future (2075-2099) 158 WBGT #EEEE 4R - (&5 B (box and whisker plot) 7
#r 2003-2012 FFHA Z ERAIE R
K ECHAMS-wrf 27 #5REE7N -
2550 & 75 B - RV —
AN WAERABE - BEEE |
0.5 °C KA - B0 R H
(2003-2012) A B 10.74% i
WBGT #2838 31 °C - IR A A
BEREREEEENSE RN
WBGT>31 °C Bl@EREk
L4k - SAMANE 7 BN - TETE oBS MOD MOD
%E;Egi (7-8 ﬁ) , ,Z\:/\]ﬁ 50% 2003-2012 2075-2099
FECTEBEREN - BIR 7. WBGT BRNHEEE MAEZGARABREE 8
FEBHHRNTERELE
B EZESHMIR -

WBGT Taipei

38

28 30 32 34 36

26
1

20 22 24

AR (OBS, 2003-2012) + ECHAMS-wrf (2003-2012)
K ECHAMS-wrf. future (2075-2099)

3.4 EIHERER

IETABREZ&HFERMESLEERN “Eenergy and Building” HiF) Hwang et al. (2016) -
ECHAM-wrf B HRBREMNERTEANERKRELKR PR LS REFNEMS L
(Hwang et al., 2016) - [B 8 BRI TE /X R R ERERIIAEL - 1979-2003 &F - £F %
KA ERAIN LB LT REEM )2/ 0.04 KWH/m?-year - B EF =AY 18.79 KWH/m?-year
AR - &EH 0.07-21.64 KWH/m?-year - HHER B EEARITIIIBIEE 24% ; BRI -
#5E 7% 1.36-39.08 kWH/m -year - 1HER B HAR T IIILIRE 184% -
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_HEEMRERE

(a) 1979-2003 (b) 2015-2039 () 2075-2099

W3 B35

EUT (kWHi-year)
050

51-100

101150
151200
201250
251300

30.1-350
35.1-400
401450

8. AhESTAREEL - (a)1979-2003 ; (b) 2015-2039 ; (c) 2075-2099

e B

e H15

I Hos

Boy

4 : 254 , — B Sl m ima
[T B Rt T R [ RE F L W W4 LS e 1NT 13E LS AR IR LT L L

Y ~ 455

KAFSRENEE 7 B4 F 1 ECHAMS-wrf B IR E ZE R 2R AR - 8155 =R
HA - 1979-2003 ~ 2015-2039 A 2075-2099 - fAFAERE R - SFOMSHA AR (2075-2099) LLIE
RGBSR IARRE - FNLFSEILEMIERTIEEER - AT ERLLE R RREE
HEEAIL 8P RSHERERIKREISE (wet-bulb globe temperature, WBGT) HJIEfh - MU&E
%A - FEi8%E (2003-2012) E= (7 B 8 A) EFBKMER (WBGT>31°C) WAREA &
10.7% - TEHACR (2075-2099) TliE 50% - EAREFLRERUNEGPHE IR EKHEE
THFZE - 7£ 2015-2039 FSHE - AEERROIB A AR (1979-2003) A RAETIOLIE S 24% ; &
KA (2075-2099) - MHERIBEEE R REEFEFIIIBIROIE 184% - BN E NRREFIFEEN
STREERIEFBEXR  WTHRZEABEENBEEETIN  SF/IARKEHNWER -

= Sk
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Global Warming and Climate Change Typhoon Activities
over Taiwan/Southern China: High Resolution Models Projection

BPaZE " EimEE P M AR CRIEE | GET TEJE ° RYO MIZU TA* HIROMASA YOSHIMURA®
'Department of Earth Science, National Taiwan Normal University

*Taiwan Climate Change Projection and Information Platforms

Research Center for Environmental Changes, Academia Sinica, Taiwan

*Meteorological Research Institute, Tsukuba, Japan

=S

KA A HIRAM 25 AE X MRI 20 2ES@TERIEET =5 1979-2003 £ E=
P EmFEIithE (TWCN) HEEEEE - WARBHRSEREEZ®R/)\VE (IPCC) ZELRRIE
HBIMIRSE (AR5) B RCP8.5 1BIE - #ifh 21 AR (2075-2099 &) RIME/E 1L - B HE4E
SRER - HIRAM B2 MRI ST ERET - BINEE S ZE TWCN & e @ 4 5 8 I RO SR %
FE - MEXNAERREBRRBRIENELR - £ 21 B4R - AEEEHEGFZE TWCN 19e
RAENE SRR BBIBERE R /D - LEEFFEEE IPCC ARS —2 - A @ REMBEN&
RERKEHMAZILN - £ 21 HAK - BB TWCN #ERE - BEEERSE /0 200 N EHIFE
PPRKSHMIBI T 51% - EERIKERLET - #ABFEBEENAS - BH 7 BNREREEK
RENIRG - PEBEREENR /D K EFAESRRES - EMERGERIE (TS) EXEERED -

FAsEEE - BefE - £IKR(E - SBTERET -

Abstract

High Resolution Atmospheric Models (HIRAM at 25-km and MRI at 20-km resolution) are
adopted to simulate tropical storm (TS) activity over Taiwan/Southern China (TWCN) at the
present time (1979-2003) and future climate (2075-2099) under IPCC AR5 representative
concentration pathway (RCP) 8.5 scenarios. The results show that TS activities over TWCN region
are well simulated by HIRAM and MRI models at 20-km resolution. During 2075 to 2099, both TS
genesis numbers and TS frequency over TWCN region are projected to decrease consistent with the
IPCC AR5 report. However, TS intensity and the maximum precipitation rate are projected to
increase under global warming. At the end of the 21 century the mean precipitation rate within 200
km of TS storm center over the TWCN region is projected to increase by 51 %.

Keywords: Typhoon * Global Warming ~ High Resolution Atmospheric Models
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]]II

SEARAIEXEERRE 100
E/‘JIKE%T%J: Hﬂfﬂfﬂﬁﬁ% 80 -

WBANER - ERESENE
%WW%%EKI%(ID°
EEBRIREREEAEEE 0
ut%%ﬁﬁm(%zﬁ%y 20 - I
SRAASHUBETERET o

g1.90

( 1) - =LHE 90% A S Taipei Talchung Tainan Hengchun Huallen Taitung
R EHRIEEREMEHN - B S REE

EIEE SNy ]
TR 46% - BB Rt 2 2s 2 1. 1960-2010 =&AL 6-11 B - REREGSREKRSE

EF=H
EFAEWNEZEREZZ— - REBHZRELEH (B : %) - EREMRERRERELES
i JEL [ K O iz S b & & ith H @ipig—H) YR/ EEmREZEH - IRBETR
BAEBRKHNEN BT E SEBETEE =MH>130 mmiday - A5 £>200 mm/day -
E o

MER - BIKERLCERFIEESE - DIKBEHRREFSNTE ORI AEANEE -
BEBEERRSABIHWE/ABRIEEB/)\E (Intergovernmental Panel on Climate Change,
IPCC) - TEE ORI (IPCC AR5, 2013) 5 - RZEIAFHAL - REEZIKEAG R IEN
SESREE D - B FNPERANIEE (IPCC ARS, supplementary Material, 2013) - AT - EE T 28
BFEEREIE/NERIE R FEE - EETE CMIPS BB EEE K BRI FF
?&TE*W"* TESEROEERE - KB RHAL - KRR F MR R A e A i

/> (IPCC AR5, supplementary Material, 2013) BEENREMNESE 2K - 2IKECHZE
W*ﬂ"’t REMBEHEFHNETE r'ﬁ%ﬁ B ELER (e.g. Emauuel, 2013 ;
Knutson et al., 2013 ; Walsh et al., 2015) SERINENE AR NESENERATRIEN
BEZJ (e.g. Murakami et al., 2011) EHIE - Iﬁﬂmﬂ%mﬁﬂﬁrnﬂﬂﬁ_t HATERIKEEE
Iwh - AR (2075-2099) - BBEEE/PEEEINE (TWCN) R EEREE

K FRELERIRAS#EITERIEETL HIRAM (High Resolution Atmospheric Model) £2
MRI (Meteorological Research Institute) - HIRAM 2K BT ELN S 20 AE - EEHENTES
32 [ - 1B FFEAERE - ©/2%E Chen and Lin (2011) E2 Zhao et al. (2009) - MRI &3 7K S #247
BNMAR 20 AR EHBTES 64 B - BFARTE - 0J2%E Mizuta et al. (2012) 2
Murakami et al. (2014) - K FTIEfLTE RCP8.5 1BIE T - EIKER(EHEHA K (2075-2099) iichly
AMFEME (WNP) BE@BEE/PEFEEtE (TWCN) BEDEEINEE
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st — HO > > O
S_HETERRERS
REFFE 2 e @ BRI E kL A& JTWC (Joint Typhoon Warning Center) FIEEEIIIER - Me/E
MER @ RIEFOFRKEZERSR 17m/s & - BRI EME - BEZE (6-11 B) BB
TRHEEOSTEREENEE 2 84% - HIAHFER 2 6-11 BREES) - AARER
Vitart (1997 - 2003) 1 Knutson et al. (2007) FRERAGE  BEEERDEX P TS RESHE
RIE 2 -

= B IEF M e & B 5 i R ZRHEEAS

AR FE B R RN O] 2 B ~ [@AIbEEm b m =& $E5 (e.9. Wu and Wang
2004) - A RS ERE MM RIEFFE - LUK Wu and Wang (2004) FIRRFIE - S FEdE K%
HEBEBEE DR - KBEXER
(Tsou et al., 2016) - e @ LRI INE 2 P
T~ TWCN BERRREFESEZHEFREE 9N -
SCS @/ E L EFEEEEPEPEDE ; P |
EEREFEHRME -

2N ESEERBRENRES |
B3 7 - LE 4R e B 22 B AR TE 150°E AP 1ON
ML ET-BeEEASEEREitER |
TFtEEAMES ZEREBE - BfE2 100E 110E 120E 130E 140E 150E 160E 170E 180
BEIFREAEE (RMI) - ARBEEFEERE

HiRAM (1979-2003) JJASON

, . . FEREUNEE (A#R) HEFE 5
e - HBSRMENS - B R potrE o R N R () RERTWON R

* 1 ERSHMTEEIBTE TWCN BEI ZEEVEENRVIER B - HIRAM R E
TWCN it 7 BeEEIH - EEAIBAEEL (R 1 5—1#) - MRI BREREFZE TWCN &R
BeREE - ZEERTEGREZE - HIRAM » MRl ERERLHIRFE TWCN fe/@ &5
ARIBHREE (R1- F_H)  ZEHEEGRBEORIER 0.87 - 0.86 £20.89 -

& TWCN B 7 ieERE - SRBEILLRBANMERNEEREEAEE (RMI) - EFhiL
R xReE 2R EERARBEL - HIRAM BRHEZE TWCN BENBRAHERS K1 %
—=18)  MEEERBRCHE (R 1 FUE) - RAREEA TWCN B - BEEBRERSS -
s B B R /) - E I HIRAM EEHEREM IO RMI R 1 - FAMH) - MRIEMESERE B R
— - B=)  AMESRRHERAFAMRL K1 F0E) - ISEFEIRMI K1 548
1#) SETERN A SRR SR REAT B BShFoREARSEEREGR
— - BhE) -

BIFEAREKE (RMP) - BEEZEIEREZEAEE (RMI) K BBES L 200 2EREY
R E - HIRAM ~ MRI B2 &8 B —H S5 RMI - ERBZEENNSEHE - BiS
RBBEREMEME - BRIEROTFERKSOEREMR ER1 - BH) -
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* 1 BRESREATEEIUER 1979-2003 £ 6-11 5 TWCN & FeE)EE ZthE - PC 28 A
B T 12 45 e fE 3B B AR R RO ZE R AR R R B (110°E~180°E - 0°N~40°N) - [iefa 38 E Ik iR &
BAPTER 2B ABE (RMI) - &AREKE (RMP) B%E RMI T - BeE S0 200 AE

A RERE -

TS Num. TY1&TY2 TY4&TY5 | MeanRMI RMP
TWCN PC
(Num. per year) (Num. per year) | (Num. per year) (ms?) (mm day™)

JTWC 8.9 3.4 0.8 35.5 70.2

HiRAM 8.5 0.87 3.8 0.04 33.8 94.7

MRI 4.6 0.86 1.3 1.1 43.5 125.8

Ensemble 6.5 0.89 2.5 0.6 38.6 110.3
HIRAM ~ MRI B3 & —HH#E A H 40K RMP KIBIE5& - 18E 73 5l 4 54 % ~ 48 %81 51 % -

KR5S %E IPCC AR5 (2013) PHIb X ReEIETE - UK TCCIP 58/ ARV - 11

& TWCN i@ E =512 (Performance
Metric) - lEEZ S BI% @ (1) £ TWCN e
BEAEEHE - (1) £ TWCN BiEAAREEES
a4 R5ZBEZE - (1) £ TWCN BIEA
FHReEEREE (RMI) - (IV) ZEE] TWCN
& 5 e Bl B SR E R - BeE 9h/0 200 AE R
fZRi=Z (RMP) -

3 BEETEET HIRAM B MRI f9%
AR - AT AKRIGHE - 22 TWCN thiER
6 J2L 251 5 R/ -49 % (B 3) 5888 (TY4 & TY5)
BB 14 % (B 3) - R FHEERERARE
1858 15 % (B 3) - =2 RMI i - Be& %P0 200
NEREREAMRIEN 51 % (B 3) - =
HRET ERXELESSET  #HAFE
TWCN HRe @ 21 5 /D - B ZLEEm R E
BB EMETREREMEKEIEE -

100%

50% |

0%

-50%

-100%

=l 3.

TWCN
g - - i
m ensemble
I I 11 v

EERNMEERNAEHEGLRREE
TWCN it 7 e @ & B E{EB o
tb - TUEERE @ (1) $£2 TWCN i
ERE LR  (1)58ZL TY4 F TY5
BREEE - (1) FHEEREAEE
(RMI) - (IV) EFEHFRBER
e /& B0 200 AEARIPERE -

ARSRTEERR  ZEEEFZ TWCN B8EERBEEMELKRE(E (2075-2099 &
B 1979-2003 ) MIZEREIDTE - £ TWCN #ErIRE - 2R E 4L 150°E LIA (B
4a) - TRABDIRBEEREALEAREGRE - 2EERRAENZERB 2 MEAAEAAEN (B 4b) -
ZYHMREREZTEAEULBEERRAAERSRE BERFAE RAERMUEE AR -
A ARRSE TWCN tEpIReE 2B AR /D> (B 4c ~ B 4d) - ERdE KT FEE
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a. OBS freq. (1979-2003) ¢. Ensemble freq. (2075-2099)
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Frontal Activity Change in East Asia
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PEFEIEHER #UERREASAT AT BEREDUAGTEIERIEAREUE -
FEAEUTATEEE  FREEAFEEMEREEILER - AXEA Hewson (1998)
REMEEEZEEENTE 217 CMIPS FEEREREARRIEM (RCP8.S 1BIR) N ZHEVERE
TR IRM G H R R R EN T E -

28 CMIPS EEREFH R HEE L ZE - ERFRERTR - 21 HEKE - R
DEEREEZAARBNNE - £  FEFWEHEERS  HibREREREHBARER
LSS - BERREANRELE - BEEERBERSEREKRD - BRER - 8IAESERSS -
mEBEILE - AR RKRESEE  NRBREENEENES - BREREREEM
i BEER SR AV R IK -

RS : SEEDEREE - CMIPS ~ &K

Abstract

Atmospheric front is an important phenomenon in both weather and climate system. It has
significant impact on seasonal variability. However, the manual approach for traditional front
detection is not effective when using climate data analysis. The objective front location detection
method, which is suggested by H98, is applied to reanalysis and climate model data here. This
study uses the ERA-interim reanalysis and CMIP5 historical and RCP8.5 experiment data.

By the end of the 21% century, the projection suggests significant change in front frequency in
East Asia. During winter and spring, the Aleutian low weakens. Decreased meridional temperature
gradient and vertical wind shear provide less favorable environment for frontogenesis and
precipitation. Front frequency decreases near Taiwan and Northeast Asia. In Mei-yu season, the
subtropical high weakens in the western North Pacific and the southwesterly moisture flux and
convergence enhance. This change provides a favorable condition for Mei-yu frontogenesis and
precipitation.

Keywords: Frontal activity *+ CMIP5 ~ precipitation
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®-BS REEIEAREZ  BENBLELTARESEEUVESN - FIEHLUETE
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2.1 Bl

#3380 & 1 F§ ECMWEF Re-Analysis 40 (ERA40) E2 ERA-Interim - #£ = F§ Coupled Model
Intercomparison Project (CMIP5) - EXFH historical £2 Representative Concentration Pathway 8.5
(RCP8.5) MAERMNEE 30 FHERET N - MABRD RINRBERELRE LUK ARK
RISAEAR T - R RV BB = 850hPa i & ~ L%~ Bli%  EE EEHHE KU FEREE -

2.2 735

HO8 B iEE RN EFEHAEUNRNEE  HIKMDRAEZE FEHTnE®E
BENFRE - HESKREN - EmKRERE(LE  REMDRERRTE - SeRHBENTE
TR - AR ERSRMRABENKRBENEN L PREEFREMEEE - BER
BEEERS - MREANZIBUZEERIANE - & HO8 22 i E M 7 7% 800~900hPa R
BREEE - A fEA 850hPa #ETT 04T - RIB HI8 IREAITTIE - U NS BEPIEE - EX
MEBRAZEHNLE - M2 O aERENA/N  WABOBAEANEETAGHRERSY - &
SREERARFAEEEER - TFP . BEBEZ(ER  YARRELEXNREREREREZE
il (BERLZERS MIZRZER T - WERVERSELER) - BEMERR rBnE%E
BENFEI HEZEERRAARFERERE - BHAEZMNEREEAERZFE)
e - MBEE—EX/NEE - aEHENSERNERS - HeEnefRRBERSEAM
REETHREE -

— - HIRAR
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BTN 2 ERAL0 HHEIH 2.5°8 T E - BETHEE E N - BN E A SR EGE R 22.5°N~40°N
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22 EEAHRAGEE AR 0.8 - RABBEZEE N HUSEEREREAEESR -
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FTHKRBERLETER  KEBEEBRENEMOUEIDREREERER - CMIP5 E
SERHE (historical) AEDTER (ERAA0) FURIKMDESEEKRBEREFI9H2RE
I (RMTE) -

« 84
T2 EERERNBE - WEHEKRR



=

TClE =eareensRanTa

Taiwan Climate Chanse Proiection and Information Platform

F_HAEMRRRE

1. CMIPS EREEFEEER 2 BIARHREGEL (Corr) £ performance index (Im): 73 Bl R E 3=
(NDJ) E2EZ (FMA) UIRBRZE (M) -

osemame_[Gor | m [Gow | m [Gow | m | WoseTmame [Gow | m [Gor | m [cor | m
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OJPURB L E T & - (BIEREREA - CMIPS ARZEAESE (RCP8.5) 2 7 HhILRREAE S
&R (historical) 2l - BEEFEEB/RERARGUZRA—IXROEL -

2l HEKREBHEEREE : £F  SEEAARWAVNEBS  HXESEZRAEEEZER
BN HEZPERILESEREVEBDRE -FF RuERBRRBRESR =BT -
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The variability of Cold Surge Frequency in Taiwan:
Present and Future Projection

AT - REH
SIEMUAREMIKRIEEENERE R

=S

ANEFFE R FERIE CMIPS B B RHFRE E,“‘ﬁéﬁ,ﬁﬁﬁﬂ‘%ﬁ?ZLﬁ,LHEX'% c AT
225 AEFEHLERER R EHHNRIAEE - 1 100 FRWEBFEEIERZIRBERE
HiBs o RIS R NS EEHEILBEERT)AERE - BB 6 HNEFSUSERItbER
B8 - CMIP5 AEFIERER  BREBETEENEEBEXREEEABMBEZREZERTD
8% - RCP8.5SIBIR T - 21 HAKREMBEXRREMBHARSRIE N FII 3.7 RIFE K 85 HIF
WO EHARR 0.6 RIFERK 0.6 B/IF - ERBERAANDSERERE 21 HAKRWRE NE
EHERNIESRERTRBENE  BRERRERRE/ )T EEREMERE KM ER
B LFHIER -

FAfE : =8 - CMIPS ~ W EE - AR SR - 2IKEE(E

Abstract

This study investigates the change of cold surge frequency based on the observation and the
simulations of 21 Coupled Model Intercomparison Project phase 5 (CMIP5) of RCP 8.5 scenario.
The long-term station records reveal that the cold surge frequency and cold day show a
considerable decrease trend since 1910. The observation reveals that the cold surge frequency in the
Taiwan is closely correlated with the Arctic oscillation (AO); More than 60% of the cold surge
event appears in the negative AO phase. The multimodel ensemble of CMIP5 RCP8.5 runs
indicates that the cold surge frequency and cold day decrease substantially in future climate. The
cold surge frequency and cold day change from 3.7 events/year and 8.5 days/year to 0.6 event/year
and 0.6 day/year in average respectively from the present climate to the end of 21 century. The
change of the strength of Siberian High in the future climate is insignificant. That indicates the
decrease in the cold surge frequency and cold day in the end of 21 century is most likely attributed
to the global mean surface temperature increase under global warming.

