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Approaches

» Statistical Downscaling (all RCP model projections)

» Projection of Key Phenomena
— Identification of key circulation characteristics
— Check model performance
- Selection of models

- Projection of selected models: phenomenon and associated circulation
changes (mechanism understanding)

» Dynamical downscaling
— RCP8.5 SST changes

- Time-slice experiments (present vs. end of century) using high-resolution
AGCMs (HiRAM, MRI, CAM5)
- a. Changes in certain phenomena (TC, frontal activity, ISO/TC, etc.)
b. Dynamical downscaling of the whole period and extreme/mesoscale
events using WRF (e.g., TCs, diurnal cycle, etc.)
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-Downscaling Process HeSs
2-stages: (1) GCM =0.25° (2) 0.25°= 5 km
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Significant warming (RCP8.5: median 2.9°C-3.2°C)
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- Extreme Indices(Precipitation) S

RX1DAY  RXSDAY sDil RR1 R10mm

B

e RX1DAY, RXS \\\ |, RO5TOT, PRCTOT: increase; R20mm frequency: increases

e RR1, R10mm, CWD: decrease; CDD: increases

- Wet gets wetter, dry gets drier; larger wet-dry seasonal contrast; higher risk
for drought
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Phenomenon Metrics
 frontal activity
* spring rainfall
* Mei-yu extreme rainfall
* heatwave
rge
-AI\ on thunder storm activity

\

- )
Model Performance Metrics »

» CMIP5 CGCM and high resolution

model output data analysis
) /

* MRI

HiRAM - CAMS5
Model Projections
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number of cold surge

Daily Minimum Temperature at 2 m
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3.0 Frequency decreases
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- Cold Surge (RCP4.5, RCP8.5)

(d)
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48hrs drop rate
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Fig.1 Time series of (a) monthly mean of daily
minumum temperature, (b) cold surge frequency, (c)
number of cold day (unit: day), (d) 48-hour temperate
drop rate (unit: °C), and (e) duration (unit: day) over
Taiwan in observation (black line) and CMIP5
historical (gray line), RCP4.5 (blue line) and RCP8.5
(red line). Shading area shows the distribution of
individual models in RCP4.5 (blue) and RCP8.5 (red)
scenario respectively.
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bly simulate characteristics of frontal
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| Ensemble frequency changes
Front frequency NDJ Front frequency FMA

Front frequency MJ
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| theta-w gradient(*-1) and 850mb moisture flux (historical) NCR?
hlstoncal s INDJ historical FMA histqricall . MJ
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Figure 9: SLP+850mb wind, theta-w gradient(*-1) +850mb moisture flux (RCP85
minus historical)
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Figure 11: same as figure 10 except for temperature(shading) and specific
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Major impacts:
Reservoir water
storage

> Agriculture

» IT Industry

> Livelihood
activity
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- Dynamic Downscaling

TCCIP 5km grid MRI_V11980-2003  MRI_V21980-2003  HiRAM 1980-2003

.| AGCM (20 km)
>WREF (5 km)

Difference of Spring Rainfall in Taiwan between m M Od el b 1as

wri-MRI_v1_1980-2003 wrt-MRI_v2_1980-2003 wri-HIRAM_1980-2003
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« Models have difficulty
simulating the key rainfall
feature.
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- Future Change heor

Front frequency change(model amount) FMA FMA SLP, 850 wind
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— Possibility of spring rain reduction in the future
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— ® 179 days in the 50 Mei-yu seasons are identified on whichat 2
least at one station saw the extreme event. The cases influenced
by typhoons do not count.

179 days total composite 179 days anomaly composite

1951-2000 MJ Extreme Rainfall (MedianYmax) Composite 1951-2000 MJ Extreme Rainfall (MedianYmax) Anomaligs Composite
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The Large-scale Circulation Index: SWFI

40N —1861-2000 MJ Extreme Rainfall (MedianYmax) - Circulation Frequency
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ﬁ Select the days with favorable vorticity condition during May and June: \
positive vorticity over S. China and Taiwan (red grid) and negative vorticity
over the SCS and Philippine Sea (blue grid)

2. Calculate the SWU — the mean U850 of the grids with strong vorticity
gradient (grecn grid)

3. Determine SWUc on the multi-year climate basis:
in this study - the median value of SWU in 50 years (1951-2000)

4. SWHFI is defined as the number of days during May and June that

satisfying the criteria of 850-hPa Vorticity and SWU >= SWUc /A




SWFI (model analysis data) and Annual frequency of Taiwan
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7/10 models project future increase in occurrence of extreme
rainfall at the end of century
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(based on CTX and EHF, obs
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Geopotential Height (850hPa)
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- Changes in Heat Wave
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- Observation

A

NCOR

Significant regional contrast inobserved
trend (see Huang et al., JGR, 2015, formechanism)
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(a) Trends in CAR frequency; 1961-2012
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(b) Trends in CAR rate; 1961-2012

|
Rain Rate

27<" A\ <5% !
BY< A \<10%
10%s

A\ :increase
¥ :decrease
=
3000
2000
1000
- 500 _|

122°E

.
-?. r.. - ..-. =k . I 4 \g % ~= I~ A
T LIC= 2taEsentREdnTe



( () OBS

ll:l:l} HiEAM and WRF-HIiRAM

- Present Climate (Validation)

Temporal evolution of climatological 3 hourly rain rate

0.8 1

2 5 B 114417 20 (LT}

WRF-HIRAM

I(E} MREI and WRF-MRI

WRF-MRI

2
2 .5 8 11 14 17 20 (LT)

2 548 11 14 17 20(LT)

Contribution of CAR to total summer rainfall
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Dynamic
“downscaling
corrects the biases
of simulated
evolution
and distribution of
CAR activity by
AGCM.

HiRAM A | MRI |
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- Future Projection(1)

Projected change in CAR amount, per summer

MRI WRF-HIRAM | _ -

ye

« Downscaling produces j
more consistent ¢ |
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- Definition

m Occurrence of cold surge:

perature Is
-ho

The percentile rank of daily

migl
lower than 10t percentile er
temperature drop is higher tha { perc“
%erature IS

k of 24-hour
th percentile.

m End of col

The percenti daily mnin
higher than perceptile'@r the
temperature rise | i@

m Cold day

The day o
percentile.

minimum temperature below 10t
(Lu and Lee, 2009)
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Figure 6: SLP+850md wind (observation and historical)
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Theta-w &850 hPa moisture flux @
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Figure 8: theta-w gradient(*-1) and 850mb moisture flux (obs.+historical)
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historical 120-140E

Figure 10: 10N-50N cross section averaged over 120E-140E, U (contour, blue:+,
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Geopotential Height (200hPa)
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Geopotentlal Helght (200hPa)
Climatology
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Perkins and Alexander (2013)
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Neimn et al. (2009)
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EHF #REFR MR RIRHEF

"1 IR s ACCESS1-3 | 0.2961397
W e e ——
N ,_\_, S 2 — . = =
|, 2e w»EH F?‘%?E‘IE% EHF -Gl MPI-ESM-MR 0.4839657 BCC-CSM1-1-M 0.5199136
: [Bcc-csmi-1-m 0.7835721 CMCC-CM 0.7290627
CMCC-CM 0.8631877 MPI-ESM-MR 0.7852129
o MRI-CGCM3 0.8931292 NorESM1-M 0.8410165
CMCC-CMS 0.9200718 ACCESS1-0 1.174605
ACCESS1-0 0.9277846 IPSL-CM5A-MR 1.253578
N MIROCS 1.427