Keywords: cold surge, CMIP5, Arctic oscillation, Siberian High, global warming
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EERFPARKURTEZIRDLXFFTANTE  HOEWBER/RTLXFTFTAEHE
ENRFIRE7—  BPREEEERINALAERERINBEEME - WEHZtERE L
- BREmE R R=R NEAIZE (Boyle and Chen, 1987) - EFiE B 8045 I & 57, )0 B f& £
Bl EEREREREAERBRZZERBARE BN EEEBAALIRBHER —
RIEAE - DISEBEHREZHMIABEMRIRE - £ (1978) BE#MLH 2 £ si—HZHE
SRR 24 /NEFEARSEBRIEMERE FE S CULEEBAZSEEY ZRE FNELE8C -
BaitmHRERE/NR 10°C FRIBSEEE - F8122(1981) KEFRIBEDEER &
7 HRERBEEMRIERIE 4°C UELERA/EMEN - 22 4-5.9°C BRTEM - 6~7.9°C
ZEERBER - 8°C Y LEAMAREY - PR/ZB/LUSIAILRERHEEFE - E=1b
mHRERER 10°C U TEEAEE - AU LEEROIDIEIR  SEERPNEERTEFH
RIERMUK 24-48 /N\HETRERIBIERFIETNEE - AR EREEZ(2009)LURE « BRZE
BN AMAEENENER  2TEEFFNRAEE  UREBAREIRA ZENHEEE
MaHT - WEAEGKERNREEENER - HERREBOENEE - Rl EMILEEZ(EW
oJgERA -

— EBEREFE
2.1 ERKIE

aREEMMERTREREATALESZERAENER 2L - 2BI2=10 (466920)
{C#E (466990) * =7 (467410) * =9 (467490) KIEE (467590) H 5 IEWHHIER - #8418
{EREE R NCEP/NCAR Reanalysis 1 B9 H & 18R - Mz I =& PEHRZ 2B E R 6 BB
AREFHEFRAEZEFHHERER  EX0THWHsERANGESREEEEMEZES
(Intergovernmental Panel on Climate Change, IPCC) £ AR LIRS EANELIEERBER
EENEEERFTE] (CMIP5, Coupled Model Intercomparison Project ; Taylor et al., 2011) =~
R BRENHRER - KFRS - BFYAREBRENNSES - 2 RCP8.5 FiE ME
EXRE EAMBERREZREB DM ELEROTBEY - SINEMA RCP45 BIRMERLER
ERARRIEEE FHERETIOR - AXAMAFHERNBERFOERNAERNEEE
TAMEE - HREFRREENWENBEZED - HEHEERBARZHVFRMEN I EREAE
D BHNEARBIRE FOUIRENERNERAEE - BMARKEET T EANHREREE
REARIERE MENWELEE - historical 151FZEE 22 BT - RCP4.5 1BIREN 17 {E1E
I - RCP8.5 151X AIEEHY 21 EE X ERIER R REF -
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22 HERE

7)%7’5%%’]%1571I%METE‘CE’J’fﬁ?ﬁi%iﬁkﬁﬁgﬁﬁﬁﬂﬁﬂI:I:Es? C ARERRALUN RS R
CMIP5 R 208 LE RV = 82 SRR RIS REEE - EITEERE -

1. Z=E)E (Taylor diagram) : Taylor (2001) PFRiEH 7 2=E)E O] FARFZ RSB ERINN [IEFT
BHRIREND HEMERYLUABR ENERR A AZRBEERHEEXNENRE—YEEN
2REARS RN ARE—EXETANZE (BEE) EEEHEE (control run) 2
BANEERERE - RYPEPFARTHVENEZZEEKFELERAEREEZE (pattern correlation)
KIZAEZE (standard variation) - FEHRMU CHEEHEENENEE LWUBESZRAE
HAIELER - AEOEPHNSEREIRERZENNER SR AR E-ARED

2. Performance index : F Reicher and Kim (2008) FriE1I 7158 o] DU B ROERERIRE
T2t WAMBEAEABEEFDAIEEMNEEETEY S ERN TR EEEER
FRIR4ER - Performance idex FIETE BRI AR ¢

elzim = Zn (Wn (§vmn - an)z)/o-vzn ------ (1)
2 2 Tm=20C3M
Ijm = epm/€om (2)
—
=5, . (3)

Hep n BEFETEABMABIE v AREH m ARE w, KERIBEINVEEER -
SRIZIVER ZE - oREAE @ O REABERNEES - MEERBQ)IAMSLMNL, - Bl
AERIETVAY performance index - EERIEH - HERVNRZENWRIFASTAUER
ARER

C FEF AR
3.1 WSRIE NISEERHEE

SREBRZF (2009) BENFHER BN 1950 F2 2011 FL2F (12 BERE2R) B9
HEER 24 /MR 48 /NREE(E DR ERETIFE &5 10 52N (PR10) &Y
RIRE LIS 90 1I§ M (PR0) RY 48 /N\FHRERRIBEMAZTHERAENWIEE - HE
ERAR PR20 U EEERFERE - ERHKERER PRI0EENZE 48 /\FR EREEX
IR PRI0 ZERIEERA—REHMSHREG - BRZHFAERSHRER ; B 20 EE
721 (PR20) WHERK PRI By 24 NRIRIBESFHERNZE - FEHRERAR
PR20 EE S E 24 NRORBE AR PRI ZEEFZ—RIZABRBEHERE - ERAF
(2009) RIBFSEAE RN FER 80% RIS 1E RIS B2 M ERRE - A 9 LA EAVRINAE S 3= -
#) 50%RIEEAIA 17 IERIRFLIREE - AAXEZL SIS RRITEHASIRGE -
B 1(a) 2B 1(c) BEILIEFFIEAEER ; O HERRRNEFEE - 7 1920 X 1960 FHH
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EEBMREERNZERBERBINRRMERS
HEH - RE

FPERRSHRER - WE 1960 FHLIELIRAER/ VB IR - Bt 4 ILPRSEINNAER
BEILIEEAR EHE (BE) - BEE 5 {ERII53T 3050100 FEFARMRAKEED (B
1d) TJLPAZE3R - 4T 100 £ &IT 50 FROFFISARAE 5 ERIIGE AR - "ONREE V95
100 F£ X & 50 FoJ%E 3 R L - HEhmERlspyR/ D ieE X B P aR &AbEl A - mid 30 F4£
E2RE - BEF - TEMREFWGTARENRES - HhPIEEE 30 FRD 28 REKX - B
EREFEREBZNEELR - GEal EER - PSR EERMBRRURMARE®LRD
FHRARBRR DB BERL 0 FRAIERABENED - B 2 BB +FEBRNEPER
ERXZZRMMWEE BIERE BHZIRE 1AM 2 BhRZ 12 BOAEREEAERD -
MRBBEERE - 1 BHEESE 1950 SRS FHHAAERLEAI 0] S 56% - MEBEEE
FARERRD - 1 BEFFGRUCCAITRRERR D - 2 1970 FREFIRIE (29%) - MERKE
IR EFHBEY - 2 2000 FREZERS (61%) FHMREPFBREEDPRERE 1 BONBRLIR - 12

Bk 2 RipZE#ERNOLEAIETEZZR) 1 BROEANEEMEE - HMIAREBEE LR -
(a) irlequencyl | Taipei (d)

(b) 1900 1920 1940 1960 1980 2000
o?ldday | | Taipei

[0 sig <90%
2.28 -
30yr 32| a5 [0 sig 90-95%
[ 50-yr Hengchun [J sig 95-99%
100y S [ sig>99%

1. =464 1901-2011 F 7 (a) FEIEER - (b) ERBEEK (c) 48 /\FHREMREEEEF5 -
BPRBERSIFBEHTHE A ESREBERDAIA 30 - 50 - 100 FAR S
2R - (d) Bl B - Ef - BERICERILT 30 ~ 50 ~ 100 FEFIBRWEMEBS -
RIFEPIHRANKERBEEN - (BN - /30 F ~ R/50 F ~ R/100 F)

1900 1920 1940 1960 1980 2000
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0 cold surge frequency (ratio) 466920

60
50

30 ks 61%
46%
20 142%; a
128% : g
10 @ = q
0

1951-1960 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010

Aial ayig bl gy prey prey 1l

2 1951-2010 5 10 FEBFHRXEBERELFTZHMAGRLEAEE (BN : %) BT
AE--=eREESRNNF12A 1 AR 2 ANEBLEA -

3.2 Z/‘é%/ﬁﬁf—iﬁﬁrﬁaun.¥

HEAMRIEL BRREEERIIFZIARERESHEE IABNISE (ERE -
1978 ; Zhang et al., 1997 ; Park et al., 2010 ; Ou et al., 2015) * EREz F & (EELi% 1981 ; =B
EE A - 1989) ~ A5 REZE (Wu and Wang, 2002 ; Chang et al., 2006) & 2 5% FAYEEERIR
2 (FFEMR - 1991 ; Zhang et al., 1997 ; Wang et al., 2000) - & 1 75l %%fé%/ﬁﬂﬁki*ﬁﬁw
ﬂj(EF‘iamﬁa*ﬁ 1957-2011 FHRFEBRERFERE (9 FBFT) KNHEBERE - FHEEEN

FALIAAFEEE - AO KEF#EREHSERMIERFREZENAEEY - M AO Bifg
15%@%/‘&%353*@2%%&5%03 0.5 WEHEAMFE 22 PDO X ENSO E'Jﬂtﬁﬁﬁ%'ﬂ‘ﬁlgﬁ :
BEIRNE BEMREREEIERE ENSO Y EIEBMHERBEHNE B HIRAE
%R (Zhang, 1997 ; Chen, 2003) - 1E|EZIKEHnﬁFHE’J%E%EPEU%%E%’I‘HE%tljiﬁ o AR
ZERBEMUABNIESE - AO KRR EMEHSERIEERS 0.8 M EREEHER - DI

1. 1950-2011 FEILEFBERBARARERAIEEZFRE (EHRAZE) 89 FBHF
RAR 7 R N ARG EIER

CSF SH NAO AO PDO EATR Nino3.4
CSF 1 0.8(05)  -0.8(-02) -08(-03) -0.6(-0.1) -0.9(-06)  -0.3(-0.1)
SH 0.8(0.5) 1 -0.7(-01)  -0.8(-03) -08(-02) -0.7(-05)  -0.7(-0.3)
NAO  -08(-02) -0.7(-0.1) 1 09(08)  05(-01)  07(0.1)  02(-0.2)
AO  -08(-03) -0.8(-03)  0.9(0.8) 1 03(-0.3)  08(04)  03(-0.2)
PDO  -0.6(-0.1) -0.8(-0.2) 05(-0.1)  0.3(-0.3) 1 0.2(0) 0.5(0.5)
EATR  -09(-06) -0.7(-05)  07(0.1)  0.8(0.4) 0.2(0) 1 0.3(0.3)
Nino34 -03(-01) -0.7(-0.3) 02(-0.2) 03(-02)  0505)  0.3(0.3) 1
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BFSIRE - BEARAE 1980 FUKRPERRENEH - AEFESEREE 1980 F11)

HARNEE SRSV - NAO & AO RIZTE 1980 P HAEE S FRUNKE (B) - £
M= {EETHEERNFHERNESEEREREENNRER  BHRRERDEENRIEE

AIEE—2 -

AETER 1950-2011 FRF AR 262 REHED - B 82 R (31%) #|ERE AO IEARAIRY
B1n - 84EE AO BB MEAIA 180 R (69%) @ 262 REFP A 26 TG E A M
FHRER - MG EEEEMY 10% - 26 RIBIGSHETH 6 R (23%) 24+ AO IERAIRIF?D -
B4 AC BHRURBMEAIA 20 R (7T7%) - AHM EAETERILIRIR - EimE AT 8E s
IR ERNFRSEH - BEE A0 BRNMLEAIEREBNSR AC LA - BfinEHE
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BHOREIEE - WEME Lol

R BIRESEREE 0

BT AO BEABRANE o ol
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{8) WREREERR ™ ]

AO IEHEBWHT - & =

LHEEZMAEDE 0w *

205 2/ - BELIER |,
BNELSEUEERE
BEMMBERERIE - -
MEEERRENTUE
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BESEREEN A0 A o o

fi - EAOIEBNRIE M3 K A0 FERETRY (2RE) REHEHBE (7
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1
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3.3 CMIP5 £ 1R HERIRFS
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L.I B EEE

208 Gong et al. (2014) #EEVAYBR L0 & (20°N-50°N,100°E-145°E) - 4 #E = Historical
fB1E N 1979-2003 F££=F (12-2 A) KIEFIISHERRIR - B 4 DIRHBNVTEAZRZE
NEABEHWRIR  BFAKBREBRANVRIREENN 22 BELFPRESE - AFRE
ANENERERERANERE - BR7 4 EEXEABTNEROEBEGEER 09 UT
(BCC-CSM-1-1m * IPSL-CM5A-LR : IPSL-CM5A-MR - MIROC-ESM) - EftiiE iR 1215
ZHERIEA 0.9 DI MBI GE - UUEEBER AEFHIPNERRE - 200hPa £
[E/@3% & 500hPa B EHNFRIZE A—  SEXERPE WS HELEOIE - DIEE %
ZERE - u200 EERZAH 4 EERE 0.9 MU HEMENHB RS ZE BB EABRBEGE -
500hPa S EZBRIZ—HE 09 I EWSEMRRE - WHEEENR/BOEAE  2HhEPR
2£E% (REF) UE - RallL 4 AEEHHNFRKEFISHNERRIR - 5758 performance
index I’HE—EZ(EHIEE - ERANE 4c Fir - SRR L SRIEFISHERRIELL
ACCESS1-0 B2 FiBRINARERE HREZZEFHZE

)

18 12118 17 18
1 3 5 9 4

0.5 1 1:8 2

4, CMIPS B R @LFREE - BFELHD AR (a) BFERE (psl) + 1000hPa & [a)
J& (v1000) - (b) 500hPa ESMIBE (2500) « 200hPa £E[AE (u200) - (¢) % 22 AT

performance index B/ %

3.4 CMIP5 £FZE R K L

CMIP5 13RI H &SR E historical 15IRAVREFIIRIR 1990 F 1042 H IR BRI E AR
[ERY EF#8% (B 5a) - RCPAS IBIR FEEME R 21 HAKE - HEERENEIRSRIE L
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Ft#) 2°C - RCP8.5 REEAREMNEIEREE - RE L4 3-4°C - ERATH S THERRE
HES - [B 5b - ¢ B/R CMIPS 2EFFRERR KRB BEIR S RIRAVEREIFRGR HIRE
A/ BUEBEY - RCP45 B RCP8.5 1BIR NEMBERREMaHE2REBEFRVNEBEE -
RCP85 151R N L EFFRUA DV BERBIZL - £ 21 tHACREF LARMSHRVRE - BPER
RERBEZBIEIRS RE NG 3.7 RIFK 85 H/IFER/ D EHLAK 0.6 R/IFK 0.6 H/E - U

KEFRZAMNEBIRE (R 2) EEEWMEEBERENRD - B 1 AOEBHREREE 2
EEE & # R~ EF (RCP4.5: +6.2% ; RCP8.5 : +8.6%) - ;R Ht 2IRMHRE &L (RCP4.5 :

+6.2% ; RCP8.5 : +9.0%) - RCP4.5 1BIE T~ 12 B EMSE M KR H AR I ERRIZM
(+1.6% ; +2.0%) ~ 2 B3R/ (-7.8% ; -8.1%) - RCP8.5 BB 12 B (BBX : -7.2% ; )& H :
-5.8%) K2 A (FAE :-1.4%;8RH :-3.1%) WE({CHZIRARREBBEERER B DOESR
2 EBIRRNARAELEREER  RREWHSHREZRCHZEMRER) - BREESR
EhidE 1 B Hith QAR SERMEG - BHEHREHNFL 48 /NFRERIE
EIRARIRBB(EIBIRE N RIE B A ERME MBS - B 5d Bi/R1E RCP4.5 & RCP8.5 151& MA
ERRIEIE2FE EAREBE - £ 21 tH4K RCP4.5 19 48 /NREMRFIIEAIRS RIEAR 3.9°
C IBI0ZE 4.9°C - RCP8.5 HIZIBIIZE 5.5°C - HEUHMFHEHEERKB R - 221
#CK RCP45 IBIRHIRS RIERY 4.3 KRV E 3.5 X - RCP85 RIZR/IE 3 K -

1950 1980 2010 2040 2070 1950 1980 2010 2040 2070

5. CMIPS B AEFIEH2EEFT (a) HERIER -~ (b) ZHER - (c) ERHBEK (d) 48 /I
BEREZRERS - BEPREERSEE  KEEZNE historical 1518 - &R R4L
BEMRD AR RCP4S5 & RCP8.5 BIEMNER - EEEFARZIBRETEXBEZERE -
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. CMIP5 # =7 historical (1979-2003 £E)-RCP4.5 & RCP8.5 1515 (2075-2099 &) FREZ
2 (DJF) KZER (D:12 A ;318 ; F2 B) ZE#IEXE (CSF) ~ /£I2H (CD) - 48 /)\
BEMRIE (TD) RFEXE (DUR) BRHHAFIE -

st

1979-2003 (Historical) 2075-2099 (RCP4.5) 2075-2099 (RCP8.5)

D J F DJF D J F DJF D J F DJF
CSF 0.7 1.7 1.3 3.7 0.3 0.7 04 14 0.1 03 0.2 0.6
CD 10 42 3.2 8.5 0.2 1.0 05 1.7 004 03 02 0.6
TD 4.7 3.8 3.6 3.9 5.7 50 438 4.9 5.7 55 54 5.5
DUR 3.9 4.7 4.1 4.3 3.2 3.6 3.4 3.5 2.7 3.2 2.9 3.0

EEXFTEMIENBFARLIRBRER /DB - 1960 FHALIEZEFHIRBEERR D -
ERLFFIRENRRE A REZKELCIRSZNFE  BERFZEERETES 30 FRIAEP
i8R T ERBE 010 FERMBEAERERPENIES KFAE FANRERETRBIBLE -
SEERPHEARERFHBAGUARBANESE - RoFEHE A0 EFRAFRBEEZEEETR
SEREY - HEMEEL - AO EREMENUE  BANNRABFN S BRIgeB R FEFE
RILE - E—TEEPREZSMMENEREZESE (Wu and Wang, 2002 ; Park et al., 2011 ; Judah et
al., 2014) - UEIGRIEBRER - AT 1950-2011 ELFEE4/ 262 REF o] PIEEIR -
e MEYINEMIHEENEREN BETE AO BMEMNUMEEAIEBEN S AO IEHEI -
BHomEBEHENERESE AO BRUNANREE AR ESB AR ERENBRE
ZHyIEE -

CMIPS BRI M EEARRFMEEAERB/N - RCP4AS 1Bk NEEMEE 21 tHACKE -
HEEREANBIRSKME LA 2°C - RCP85 LFH4Y 3-4°C - R{EIEIR MR AREE
mEEZRZFFERDVWBE - FHREHR 48 NFRERRERIZZRZF EANBEE - B
RCP8.5 Z{CIRE AR RCP45 - ELIRREBERERHMERSRIZ A 21 HCARWERRE - HE
EmE2 48 /J\H—:/mfhﬂﬁz"":"‘"zE’J%Eﬁﬁ?ﬁﬁiffﬁ&ﬁxﬁﬁ’ﬁﬁz% BHRERZIBENTEES
2ionE LA EEESEERRBRNE - B2 CMIPS RIE 21 tHCKER PR10 &@EL
MRECHIRREER D - & 7 ERim HBRVRER D - RIBEEZ (2009) WEHER - Hf—
IBRAR PR20 LUFRVERPIE - RICEEREFAIRE T - ZFERT SR 90 E £
HNEEMEIRAER FEEE - aERERNOERDMADIBREER(ERRMEIRRS -
RERECRRILIBHRE LA/ NENREEERFE - MAAEH LR ERITAY AR
BT 21 KRB RE KRB NEHENDR A R ERRBRIE (B 6) NREIKE(E T AR
DEBRNIRCLIERIRS R FRE - 2RBERRET AREEERMRESS - B EZ1E
olPIE—D R - CMIPS mEBERp EHBS - KE M MIREN EABERIERK
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EEBMREERNZERBERBINRRMERS
HEH - RE

ERENNE  EREFNESEBRBEAZNER N  AEROFEERKERILISHEE
BLFEANEENRENE  THRASMDREN L - EREREBEBANSHRER &

RRTHERATREY  DERE T HEXPIERIRENILNIGEE -
(2) (b)

RCP4.5 RCP8.5
60N - i
) )
40N - . . .
o~
20N 2 Sy .0 : r 20N 4 r r -
60E 90E 120E 150E 180 60E 90E 120 150E 180

hPa/year
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Historical Analysis and Future Projection of Winter Rainfall in Taiwan

BT~ MAER
By EEEMBE AR HhIBER %

=S

BENMRZFERBELFEFT LBERF4A) WEREESKEILANERRATE
ROUORFEBARFREARGAMENEE - RERONMEERREZTRABNIZ
Madden-Julian Oscillation (MJO) HIEA: - 3IRFE L= MIO ER P/ OMUREIE#F - AR
Fiﬁiﬁﬁﬂgﬁﬁzghfﬁﬁ”\ = M MJO 7 B /DR B8 RPERS - RImARKRRIIBIN - KSR

ERIENMMEEE AL - FESEMROMEREHRS -

AMRAMBLENBZER P ELPEBSEXLLEETE  (Coupled Model
Intercomparison Project Phase 5 - €78 CMIP5) R AVE RIZRIEM R (2075-2099 &F) SEKL
FERRIEL - AREIR 21 HAKERALLEE (1979-200 F) /D - HFEKET £ - KA
RASEL¥ZRIEIRTS KR R GRS  MIFEEER CMIPS B EMER
BREPEREE - (WBENELEIEN TGN  SELXFFEREARHTNKIHE
REEMION/KRIES K IELD - LEER CMIPS S i KBRS RE @I K m B R KER
RS BIEMEBEBEARREBARIONIRS - Bt - 21 HERSEMENRFFRMEBOIEE
tbiREEED -

RESEE : MJO ~ ZFZF[RIK « EERK[RKIEM - CMIPS ~ KREES -

Abstract

In the past studies, the winter-half (November to April) rainfall in Taiwan is considered to be
mainly related to the northern frontal system. However, in the study from our team, we find that
there are also important factors coming from the south. The Madden-Julian Oscillation (MJO) is an
eastward moving system around the Equator. When the MJO moves to the Indian Ocean, Taiwan
has less winter rainfall. However, when the MJO arrives the Maritime Continent, the southerly
wind brings more moisture from the South China Sea to the Taiwan area. Accompanying with the

D AR EIE R M R HR TSR SIS
Hung, C.-w., H.-J. Lin and H.-H. Hsu, 2014: Madden-Julian Oscillation and the Winter Rainfall in Taiwan. J. Climate. 27,
4521-4530. DOI: 10.1175/JCLI-D-13-00435.1
MANER RO - 2017 - KIEEB T 21 HAKRLFFEEMKIEN - (8Ts HEEH)

- 103 -




SELFEMAVESE BRI ERRE R G
AR - MFNEL

frontal system, there is more winter rainfall in Taiwan.

Using this conceptual model, the present study reveals that the winter-half rainfall in Taiwan
will be fewer in the future (2075-2099) with the projection of Coupled Model Intercomparison
Project Phase 5 (CMIP5) models in the worst global warming situation-representative
concentration pathways 8.5W/m? (RCP8.5). The estimation uses the conceptual model which
represents the relationships between the winter Taiwan rainfall and the circulation along with water
supply from the south. In the historical observation data (1979-2003), the winter Taiwan rainfall is
correlated with water vapor supply from the south and related to the convergence of specific
humidity near Taiwan. This study finds that there will be less water vapor supply from the south
and weaker convergence of specific humidity in the future (2075-2099). Therefore, the future
Taiwan rainfall is possibly less than the historical time (1979-2003) according to the CMIP5
models projection in the RCP8.5 scenario of global warming.

Keywords: MJO, winter precipitation, projection of future Taiwan rainfall, CMIP5, moisture
convergence.
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SEMRLFFIARMEMU MIO BT
& MmAARNERE - AT AN L
BEERFTAR - EERREE M ELF
ZERNAE - AFRERNER

1 &R

KEFFEER CMIPS (Taylor et al., 2012)
EXmEEN  RERGEABEHER - B
850hPa &35 « & 850hPa KRHER « XA

9. MIO FLE=EL I [E A0 M S 1% 18
=B - AXRBREXBDRINEKR LA KT

B¢Fﬁ§ﬂﬁ’]ff§‘t T B &R AT E AR & AL R T Cy DAIRERR RS
R ERRATEPIE A 64 x 128 ZIKADAE" - K8 Bie - "MJO s RN MIO HAE L - ARTHA
t}iﬂ% HHEER CMIPS I 7 5BIZ R MIO WRSEITTE - /NETEERRER
ACCESS1-0 ~ ACCESS1-3 ~ bce-csml-1 - TR KSEFE - 81 2 RN
bce-csml-1-m ~ CanESM2 - CNRM-CM5 3&4 WEHIMMIE S RIEREREGE

CSIRO-Mk3-6-0 + GFDL-CM3 -+ GFDL-

ESM2G * MIROC-ESM * MRI-CGCM3 (FEUIMIEE) - 2B ERFEE (Historical) Eil#31E 1979-2003
TFH 25 F - RIAKEFEA (Future) RIZ 2075-2099 FFHY 25 F &M - RARFKHIRIIFIRERE "
FREEZRK (representative concentration pathways) s4 2100 58 57 /E F /1 (Radiative forcing)
Eb 1750 3810 8.5W/m? (&5 RCP8.5)° - %*ET §ERE{EE R E (Worst case) AUIBIE
CMIPS RN EREEEDL 25 FHNFTEEAR - BROMCEE - M 25 FEEBENNEHE
2R - BB EBAERECER - 1 REEEEER 25 FABENEY - MABSEFLLE -

BERABIERNNEE MEFCHESEREEBHGREENFERZERTSE (Taiwan
Climate Change Projection and Information Platform - TCCIP) FTEZHY TRI (it - 2012) - &Z&
RAHEEEEREARRER - M2 HmIESEAERE - Fitt - S—ERIIENER S
BRUBZBENEFITRE - UEZEEANGERRERR - BIREREENRBEAZEN
FEE -

KRIRIR{ERE (850hPa) [EIHE K EI/KRE R BIfEA ERA-interim EXHTABE R (Dee et
al., 2011)° - FEMREIEEREEEN 1979-2003 & - AAZEEANE B BT EALRER - EIEDH

4 64 x 128 IRMBIZIEMZEF) A 64 ERB R REE-90°F) 90° - 128 EHE R RLE-180°F 180° - BEMEL A 2.8125° x
2.8125° EEHEKERNENNEEERMBLEMELE -

* BZ=ERE2E (greenhouse gas) RS TER A (radiative forcing) E@MRFENERRERIEGTE -  MBFEEARTHEE
BEAS)  BAIA Wim? - 188 van Vuuren et al. (2011) 154 - BATBENENESIERNALNS 2Wim? £4 - RCP8.5
Eﬁimﬂuﬁf‘f“%m B AR 2 W/m? — B8 1803 2100 A 8.5 W/m? - CMIP5 SR E T B 987 RCP2.6 - RCP4.5 - RCP6

{Ei% (scenario) -

8 EAMER (reanalysis data) SREEARALEZERBAZIRRES  LHEXNARSITEYESEZXZHUENER -

HERN—MRFEREEETEEEMNEAERERS -
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SELFEMAVESE BRI ERRE R G
A~ HRANBR

BT EEERNARBINRESHAKEER - B — A 64x128 ZIKEBRNBITE - BIBEN
vq & Div(uqi,vaj) - A ELEER -

4.2 5S35

MEREEE N L FFRKWELBLE R ZULUET F—EUWE 10F (a) EﬁH&z K
B 4 IEHEERERZE MIO BUKEAHENARIRRTE - £481 3-4 BEMRRZ - 5TE
B PIEARHEE (1979-2003 &) BIRZREFHR (2075-2099 ©F) HY MJIO FEAEEE - Eﬁﬁiﬁﬁﬂi
PRI E ST - ZA1 - Hung et al. (2013) 2& 45 EBE —E CMIPS =TV BEE #E L ¥ 1E
IR B E MIO WZEEAE - P AR IR R ETRIREE L ¥ SRR -
S—iERBEENG A B 10 27 (b) Firc - SREERHLORESHLEE - bHBE
R ER B R SR A AR PR PRI B R - BI OIS E - EHEAENIL - BB R=ERERa0E R
Bl CMIPS =R B ERERMENR - 6B EFNERY - 7 BERBE LB EEEHEER
xE—EFE AINE 10 F (c) B - 2EEANA MIO IS 2R ENEERREF BI'E
bEKREZE (vo) o & TEBARHNKRES (-Div(ugivaj)) 1 BB - 2R84 CMIP5 25
thiE AR HA R SR IFRRRULLER - #E M3 R AR PR A0 L& -

£ Hung et al. [ HREMEE ——
(2013) W &£ & N I \ 74 cvpsEz ez || cMpsgs | .
o mpprny B AN 2 Gl

N BEEEEMIOSE 1, Hung etal(2013) :

MJO HIBIBRE - @H
B & (a) m % [ GESHE(E —— v
%ﬁiﬁﬁ EEEDEIEN EaEs CMIPS#5: B2 CMIPS#IE ABEE
E(b)E(c) TR O == % | = PRERNE g | e
A BT @ T
T HmEREE — umenar —
/{7 - KR FH BAE T el Czhfi;i;;{ ]
A - Y e A e W i ™
KEIR - DURE
DABIET u (B 10. EERRERELNARIVE IRE B BE IS EMREREREmL
FafEE) v (FadbE, KE (vo) * KEEEIS (Div(ugiva) BB - TiSERIE bR IEE
@)~ q (Eb&) B 1% vq * Div(ugi,vaj) FIEIE - EEBENER B "R, BER "IRTE
R POREZMR 9 vq ~ Div(ugivaj) Z1{E - BRI AEEMGRRSEMRER -

IR AL -

AR ERERENERSERRIRIR - R IEERREN AN ZI - HECEEEAE
AERNFERIRERED LA ERE - EXFIRIBESERTE R 7 EEBRENAZER (pattern)
MIEE - KT ER Reichler and Kim (2008) R A5 AT EMEEIEIE (performance

T KREEE (-Div(uqivaj)) - BIKRERAL (Div(ugivaj)) HSPHBERS -
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Bome omm
F_HEERRERE

index) :

eom = ZnWn(Somn — Opn)?/05,) ... (1)
. (2
12, =12 .. I(3)

Ho - (1) Bw, BEELE . BEREEERHE ; S,.aERXANFEE  EEIE228 (V)
BRI (m) - JEBE (n) ; O HBEREIBNERE ; 2. REANEREE - (2 2F
(1) WERRLIZERVAABERTF - H3) AIEFE,NBELEFE  wAaZERHN
MBEIETE (12 : performance index ) - I ERFAE - ARZENDIFOEAE -

2 ——m=CMIP5 models
Ivm evm/evm

—-v=u,v,q

h o REHEEER

AIFRR T HERIEEZB Y FTEELHEFRRBRBENRELERE R E—ZERUT
MREM  BEPTERN 11 8 CMIPS B PR ESERRAIRIES T u - v q SEWE
iE - 2EER N EJE—Uﬂaiﬁ%qjﬁitﬂ7J<n@L (vq) BIKREBENS (Div(ugi,vaj)) BIRE% -
T HAER G BT ISR RS - 24T CMIPS 2 7E RCP8.5 1BIE Y T - LitiEiEEREE - £
¥% (11 BRIRE 4 B) @mitmKEEZE (vo) ~ XKEESS (Div(ugivaj) MESE - &
RIRIESHE (2075-2099 ) BERBERFER (1979-2003 &) MIE - T A RINAZEI D H
MRER :

5.1 CMIP5 12 =tk £ R B IR 1510 i
5.1.1 = Fh =12 5

K RF A= EERIEE (TRI) KERSEBEERH (1979-2003 F) PR - 1252 CMIPS
ZEE R R SR RIS MRIEE N - A5 R EEIR CMIPS 1B HE L RV E S HARE R =19
fm/)\ —EZ=er k= N4 TR 2“0014mm T8 E FIREFRBANREEEEELR- S
HAAENERNBERIAREX/]) B 7 ZZ B PRIREREEN TRI PERIEEUFE—TLEE.
BEERRERRIAEC (2012) Eﬁﬁ/ﬂﬁ’%mﬂﬂa%ﬁ BUEBRENAXZ2RERNSG
M- SEMRERERNABNEN  AIE=EBA 25% (1) SEP0W 1 ERAE - 2) =2
ORI EILEREE 1 BAREE  HESESERSAIARSEDSN 1 HEFEIEmERESS
05 (3) EEMTERY 9 AT - AGERBE-TEHEZNRREAS WA 2B
i SUEE P O —ERE 2 BEETI -

P RABARHEBRKNIREER 2RE A5 KE5. . SROFEAZTHER AT ERERS - HAERE
W—ESE  —MREBBRILAREK - ZHEKEM LRERE - BRESHER - RN RKORER 7RIS ERLYE
KHEEENTZEZ  BRIHRE  MENZEEZEE  AESENERERE  tEEY  SERAEEE1E
HEERERE - €2 L —REAER -
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RRERHNERREENE 11 PA/R - 11 # CMIPS EX P - IEENGREN
ACCESS1-0 B EHMER (B 1la) EFREENFRABIGER % BEENERRRE -
HBRAZSRBERRERF - PER=ZENRRF - BE—FERGEEDIEIN ACCESSI-0
BRI HERNESTELZRESZERELA L - ESHRVIEBE -

FEFRAVIEHEE CMIPS TV RIFRIRI AIERR - HOZAURMEEL X FRERIB T - AL -
K FEBEEM CMIPS HEIURREREGRTmREERB 2 FLFTEMWELL (B 10
thZ BV b) - METEVE ¢ 2B\ -

IR S S S R
1.2 (@ AcCESS10

F 1.2
08 : ‘ ‘ - 0.8
0.4 : | LN - 0.4

Wk W

0
LRy

0.0 : = J s
12 ] (b) ACCESS1-3 L1 (f) CNRM-CM5 L] (i) MIROC-ESM [ 1.2

0.8 1 - - - 0.8
| | ;| ! i
il i

- 0.4

0.0 0.0

. F 1.2

0.8 4 1 - 0.8
il | M '

0.4 4 .' J - 0.4
™ ¥ il '

] [ Joave] F 12

0.8 1 - 0.8

0.4 1 - 0.4

0.0 0.0
JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND

11. CMIP5 = ERERIRBE I EROLEE - XKERESE N TRI IEE - EE4 CMIPS

RAERERMLE TRI EREEFTSNRERE -
5.1.2 R BB R B R R

ST FIF Reichler and Kim (2008) R HHIFA - LUBERHEAIE R SEE - [LH:8
ERFHERNER - 518 T14BEIEE (performance index) - U ERENRIZNESE - K2
EHERAEREER - AREMEEREX - BAEMHAR  FEEXNERERERER
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Taiwan Climate Change Proiection and Information Platform
M ERRERE

BR ARZHEAZZEERINAAERRFPHERRRELNESER  THUGREERAER
“sEm - Bt EENENNHERIRIUIGRZREINENNEAEZTEZEL - ARE 11
ERNDRIET " MEEEZED . WIAMBEREINFIENENFASER (B 12 3L "avg,
R BESE 12 BERIKEE -

RRFTEmAKREKREMFREENBESER/KFRAMER (u) - KFrithE
& (V) REE& (q) - FRARIEEST B RS RRILL 850hPa E—E°RI u ~ v~ q BIFRY - DIR
MG E  BENEROER LN 1? - EHEZTZEBAZN % PH0; PEEEKR &
NS EIREEEA - B 12 {KIRFR 1 FIHHHT - FHEA RS ACCESSL-3 A RIE R
MRI-CGCM3 & CSIRO-Mk3-6-0 7 Bl & 55 2 &35 3 IBAI - PAAEINAIFIFAIEES 6 IRf -
BEHRIRFHEENR MIROC-ESM - BFIBEINH I WEIEEEE 2 LN - KERSERD
MRREEASTLAK (EREULUBETHERBERENEEENHEARKER) -

o gmmee et

® MRI-CGCM3

L.I B EEE

2 0.4 1} 2 1.

4 16 1

® ACCESS1-3 ® CSIRO-Mk3-6-0 ® ACCESS1-0 ® CNRM-CM35  ®avg

® CanESM2 & GFDL-CM3 bee-csml-1-m ® bee-csml-1 ® GFDL-ESM2G MIROC-ESM

12. Performance Index - CMIP5 & 11 {E1E X K PABEILFLT (avg) WFRIRBET -

= 1. MBEIERE (Performance Index) 5TEAR
1B ACCESS1-3 |MRI-CGCMS3 |CSIRO-Mk3-6-0|ACCESS1-0 |CNRM-CM5 |tE=, 319
2 0.705 0.788 0.804 0.857 0.861 0.909
1B CanESM2 GFDL-CM3 |bcc-csm1-1-m  |bcc-csml-1  |GFDL-ESM2G|MIROC-ESM
2 0.956 0.979 1.070 1.090 1.269 1.707

5.2 B HIE Rt

SEER RIS &

HEFOAEZ A CMIPS LRSI R E R M ARREERER B L —8IRIES

RDTEEEAER -

SREHENER - FALLERE

RURFFTERASE - AR &

5.2.1 EERRAXNRIZEILRKRE

HrEE1bKRERMIEMBEE R ERBESR -

iEAIRERR - AR FEETE v RERFEIERIKREZE

£ (vo) BIRE

SEMONKRES

BN CMIPS RSB AR (1979-2004 &) BEMIRIEE 215 MR
EUBERBREAENBRENEEG BolFEE
ETIE— BB E AT i

E17E 10 (c)

ZIBMEE

* Div(uqgi,vgj) KERKREME @ TEE

° 850hPa 15 R EE EIELIARE S hPa T~ - MIFAE (km ) 850hPa KAI% 1.5km -
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MJO WIRERES 20-90 X - =l —RERERNH - B - TWKERE - RItMBRRBER
E-AREBRE -RF (BERLZEZELFZE 11 HERTF 4 B) KERERMGAEBED T -

AR - R EERERAEERNRIESKENRRAEBBHRERZERR (B
13) - RERFERENARE (B 13a- B 13b) - PE+E - B - KIFRERS ESHEAIER
KR AZERERAPBENIERR - BREAREABERE 8o KRERREREEmILH
(B 13c) - KFERmMIEMKERENRSEESEMT - MIL—EBRABRENZRERE -

5.2.2 EEREREAXIRIZ/KEERE (Div(uqgi, vaj)) BIEE%

Bk 7 EEa@d6aY
K EENE IS corr 850hPa vg-TRI .
FEPRAVIEE R ZIM - | ' '
KREEAUGHLFSF
EEERAMERE ST
SERER - 2EMN

B — =R R B

- 40N

- 20N

BAARE (KBS [ T HEEEEES
@%%Bﬁﬂﬂ_}ﬁ&tb) , 0.9 0.7 0.5 -0.3 -0.1 0.1 0.3 0.5 0.7 09

ﬁﬁ%ﬂ’%ﬂa AT g AABEREEsRREAEELKEEE (o) HEEE
WRERE (8 142 % - () EBERE  H)EBBRE - ABERE - Ak

14b - B Lac =X UFNES (TEES) BRKENSEERmmNs B
A EEESR) - 1 =5 (B RAKRESSERIRES =

=R S EIERE R HEREENEEES -

BN SEMIK

REEHA  £2¥ corr 850hPa divg-TRI

TEERREHHEZ - -

5.2.3 &R E IR - 20N
ENER g

BRI

"B

& fRKEIRIZ G R 0.9 0.7 0.5 0.3 0.1 0.1 0.3 05 0.7 0.9

EKREE (B 13)

RAKEES (B 14) 14. AEIREBRESERZREKREERIS (Div(ugivaj)) BITHE %

RESRITNEG - FHEERE (b) BRERE - (c) HRERE - 8
oA vq & GHREANREEERRE)KFEGHSSERMMES B8
Div(ugi,vaj) & F & FAEREENEZRRE -

RSB T
+ 116 -
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Taiwan Climate Change Proiection and Information Platform
b — > O
SR ERRERE
°» &5 7 AH vq K Div(ugi,vaj) FHEARRFERENE( - MEERL _SE8MNSKES -
1’E|3¢Fﬁn$1EE’J§°aTEEW AR MIO BH#EH - A - ZRBERENRY - 713 EE*EWE’JH—MI;ﬂlﬁ

ZERKERELBRERE  IAMREE—EHFEREE —RLRSHEENET - R1Y
AHAEHRE G ERNTE -

B 13a E 13b ~ & 13c FERIRIESEIEKREE (vq) BMEEZNERE - FEEW
MEEREEE—Z4E 6.97653°N FI| 18.139°NY - £L& 104.062°E % 112.5°E FiEMNE, -
/\_%Z:é‘r“ 9.76715°N %/ 23.7202°N - £&L/F 123.75°E %l 126.562°E FiEFRME - B 14a
14b BA[E 14c SEMPONRIFEERECHE HEEH42E 20.9296°N 2 26.5108°N - £&£F 112.5°E
F 126.562°E - HFFEIHRNVEFHIERKRIES (-Div(ugi,vgj)) BIEEE -

RREAIE R CMIPS B ERERKSEKE - BERHE (1979-2004 F) MEH
FHEEERE  KRBESHNSRERNFEE (B 15a - B 15b) AR FaEER - KFF
FURENFIR 20 EIKREE - BE=EZMONKREES I AREE - ARSERER - 4
mAEIRERFEASARZKAGER - CMIPS %3 (B 15b ~ B 15¢) WAIRIRISZER (pattern) &
BIREREE R (B

L.I B EEE

15a) HIAISEISALL - Div g 10°
BN RA TR AN wrereans e
WER—B - BEK— | g 1 e 52
BIIE  HABIBISH o Pt -*ﬁﬂg
PIREEN RS - RIS W

B RIS B RE B

A - Bl - AEFE
BOBRE - KRR
S EE RSN E
WIEEIE CMIPS & [ 15. CMIPS P9 K RIREUS - (a) BERIERIBEEH

PR ENEEEL (1979-2003) : (b) & CMIP5 BXRFHE (1979-2003) - (c) &
RIEEARIREERIPER CMIP5 RRRFHA (2075-2099) -

Z(EE201TH -

5.3 EERRL FFERE 7 G

ALESHEMBREKINEERKIESHNE®L  BHEERRNELELEAREINEG - 1

E CcMIPs B OB ERK ¥ EMNAREIRIES - At - tEREX PHRKREBE

R 7 =2 - REMGKRRE “B%Fﬁﬁ’]?ﬁ%?éft (B 10 Z c) - 2o1THRFFEEVE - I - &L

CMIP5 P rEibEKT B (vo) E/KRERAUS Div(ugivag)) BIE(L - IR EERKPE
PR L7 -

Y EHRRTE R 64 x 128 2IRMBHE - B —EABERBAR 2.8125° AAZNEHNARE  LHEEENEEAHL -
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5.3.1 MIEMKREZE (vo) REWEAE

BARIRTERER (1979-2003 ) Ed
REREFHE (2075-2099 £F) CMIP5 12’
FKFFIT15 - BEBRSEMUNER
KEHERRA - MERASETEL¥E
MEERKTERRZH - FRKEEE
EBERE MERREN vq B8/
(Bl 16a) - KFRARKIFIE FEEMELF

o gEE AR KRRE D - MERA
BB -

5.3.2 CMIP5 Tﬁ‘tq:'KﬁEEEQ%
Div(uqi,vqgj) &

CMIP5 #5228 75 B 2K 21K i 12l By 2R
ML H¥FKFERFISF9E - SERE
URERS  RAMAIZERS - Bt
MAlREESS  MEE2RsEaERAR
A% (B 15b - B 15c) - DIRIRIGHR
BAIRTEREE RRIE(EIBE - 53R
EEBRZEUNEFSIZRNEE (B
16b) - NREERRKRLFZRERER D
HIBE -

EEIENE &£ vq 5 Amad
ESARREFE - F'ﬁil:ﬂﬂ&‘tfﬁ AHVIEE
HOIRESEAANER—F - FUB
*&%.%ﬁﬁm?&ﬁ'ﬁ%iﬁ;% AR
BolfE—RBHPEARE - BiEIE 15¢c
P EEFERANEESEEMBER
EHPHEG MBERES B RO
AL e

FTEmMRKRERKREIISIER
EEHANEEFEZEE - gMUBERIE
{EA9E(ERBEY - 3R 2 BN A A
CMIP5 &= - RARAFHEA (2075-2099 =F)
AEBERE (1979-2004 F) mEIRK

FRE 2 EERENEAE  IREERRK

2075-2099 minus 1979-2003
vq divq
1 L 1

90E 120E 150E 90E 120E 150E
I [ | I
-0.01 -0.006 -0.002 0.002 0.006 0.01 -08 -0.4 0 04 0.8

16. EERREREIEWSEF/IZ - (a) KK
CMIP5 #RILHIKREREIS (Dlv(uqlvqj)) &
& - (b) REKABmEIEKTEZE (vq) 21
STEAABARIREEL (2075-2099 ) EEE
EFSHA (1979- 2003 £F) -

xR 2. AR (2075-2099) B *= 1B = S B
(2075-2099) HIEREEILKEERE (vo) &
SEMIMKREEEZE (Div(ugi,vgj)) °

) Rcp-His
_ Rcp-His vq
BB TE Div(uqi,vaj)
BR (%) .
BR (%)
ACCESS1-0 -362.88 242.15
ACCESS1-3 -1485.57 79.64
bcc-csm1-1 -33.21 49.47
bcc-csm1-1-m -43.04 33.19
CanESM2 -103.05 20.86
CNRM-CM5 -40.13 84.51
CSIRO-Mk3-6-0 10.81 6.29
GFDL-CM3 -29.02 14.19
GFDL-ESM2G -17.64 9.52
MIROC-ESM -35.29 108.70
MRI-CGCM3 -26.25 29.36
PRAEIIFET -196.84 61.63

SR AEHH v ZLEBNEE - M Div(ugivg) HREE
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te — s O

SR ERRERE
RGEKRBEISNAER - o IBRIRREBENENB DL - R A CSIRO-Mk3-6-0 15
IV vg TERZR IS BREGA SR HAIE NN 10.81% - EftiENNEREZB //'\ MAABEERINAIERAN
BIEEBRANRIRFIHERBEIEMN - EE‘T‘EEE\H"\ Eﬂﬁliﬁ'ﬂﬁﬂ PLFRA CMIPS 2 R0F 19

RE - BRAVS Div(ugi,vaj) 1870 60% ~ EEEMILKEEZE (va) R4 200% -

o + A
/\ 7 %I:IEFH]

TR ITEEZERERER R MIO WA - JEIZEREMRE MJIO 841 2 RAIESEW
hAEERA] & MJO 1811 3 B2 4 Mm@t KR BEEREEN A BB/ KRESHE EHEW
Bk - BEIRSHRBRERM N - BRENERORE - REREEMERZFFHEREEERE
L CMIPS A2 A0 KR IRFHARY MJO FZRE 2 BB 2R HE 1 - ﬂlﬂi/iu CMIP5 123 P RIPR K EE B R
8 BRDELUBEFIEIERNEIER/KREZE (vq) ~ KKEEE (Div(ugi,vaj)) mifE
SRS ERETR (TRI) BEGKRERS AMIRZIRSE N &ERENE - RIEREE—F
EEAIRIZRIKSE (vq- 850hPa) AYIEAERE - £2 Hung and Kao (2010) AYHF3E4E RA8L - Hung and
Kao (2010) 7247 1980 LRS- (BRERINIEN - FEHFBIERMMIENM ZMERKE
Mg HEEXFKRREBIEER - AR - SEXFFERTESENTIERK
R¥E5 (-Div(uqgi,vgj) - 850Pa) EIEAHES -

MREFEIE (Performance Index) FtE#AERAIAI=E 77 BlIZ ACCESSI-3 * MRI-CGCM3 &
CSIRO-Mk3-6-0 - E=fAEXIEREBNER (R 2) 252 : AmOibKEBEER D
1485.57% (FZEXEZ M EB EZFIHNFE vq ®/) - BBEIEFNARIE © & vg IRFR) ~ "mD
26.25% - 12/ 10.81% ; /Km¥EE 72 BI2R > 79.64% ~ &/ 29.36% ~ B/ 6.29% - FIBET
HASH 9 A m KSR ) 196.84% - KRERE IR 61.63% - LU REGERE - SEME
TESRZR (2075-2099 ©F) HIL¥F1E - HAKGHWHEZ D - KGWEStE/) - MiEmAKK
HIPERLEBEERE D -

ABEEPBREEFISHNS  NRARFEEBARZUSHE/SORRESHNEES
SEBAIRHA—E - AERNASRAER - XA ABEELVTIER - X518
LB ERERMSIRESEEE - DU G ARRAORER - BRIV AREKIRIE
SEEREBERIHENBEL  BEONRRRHOARRRRERERNFIZENSH - ME
BARENWAKRZREEAERE X - OJeEUE EHWNES - SIRENEZ - 2T e
EETENETEREER  EEREEBHMONGTEL  BORIEW -

Z 3R

W

SERE - 1992 . EEERZRPTER - AFAE - 20(3) - 199-216 -
B - 2009 : MEFREENBEERMVRERE - EEXHZET/ 60(4) - 45-69 -
B - 2012 : 2EERIEE (TRI) WEEEDWER - #/25# - 67 - 73-96 °
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BRERAR ~ IS - 2011 : EEMEBLFEAARZIRAREEMR - AL 39-2 147-1 -
FUENED - 1971 : EEERPARDIRMREGEZ O - mFE4 - 17(3) - 18-31

2IEM 1987 . EEMEEFFTZREDRE 500 2EESE ARV EEREHZNIT DN AmHE -
15-2 - 233-246 -

EZP - E9% - 2003 : EEAZIKRERMEEMAR (2 ): RFHABR—E2=-RAREFHREEL -
AL 31-4 - 307-331 °
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Beijing  Climate  Center,  China
Beijing Climate Center Climate System |~ Meteorological Administration
4 bcc-csm1-1-m Model version 1.1 with a moderate 160x320
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5 CanESM2 The Second Generation Earth System Model Canadian Cer?tre for Climate Modelling 64x128
and Analysis
general circulation model developed jointly .
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). , . de Recherche et Formation Avancees
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Me"teorologique)
Commonwealth Scientific and Industrial
CSIRO coupled ocean—atmosphere global Research Organisation (CSIRO) in
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Climate Change Centre of Excellence
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Geophysical Fluid Dynamics
GFDL’s Earth System Model version 2 Laboratory, NOAA
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Dynamics with a bulk mixed layer and
interior isopycnal layers
Japan Agency for Marine-Earth Science
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The analysis of Taiwan dry-season precipitation and frontal system variations
from 1980 to 2015
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Abstract

Taiwan is located in the subtropical monsoon region with abundant annual rainfall amount.
The temporal and spatial distribution of precipitation have very high uneven characteristics. In
general, the Winter to Spring seasons have relative less precipitation in Taiwan and the time period
from the December to April is what we called dry season (DJFMA). The dominated synoptic scale
weather systems of dry season are the frontal systems and which contribute about 45% of the total
rainfall amount in this period. According to the records, most of the major drought events occurred
in this period and also associated with the frontal system variations of frequency.

The surface weather maps were used as the subjective analysis of synoptic scale frontal
systems, which affected Taiwan, from 1980 to 2015. In this study, we also used the hourly
precipitation data of all of the meteorological stations and rain gauges in Taiwan which operated by
the Central Weather Bureau (CWB). The preliminary results show the frontal systems have strong
interannual variations for both front numbers and affecting days. We also noticed the frontal
properties have different varies between the seasons which may related to the temporal and spatial
shifting of the large-scale circulations. Generally, 20% of days per year were affected by the frontal
system. Moreover, 68% of frontal systems was occurred in the dry season and 18% in Mei-Yu
season. We noticed there is a decreasing trend of front affecting days in past 36 years and this trend
intensified recently. That maybe the reason to caused more drought events in past 15 years.

The variations of front affecting days were correlated to the seasonal precipitation. The rainfall
amount in the dry season has significant correlation with the front affecting days and numbers
(0.81/0.66). The seasonal rainfall distribution was also affected by the interactions of terrain and
weather systems. Furthermore, there are some large-scale patterns which may also play important
roles to influence the spatial and temporal variations of frontal systems in Taiwan. The preliminary
results show there is a low-level anticyclonic circulation anomaly at northwest pacific region
during the winter time for more fronts (MF) years and the cyclonic circulation anomaly for less
fronts (LF) years during the dry season. We noticed the south-west flow is an obvious feature for
MF years. In the other hand, there is more water vapor can be transported to the South China and
Taiwan region, which may increase the precipitation amount and intensity during the MF years.
This feature is similar with the pacific decadal oscillation (PDO) pattern of Taiwan spring rainfall
and need further analysis of the long-term variations of frontal systems.

Keywords: Spring precipitation, Drought events, Frontal system, Subjective analysis
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Projected Changes of Summer Convective Afternoon Rainfall in Taiwan

= - RIER
[ Y7 = Al 80 K 22 3t IR AL ER %1

=S

AT IKE WRF ¥ MRI - HIRAM S@BiTE kKR EEX ETENRRE (EIJ
WRF-MRI * WRF-HIRAM) B E# 45 R - ST IR TR HE (1979-2003) £ tH 42 K B B
(2075-2099) =ERFTEERIENR (Convectlve Afternoon Rainfall - &% CAR) JEENEITEREE
B - AR P ERIR - S ARRKRERNLG NEESERERNHRTEENR  Z0/HIBH -
FERRBEEBET B hHEE ¥ﬁﬁiml?_u1t CARFRFHARY CAR R EREERIRTERHR D -
b (EFERZ R CAR HEEIF/DPTIER - MiamM=E ¥ I ERK CAR SEZXR /DI E
ZRE - AIRBERREEIFE NHERSESHBUERNAEBEERNSEESH N - BAOAREK

REBEEE : FTRENREM « BN HERKE - WRF » HIRAM * MRI

Abstract

In this study, we investigate the possible future change of summer convective afternoon
rainfall (CAR) over Taiwan, using the WRF driven by two super-high resolution global climate
models: HIRAM (i.e. WRF-HIRAM) and MRI (i.e. WRF-MRI). The examinations focus on the
spatial-temporal variations in CAR activity during two time periods: the present-day (1979-2003)
and the future (2075-2099). For the present-day simulations, analyses indicate that the timing shift
problem of the temporal evolution of diurnal rainfall simulation can be fixed after dynamical
downscaling HIRAM and MRI’s simulation using WRF. The WRF dynamical downscaling
approach also helps generate a more realistic simulation of the CAR amount over western Taiwan,
where most residents live. In future projections all models predict that a significant decrease in
CAR amount will occur over southwest Taiwan. This decrease in CAR amount is suggested to be
induced because of the decrease in CAR frequency, not a change in CAR rate. As for the cause of
decrease in CAR frequency over southwest Taiwan, all models suggest that both the local afternoon
surface wind convergence and thermal instability (i.e. the mechanisms for triggering CAR) will be
weaker in the future to suppress CAR genesis.

Keywords: Convective Afternoon Rainfall, Dynamical Downscaling, HIRAM, MRI, WRF
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BEFERAS R NEREMEE — BAKGENMATEREARBEREEM - Wikt
icaBERA LRE - JEEEItEEEREIRANMPRE Bk - ELE2/CREH ﬁﬂ
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%) BOLbY - MEA MBI ET AR -

HEEEZNEAFERERNTE  RMHRAESEREEBRGEEHN S (Taiwan Climate
Change Projection and Information Platform - 5% TCCIP) FriZ 2 ZSHEB(ERERER - Ib
ERPKERBBITENDL AR - ERERIEES 1992 F - 59 B TEBESERN CAR &
BEAMEOME ERAER) HE  RMATRARGEERERETE TRMM (Tropical
Rainfall Measuring Mission) FTiEfit2 3B42 [RFRER ST ¥ER K ERZ CAR FHHEET AT
TRMM 3B42 RY/KFRBETEL R 25 N8B - BERERIEES 1998 &F
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(Meteorological Research Institute Atmospheric General Circulation model) —1{& AGCM BY1&#¢

Bl - &8 WRF (Weather Research and Forecasting) EIHEINES CAR ETE) NER EEHEE
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Mei-Yu Precipitation Change in the Future Projection over Taiwan

I*I r-‘ I I

L.I B EEE

B - THT - REM - KB - BkE - MR
BESES e eI

=S

MFERIKELCERBIGSHREBERIEN  FtE= T  FEBRBEZNEEERARRK

PERNEHEEERF/ER - AHFER 17 8 CMIP5 CGCM X iR EZ=ZEEREE - Al
Elgffﬁé FERIRIEMAVLER - FEFA TS-Score (Taylor Skill Score) FHEERNEIRSRIE -
B SEFRKBERENERIR RKEDSEEPIES B&RIFS TOPS B15 El&ZE/ 4 LASTS
BABEEARIEAR—1% - E—RERKRRIEGNEZERNAHIZROES - 1I2RI0ERZF0lEE
SRERPNARERREBEEIL R EN R REEY - EBERCERRNERERARTEERIG
RIS TRIPRPR 2 EHIAR S RUE -

FASERE . EIKBR(E - EEEMR - BAE

o

Abstract

The active phase of the East Asian summer monsoon (EASM) in Taiwan, known as Meiyu,
produces a substantial influx of moisture for water uses in all sectors of the society. Following a
recent observational study that found a persistent increase in the Meiyu precipitation, this study
analyzes the simulations of 17 CMIP5 models. Model evaluation based on the EASM lifecycle
leads to a higher-skill group and a lower-skill group consisting of five models each. Despite the
difference in model performance, both model groups project a substantial increase in Meiyu. The
results indicate that the projected increase in Meiyu will likely occur through the combined effects
of (i) enhanced southwesterlies accompanying the extension of a strengthened North Pacific
anticyclone and (ii) the Clausias-Claperyon relationship that intensifies precipitation in a warmer
climate in the form of enhanced diurnal convection.

Keywords: Meiyu, Model Selection, Climate Change
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BENERE  SRGIRE TEUARRERKNWERE - 5—7HHE @ EBREEGRER
BEIK - BR 7 OJBESIRE S K ~ MK LRIGRIBIE - HREFEKE (W : 56 BERER
KTEHTERR - SREKTEEYU AR RESRIHR - R RS 2 MR AR BN 2R
= - BAm/BErEgE T  2EEREERBERNNE - RAEBRBUFARRBEREE -

MATESWEAIERMS - SEBRERKEEFERKEERMEANRER - 18R
HRDZ=RMERMS  dRB/EFTFTEAEBR MBEOKXEBEEREMS  ARHRE () THREA -
IR FEEMNRIEFTFTRAEBNFOMUE SERRNENZHREIRAIZBUWE 1b HELR
& ERB-PI-EEEHER - EENRKEEERTRMREERE (5-11 A) #EE2TFE
R BRARERE GRE) BKBIRERE - ERFNBROEREEEZHRKOWMIE - &
/\'FE‘XE/JE/FEB REEEZEEL  MEFEREMEARBHN ) - HERE - ESHR/KERAK

- Bl4N 2015 F 24 67 FRFEREWELZFH - EFHERVEIRBNERERRILE K EE - 7
:Lfls%J:ﬁﬁ.:. BEFZFRMEHGERE (E=EBEBEW) NESES 28~31 1% (Bl 5 B¥-5
BIK)- %5338 (Wang et al., 2016) EREzE =@ (East Asia Summer Monsoon, EASM) #&
IBHA (BNHERRZE) 14 1990 FRFE% - 25 AEEES 6 BY) - BRIZWiEs - KItER
FMHGBRESAESEEKEN S EERBE LIRS KR EBR LG IBERM (REWNSE -
2016) - BEBERRZEREZ (5~11 A) BKNSEFHEEMRERRERM - BEFSER

PRECEEE - LEHUEBIEE - MSEARTEX - BPER/KNE(CBEINE R ERRIEM
R (GEMR 3.2 87) - ABELIFHEERNREZEEESTHEKEBE - ARG LUIRKIENEE
HEREMIBIRRTE - EFRAESNRERITEHELER @ R RI IPEREBUEEEIIA
RERMREE - B2 I EIE O] BEM SRR IR R KA E 1L -

CERIETE
DITER

AREEIRESEERFERTHRESZ  ~MIRBANEIARERKSZERZZWE
REMBENER - ARSI EROAEEY 2 2RATARRERS 1 (1) ZEEX
XKZE#BZE (NASA) GPCP (Global Precipitation Climatology Project) stE=EEMNFEEREER
(Adler et al., 2003 ; Huffman et al., 2009) ; (2) ZBEBEFIREFRHRERTHAITE L (NCEP/
NCAR) HJ CMAP [Climate Prediction Center (CPC) Merged Analysis of Precipitation] (Xie and
Arkin, 1997) - BRI ZEEETES 2.5°x2.5° - ERMEAR%4 1981~2000 /Y 5 H¥1Y
(Pentad) - kBRIBEMTEIES - 1§ GPCP IR ERSEZER (reference) - BrEEINRIEIREIER
IR -
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M ERRERE
B ERIRIZ [ A CMIP5 (Couple Model Intercomparison Projects Phase-5) (Stocker et al.,
2013) 17 {8 CGCM (Couple General Climate Model) FIfE#HEHRKER FRIINRE 3) - ERLZE
I AR AR S = (Earth System Grid Federation, ESGF) EREM N 2 BRRSKRIE
(Historical, 1981~2000) E2R2KEE{LERE1FIE (RCP8.5, 2081~2100) 1E#t - EEFANRZEH &
£¥19 (Multi-Model Ensemble mean, MME) 247 Rl - Jtid AEIZEE#ETE CGCM A Z= A% B
BREN —BE-Z @A E MR RELLER - BFEMAZEIIMN L (250hpa) + FE (850hpa)

ASER  HTEEES B EBOBTBOEL - BIMIEAAR TE 850hpa KBS AT
B - bR -

2.2 R/ E

B2 AFEIEE (Kusunoki et al., 2011 ; Li et al., 2010 ; Seo et al., 2013 ; Song et al., 2014 ;
Ueda et al., 2006) - 2 EKIZ RIS FESERAVMRKEIRE NS  LHIFLTFISHIIREE - RN
RRERRE EAERIRMSEE - BRAKREMERFERE -  MPEFEEEEESZER
FErREB v R=EETR=a0RTHARN S, Rt BN SEZ(E ARt E2ESEERT R -
ERMUBEIRGEAER  E—U)0lsEt  BRARZEREASITRREGLER  HELER
REANEE-E2IBEUNE NEFRREEAMREAEMS EXAXZAEHERAE -
HEERAEEURAKN  BMREES S VE - REBENH ZAMEFTESSERERERE
NELER - LUERIRASHERSTEE (van den Hurk et al., 2014) -

SEBETEEXNERRDEFTZFE (East Asia Summer Monsoon, EASM) (90°E-135°E,
10°N-40°N) BErRTEENMIE (BS - 2016) - BEZ=ZR 4N 3 EERGEIER : 8
48 (onset) BAJHIR (retreat) BAFFAR (duration) B[ - MR EELRIRNKIE - FAEERM
it 3.1 &0 - BURIBEAE N FEEREIREM 5 HRIEF9 (Climatology Pentad Mean, CPM) - £S
{115 (Fourier) 1E4ERR B RIIEAE(LFE/KIETE RPI (ratio of monsoon precipitation index)
(Tung et al., 2014) -

BESHENRIRGER - AWFFEE A Taylor -Skill Score (T-Skill Score ; Taylor, 2001) %2
ENMEBEXEHFERREFRZ(CESEEEANER (GPCP) BHIMHEE%E (correlation
coefficient, R) E29754RFRZ (root mean square error, E) °

Iyn (a,~A)(B~B
R=_—nt=ee DG (2.1)

1 —.

N e
E= /% nL(A—Bp2 L (2.2)

HopERRI(A)BEEINB)NZEE 2 EA, B, 2 RIBRERR (2.1) B2 H(2.2) #z1ENETE -
_ 4(1+R)* N
=G tmny (2.3)
HEI(RI) Z2FeGAENHREREUERNIZTEE ; R REAARANZEBHERERE ;) Ro
RIZ2HAOJREHBAGEE (EAME R=1)
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.
3354455556657 7.58 859 9.5101051111.51212.5

RSB ERMEK (), PrAnnualCycle  , "
GPCP ——

HZeRI N7 ENBE 1b LI 0030 Blk Retroat

155"]%/%5@5 ° @%@%EH g 0020

REBEEABENEREELY YT N

0.010 —

Revival

#E R (Kusunoki et al., 2011 ; Li
et al., 2010 ; Seo et al., 2013; 0-000
Song et al. 2014; Ueda et al.
2006) - 1BER{E Ol BE LB & P& TR 1. (a) ST EIREA (5/20~6/10) AY850hpa [&15 82 GPCP &K

Active

REILEREFFRNRES (2%) TIZFIHE - 8 925hpa FELEBEHE (RB%
2ERIERE EASM - E4#) - (b) BABHEES (21.25°N~26.25°N, 118.75°E~

e o 122.5°E) 5 AP HEREK B EMERIE - 2R EASM (94
31 BEERERRE EEHEREL - ERENSERECRYER -

SEERENRIEAAS O LUERR| TR+ BN EZFRPERTIIE (LinHo and Wang,
2002) - AR R B SRR S /REAAERSIENAE - 59 B 7 b ERNEEERER
BIR A EEENIE EASM =& R R R E bR EEERIE - & 1b A FEF Tung et al. (2014)
A ESTEERR EIREFEE 1la NABER) BRER - SEEEREEELER
RPI (ratio of monsoon precipitation index) - HHZEMRIEEW A A MFRZE (systematic bias)
BAOLEER DUERENERFEEREB RN ERE -5 RPIHIEMEBHANSEEMEE (4
FFEHEER) HRBHERR/ELR (onset); E RPUB/MENRPIEBERIERRHEE (retreat) ;
M#F4E (duration) B RIAER—HERIAE - BEERMRFEERIEE 6 AYLIRE -

A bt 3tE S E PR RS =ET i ERTETA 17 EENFRIR - WL ZRENE (Taylor Diagram ;
Taylor, 2001) M5 - BEREIKEIREE 2 - HEGEEB CEXNEBHREZE 04~0.6 (B
23) ; HEHHENEHERBERAERE - %ETE 0.6~08 (B 2b) ; MIFERRBAIZE 04~0.7 (B
2c) - LA RERAAE N RS F FRRIKBIRERERIRRY - RIEMWBIINAS (e.g., Kitoh et al.,
2013) I 2IRB|PNER - E—TiSEFT AR - ZHEEEEL (correlation coefficient) E315
F1RERZ= (root mean square error) #&STE—#E - L Taylor Skill Score (TS-Score ; Kitoh and
Uchiyama, 2006) ES5:tER N EKE(ERE—RKTED - HZRIME (BRI, 2016) =&
ERAAAGEMERE  KEEXEREFTZRNFRKEIRMN 3 ERHE  B4s - JHiRHE
FERERMAEAER (GPCP) WAMEE @ fHMEXHNFERIR - KEAAAREAEZE R E

- 148 -
FRE 2 SEFENBX - IREBEXRK



=

= EEREEEHGEGANFE

Tawan Climate Change Prodection and Information Platform
""_ =47 ;‘%iEﬁﬁ
_HGERRRRE

xRIE - HO0-1 ZEBESIWAGIEF (B3) -
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L.I B EEE

1CMAP
AH EENERZRMERE S O REAKERBIER- 2R s Toés o
IRIEE 3 WHERF A ME - TR 5 (BRRBIT (Tops) g2 iusisens  foolos o
S [ERE (LASTS) RISt (Bl FAGRA (SRR - |Ahosy (0381 osr | 0s:
TOP5 B2 I & A : bee-csml-1, HadGEM2-CC, IPSL- §bee-csml-1 DSO8| 048 | 050
19 MPI-ESM-LR 0.36 0.47 0.51
CM5A-MR, MPI-ESM-LR, NorESM1-M ; 1 LASTS5 HIIA SACCESS1-0 032 | 061 | 037
7BNU-ESM 032 | 050 | 045
CMCC-CM, CSIRO- Mk3-6-0, FGOALS-g2, MIROC-ESM- 8CanESM2 0.24 | 044 | 046
10CNRM-CM5 0.31 0.57 0.48
CHEM, MRI- CGCM3 - 13 GFDL-ESM2M 036 | 052 | 0.49
15inmem4 [FoTT 064 | 029
17 MIROCS 0.21 | 061 | 043
20MRI-CGCM3 021 0.48 0.35
9CMCC-CM b 0.46 0.44
. Onset .. Retreat L Duration 18 MIROC-ESM-CHEM 048 | 034
(@)r—=-<'% ()2 2 : (== o . 12FGOALS-g2 0.33 | 0.28
150 3 L g 1 S 11 CSIRO-Mk3-6-0 0.26 | 029 | 041
§|.zs- 5 /‘:‘;E;; ™ :‘h% gus /ﬁ%‘e‘% 125 }%‘,
A LA L Gh S mesmemzomme
ool 77 e T e HREFENRES
NS T W 7 TR W 7~ T (TS-Score) 5% - Heh
o " | | | - 2 17 {8 CMIP5 185 -~ 3
2. FERZ$IE (Taylor Diagram) £ 17 @& 7E EASM AR HE (TOPS -
B (a) BB¥5~(b) JHIE-(c) FEMNIREFEHFEERRIEME - LASTS B2 ALL) WRS
FEHENARNER - BORFERREXIRE MK CMAP -
3-ABHTF 1 AB—EEHER CMAP £ 3 EiET BEeSESEBEE TOPS
2 (2: ALL, 3: TOP-5 and 4: LAST-5) - [EAREIBE 2R S8 5@ IS LASTS -
BRRITER
3.2 BT

da BENE R AR S RIEERKEIR (annual cycle) MTE—IEBLEER - TOPS
FIRHBENERBKER - BIRREEEENEER 6 BY-6 AK) 180 (B 4a KBk
F&E) - HARIEMAEE A GIER—/ - B EASM MBRKBEENEREBNEE  FR-P1E
—-EHHE - AR R EEHE R KENEERRE - EBURAEX LS ERMEE
FTeENTE  ERESENFTEMRKTLE  BEREEALKEERRE - MEMMEKE
A o (HRIK RCP85 BIBEHIRS RIELLRRZIREE 4b Eiiﬁ 4c - TOPS 1&E AR 2R 1GPR P&
KIEMELEHENZTHHNEBEEEKR - MBRXEEZEGHERNWRBRREEEZL - 8
LASTS RIZIRBEHIBS RIARE AR - #AREKLA 10 RVERE - MAE 17 AR AR5
15 (ALL) BIRES TOPS B2 LASTS AR - ARZIR\ERME/KEZEM (& 4d) -

£ 5/20~6/8 HAfE] 850hpa &5 EA[£7K TOPS WZEB 0 mE2IRERAVEER (B 5) AIAR
ERRFE - EP (a) BIRSRIE - (D)BARKEM - ()~ d) BIAN - EBERESBEI(E - B
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Simulation of meteorologically daily data and hourly rainfall
with AR5 projection

BB  fRoxg - MBUZE? %EI’/‘ °~ [RoKER
'ERKEHHRREPL  CETAEAREBIATRELR HEUAEABEYRELARIESA

=S

BRFMETRENEEREEB NTWERERM - W - fREEXHNEBRREER
BREFMEEL P AR AER - é.’/kﬁﬁEauéfé,—u@%u&ﬁh\i‘”*ﬂi“ (TCCIP) &t
%E’J METRRER HEHTFEﬁMEFtJﬁH Sk EAME AR HERNBERERNTEX -
KMRAMAXRRZLTER (LARSWG) MIRBEHERZIIRNERENESRE ARS RRIBET
MEHRZ2ER (BEHESR HREER - Hi9R - HREMHESS) | UERUFXRRERE
#t (SSRSM) - fERRREEENER -EHRRENEENE D KFFT5EAL Ensemble,
GFDL-CM3 EMEFEIHWERES  BRFBARBERENMTURTS ARS BIRENTEH - &£
RREERNE D - e EANEZE W ETILTHERSE -

RS . RIREE - FFERE - RR{1Es - HEHNE - FRIEREHE -

Abstract

GCM downscaling data is important input of impact-assessment models for many research
fields to quantify risk under climate change. However, temporal resolution of GCM statistical
downscaling data provided by TCCIP is monthly for rainfall and temperature variables. It can’t
meet the need, which temporal resolution of meteorological data is usually daily or hourly, of data
users. The aim of this study is to simulate AR5 daily data (max/min temperature, rainfall, solar
radiation, average temperature) and hourly rainfall series using LARSWG, SSRSM, and regression
model, established by the relationship between solar radiation and difference in temperature.

Preliminary results of this study included AR5 daily data generation for Ensemble and
GFDL-CM3 GCMs’ projection, and coding of SSRSM modules for simulating hourly rainfall
series. The statistical properties of generated data are very likely with monthly change rate/ratio of
GCMs’ projection.

Keywords: climate change, statistical downscaling, weather generator, solar radiation,
SSRSM
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EEREEBEMEENFES (Taiwan Climate Change Projection and Information
Platform, TCCIP) WEZBE 2 —RIRETEERRERM -  ENARHEESHENTERLS
REBEZEREBSMAEEMERERMRER - RstEREERAZERBERENELE
AERED  EENRREEARENEE  KEBTELBRER -

R BRESEENENNERBEREREZ  AstBREERKEETE LESR
ER oA R HAREREREZZFTK - AINEIRER - 2R RS ARG EAY -
YARKIBRE N KERARENEUSS - FAMRERKEERNERASHEE  £4EETE
WEART - KOREERIGFEZRFREER  MEXFEVENNFTZRE - REMBEE
HENHER -

LR AIRFEKIZR TCCIP REMNMTEREER . QIRIRREBENE LI AE5 -
FAHRZERLAERE - HRZBEFEER - WHEE—DS5|ARKBRERERIM LUK &
HHENENTE  LERTSRARFKNER

KRN BERBERAEREZHREERMNMBREER DURHAREM TR ER-
FEEFEE : 1) URRITEREDT ARS #istRREHESE - HERERNHREER -
WA RERABEGEEZHENE | 2) BUFRRREHREN  FRABREEHRZE

it -

— HREREGE
2.1 HERLSTE

BT7REERERNGEGETHBMRER - TCCIP BEFBHET AR - ETRRRE
BETHHIZERNEZED - HRZEE (HW=2 HESREAHRER) STENFHHER
(Richardson, 1981) - FZ2FAEMEBHNELENER SEMR - TEREBELZZHNWES - BIKE
WESMHBMRTERE  BHEERAMBRREE  EXaRFS ERHSRERITERSR
B13E WGEN CERERZE A - 1998) LUK LARSWG (Racsko et al., 1991) ; A9t H 5 S 4 E
25 : Rsp / Ra = a*(Tmax-Tmin)® - E Ra BAKEINHESE - Rsp BTt ER 2 K%
HiFgi = Tmax B Tmin A HRSREHRER aBb AIAEREE FEMLUZEEA (2016) -
NamBHESE HREREHREERN EKUREHERH#EGHHEERETR R -

22 BSFRENTAE

RRNEEEATEEFERMIERIET (Stochastic Storm Rainfall Simulation Modeling,
SSRSM) - FEEBEEEZF I (2016) © PEFREB IR E KRS BRI BN ol R A —1EME
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- I ER AV ARS 2 BiE R MG (1986~2005 F) RS ELEH S RAVIEEEI - -
ERNZEEEHESR HREaMkHRE
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AEFFELL LARS-WG 157 CMIPS R EEE KR IEET (Global Climate Model, GCM) 2
MmEBRREERNHG2EN (BEHESE HRERMHERESESE) ; BUAHEEREN
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& (#RSE : NSC98-2625-M-492-011) -

BlzeE ~ R - 2016 : EHPRA SR BRSO RIZFTT(3/3) - THRERREZEZTHENE
BT EMRBS -

Racsko, P., Szeidl, L., & Semenov, M., 1991: A serial approach to local stochastic weather models.
Ecological modelling, 57(1), 27-41.

Richardson, C. W., 1981 Stochastic simulation of daily precipitation, temperature, and solar radiation. Water
Resources Research, 17(1), 182-190.
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The effect of environmental and climatic factors on dengue fever spatial
distribution in Taiwan - present risk and future prediction

R HRG BEE BREE°
1%%7(%%5%&%%%%%% PE R K EB AR P

=S

B EH (dengue fever) 1%5“ B AERENEGCEREZBEEREER - EEAF
EMXFHNEBARRERBRT ZIKEH;'LJ/X 2003-2013 FZ EEMEMNE L HER  EFRE
EREEBEMEEMTES (TCCIP) #BHZ 2010 EAOEEER - ETHFHEEEEER
% AMRNREERZEAFEHREEMEE 2 EBS ERENSFERIPRSR 18°C
#HHE  RERBGEHENEBEFEEEER (average incidence) HMEBBERIES - DULERY
Fri@sl 7 S S ERTHERRBE R ME - KIBEREBREEIRKEEE 2013 & 99.72% K 781
2014 F 99.87% 2 EH Dt - HEBEXEE—DFIAE TCCIP Frigft 2 IPCC AR5 FRETFER
Z RCP85 7 41 AEBEBEINETRIREEXNMRITEBTAN  ARBIREENRITEREIER
TEHERNZAERFELIN - b~ EEREE M E 2 AR EEEIRER - BEEHLRFER
ELAZEBREE SEBMPEZJEERERBRY 26 F - T%%X’ﬁz%ml?_ﬂ =R
SRR EEMIEREFEERIER - RIEHETEEERERERARRR -

PSR : B RIZEE - BRUERR

Abstract

Taiwan locates across subtropical and tropical humid region with a beneficial environment of
dissemination for vector-borne disease dengue fever. This study constructed spatial profile analysis
model to examine how climatic and other environmental factors might affect dengue fever
distributions, and to predict potential epidemic risk under dengue fever with IPCC AR5 climatic
change scenarios in Taiwan. Spatial profiling map of dengue epidemic was then illustrated to
demonstrate the present and future risk based on all studied variables across each township.
Numbers of months with average temperature higher than 18 °C per year, degree of urbanization
and indigenous population were found to be associated with increasing risk of dengue fever average
incidence at township level in the study. High, moderate and low risk townships identified in our
spatial profile map covers 99.72% and 99.87% of 2013 and 2014 domestic cases, respectively. A
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highly-suggested warmer trend observed from IPCC AR5 RCP 8.5 scenarios may result geological
expansion of dengue epidemic through our model prediction. Up to 2.6 times of high risk township
increasing was estimated following with approaching of the end of 21 century. We recommend the
authorities concerned pay more regard and resource on monitoring and adapting the epidemic risk.

Keywords: dengue fever, climate change, infectious disease
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EEERAKHIZE R (Aedes aegypti) BIRARHIEN (Aedes albopictus) EiE% ALE 7K
PR TEETEHS  DHASTERENEREEVER  GAHELHEEIRBE &R
BE - WEMERFTEDIHGT  ENFHZRREGE2EERENLE - BREDTE
MBS 2R B IFAREE 1987 £ 2 527 A4 ERABLE A T ERBIEEEHSBEIEN -
2014 FFE2 2015 F - B EEAREHBEEI T B8 15,000 2 43,000 BRI 2 #Ficit - LENDE
- SRR SEMEGRT 2EBEARIE - DL 2014 K 2015 EXFHHMS - EELH
& VERITRAHEHMME 7 166 & 145 & (Hsu et al., 2017) - BEBEHR S - SEEIMHER
RMERTRARE  [ZEGEEREWLZEEEE  AEERBERABEZZE (Chen
and Chang, 2013) - 1B FRINVEHEBEMRET - AOBREHEEAHEERBEEHHNEIFEE
tTHETEZAE - RKARAERZEBRANRNKESZE  BESEHEEL  HERRGRGHEIR
REFSNAFESERNRBEZAHERAE  ERESFEARRZEE -

ERE SRR 212 R TIE R AR DT - HE%*—H EAZEINEIRER (extrinsic incubation
period, EIP) RAXEIRIERFEEFE BEE28 2B I1E 2 EEE 5% - Morin, Comrie,
& Ernst, 2013 &+ ¥R IEEIE E*Nfﬁ@ﬁZ@Fﬁﬁlﬁqﬁatﬂ FIKZEA R NIRERRE

SEAGEZBEERBRET  tE2RBERAIZEZRRE  TXKKEEBTEN TR
F'F/\?EBLZEWT”%DFE 8% - U0 Hales et al. (2002) FJA IPCC 1S92S SIEEHETTR
R ZRiEY - BMBERESBHEALE (mild) BHEE - 2085 ERFZIKNE BNALNRE
NEEHBERRZY  BEREZEBERE  AIEREEALRSEE 50-60% - Campbell et
al. (2015) L CMIP4 B FERIRIRMIEE EEREN 2 2 hEE - ARERIEE - PIF - F
o RIDEMNEMT 2 RENEFHERS SRR Mt 2R N ETItREREFEHE -
Bouzid et al. (2014) #3TRIZIR - |IFEBELB /RARKIMPE - TBEREDE - FAFRT
RS EEHEN AT 2T EREREE - Liu-Helmersson et al. (2016) £/ IPCC AR5 1515
BRIVETERREIETRARER  BIBEERA/LEE 2 RCP26 1BiR - BUNE 2R IBINEHE
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BERE A /O 2 EHTAEER - MEERAEIBER R 2 RCP 85 1BIRETE
Al 2R Rt ERtSEEEEERER 2P -

EIBRERNBEAFARGEEBAEMBRATRIZMRASHACIE - AIRRR
s 2 Fo B AR RS D AT AE RN LB - NI REBXERTHAZ Wu et al. (2007) #5RE - F
A 1998-2002 St T EMRFERETRFEDN - ERENAIMESNRREG - &
SERREREHRERERTERTERZEEZRNF - BRTZLHBUEE 8-128)
I H IR RIER(E 2 BRREF/EFHRTT ZEBBIETT - Chen et al. (2010) A 2001-2008
FZRADTIELESENERER - HEOBEEREREHN G IBRERIGEREMR B
ol fER S EATERIFETR (318 R)-Yuetal (2011) DL 2002-2006 FERAFET AT 2 ERETRR
SREEEFERRNZERS T BERERNTRIBETE -

1.3 E2RIRIERRE T

SERBRBEENE RISFEFLSN  ABEFABEMEZERREBERG - HR
BIEA BT OEEERTE  IFRERE EHEAOZREZ(E - #imk SHEREEFRE
RGBTSR 2 YT S BRI - 2011 FREEE G 437 B EETAFRERE
FKIFFRER - #MEYFE (neighborhood effect) BN BIBREXREFRETE - AINBIFEREA
WHAEEEE - KEAQEBEBR/VEIRIEREF (Tipayamongkholgul and Lisakulruk, 2011) - —13
SHEFTINAE 40 £ (1974~2011) KRESHGIFRERZONERER - AOKRESHEHN
EEHGIFRE R (relative risk) & 42.7 & ; RIEE(LE (FHEFERE) S 2BEREREA
BA 7.1 15 - ZNEFEWALLBERMIEERFRASENT  EFREEEAK
EKMeAORRHERERS H#MERREME &K - ADSEAERERFRABEEEE
BEEEAEEZEEFE ] (Struchiner et al., 2015) -

RHTFREKTE Wu et al. (2009) #T559 - L 1998-2002 FEFHREAER - MIARZE R
HmEmEILZIEFTERE 2218 ARIMA (autoregressive integrated moving average) 123 - &
METRTERENBHEEEURSEFEIRRESK 18°C EME R i8R BEahBE 2R R
KF  BEXHLERBTIBEAEAOZEERRELEBERE  BEERRBERTEER
STEAMIEAREAZEE ELIPCCAC2 1BIRETE AIfEEES Ak Z AOREN 1.95
g EREEEEEEN -

KR BB LHEN AHBERER  AEERRMK TCCIP iR ZRRERLE
BRERERNEE  ZaAODBE - WARDR - EEHDEEELERTER ZIRER T -
ReRZFERERFHREFHEFZoMMAEBMY - .WWHMA IPCC AR5 RCP8.5 1FIRE -
TERIRZBR(CEBEE RV IBE S Y -
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ARHFFELL 2003-2013 FEERMBEFFIIRFZERSERER - (KIERTE Wu et al. (2009)
WMRFELEDHT ﬁﬂﬂiﬂ Y Hr5% (principle component analysis, PCA) 234TH TCCIP 12
M2 2010 FAOZEER - {HPENE I BAEERS - E2EHE (EF 1) BFEAOD (B
¥ 2) RIFERAO (BF 3) EZ-EARERTFUERBEMRE - ERERFERES - KH
BRI TCCIP FRIRH ZMTE 5 km ZEELER - REFSARENMPFIEGE - 5t89EXK
R 18°C ZANMBEEREFFHRBEFNRE - MREREEFHATELEEEI (spatial lag
model) - BRFERZETF  RIEEAFREREBEEXR7HEEM - I - HAERNRREWNEREEE
Z?EEE]EE%Q (Breteau index - #FE 4 Bl - £/ Wu et al., 2009 E&}) - TR A ETTERE MR

=%
ng °

IEAh - BB BRI ESRI 25 ArcGIS 8B - RAIINEZEIERE - RIEAFEE
BERNERASMENEFEEEN - UERKREREAF - BBERERZZBOMER -
WwHFBEAD T =EZBZABEESTERKERREFOMmIBER - 8% 2003-2013 FEEE F 2
EERTHE -

ERKELCEBALESENGIF L ERMMAE - ALl TCCIP 222 IPCC AR5
RCP8.5 A E M # M —FFH (2016-2035 & - 2046-2065 FEE2 2081-2100 F) WEEZ4EEI
mEEE - 0 2010 EIEAD%%'i?;iEZE%i%HBﬁl% S ERME S ERRTT
Ak WHESEERARTRERSERASB/BE T -S=4 ETRREBERREBESME 285 -

= MREREAT W

KRR RZHERERFHRSEMES EBBELh 2 BN - AR KIERH
Wu et al., 2009 FRFAIBZMETET - BBEMEEEIMEFIIRREIE - 2003-2013 FE
ERMEFFEFFIREE - N\ORE - HHEEEN  BESFARFUNAZEEREE DT
7% BEAEREREFEREEREREZ 2 THEBEEY -

KW FTFIAH PCA F57A2<HL TCCIP FrigthZ 2010 FAOBEE R - SR 3 EIRIZE
¥ EmE - ZFEA0 - RERAD) REBRESESNR 1R -

#Z MR KRBT =ERER T - KRBRAF - mEEEETZEERE T 2 E B -
HERMEKR 2 Fin - @RBIBEFRITRSN 18°CHRANME ~ BF 1 (#mhit) KAF 3 (R
EREALN) HEFHFHEREREEFREMEN - RMMERE Bl) ER5>0 KHAZE
REBHER%G (B=0.0278) - BiE=E Bl BSUIFHRIFI9RERNHEEAMAFLERERE
53 -
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lj= g R T ERERTa

Taiwan Climate Change Proiection and Information Platform

AVE S RS Loading
EF 1. &1k 37.09%
FIHANOBENFELAE) 0.783
1t AR FE 2L 3-(1/10000) 0.793
38 B 25 (1/10000) -0.565
= E#EA 2 (1/10000) -0.454
S8 AOERZFEH 0.768
WA p i) 0.651
E¥ 2 2FEAO 15.89%
BJ/E#E AL (1/10000) 0.867
=5 A OEEZE(1/10000) 0.866
58 A EEZE(1/10000) 0.732
HF 3: RERAO 12.00%
R4 R A Q2 (1/10000) 0.886
F= B HEIEE(1/10000) 0.565
MRESRS 64.97%

a. fE/A Wuetal., 2009 EH}

=

F< 2. 1998 E 2002 £F vs. 2003 £ 2013 FE BRI ERZHF 2 EBEEE 2T
#1998-2002 19 B4R 2003-2013 g8 ER
HE Spatial lag model BI>0 BI>1 BI>2 Mean of BI
R?=0.4989 R?=0.4413 | R?=0.4379 | R®=0.4376 | R%=0.4391
ImANEE R 0.1564 0.2673 0.2319 0.189 0.2425
mEEEREER 0.0273 0.0278** 0.0297 -0.0017 0.0148
FRE -0.0116 -0.0134 -0.0146 -0.0127 -0.0155
SEFHAR 0.6660** 0.5855*** | 0.6200%** | 0.7454*** | 0.5920%***
SR 18°C HBME
EE1: #hit 1.3198*** 1.3818*** | 1.3208*** | 1.2289%** | 13578***
EE2: ZFAO -0.0014 0.1105 0.1279 0.1054 0.1587
EX3: RERAO 0.9785 0.8410** | 0.8339** | 0.9219** | 0.8206**
Constants -5.1073 -4.653 -4.1822 -5.0143 -4.1796
Rho 0.7005 0.5615 0.5666 0.5773 0.5643
**p<0.05 ***p<0.01

a. MERIERFEERS(Wu et al.,2009) B}

X RERFHENTES 5km (NCDR 2%

Version 3)
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KAFTIRE LER  DUESEAISRSR 18°CHWAHKHE - it (PCAl>median) KR
FRAO (PCA3>median) mEAMRE T - Mt RRE(EEB2 MEHREEMESEHRITE
o252 - Pl TCCIP 12t IPCC AR5 RCP8.5 BEMEMML=FFH (2016-2035 & -
2046-2065 FE2 2081-2100 &) WI=EZMIEERITRE E1E B ic 2010 EZMERIER T (E
T 1 REF 3) #HAEZEEIME EEMHRTERE  WHIEEEHRTERERS HE -
b~ S=4Kk - #ELI4EE 2003-2013 ZERTIHE (WE 1(a) FiR) KARKRZEHE B
#iE (@ 1(b) £E 1(d) FiR) °

EE¥ 2003-2013 FEEZT ERAR T EAMED HEE 1(a) ZERRTHE - ERMZ*K 3
F7R - oI LIE&3R 99.7% 2 =Pt E 2 BREIREE - HA 92.05%RABERPERSER
R ; Lo¥ 2014 FARLEAERERRITHIE - TMOJ33REAR 99.87% 2 2 mF 5B ERER
KFEFEB 2 ZBRREEARREEEHECEE -

(@) (b) (© (d)
BT L ; ¢ i Gl
e ” <" 7 1“ 4 { §
m— g = Y i / 2oy {
= s - . . - - & - $

1. (a) 2003-2013 FEEAIRE 2 EEHEEH 7 E ; (b) 2016-2035 & IPCC AR5 RCP8.5
Ensemble &= 7 B 2 #E f2 &4 ; (c) 2046-2065 T IPCC AR5 RCP8.5 Ensemble £
TESHEREDME ; (d) 2081-2100 £ IPCC AR5 RCP8.5 Ensemble 82 > & & 2 E R
BEE -

% 3. BEARLRUNAREIRFREEZ 2B ELEEH

= 3 g (K /2 B oh 21 B = EL b
FELBR AR B 87 114 122 35
2003-2013 £E 28 761 3577 5562
ARG (%) (0.28%) (7.67%) (36.03%) (56.02%)
2014 £ 20 559 3009 11921
KT ZHBIR(%) (0.13%) (3.6%) (19.4%) (76.87%)
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H_HEERRERE

EIZ2 A 9528 3 IPCC AR5 RCP 85 ZABIRIERFIEH S EMERERME (WNE
10)ZEE 1(d)) IR - BEEREEEAELALR (2100 F) - 2SERIMEBRSERERE
2N - mMEREER - AEER 2 B E R4S R B0 B - AR RLIARRE IPCC
AR5 RCP85 7 41 AR IO E R Z S EETEIR - BERMEI OISR - S ERRT
E bR EME 2o - & - AEBR R R BRI & [E fR th AE ¥ 52 - L 2016-2035 & IPCC AR5
RCP85 41 AR 7 B I9REHEER S EEAES S 38 & ; 2046-2065 FHFI1TEE
wHERSRARMEEASS 63 @ ; 2081-2100 EBFIREHLENRS EARIMELEEH
2201 - HEKBEZRERS  SREMEHSIRMEERN 2.6 1F -

AR B EFHBBZRIFEARRAF - BUZEBERENLURT EHARRY - ERE
NEFATRER 1CCHRNE - BHEARERAOZE S HRABEFHFITRER
EEEREARY  FARRNERER 2 M KRR EBAZHE M - i FKEK IPCC ARS
ZARKRE(CBHIBRREETHES JREFESHET RS A RAEN IR RE R ER-
HILTTRARREEB I REEE  RUSEZEHEERTEMNBETE BRI EHEF
HHEEEABREEERNFHEERRTESEER -
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Assessing the impact of climate change
on the distribution of Aedes aegypti in Taiwan

BRE-BRR - BE' 2FHE
'EERAEERERIE  CERKEH BRI

=S

EETEHNREDRIERNEFERN AERNERE BN 1500 AR FEIF
& - Mz KNS HIREILRERUFEE BN 1000 ARMN FHHE - BRiE KTIEREE
BEEHRBENNEMRY - ;f/iz;,gﬁﬁ*ﬂﬂﬁffﬁﬁ'rﬂ%ﬁ*E’\Jipﬁﬁ H TRt AR 2R
RIEEBNEEHNS BB EERENEERMUIBMARREENEIERRNEZRE - BEF
ZMRABERFBERNECTEERMNSTHMAEERRES - RILAWREH
1988-1996 TFE2 2003-2011 FMERHE - HPREIRF 30 BHRBERRICHNELEAERER
BEE - FHILFAEAES BIE R DR A REEET LB ARSI BRSSO R
O - HERBIREFEHR - KETPHYHEEE KRFEFHYHEBKRRES 3 AXTEFESE
iaz);“aﬁﬂi( YN RSE -NASEREEBHGEEEN TS (TCCIP) RMEAYESLERIBR
REIEEIEB RCP4.5 BIRCPRS IBIR N2 5 AE x5 NEFRERBER  KIFFRZEI T2 K
Moo gE RN AV ERRMNE - WECEREE RS 1986-2005 FHIERR - KK 2016-2035 F -
2046-2065 G832 2081-2100 F = ERFEAIE KT O BEMN D EE & - R XIRIE R I WAE S Z
MTE 2016-2035 FOIBER BB R EMBEZZRIGEF | MTE 2046-2065 & - £ RCP 4.5 1BiRiE KB
IO BEREYATEEZEER - RCP 8.5 RIRRIE OBEIEBER R E T ; TEHHACK - RCP 8.5 1RIE MEih
ILOBEBRMITME - BAZEAZNRZHZ=IL - it - EE - thEEEEME -

FASERE . IRADIW - RIREE - EFH - TCCIP

Abstract

Both Aedes aegypti and Aedes albopictus are vectors of dengue fever in Taiwan. Aedes
albopictus is distributed at elevations of less than 1500 meters throughout the island, and Aedes
aegpyti is only found in the south and below the Tropic of Cancer at elevations of less than 1000
meters. Aedes aegypti is more capable for dengue transmission, so it has been considered as a
principal vector for large dengue outbreaks in Taiwan. Therefore, the estimation of potential
distributions of Aedes aegypti under climate change scenario is important for future resource

allocation and preparedness of dengue fever outbreaks. Temperature and precipitation are two
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important weather variables that affect the distribution of Aedes aegypti. In this study, the historical
observations (as covariates) from 30 Central Weather Bureau’s weather stations for periods of
1988-1996 and 2003-2011 were collected and the existence of Aedes aegypti at the town where the
weather station was located was treated as outcome variable. A penalized logistic regression with
elastic-net penalty was then employed to select the most effective covariates. The results showed
that the annual average temperature, winter daily minimum temperature and winter daily average
precipitation were three main weather variables that affect the distribution of Aedes aegypti in
Taiwan. Risk maps for the persistence of Aedes aegypti on a 5 km x 5 km resolution were generated
by using the historical observed gridded data under RCP4.5 and RCP8.5 scenarios provided by the
Taiwan Climate Change Projection and Information Platform Project (TCCIP). We found the
habitats of Aedes aegypti may expand to the coast of Yunlin and Chiayi in 2016-2035. In
2046-2065, Aedes aegypti may expand to Changhua under the RCP4.5 scenario and to Taichung
under the RCP8.5 scenario. By the end of 21* century, Aedes aegptyi may present in Hsinchu
metropolitan under the RCP8.5 scenario, but may not present in the area with more winter rainfall

such as Taipei, New Taipei, Keelung, Taoyuan and Yilan.

Keywords: Aedes aegypti, climate change, dengue fever, TCCIP

R ——
\'%z
==

BERMNEAGHNAEEEFAMNEZREL AGRBNEME BN 1500 AR K
RUFHE - iR AR HIREIL LR UEEER 1000 2R NHiE - AR ARNE
ERZREHHRMBZ/ARGE - WEEEEERINGHERMB R/ ANERIB RN
WEBEBREFHRBEET)  BEENEEMMEFTRERREZENEZRT (Teng et al,
2007) - IRBEREFRIZHHRAE (BEE - 2011) - RSBEEAMEN D hREAER S F
RERMBENETH EASRIKXEB=ZIIME -

ERIEZEEBNEET  2IXERZH LA - RIBAEREMAMIVIRSR - ogEFBIRIE
BRIEARNEFNNEERESE  MERNEERNZENERK ;| SUESESEMNIRIE
FRREENNEIELEE  MEaNERENEENEIE - RIBEEFEEEHAS (WHO) W
HE - TE 1970 FLIREB 9 AR ERENEEETE - ME 2016 FE2L&HEE 100 B
BEEMARRIT - B - 2015 FHIRFKBELWE BT - LHOIRER - FEERFHABRA
DREERGIE DRI 2014 AR 59.5%E 16%  EAMNBEESE3 £ NERIZRHEE
2006 FLAKRERERENZEE (WHO, 2016) - @R RIEZBHEEMEENTEN T 2IKA
HEENEEEE -

R ERREREERFRNBEEBRN D f RS RIEZBHE E*ﬂ@%E’J%%ZEU'
BIRRRREZEBHE E*ﬂri@%‘( YRR - FFS T Kraemer et al. (2015) B Roger
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SR ERRERE
(2015) #EHIRRBIRMEEF EREN T THMAZRZRREE - 2 E2RNIEKHNESR
BEREEHFESNEN  SERSETEHRARBRBERZNEZEN RIS EIERH
WA mHNEZHEBRZREF - THIEZU D HEZRGRARFESEE FM=E2E NN T
BERNRERMUIBENARKE SRR IBERENE—D -

< AR ERTS
2.1 RN D hiEEET

RBEREHHIZBIEEMN S HRAESREHNHAERE BZEE - 2011) - §ER2 K 1988-
1996 FE2 2003-2011 FMERH - EHRPRIZEFHIRIENRRER - 1988-1996 FiF
HAA 25 AlE - 2003-2011 FHFHAA 30 AlIS4CERc 28 - RIS EAEE - A5t 55 25R - Y
FREUGTEMERAZERALEFIOR - EFVFIEOHESE  XFFHEHKRER - &=
FIHHZEBRENRE - EXFHHERERNRE - AFFHEHEERREEXFVIHHERRER
S 7 ERFEZENFMBRBANFISEFRBEEE ; AU EFMEHNESEHAE KNS
mIEREEREET O - BRNABMNEMEMERSIZEENNS HHNERES 13 £ /%D
(sparse) B} - ABEE LI —MAVZES HT[EIER (logistic regression) MEITEECERE - AR
DU #8118 (elastic-net penalty) Z#AE] (penalized) Z&ESHTCIFRETEEEER L&

BEREIE RN RS EE -

EEYi B Xi =(X1i, ..., X7i) DERE i EBRNNWEEHHE 7 AR 2ENNEEH
B£ - p; = E(mxiﬁ%éaﬁaﬁ%znﬂmt% | EERNBEERN S H 2SR Alo@ZESH
BIFFET log(p_i/(1 —p_i) =BO0+X_i*T L HPBEB = (By, ..., [) D Rl AEEE HE
B EHIREIFRGEEE - p_i/(1 —p_i )XTEBEBE (odds) - i=1, ..., 55 - LIRS IERHEE
B 5 20 M L oK B (log-likelihood) 2 X322, y;(Bo + X1 B) — X322 log(l + exp(By + xI'B)) +
AMallBlly + (1 —a)|IBlI3/2) - FIMIEA—MZES ETEIFSANEH MRS - HE—IEFEL
AIMEBAESRF (Lagrange multiplier) A RURAZEHABEIR - HP|| ||, p-#EL (norm) - p=1
FROEETRNEBHEREN p=2 T RAEZTEZFHHENEBRRS AFRE a=0.5 -
PEABLHEHARERXRE - dBREAR L FTEBMETHOESR (MSE) - ll&/NI5
REEZANK (B, B) 1EETE - ERIFBGHEMGETS 0 RHEHNEEIRIEN -

REBBIASHORESEEENER  BUBEBEDRERES - AL TCCIP FriR i
WAEREEERRERETREERRE (1986-2005 F) MRS HiGEH KEEREGZ
A ERIR KB itE - ETRIVAETERE - ARRNERERAN kK F205 (k-fold) H

k FIRRERMER - HRKIREBEEIVERETT 1000 RAVZZ X ERE AL T - AR R %)f&ﬁ
R - EFVHHRER - ESFHHEBRERES 3 ARSEHNVENERE LR HRVGET
AEREMIDR MRS mitnB EESE D hEE - MR ERRKER D miEE -

+ 169 -




FIEEBHESE RN S HHNYE
MR - BEE - RE - AT

22 RIE2E FEBERRERER

HB|ERKRIREE T 2ER RN D MEE - AR ER TCCIP RHZ 5 AE x5

PEFRAEREREBERRAEHELER - BRZERZRBEAEBREEBEFEZET
(IPCC) FARFHEIME (AR5) A - ARARRELRE (RCPs) ZAKRREEBIFIR - &

FENHBEEIL (CMIPS) ZRETNETRIEARTERAER (GCMs) EEHVES (ensemble)
ARERREMMA HEBNTERA -AM BB ERRIEERZHE R ELRH 1986-2005
F - DRI 2016-2035 £ ~ 2046-2065 FEE2 2081-2100 F55 3 AR HIRES{CE=HREE
ER  HEREMABR CELRRERREGIRKIBENTRENEREE -

23 BIIEESESER

R FIRA TCCIP IRHZ 5 RE x5S REBREELERER  ZEBERKELEPRR
&F  BEHKFE  KNZESBHNZEMIGHER - JIRERE - SHRELA—HERE -
VARBEE R EEA B AR S EE I AN A BB BIEERIE 1960-2012 F - BEBETESR
BH@EBEEERERER - RFFREH 1986-2005 FRELERFIHEE -

RIB2 1B IMNIE RN D HIEIZE EA2 2B 2 36 BREBANRBERKTEER
2 RAIERES RCP4.5 &2 RCP8.5S 1BIE T - 2F19R - RFFHHRMER - LFFIHHEERWRE
FIERBEFNNEH S ERKIE NN hERNEE -

E N II\E%

FEEARASHE - DEFEER X - RFEHHRER X, BLFEHHEBRRE X, 5
3ERBEEETT 1000 RIERX Blog(p/(1—p)) =0+ Y_( =138 [pjX_j JHIEHME
BEBS ORI NREDITE  BIRGREMEHES NP AIE 0.507 - 0.274 £2-1.295 -
MEEHEDRME 1 Fi7R - FLIEGHEEEHEIIE exp(f) - UREEEMB S L&
HEMBZH X EESEN 1 BEDY /(1 -p) ORETE X=x+t)REXREEp/(1-p) (p
REETE Xj= x) ZIEMEHE EIBELLEEHE) - M3 ERsEHEZBEILMEENS
I R4 1.660~1.315 £2 0.274 - B n— B EFIT RN ZLFFITHHKERIOIE NS it
BEKRNSHHBEIES - (BLXFFIOHZERMRESRIE NN~k EE XM R IR RS Y

BERE -

ERRFIZEEBAE - #&RBIVABEHNELER 1986-2005 F - m KRR E S
BEEMS 2016-2035 FOSEIE R EMEZFRIGE ; 2046-2065 5 - 7£ RCP 4.5 BiE ME KM
IO BERYRTEREZ(EIER - RCP 8.5 IBIRRIFE OIgEiRR E =T ; 4K - RCP 8.5 1BIR MEih
RILUSEGAMTHE  BEAEERLRRZWEIL ML EE - SiEEEFEME (B 2) -

- 170 -
EiE 3 . RIFERER RIS



. r.. I -
i I HE =S !

(a) RFHE

=

= EE8RIXEEHLEESNTS

Taiwan Climate Change Proiection and Information Platform
" 5 %= =
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(b) 2FFHHEFEEER

(c) E=FHHEEWE

a0 _f’x_ 15- f\
a- |
30 aF I 1.0-
N 20-
05-
10- ]
0- ! , ﬂ—?"lﬁj(ml 0- _-IP|/F | , , ! 0.0- , ‘l-—lf'l="r'=|—---—I , , ,
04 0.8 12 16 025 028 027 028 0.29 5 -4 3 2 -

1. BE#EA () 2F9R - (b)) LFEFHHARERE (o) XRFFHEHHEERR=ESE 3 @
REBEH 7 EMHRABIZESHOER - 17 1000 RPRXEBFEE - FRNEEGEGE
BRETEREY - EHAEEHE - MEASZE (density) ©

RCP 4.5
RCP 8.5

Chiayi
Tainan 31,

zﬁ'ai[ung

Pingtung “}
-

1986-2005

2. IZESR -

EEX
BH=IX

-

8
** Taitung

2016-2035

2046-2065 2081-2100

REFEVYHHRRRALSFYHHEBRRERU ZEREELARRES
1515 (a) RCP 4.5 B2

A (b) RCP 8.5 FRIARIIE KW A ME - 4B RBIRAEN D

KEEEBRAIZ 2003-2011 FEREHIZRENIE RN E RS hEEE B3/

R 1000 ARBIEE -
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9 ~ 55

RCP 4.5 1 RCP 8.5 RIFEEFEIR A FIORELFIVIHHERRRABEAZY
Ei - BEFVHHERRREAKNEAR - BREGEZEME - MERDMER - &
SEEALFRRVILEIARICEIth & AT F1TR §§$i’]EIE%RJ&%:BLH—;FEEJLﬁﬁJ:ﬂ'
BR&EFZFHHRBERENBEZIBS (2FRE) MBEKREFTIEERNS T ZEBE
PN ?ﬁﬁlﬂﬁ_t]f;ﬁ%)ﬁﬂéifjEIE—1EE/-Qg§$i@EIE‘%$EB¢ﬂﬂ_Em%E@ XEEA - IR
EHZEEMAREER - RO HNREEARETFHERE - ROIEZSA/ZER 7 BEIE
MIEFLERBTNBRUEBRELIZERE - FILIREFRNEEAK - ARBEFER - 3R
FESE B HAfE R BB LU & B T it (& 22 SRR AV IR R D b s T E - BRI DR ER
B BFR EREMEANESZHAAEMEHAERMGE BRI HE(LREEREHRS
EBEERRTREFEAILLBBEMAT  MNoRESEM - ZRRSER - BARMIEE

RARKREBEAE RN B L E -

Z R

W

MEH 2011 EEWEEEARFRENSTAELERBERAREENIEMIRS (GTERE -
DOH100-DC-2018) - TR @EERBANHEREHZE - =1k -
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Application of Climate Change Data for Technical Development and
Research in Agricultural Fields: A Case Study in Rice

pheeiE ' BREZE ' EROEF T EME B Rk 2 BEE - BRKAR 2
'REZEREARA  CERKEHREK P

=S

rEEREEBEGHEEMNFEEES = . (Taiwan Climate Change Projection and
Information Platform - &7 TCCIP) 55 _HAGtE=MIESEBIEWMRIER - HEIXRM K P 0
HREZFEEEFAREF  tREEBRREERNERIFEERR 2 L NFETERE
BUAEEFES  EMARTRZRENEY ZENRKBEEH - RILHEERDER -
BRI AIRIERZEZFLEREIREYEXNER - KEEREBESEZEEIFEY - Kig
EEtTERREELTEERER - AMRNA TCCIP BERMEERARRIEER - i BB
M2 " FEIREBIREREEN L AMA . HERRKIEEE TS EMBRKHESED I
INKEBESEEERE ZRREBIEBE - guRESTERER - RRFRZH LA - 545K
KENEBHE  FEETR - SERERESHHRENBIRET - KEESR /DB
. 221 4K - ERCP 26~ RCP 45 - RCP6.0 & RCP 8.5 15iE MK FIOESEE -
2 RIRE 6% ~ 13% ~ 16%K 25% ; :5H AR4 B IRRRE(ALB BIE)DT4&ER - B D
2 BEREMEERNEE - H5 AK 6 BNESRREELLRGREIG - DJBEEKER
MASHABRNAEACENRE - Siza8KKERAREHEKEESHLERETONE
B - BEKSEREZUNRELELENKBEZEER - SRIPRIKBEERE RS 2808
B -

FAfsd . RIEEE - BRE - KEH - BeZZE: -
Abstract

The Taiwan Climate Change Projection and Information Platform Project (TCCIP) phase 2
add an agriculture research project. In this study team is collaborate between the National Science
and Technology Center for Disaster Reduction (NCDR) and Taiwan Agriculture Research Institute
(TARI), use of two-way communication between the upstream and downstream of climate change
downscaling data production side. Because of the interaction between the meteorological
environment and the crop grow is very complicated. Therefore, the evaluation of agricultural policy,
cultivation techniques and environmental factors often need to use the crop model. Rice is the most

<173 -




RIZEBE R BRI R I8 E AT 38 R AR
WkEgHE - BRE3E - SERIRT - EMARE - IS - RoKE - BUEE - KR

important grain crop in Taiwan, and rice yield is also an important indicator of food security. In this
study, the future climatic data was produced by TCCIP team and food production evaluation system
for different climate scenarios developed by TARI, integrate the climate and crop data to estimate
the potential rice yield, and to analyze the suitable planting area of paddy rice in the future. On the
temperature analysis showed that the future temperature gradually increased, will shorten the
number of rice planting date, so that in the late 21st century, the average yield change rate of rice
under RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5 decreased by 6%, 13%, 16%, and 25%, respectively.
Climate data was downscaling from IPCC AR4 and AR5, the crop damage caused by low
temperature in February is decrease, but the number of heat events in May and June was
significantly increased at the end of the century , high temperature will cause the abortion when
pollination which lead to reduced grain yield of rice. In addition, it is found that flood risk areas are
mainly located in the main rice producing areas south of Changhua, which indicates that rice
production will face more challenges in the future.

Keywords: Climate Change, Downscaling, Rice, Food security.

=

]]II

REBEHSBRIEEBEFEZESE (Intergovernmental Panel on Climate Change, IPCC) £
hRFFEIES (IPCC, 2013) - BFERRER DA - 2IKEBLIFERE - HEPRL,UH:W
SREENEN EAREERA - EtREREEEFR - UEREKERAS - KBEEEME
MEBYFE EASIRE - SEKEEBRERS (2011) BL - SEMPIRIZRM - HiE
EHRRIEEE ,—Mlscﬁf‘ﬁ%E/\‘<‘i’f$9in§*$*ﬁ§7&§§fi§_ﬁ CHEBEIX - IRBEPRERS
(2009) 7347 1897-2008 FREERER - TEFIIRBFR LA 7 0.8°C - 450 FK - BE=E
RIS = m B E A AR ERIE MRV 22 (5*!]}% » 2010) - 1BIGEFEFRS BN - FEREARMADIG S
R, SR EHEEBERENIRE  AHREREEREERRBEHDEZIRIEN - RS
(2006) TR EEIR  SEMBRAEERERTFIRENNEEREISZKERFERYE B
BLRBAZFBRANEE  FILIBERKR  LREEAMRKIRSBHEEERIZN - BHEE
TENEBRBRBEHREELEHE -

IPCC AR4 89 GCM ZE R E K44 100-500 AL - MTE IPCC AR5 B9 GCM ZE & #2 4
E#BTRRA - B1)7E 80-300 AR L H - £ GCM EEM@TE F =2 E28EREE - B
EHE—TEPBATNREEN  MEEELEREERNT  SEZWEERABFOREBH - I
AEEN  BREEEAETHEEMFEOREESEZESHS - ELERHISJEESMN
GCM HEHERESERIGMEIENEN ZBHNERE - Fhl 2 RRERREBIREN
EA - AREEEBEHRRFEEBHLTSRTEASTENREREEER - MFERE
SEFEZBAEMRAAENSEE Bt BRERD ZABERET GOV EFE (PREM -
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2010) -

EoRTEETH Y FERERREREENLRAMA  VETREEB N ERL R -
TCCIP R EH B NBEBRARREREER  REHIFHEAR SRS EEHOEE
HEEKEEMAR " AEAREREEREET G2 IR ENEREENTEL  £5
EE-—FHZHER  ARERFZENNRESEKEFNSEHESE (°C) HRER (°C)
HEERE (mm) RHEHE MIm?) HERSEF - ZEETEFE 5km x 5 km S ERITERN
SREENHEHAEEAFMZEEE  AMEAERSEERNPRZHHFNEIRE - HHEEAT
ZERFYEEZEZERE  TEERELMESAUSNREFZ— - FAIEMBIATRR Z &8
ANAREEHLERBANEE N (HE - 2002) - BRIBEUEYLUKERS - #HEREKS
EEBINEEMERKEESE  UOMIZEEAREZUEREZEBIEBE DU TBRAKRIEEE
MHEELEBRETPERNTEEL  DUFAREREEBEMEIERERE 2 E R -

HITTCCIPE—FTEGRLUARIBNBEREER (BE—BERE—EN) ZFHESR -
PLLL T AEARERREREETLRMA , HAERKFERREENE(LL  URPEERS
BEMHRIESHZBREER  2TRIRRIEREEREN - BERRFESBHSEATEHE
AU E—BIREERT AR - 5_F TCCIP ERZHFRERREZREER - DL 1980 £F
1999 T EHH ﬁﬁﬁﬁ%mwingiﬂﬁ%XNWijwaZEﬂ Bz 31BIER
(A1B ~ A2 - Bl) #2124 7& GCM &I - KZENBZEIRZE&R  HERESEEAN " AE
RIFBREREEN R4, ETHML  UMGEHHBERERLEBIEACZE  BEASE
BRERMFEZDIEGEEKNEREHE  FBEEREVMRERE - £=%FH IPCC AR5
FIEL Z R RBIEBIERA "R EERI (Representative Concentration Pathways, RCPS) |
EENARRRIEEBNBEFRKEESTHER -

KHFEER IPCC SR EIRES (AR4) MREARFMEIRS (ARS) AEIMARKRIEE
15 - READRFAARREZREER - L TARREBREREEN G R4 HIERRRIE
REEENSE BEREARREEZLERYSERGZEERS UHEGIERIFMRERE -
REEMBERE  UHKEEBHSEBREEANBREZ2E -

* MR T
2.1 METRRERRBIEER

METERERIE - BRURSTHEAMEXKREENBEEMEXERNESHETEHEIER
MEENEG  BUEBEEXRETRSERNENTE - ARUURHHEHBHNSIEZE
BHIZET O UARZTENZIRFERNER - AL PUREERETEAEIEIRSR
EEANNHELER  AYREBRERLWOBEURESHEE - BRFTERENTMINEFEE
RE - WIFFMBEREEHHERANSETEENER - o/ BUEST LA 24 - TCCIP B
FrERZ#EtBERE R EZRRERIEZEE 728X (bias correction and spatial disaggregation)
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(Wood et al., 2002 ; Wood et al., 2004 ; Maurer, 2007) * R R & E 1 E BRI R IR R E S
B EBRIKREEI (BTEA 300 km) BREZEATE 25 km x 25 km - BERE R #T
E5kmx5km - DUBGIREEIEBEMESEFTBNE -

PRy EEBRERMN BEMEEREYREREERBERN  HILEBREFEARRX
S|OT4 2R (weather generators, WGs) RIBE#EL T (Richardson, 1981) EMAEEHER - WGs
M ZENA—ttESSENENRETEYE  SlZtERERENFEFRII ZERER
HRIEBHZEERF WG BREREEBIEHEFMMI (Semenov and Barrow, 1997 ;
Wilks, 1992)- XAt ERERMEHBREER® B2/ e AERTIEER
KR ERAEBERERE (Rothamsted Research) FTB 280 LARS-WG X & 174 28
(Semenov and Stratonovtich, 2010) REHZHNARKEFIIRRER - WGs aJRIfTHEEE
HENRETRE - RPARRERS - XFRITE AR4 EEIERS 1980-1999 &F - M
AR5 EHIE 17 1986-2005 F - RRFBIERIER S EHERKTIEEE N 2 WEXRER
EERKAABRLUTTERRZHER - FIEERER 100 AL DSSAT B /KIEE

EHE -
2.2 DSSAT HINEARER

AHFUFR A DSSAT 4.5 IRTEIEIN B EET - HFfRSHES - Mt tiEG T
(Bt -BmE BEFIENERESES)  FUEHE EEREAEERSE) KERER -
DSSAT RZENBMABEREBHAZHSE MIm?) B=RE (°C)  RERE (°C) RERE
(mm) » FKFEFIF T Z & E BRI BRIME T3 VR - 17HKEE 15 cm x 30 cm - EBIEBKRER
22 plant™ m*? - WEUE—HERE  FEBABENTE - HARIMLESR 113kgNha - &
RBARPRESFBELRIIRERKOEIRE - TIEFURKEBERZEEEXABIRS 2T IERE
Bl BEHN B T A/KIEHTIES M - DSSAT RNV ESHE B SRR - BHARER
MAFRTEDSN - WA BIEM RN ERRBRIBNERSE - BEZBH A DSSAT 3.0 i1z

TER67 5. KEmBZEBZE (Yaoetal, 2000) - FRRFARI e AER ZFME S -
WAMRINEACRUZEREEESEH - ERABTRER/FER - KD mRESFREY
= AEBRMSARREZEAE NZKHEE - LRNKEEELARZE Y (€ - H
HE) ZR% -

2.3 EREEMNML AR ITRE

=X R T ARREBREREEMN G R 1 - KA Visual Studio 2010 230 CH##A
SR TEERIESRA ESRI ArcGIS Engine 10 L F AR BB IIEEZR4 - 2R
E2BAEREERERDUEENAKETEHLE  TRECZEEBHERFAERE -
FIR ZIERAML T E EE#IT DSSAT BRIVERINEE - HRERZEUEBESEIMESTFR
ERNBPZREERIEE ZEFKENIERELLY - SHEMNBERE DR O R it
ERDEER - (RIISHMEKERERR  BHEGESRIUEEERESIMERESE - B
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MERND S ZBKEES -

HA "TrRERFEBREREEN GRS, ERBOEEMEBKEESE - 2AK=1E
HIRRRVES T (25 FF719) FAMEEMEA (GIS) EERIEAER - U yBREESithER
RRIFEE TN EERESVIBE - Hf - BINSEBB 500 m L EAAGE - ARiE8

B EKAEREES D ; WAt SRR EREWNER - EPRANKBEESNREX/) - HFtE

T - A (%)_ﬂ@ﬁﬂ(?agg BEHKEES
HEPKIBES

B EERENSEREFNE SR DEBESHNEEIERETER - ERERA
1998-2012 FRAFBERS AL Z 15 FF19E - REBERNSEN - ERREK 21 HLRS
HifEZ 25 £ I19E - IKEEHEREI 0 A 1568 EREER -

— R
31 ARA#EIRRREZRZREF DM

A#&ERER  —EARENRESREEFEREZZAFIHEZEEBERIE—N - BAER
REH KEKRGRBIENZEBE HhHESREMS  fIRk2K (2020-2039 F) Fi5 EF 0.47
°C . tH42K (2080-2099 ) FiY EFH 1.48 °C - HR(TBEMS « LARKRF EFH 055 °C -
21 HEEARFY EH 1.55°C -

B AR4 2 HER (HESEE-HRERE) FI9KR 7.9°C - TRRZ BEORFIIK

7 7.8°C 2l HERZ HEURFI9HNR 7.9°C (BRIRS) HBEREERPEBRHERE

FEiE8Z (Vose etal., 2005) - HE @ MEERKEEEB EHREARAERE ARG (Pengetal,

2004; Lobell, 2007) - EXZHERABRIRELEFEFMNVTRIER - ZEHME RIURE

RREENAmaERTSE - B TCCIP Z AR4 SatBEREER P ARREAE(L - BIXR

TEERERREREIRRVBE - - AL - XFRLUSREKEESENTEETWR
MEBRHRKEEEZEEAT LW

HEEEREFLEENERIEVEREANMRER  BAOHMRNRRER - (BXIRRE
RIRTHHFEEREBRARME RS A RS - SERFIFMENSERHEZAILE
67 & - MAELUEFT SRR ERBIRER - FIE TCCIP BEAAHBRRETTHHE - MU
BORICERE - AREN - —EHENHFEERNEZAMIESEBE - REHEEZEAK
HEBDMIBERINEHEREZEBZ - BiR TCCIP ERRMFEREER - Frigfh Zz HEORI
RARBAER MEMETTERNWHFEER  EEMRATTRR 21 LR ZERBERLD

3.2 AR4 IBIE N KIERKESBR DT

2T ARA RETREREER ZEARMEZE— I KEEE VY  ERBERARREE
BKEEEHHMGEEEESRNENBR EMSEMEE—PIFKEEEHEA13BX
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BNmEES Y 839441615 kg ha' | MAKKIEEEHEL 130 X - F—HAFENEEE
£F19 7949+1611 kg ha' ; HAKFE—HIEKHEBHELY 123 X - EMEBEES T
7349+1607 kg ha' - BER#~ @ KESERUR T AENE - HPMURRERELD -
armaolE  REBREHAAEEDREERS -

HERRERKEES - IRREETFIILN-55% - I E 480 kg ha™ - TR REEih
BKEFE-IFEEHZRREBS BAZHRIE RN ERZ  Alinadtm -
it~ tkER% - TR  ERERATCERSE - EENEXRRONMERIEFRPEIKRE
it - ERLRREMEMER SRS - HBERERKEES - o RERS
#-12.9% - FFIPREL 1048 kg ha' - B2 EAMAMBHZ2IRAE - EELILBREBIE
BRI - &b - #rdbm - $hE% - F1THT - ERBAICERS i E L IR R ERV 4R
B% - MEEXEXRONMETEEDHRPEKRERTE - EhllafBERRitEHE
BEFMAEAIRS -

33ARS #ETBRREZREHE T2

Z=7E RCP2.6-RCP 4.5 RCP 6.0 & RCP 8.5 ZEH (1986-2005 ) tH4C#] (2016-2035
F) ~ 4D (2046-2065 F) RHAKR (2081-2100 F) WE=EREBREEE 2 E9EEE
BRERIRE— HRNE  ARFEEEENZEBE - HEsREMS EEEHA R RCP
26 1BET - F19 EF 0.88°C - RCP 4.5 7 1.63°C - RCP 6.0 E# 2.04°C - RCP 8.5 Al EF+
3.14°C; RIEREMS - tH4K RCP 2.6 1Bi%E - Y¥39 £F 0.82°C - RCP 4.5 £7F+ 1.63°C - RCP
6.0 _£F+2.00°C - RCP 8.5 R EF+ 3.18°C - 559 - BR Y RCP 2.6 I&RIF R HACHEIRA FF
29 HBR—TEBIREEFHEILRNER -

3.4 AR5 151R NKREARREEER DT

MA TAEREBREREENERF . WA AR SETRREZGSER - HEEM
EBKE—HFRE _FESETER - ARER  E3BENKEE—HFEZESEBBEER
B RERBEFHAZENBRZESH/ VB2 NTHAIARE (B 1) - ARNERBERS
RN RKDFIR FTUBRREETREREE RS AARE—HIEES S 10,000 kg ha™
FAEER REHRR 2EMEAFJELASER B /LK  JBRSEZMEHEMK
FF% 14 (RCP 2.6)~ 8 (RCP4.5)~8 (RCP6.0) & 11& (RCP8.5) tJREEEREIER - I -
HEBRRERZESERERTEB[AHE LR RELVIR SBRZHEZEEER 10%
(EERENER  SBEENREEEUBBRENZTHNBMERE  RIELKRE - BRTY RCP2.6
iR - HRR=ZEBRNAEESE KZH /D818 10% - £ RCP 8.5 IBIREZE — ¥ EH4EE
EBIE 20% - HPRIEIH 2 ESR /DR ZHBIE 20% (B 2) - b9 - bEBERMESR D
BB AR ElEE - DL RCP 45 BiRAAl - AU - EEFIORIERS 6.97% - R
BB%% 5.61% - FEAER 4w 3.80% - FUER4 4.06% ° M RCP 2.6 IBIREHAKRKEES /O RIMEBE
HAEPRESE  SEEHARAHEEBASRSENEETHRER - RCP 2.6 BIRENIEALKIGRE
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RCP 2.6 mid-term

RCP 4.5 mid-term RCP 4.5 long-term

RCP 6.0 mid-term RCP 6.0 long-term

RCP 8.5 mid-term

Grand yield (kg/ha)
<7000
7000 - 7500
7500 - 8000

[ 8000 - 8500

W 8500 - 9000

N 9000 - 10000

. > 10000

1. EEH (baseline) - KFTBARRIBIE FRELY (near-term) ~ tHAF (mid-term) KHLR
(long-term) F4PiEME 2 E—HIEKEESEEZB O HE -
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RCP 2.6 mid-term CE?} RCP 2.6 long-term {{3}\@}
>// )

Baseline E i}t? RCP 2.6 near-term ({Q}i}
1 , 4
J

3 29
G

| <,
S N4
%"

W

\

L X
RCP 8.5 mid—te:m Ql?i} RCP 8.5 lung-wm} ﬁg?_
b

( S
/@P) | /Lé: Y, i}
< ol o

Grand yield (kg/ha) F {( J
<5000 /
5000 - 5500 2 f A
5500 - 6000 J

9 6000 - 6500 ) y Y’r(”’:j

B 6500 - 7000 'y gt

7000 - 8000 Y & 4

. > 5000

2. TEEHR (baseline) - KRFFARKRIBIE FREAH] (near-term) ~ H42H (mid-term) Rit4AoR
(long-term) F4biEME 25 HFKEEEEE o HE -

HWKE_HEEEETERR  R_HBFZRREERA—HFEMEE  EERX
FECERIE - FHLJ\H%T—];EE*%%—F{I%E 8000 kg ha™* - IERIAAROILIRIR - AIEERA T ESE
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BARE - REMK  “HFEERRIIBER—HFZEE MEBEBREBETERD - 5
WEEEBECEIJLIEIR - BREREHFHIAIE (RCP #A) KIGERVERE - _HIFESR
DRBBE—MFRL - B HFEENERZEZ[ O MAAR—FERILEN A mRmE S
hEE  MEXESHBRESERDVBEZEAS - IS - RIELCKE RCP 6.0 IBIRMEES
D RARZEBE 15% - 1M RCP 8.5 IBIRN AP IHAEES AV RAZLIER 15% - DURHEL
RFEERDREFEBB 20% - SHBERE—HHERRE -

FMAZEEEE (interquartile range, IQR) LLER—HAFEA _HAfFESNER 7 EZE - OJPIFEIR
ERERSHMEKER (RCP BARMSEAHELR) - —HfFZ IQR BE R —HEER/) -
FRE_HERENESER/)  THEZHBERHARS ZHEY  FLHFESNEX VY
EERA - FREERN  RE_IPER - JMEEER/VZERE—IHIERE - 55N - RCP
2.6 BRERICBRARENIBE  RELKRRF F—HFHEE_RPEZESNESRBRNIE LT
BEAHEMEE  BERRERDAZRRENERN - FHEARE 6% -

AAREETZEENERTNREEB Na2RFHKEEENTE  EREREBREES
BEREBIRE R - BRERSKEZEEBRERDRTESRERRA - 24 - BEWSE
Bl f2EFHKEEENFE  OJDUIRMEEEHE L - Bt - ARSI RIEZET
KIEEBHEWEL - SR~ KEE—HFZ2EEHABEARE _HF  HEER=E
REHNEHHARE (RCP#X)  £BEHEHME - £EHR F—HEKEZEBEHEYE
5 127 X - F_HEFIENR 108 X - B 7THAK £—HEKBEBHERE RCP £F
P BITFE% 121 (RCP 2.6) ~ 116 (RCP 4.5) * 114 (RCP 6.0) & 108 X (RCP 8.5) - M55 _HA1EME
RCP EF - KIBEBHE DRI FEE 10297 ~ 95 K& 91 K - b4 - EE—HEZEBFHEY
#)%% 120-150 X - _HRfFAI% 100-120 KX - 2 RUERAE 120 & 100 KA&m—HAEEL —HAYE/KFEE
BHEZ R MBEHEHZESHIBER  REBRSE—HFEEBEHEIER 120 REXSHRE
M = REKAERRT - 2K BREREHNES  EBHEER 120 K29 %H
HAEICIE R - ERBB M REE _ME - B _HFEEEHEER 100 X 22 AEILIER
HEE AN EHAKRRCP 85 1BIE T - £F2EKEEBEHEEEN 100 X - BIERESENW

ST BHANEENTZE ML - R4 KE - RCP 6.0 & RCP 8.5 1FIE N —HAE
ZEBHENEEDI RIS GRRAERE  HHESNESNBRE®T (B 1) m_H/Eal
AN TEIEY  BESNEENBRY—  WH HFEZEBERENES TR —H/E
X HESERESZERITEY - At - #AKEBEEER B LANSEEBNE) - B4

BHEWNMEEER - SHEYNS - REAR CO REBMRERNEIFRZETT - £I1FY
FEERBIEN - XMRAKRER CO, REZHIESHWEE - BIKERR (2009) F/MH DSSAT 1%
NETREBREDN - ERERIGRENKIEREMEANRIES CO RE ZIBEME -
IE - A CO RERSBHNWERZGERERENBEEFRERAME -

I ~ %55

KRGEREBN - BARAET RZEREZN - RIERLDRANGER - BRERVRER 21
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tH4C>K ol BEIEIR 3°C (RCP 8.5151R) - ARACREF S 2 EKE— _HIEMNES HEHE -
ERESPEREE R2AHLKEIREZD 7% ERIEEBRENVFIR FJBEERE 25% °
RMEIKRIEFEREARE(E - RRERSOUERBEIARKEHLUIBIERZRERE (IPCC, 2007)
FRIE - CO RERFEEM - BinRIREERRERZ RGN - BRIEB(ERMRBER
HEMHBK - HEEKIEESWNE - BEMFERETKEPENRZE - S ER _HFX
H=HAE - FEEBIIKEESERNTTE - TU—HFEEREX - REBIASRRE RN
£0 - M - ZHFRIBREEESMIRIEEIR Zmid - (FRERHEY - oIR8 FEERAE
#O - BRABANEREAR  EBRXEESAFZAR  AIKERDE - LHERSE - M
AEOFRHABERBLURTERETELRRRELEZNHE - ZHEBIRR RS SIEYEERN
BE  RBAMAER  HERGEZBKEEEREZZN N  EFRAUXEHRERS G - 0
F—HFRAER ARERFEMRENAIR ) SE_HETERREER  BRMNShmiE -
FEEK (ERE) ZEHKEESRMEEELE AR - BaRE - MERATE LE5RY
miE - EiRERBEREZ— -

KRS —HRZEERMEMNRBERRRERRR REOERNE - REGDBANUE
RHEMEREZE TCCIP 51 - BERXKEHMEHXRP /L (NCDR) HESFRIIKEIEY
FEAMFZEFZHARREER - BHEAGSR - &Eh - BREXHFE - WA RS
EELERETRE  CIRELRE  SlERAREEZARRREHRGEERE - RRRE
EEERNBEERERINERSEEDBAEY  tTHRNERFYEEEBZ DN - BHKHEH
EEE - £YZRUE  BREZXERERSERBRIGEE ZREREE -

W
it
2l

SRR

PREZRF - 2009 : 1897-2008 EERIELCHETIRE - 246 - 77pp
FBE - ELA - 2010 fA+FEEBES R 2O - QIEKESEMTTHIE

B - 28k - RER - BPE - R4 - Joo-Hong Kim ~ 2Ilf§ - FEZE - =& - B - BEEE
BE&R AR HEH - FHHE  BRER  2EX  BTE REX FEE MBEFH - F
BE -~ RIEE ~ FRCF - BRIAS - WEE - BIKE - RER - RED - RHEan - M= - M
I BB BEE - BRE - MR BRKER - REN BN IR TER  BME -
WRAZ - 2011 | EERESBRBWE 2011 - THREEXBEEES -

W

WkEEHE - B4 - k$9 - 22l - 2000 : DSSAT B EFEAKEEERFREEBEHET M 2BRY
e - PELZENFH - (49) - 16-28 -

whianE - BRI - =)l RER - 2002 - mEMEHREZ OITHRE - FEEEA - (51) - 73-83 °
WREENE - BR<FHA - 2009: RIRE B N KBERKNEEZEEN - /FY) RIFLLYE5 (6) 141-156
BRIEZEE - MME17 - 2010: AT FREREE R ERERITH % 2ERIEEBHGEENFaBESE(13):
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Using Artificial Neural Networks to Evaluate Agricultural Losses of Rice for
Typhoon Events in Taiwan under Climate Change

o~ &K - BIKE - [RoKER
B 2R S E B RARHR B0

=S

RHTFRERET 1960~2009 FE—FeEFHKEEKBRERZELLA (%) WBE%G - AHE
AL ?ﬂ BS (artificial neural network, ANN) ZI7&ERET - WiFFIZREFH ANN EXERARS
1ZE B NsE S HHKIERIER B - KAFFEER TCCIP (Taiwan Climate Change Projection
and Information Platform Project) PR#E#ERY 85 ZEHE (1979-2003) e @ E 4 Bt 42 3E

Qmsmw)%ﬁRﬂ%SM43%RH$#ﬁﬂMEF Sk ETREEB N RS EL
REEEKFEEBES UL - RIBEEERE R - £ RCP 8.5 RIEEZBHIRCIBIET - 51%7}:

BeRESHHEEERKEEENARSIBMVES  BHRAMAREERSHIRTHER
fil - AR REERNERFRTEE -

BASERE : KT - M - RIZEE - JAMAAREES

Abstract

In this study, the relationship between single typhoon event and percentage of damaged rice
(%) during 1960 and 2009 was evaluated. The artificial neural network (ANN) model was used to
establish the empirical models. Subsequently, the trained ANN models were utilized to evaluate the
rice percentage damaged that was caused by further typhoon events under climate change scenarios.
The dynamic downscaled data is processed by the Taiwan Climate Change Projection and
Information Platform Project (TCCIP). It included the 85 simulated typhoon events of the late 20th
century (1979-2003) and the 43 events at the late 21st century (2075-2099) under the scenario RCP
8.5. According to the simulated results, the further typhoon events would raise the level of risk on
rice production in Taiwan. However, we have to exercise caution in this results and interpret
conservatively. It is important to emphasize that the number of simulated typhoon events in this

study limit our explanations.

Keywords: rice, typhoon, climate change, neural network

! AMRMORBER (104 ERRATATERANE L « TERKEHHAITPOEMERE (E9% . NCDR 104-T25) 4 »
"5 23 BRI EREBRE (PSC-23). 8% -
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AR EBEEE KR BEEEFESNM S - SEURAREEME  REMHX
¥ - ZRESHXEFHLENSERIME - RBEPERNEBRSEN - FE=EE—HHEEN
FRACHR - 218 - RIS EEEEE - KEZHEFRELEBEH - AKEGRYE ERIE
= EERNUREAR « BLES - AIRRK - MEIRERAZESHEENEE - MAEM
& AR BRERRS  ERERENKEREXREFERR ERKRERAZENHRS -
I FEE R E R RS KRB ECHBEEEE - Tuetal. (2009) 5L E8E 4 AT 2000 F
FIABEILBREREEE - RIB Knutson et al. (2010) BIIAFIEL - 7E 2100 FE(EHIRIER
RS AR 2-11% - REFE 100 XERRIFERRIGR 20% - HRFFSEFITIEL
(Knutson et al., 2010 ; Sugi, 2009 ; Sugi et al., 2016 ; Oouchi et al., 2006) 2= IKBZ (L5 6 /& 4 A%
WREZRD - BRZIEEAYEAELEA - REAIZIZ MBS - HIE - |l RS EER K
RSB EROEEZIEN - 2R (2010) HELE (2002) BUS=ZRESFEIERVIEL -
BIRMERAENEEREBRASENEEKBEBIhEY - TCCIP (Taiwan Climate Change
Projection and Information Platform Project) #2H A& S EE (Japan Meteorological Agency, JAM)
FTEBHR S FTFT (Meteorological Research Institute, MRI) S1F - EVEERI B IE—TLIEH]
R R ETEIRIET S48 (Weather Research and Forecasting modeling system, WRF) #E1T
g1 1P RE (Dynamical Downscaling) 154 - BB ES BN RRMEZEENAT - KR
L1960 2 2009 FEIZEERREASHRKEREZE (%) BEHFTER - LUK TCCIP FEL4
HARSERSEMELREREN - B ARS RCP 8.5 1518~ - WRF-MRI BeESE4HHIEK
BHMEE AR EEBNKEREBENEEX -

_HRTGIA
2.1 BRKEREERRESMF

KFEERZKERKBERAERN  KERITHRRREZEEFIHRIEERESF
H (KB 88 FREEZBREEMETEN)  REFMBAIT 1960 & 2009 F 2 KIEKIEHEE
B (%) BERNRERSBMIFIORAEER - KEHEEENERS | BEUMGHAPIAKERER
EE - FleR M2 EERBEWERENLLS - EERESHENZEERTRGREAE R
- BREMNREIT 1960~2009 F - EEEASHEL . REREHE - L=wE - H=h
POERAKER (m/s) - EELRERZHRENED - AAFEEER TCCIP HREXPIERE A
7C 1960~2009 F 5 km AAEBRREHZERERTERER (FMNF - 2012) ETEXZEIL -

TCCIP I HARREFME Z R MEMSIEES 20km BATEER - WIAEBE KT
BTAREXRF  ETEEBNE Skm BIARRERREESENRESG - XARER
TCCIP i 5T ElPX Team 2 155 HAY 85 BB L HFEA (1979-2003) B2 43 35 42K (2075-2099) BY
WRF-MRI 6@ RCP 8.5 IBIRE K - ETHAKREASHKERENF L KR EEE
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NEEKHEEEBRAXKNEERE -

]

2.2 FBALAEES (Artificial neural network, ANN)

AT E RS REEETARENNEIL ANN 2—EEH A BAMEBBENNES
= EEBRARIFR M EERE KIS AL ANN %&’E/iE’JFﬁHEQMQEBZ*EP (Dayhoff,
2001) - izDE%E* {818 (Kaul et al., 2005 ; Ozesmi et al., 2006) ~ MUK Ee/ERE/KCFER (Lin
and Wu, 2009) & - XIFFEFARZ ANN BEDPEIRE (feed-forward) BIEIEIEA
(backpropagation networks, BPN) (Haykin, 1999) EASz$E[@E# (support vector machines, SVM)
(Vapnik, 1995 ; Smola and Schélkopf, 2004) EFTACERBENRIEEIL - 72 BPN 2R - FHEE
BE (%) MARAZEN  SEATHBEBNKEH  EX5E2—EA 13 EWMETrIERE
JE - W TTERR B log-sigmoid BREL ; £ SVM R D - FHEBRIENKERE (%) &K
e Hﬁ?}ﬁiﬁfg > A B S5 AR Y © <20% K>20% ° SVM £ A libsvm v3.21 iR (Chang and Lin,
2011) ETENEL - WEMABRAKEE (radial basis) KEZ SVM B I P RIIZ R E] -

DIWEREN RN - R eREEREREER  AARRKHESEENEEFE
RERATE E’JF/R MR KERIEEBEAREMNMEREERNIRR  WEREERER
ATERPHNERE - B HEFVRELES - EF 200RFIERSEREZSREMPIRE -
Jtl:E’fEECS‘&EEEﬁHJ: - HERE K 20%FIER —EHRVFEER -

23 BREY

ANN R ABHNBEEEZE ¢ BRER T : A - hEhs - REBREDE - HFDH
BARE (ms) EHMFHERERE  BAFESEXE - BOAFERA PR EIK
BARNWERKH -5 6 HOMEESH - BERREE—HEKENZER - RAUTEH -
RRFAER - 1 8~ 9 HIFH - AR EE _HfEKENEE D EMSEaEREKR - I AZE
MEeES AR BRI _HIERTCH - 2788 - RNTEH - A - BeEREEHRE - smE
ERKEERMEEENEEREZ—  MEARNGERSLERERESRHE - BERSmEREREIL
WEARENSAS & /EIANS AN AR P ERTP ORAREELRRERE -
BERMVOHEERELAREATZESEXRHA T - Rl k7l EHERRER R E R REE
ME - ehREERE/BREY  INKREFSEUEEREMEBNHEHNZEETE 58
HEEHRARENIMERMMEREGERA - MittEPRIUIKRRAF - 112 EEeE LR
ARBEEHENEEREE -

ZRHEEE B AR 2 ER T iﬂJEBJI?T&ﬁ.ﬁ%&%ﬁz”%ﬁﬁéﬁi%ﬁi >4t EP
M ROAR ; REBEEDBRET - LFRGREDETE - 2hBI2 R 1 £ 9 REL - &
ENEHE I BEREENRAERBLE - MER = Ff%”*ﬁ%?&fﬁﬁl?ﬁ’]’“ﬁ’zﬁ%ﬁ
AT & B F B RS A R AL - EREh R 2 [EE R - Hopdb - b BEMMESERF
- BEERmARIR 1283 RERUREEREF - WERHHILIEAER TCEEER -
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DRAET 12 B3 RENBEE, EREREIED  BE 1 £ 5 RABESBREETER
NEBFEHERESEE - B 6 £ 9 AIAMmMOittrE - EDBRAORESE - FILEK
DERAFEMOMN 2 KEEEH - F—KER/RAER - BE1 25 KALEERMGET 1223
45 HARES - FTABAEIEERNEE 629 HPRE S RABOSEREMRE - M
B 7 BommEl - HIGKBAREIANIEFATRE 423 &1 BEDBRSABEER
RERwE ERIGTEUE 0 - Bﬁ?’fﬁ?&?%—ﬁﬂ’%ﬂﬁ%ﬁﬁ@ﬁ% NI ESSER) 7S
(bootstrap) (Efron, 1979) I8 - ZEMEHEAFEEZ MR ABIRELBRERHES - £
EWNHERARUZSEES - NRFEZUER - ERENEINEREGR - SeEEREERN
=M e

SERAERAETUEEIIE - M TCCIP FRESR 85 JZESERHE (1979-2003) EAHARAZR
FFEA (2075-2099) 151% RCP 8.5 B9 43 35 WRF-MRI A =4 - LT =R HHHNEERE K
EFHKEHERE  RYKRESET=EHLCRARARESH  UUELRHEELRE
MENREERER (%) FRFTFLEE - EARRDIAER R Mt CRWR ST L EE
HERRERKRREHSENES NERUSEGFERARE  AEEREEBNEEL - BLE
B2 BB LORABS ER - ImERBEE NRIEEZNE (LB -

= - ERE W

]JIII'
nIIP

3.1 BERRE

7% 1 7 BPN 1 SVM LB EYERER - olIBEEERKREZN BPN 2 - B2
Hr B 95%EREBIPMUEEE 0.586 M L5FREZE 0.805 - BEARASEAILIR r REENIE
e ERAERNERIREGMEEARNER - SR B ERE S E R E I R RATE
BEEAEEN BN AHEREANGRARIZTGER r H 95%EBE R E5FE 0.693 -
BREREERNERE MEEOUNERY ; EEAENES SVM Bt - BEAFH#E
TBRE 84.1% BEBEB FNRTA 76.1%0ERE - mAFAERT - WESHEETFIR
B2 HItEREEEEREAZEERAK Trt’ﬂiﬁ_ﬁﬁ?i% 57.1% - ERBEE ERiE 88.2% » A4
RIFAAEIISTA Z BPN 2 SVM &1 - ETREEB NRE/KEREF LW ITE -

3.2 WRF-MRI e [E =4 /KGR EZE TN

REREHLKRELEHWIBIRET - 2EKERBARETHMERRE - UEFHIBNWEE D
RAE - RBATEIIA BPN B SVM BRI BRBE N EA R 2 - £ BPN EUE7 - U
EERRBEPERNMEERMS  SEPHMEEHALK  BEXMEASHNREXRRFET FHA
Em 18.05% - ERGEEIIE 15.90% - #AREIMEMNERTS 9.90% - BEERELATHE R
HReE BNt EM RS EREERIFM IR EEREER31.15%: Eﬂj@qﬂ 2%
FEHAKRRCPRS BIE T - EENNEEXMESUHNFIOREEZEFIRSIE 14%L L -
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 SVM BRIHMARE D (R 2) - BERARREGFHBRT 9> 20%KERERELEK

EARVNFEIIDRIAER ~ 46~ &~ & - JLESRE B BPN RIUHEEARMEE - DIHK

PEMNS  EEEEIEEHLRBERBRASHNNER  BRELHIIES 42.46%  HRETF

EBIhIE 33.87% - EEFAREIMBAINERT 23.21% - (BEEREAEBGANREEEZNRMEEE

fiheiss - EELRHHVAT TI9> 20%KERERELLRE 5725% RUBETERSE - &

RS EHAKKH RCPRS BIR N FENEERBES > 20%KERE FI9RELLR

IR E 27%A £ - EE# BPN 2 SVM BE T RIRHEAR - OJSRREERRKBEE - &8 —
SRESHNZEREE  EERENERSZNBES -

1. FEARHEEENRE 10,000 EHKE =2 BB (1979-2003) B 5K 5k iF 85

KFFZIUMWBEAMELER | BAYE (2075-2099) WRF-MRI [it @ B4 2ig
95% IS EME : (A) BPN UG EZNBZFEHRERE% (BPN &
FHMEEE ZHENYE  (B) SVM 12 )~ > 20%EREFITEELEERY
IS 2 BERIREREE 2R - (SVM 5 RoLEZRY -
(A) BPN 95% ClI Model | Region 1979-2003 | 2075-2099 | Change
period period rate
Calibration set Test set North 29.61 3378 14.08
Criteria Median Central | 2788 | 3291 | 1805
[Lower limit, Upper limit] BN o | 27 3201 | 1590
] 0.586 0.147 East 31.15 34,24 9.90
[0.222,0.805] | [-0.548, 0.693] North 4655 51.83 11.33
RMSE 0.216 0.291 o Central | 37.18 49.77 33.87
[0.157,0.274] | [0.142, 0.530] South 30.08 42.86 42.46
East 57.25 70.54 23.21
(B) SVM 95% ClI
Calibration set Test set
Criteria Median

[Lower limit, Upper limit]

Accuracy 84.1 57.1
(%) [76.1, 87.5] [18.7, 88.2]

ESBENMEARRIRMEI (Atmospheric General Circulation Model, AGCM) 9 P& 5ERY
BRER  SEAFIEEHENFUHEE—ERERF  AINERSEABEESE R - KEERE
BENERREZ  BLERFEEHEREEREGHNARELERE  FlZBEE2EE/N\&EE
Rt REEE - DIBREREEMNFERENMNS - RABEEIRKMEFEMANERE - KR
RIEEEBINEREREREESAEEY - AIEABRXAZEERN WRF-MRI B8RS HE
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B IR ARREERARENSELI R R ENVER HREEREEEFTEIFERTH -
# IPCC 56 5 RHEMED - HRARIGEROFIERERIENMEAHE - BHERIRREER
BEORENAS LB EWEREARILRAERE EARBRESHERKRRREBRINE
NEESEAEEMNERE -

REBFMERIAY ARS BESHENEREER - FEERER LRGIE T - IE;,EEH
ARERREENEHNER  SEEAKLNRE - EARERE - REKE - fEHB -
REZNREHELSHOAEEY - HRERERNRESFEURVEE - JERBRUEE
HpERELENRESHNER - MAERREH BB RAGS - BHREL - H
HEZEE R LRAREY - RAIFESERNEE - HRAIAEER - HRAHFEHEGER
WiEkE  NBEESHNRBREASZHACETERE - EEHLAKKREKRELE - EEKEEITH

BRAMUERERBHNER LNEE Bl LREEB TRERERE - 8E - TH LMK
g2 ZRELERMERNGER  BE N —DERMIEMMETHAD -

ERIEEBER(ERCP 85 1BIR T - MEASHHEEZKBEENEEZIBNAVEE - H5E
BREN  BEEKRFEHIREREREXRLNEMNS @ PAMEEARNERRESES - ZR>
20%WEREFHRELERIRER . AIIEEEAPEtE 2IRIEMNBE - BARER

WRF-MRI BEERREBHOEFERARRERNRE - MEREETEACHIRGIEF - S2UH
BB - BERDMAERELNEE  HEAMRARRZERIDBRTES  FTEAESHEE
RERSHERBETRE -

Z N B

W

oK -~ LS BRIEE  [RoKAR 2015 RIZEE MR SH 2B KHREEREREHEM - 104 &F
RROMAFRRMFG - PRIEZRF - 86 -

ok~ FEE - BIJKE - BREKBA - 2016 : mAEEE (1518 RCP 8.5) MU AL KR A S4 7 =& KEH
EREEET - BRKEHRA D OGRS . NCDR 104-T25) -

SHRCE - 15EE 2012 EEMBRARRARE 1| RERBEREZZEII(1960-2009) K HTE AR
(2015-2039) WRIEIEGEIER - AmAE - 40(4) - 349-369 -

REHERD - 2010 : FBWERBERARERRBEEBEERFBRZME - BLHMX  BUSEAS =
167 -

BLE 2002 : SERFYBRBREN ZHFR - LUKERSA - BLims - BUSEE—RHRKE
S -
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Selection of CMIP5 models for water resource sector

BRERUN - ERF - REHR - RoKEA
B 2R S E B RARHR B0

=S

ARIFRETL (General circulation models, GCMs) MEE R B EEGES R EERIR « 12
HURIEEEBERNERENSIT 1E’¥]‘EA@I nﬂﬁﬁﬁﬁﬂﬁﬁ AEXHEBZA5TME - B
DM ERBROE - ASEKNEBEHAERE - Bt - XK LUKERBEERR - =2
£ SR KERRIPER S - 1T GCM TEEWE%IKEEU R FEZERPVRIRESEMER
k3% - LL CMIP5 (Couple Model Intercomparison Projects Phase-5) 512 & 18 {&l GCM 18 #E45 R
HHSEFEREAREMRRER - 71k %= E MR EE I FRIT - R Taylor Skill Score
7305  FHERE GCM BRI EFEFERFEEERNFRIREZR (Performance Metrics) - 35
AZEEINED - & GCM B RIBIRIBEDSBFE - BERRIRRZERN GCM ZEUHIFR
DI ERREEATEEY - 59 - BE—TEHEEMKEBPIRERGEHEREINUSE - &
ML KEREDFERERENERASE - RIBHEN GCM ERNER - FEFAR TCCIP B9%t
FIRREREER - MENENEARFOREREFEENL - WNDIEEAR GCM HEE
SHREEB I AEEHER -

FAfEEE : FRINER - K=/ EB4S - Taylor Skill Score

Abstract

The IPCC provided projection results of various General Circulation Models (GCMs) for
different Representative Concentration Pathways (RCPs).There are 126 projection results from all
GCMs and four RCPs in near future and far future, respectively. Most of researchers apply these
results to assess the impacts of climate changes in different sectoral. However, the process of
impact assessment is so complicated that the researcher could not evaluate all projections in
different sectoral. Hence, selecting GCMs to assess impacts is required. The performance metrics
of summer monsoon season in East Asian area were used to select the GCMs. The Taylor Skill
Scores meta-analysis is evaluated the performance metrics of each model. According to the T-Skill
Scores, the five best GCMs were selected to suggest application on water resource sector.
Additionally, the GCMs were divided into four categories according to indicators about
precipitation in wet and dry spells for users of water resource studies. Most of GCMs show that
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rainfall increased in wet spells and decreased in dry spells.

Keywords: Performance metric, Monsoon in East Asian area, Taylor skill score
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RIEBEHENHMRBED  ZHEHMEARIRMEI (General circulation model, GCM)

PR ARRIEBIR FRIEE - ETHBENEEFLME - BBASEGEZEEFEZES
(Intergovernmental Panel on Climate Change, IPCC) 2#tZEEIR A GCM = i fhpIiES: 2
EREREER - BRARS|ENRESEEHEN L ABRISEE -

BEMAEZSZIRR IPCC REMBIMIBIRE GCM EX#EB L A —— I E o 5ErIE
£ - SRREARE GCM BN AEEY - BREEZRZESEZRAEARNIRN GCM %

19 (ensemble mean) - I BUNERTEEINNRIELRFARE (Knutti, 2010) - BHREF
HNEESAAENE  HEARRNERLS - +5~10% 2815 - R KEREKENHESR

ZAHE - WURAZHE GCM ENERRREREE 2R - E—REEWRE

IPCC 1% 2014 F2HH ARS BIRER - B ARRNKEERE (Representative
Concentration pathway, RCPs) 2t ~[E GCM =&l - HHES AR4 RIAETUEL - ARS HUAER N
ZHFELZ FIEBNEAANES 126 8 - EPU&ES RCP8S5 KRER (ERAHARZE L &EET
MRERERE ZHRR) ZEE - 120 GCM EXHEZLH 41 B - HRIBIEERERIRER
REMS  BASETHEHERAR - AMRFLEEANEELHVAR - B GCM Z A EE
- DRHEERZEESEN - DAERERERAREERTE -

_ - MRAE n i
— | srsmmnems

=k 3E8 3 A3 = = |'5I:t p .
Fim - R EERE D RMERE - £ v | eemms
— PSRt S S EEE - S REeR 4 r ‘
MR ERNEREAR - S RBRARHE | sewces | seciig
KT LR E—SRERtER "2 — | 7T

P TN e NEEBEIUE AT | VAIDpEy B

RECEANKERGETGE - REPHE 4 RIEGCM=E, FIRE LS
MBS AR RERAB T - BHHEE HGCMAG 1
0 1 fEtENkE B 1. ARS HoEiEtne

AR5 EEIFIRER D  HANBRKEENELE  ARNSIRERRET  aEEEE
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nERBEIENZEFEZHLBNIERS - (ERENWEEBEBIZ AL —F - RCP8.5 151R -
FAERZETHETARERERE ZBRRIBEE  WEEERERNERILSENIEE - DR
B ETIEM - D HERERTHFABEERIE - Hong et al. (2014) D TEBRIEEBHEREE
5 IR B DM RCP8.5 1B1% - FTABIE L RCP2.6 IBIEE M A RAVRER i ie S AL 444
HEEr0olgEHEME - H RCP2.6 B1 RCP6.0 1F1E4EET GCM B HER /) - HAEEMS -
ALt - EZEFEHBRARDITTEENEFAGEERBRNOERT - & B2 GCM
B EBEZH) RCP8.5 £2 RCP4.5 151R - RIZHMEERFERE  EEREADWEAZFI T - o
DATLEMEIER FTA GCM 230 - ERFABERANER I AEFE—DEAE -

2.2 PRIEXIE GCM 12T

£ ¥} IPCC R R FE IR BN IBIRHEMLA GCM EIERE T ERER R 1 P
AR5 F1FIR FRHNEARREBRENOAERN GCM & - HA 20 BRI - BLEMWE S
BIFR L 13 B E B IR RV IR R RGER - R EED WZIBIRBR GCM R E
A& - R olBr oIt &R GCM 1 -

*1 RENERARRERREZ GCM E

GCM 27

bcc-csm1-1-m* FIO-ESM* HadGEM2-AO* MIROC-ESM*
bcc-csml-1* GFDL-CM3* HadGEM2-ES* MIROC5*
CCSM4* GFDL-ESM2G* IPSL-CM5A-LR* MRI-CGCM3*
CESM1-CAMS* GISS-E2-H* IPSL-CM5A-MR* NorESM1-ME*
CSIRO-Mk3-6-0* GISS-E2-R* MIROC-ESM-CHEM* NorESM1-M*

2.3 IR ZERERIFHE GCM 30

SENERRBFEERDAYVIRG - BRENRFSEZRTEEHERNE 9-10 BHIE - MR
REFEXFRDFENEBRATE  FRSHUNWERBFESEKXEERTE ZEKBER
5~10 AT 11~4 BA#/KBINZEHRFE— - T8 2 s - B SR E 2 8RR R R R R 2
{E2@% B NASA GPCP (Global Precipitation Climatology Project) 5tZ E&2NFEEREY
1981~2000 Z HIR=EERIE R (CMAP) - KPR ALERERSHTERES GCM ERARE
HAMPRPIFRIR - ML GCM R EREFTFRARFIRIRRENTE Y - (FRE GCM B2
ki - WA CMIP5 5TE IR HAY 18 @ CGCM BIERER - B2 EH (1981~2000 &F) £
RAE(EEEIFIE (RCP8.5, 2081~2100) - TR 2 itlE B F=F[E fER R F - HelhpEsE
3FI7R -

FESHNE GCM BEXEEREFTFTRERKIER (onset) BLHIE (retreat) FRFREIRVEERE
EUERHFIRI GCM B 2 kg - fFFE 0 K B & A Taylor Skill Score (T-Skill Score, 2001) #&
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ZEEAB AR 2L (pattern correlation coefficient) EAIG75RFRZ (root mean square error) RIAEET

EF - pEAREASENZEERBFEEREERENE - (FRARESBRNENESES
BREZEMENTRSZKE - ARBE 2 MSRIAVERFEHERKFZE - HEOFES

M FEUFR - RFARVRHGE 7S 0A DI 28 (ERAIFA, 2015) -

. Onset Date

RPI

0,010
1 7 13 19 25 31 37 43 49 55 61 67

2. AEEEFEBILENER 3. RIMEFRENTEHE

2.4 LI EM S EREERET

PIERR DT E R BEEE Y GCM R - E—DHHERER 29 S K
i’ GCM EX D BINBW A HNEREBNANREEARE - EXANEEEENER -

% | EREKHMERMERKHREEN - 2FZREMEZ GCM EABRHEIARER
RAEBERRFTIER ; 5 1 BREKHMER D MAKEREBINNZEME ; 5 11 ARIZEMK
HEREAZIRAED - =2FREZHEZ GCM B - REKERBEFERK - KEREES
RBERKIEMN ; 5 IV BREKBIMMAM KR 251 - IRV R

ZARIFY (MME) N2 ERHARNEREZ(EBEMER - HRPER B EANEMNSHE
BRI Z 9N - WIRBEAREREIEEEA GCM EXNWHE @ RUEAEZESHEAFLE
afl ©

— R
3.1 1EE R F FEEER GCM 123

FEA T-Skill Score EEEENME GCM EXNREZZEMEWIEF ZERER - WE 4
REEPE D ATE - MIBUCAEPER TS - 18 18 8 GCM B ETHES - ERERDREE AR TZ
EXEFRERMF LRIBREKRBLSYE  EELESSSHOEX - 2512 BCC-CSM1.1 -
HadGEM2-ES * IPSL-CM5A-MR * MPI-ESM-LR E2 NorESM1-M ; & O HEBE A RITK
FERER - E—DRARKEENEEF - A T-Skill Score EERTHE « KIBFRD
FRFFEE GCM BN 575 - =B TCCIP 247 AR4 ERERFIERIFANZE
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DI 5 BESOBENEREIN - 252
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ESM-CHEM - MRI-CGCM3 1 CCSM4 -
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P 13 B AR E R = E R FERIE GCM
B E—TOMREEETEEANE
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WEREBEZEE - 1R 2 /R - BE
PO AR E R EKEREE M
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Table of EA Taylor skill score(CMIP5)

(1)CMAP
(2JALLENS
(3)TOPSENS
(4)LASTSENS
(5)ACCESS1-0
(B)bee-csmi-1
(7)BNU-ESM
(B)CanESM2
(9ICCSMa
(10)CESM1-BGC

(11)CNRM-CM5
(12)CSIRO-Mk3-6-0
marcoase: YT 0 o2 020000 o0 | %
(14)GFDL-ESM2M
(15)HadGEM2-ES
(16)inmema
(17)IPSL-CM5A-MR
(18JMIROCS
[19)MIROC-ESM-CHEM [
{20)MPI-ESM-LR
(21)MRI-CGCM3

(22)NorESM1-M
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IRARROENEE - MPREEDTE RS

FiBREAE - UEEEREYEL

PR 1R EIBAR 2 GCM &=

RCP8.5 15158 ‘

) NO. RCP4.5 151% (o}
RCP8.5 81 RCP4.5 1B1E - #ETEHERI(E -
Bt KERESNER - B4t 5 @ |1 ACCESSIS ! bec-csmi-1
GCM HEXERER A EBHREE - BH 2 bee-csm1-1 2 bee-csm1-1-m
FRAEE—DTLOENEE -  HRNKE | 3 CanESM2 3 ccsm4
JEZHIEEE MR ==/\
//\HE@EEH]D FI$1EE/\J1§)EH% = $EE7J<HH 4 CESM1-BGC 4 CESM1-CAM5
ij]l]ﬁ'ﬁ*ﬁﬂ(ﬁﬁfﬁf”\ﬁ %ﬁ;“ﬁjaj(ﬁ’\j Fiﬁ ' m 5 CESM1-CAM5-1-FV2 5 CESM1-CAM5-1-FV2
RtERZE 16 EETH I DIFERA
i — S STER - 6 CSIRO-Mk3-6-0 6 CMCC-CESM
7 GFDL-ESM2M 7 CMCC-CMS
P \ 8 HadGEM2-A0 8 CSIRO-Mk3-6-0
S BL
9 HadGEM2-CC 9 FGOALS-g2
Hong, S. J., B. S. Kim, and S. R. Ha, 2014; |10 HadGEM2-ES 10 GISS-E2-H
Climate Change Impact Assessment on 11 inmcm4 11 HadGEM2-ES
Han River Long Term Runoff in South 12 IPSL-CM5B-LR 12 inmem4
Korea Based on RCP Climate Change 1 MRI-CGCMS - IPSL-CMEA-MR
Scenario, Terr. Atmos. Ocean. Sci., 25(5),
689-701. 14 NorESM1-ME 14 IPSL-CM5B-LR
15 MIROC5
IPCC., 2007,Climate Change 2007: Impacts,
16 NorESM1-ME
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Climate Change Impacts on Bed Scouring and Deposition in Gaoping River

L.I B EEE

HEAF - FEE - 218K - RoKHA
B 2R S E B RARHR B0

=S

SHsRREENSRETTEASRWNEMEMIEREKE - HEREREBEER KR
RIEZFRVLERE K EREROIGEIEN - /R LB RARRZ AW IEDHRIEZLE - KX
FH 'EERGEEERTHENFTSRES S MERZBNRREREEZESN - EH
CCHE2D B ETE R Z2F AN/ R IE P RERER ML  FERERKSHFEEETR
SR HKEHNFEHE - HRE~ EeREIMREREED 10 FHKERE &
FRZNTWRERE - PHERBE—HEINEERAR - ERUHEBAENSE - BEAKD
BENKRESEBFRIKERNER - ALURD R2AHRE - BINERNEOEE -

RS . SFZ - RIZEE - JUEPIR - CCHE2D -

Abstract

Typhoon Morakot induced the huge sediment deposition and levee failures in Gaoping River,
and these severe disasters will happen frequently in the future. This report aims to understand the
influence areas and to avoid the possible hazards by extreme flood under climate change. It used
dynamic downscaled climate change scenario from Taiwan Climate Change Projection and
Information Platform (TCCIP) project to apply CCHE2D to simulate flow and sediment transport
in Gaoping River. Result shows that the severe sediment deposition will occur when the peak flow
of discharge approaches 10-year flood frequency. However, the system errors from single model
for weather and hydrodynamic simulation existed in the results. Authors suggest that the research in
the future could use multi-scenarios and models to reduce the system errors, and enhance the
confidence level.

Keywords: Gaoping River, Climate Change, Scouring and Deposition, CCHE2D
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MERESREEKEGERESZRISS SR UE KD M@ EESE R T RLKEK

E-2008 F£E 2010 FEISRZEEKEHELE 232 BEKKELIE (BRKERHRET DL -
2015) - LEDISEHI=REIER S FZE G FIRIEREBEK - BREFIEHMRBEPE - SF
BERWME SEASEMBRHRKSEXERAERE (RHRED 2010)  MZERIERCFE -
RIRES LR MR PERF R ARERLERR ) - BAARREMABIEMZBE (BoES -
2014) - R OTAIR R FTEER AR K R TP K ER B R BRI - XSGR E R RRIZE B EFR
ERNB IR EMERSHE  ETSRET B PRECEE - WEtH 20 tH4RE 21 4D
7R A Ui 6 =L P& PR S8 44F ST 380 I R A B IE R E N E R R Z BT - SHARSEE
FJZE B Terrestrial, Atmospheric and Oceanic Sciences #§F] - DOI : 10.3319/TA0.2016.06.30.03 -

_WRTGA

2.1 A&

I]

SRELFFEZABELE - BREEKMEZS - TR
i\F 4] 117 km ST RS E A 1/150 - 7 8 E A 4 3,257 km?

ZEKEMZAKERBRILOAREER - SEEE=/R0
3,900 m i’@ﬁ SET 1,000m U EESBREEEZ47% -5
B2 EEKE P EIKSOAIEFF19PERE N 1,980 £ 4,350 mm
ZME - FERESR 4 2 10 AZE - %’]TEEEMWEZ 90% -
ZENMEMPE - IEBELSLEO (EE 1) 2=ZERE
(BTE 74) - ZRA 35 km (B 1) ; EEHEREOUKRFIOREESR
0.00067 (m/m) - ?%@EIBK*U@#‘EJ IIE (2011) EFWETE
NImlRRESREARZERARE - KEXEEEAREB N
Q100 % 30,564 m3/s HAthyn Q2 Q5-Q10 B4 A& 9,666 m*/s 1. EEEERTEEE
15,447 m*/s & 19,188 m°/s B R 4B AR B K

SCAIEREAIEE -

]ﬂ}
\nt»

22 RIFEBENEE

ANERAREE (2012) "EEREEBIFEGHEENFYEEER - M B A1B RIZERB
HHIBIRFTER B HEREER - fFRBRE R KRG RIE ZFTE E‘ﬂXﬁ TE 1R S &
EE D ASGRAEAK 24 /NSRBI A VETEF - W0 BlIEEE 20 4R 21 A0 K&
BEEHFERIEFMEAZER - RBERMTER - 20 B8RSR IHRE RS HRI42MER
£7% 1,889 mm - M 21 HARAIZA 1,605 mm - FAM - 21 HACKIPRRIER % 48 /) - &=/
KR 20 HACKRY 120 /N\BF - TEFIIMERGAE R - 21 HAKIERRE % 33.45 mm/hr - |EX
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85— =47 X;_Eﬁz?
F_HFEMRERS

R 20 tHAFRAY 15.74 mm/hr »

L.I B EEE

2.3 /—_[ /q]/ﬁ/wiﬁ_b) u

R REEBHEBEHSREEIRERNTE P REE - AXHANA CCHE2D &I
(Zhang, 2008) #E1TaT{E - CCHE2D A A A _#K R KRB E S M n EHii R 7 5218
B KIBEARERIKRF A 2R - LIT=EA51230 (Navier-Stokes equations) « EfP1E
HBRLIEHIFR (non-uniform sediment) SKEZSEF® (non-equilibrium) &P 7572 - ABEEGHLY
EHIBZNW AR (Wuet al., 1999) :

oRE | 2000 | A | 0N _ 0 (o 06 L 8 (006 L, (c, — Gy)

ax ay ox dy

AL E - 6(6bek) + a(ab;zbkx) n a(abg;lbky) + th (Gox — Gper) = 0

EPREE : (1-p') 72 = awg (Cx — o) + Lit ok = i)
BOFMBH BRI B BE—HIE K TR 2R TIIRE €, BRI k PR T
FHZKRTIRE o RN ZBMEE o BBEHTBEGY - 0. BRBHIE k 231

[RRE - ERHEW BN P, AEBIZEE - ¢, REBHZTITRE » ay, Ma,, HER
B ZERAREL ~ qpra K Qpry i X By AR k ZHBEHEIDE ~ g, HHIE k HERHEH
WEEN L ARWIFFERBERE ERANEHEND AP p RIAKRKE AT 02, /0t R
FHRIE k ZEREER -

2.4 FEIRIRA AR FIRARE

ANIERE 2009 FEASeHeE K 2012 FEF R EETRIVIGE BEReE - LB RAIER
BEABMZFBARENENREMFZEETRE - NERRERABERKEHHR R
D (2015) REMNSREZLBOPUBEBRMERERRHE - REEBHERAFBBERKEMM
BRSO (2015) FrR R ERiPRERBAUBERETRE RIEFEBIBIRT 20 HLKK 21
AT ARE TR UE 2 FR -

— . %/\—J

nIIP

]JIII'

3.1 AR TR e B R RE AR

B 3 BuEMsE a2 CERRE(EHEGE - AR EEREENERY - BR
TEfERR T EEALE (Tsaugung weir) ZEBBES LR EER KT O EBBERT R
AR - HERPRERB2EENERER (B 3() - Tﬁ_ﬁﬁﬁﬁﬁ%ﬂﬁlzzzﬁﬁiﬂ SR ¥
#B3IR  ZEAFAIPREREENERBREYS (B 3(h) - BIRMS - BAAEET
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10 (2) Flow and sediment hydrograph at inlet (late 20th) HEEE
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Abstract

“Taiwan Climate Change Projection and Information Platform Project (TCCIP)” Team4 aims
to provide and translate valuable projection data to potential users concerning climate change. A
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new version of TCCIP website was constructed and launched in June 2015. New modules for users
with advanced requirement was conducted and updated to the website at the same time. More than
200 thousand people has visited the TCCIP website till now. To provide climate projection data
effectively, a data service system was built in 2015. Based on the statistics, 172 users have made a
request for data download through the data service system. To spread science knowledge on climate
change, Team4 created a series of curricula for public users to introduce IPCC AR5 reports.
Hundreds of people attended the courses and gave mostly positive comments for the introduction.
To promote the research results of TCCIP, Team4 also held a series of workshops for data users,
which includes the usage of TCCIP projection data and experience sharing from users among
different disciplines. For the international collaboration, TCCIP is engaged in the project of
Belmont Forum on the issue of E-Infrastructure and Data Management. Highly recognition to the
performance of TCCIP project is given by government.

Keywords: TCCIP, Climate Change Data Service, Guided Reading on IPCC AR5
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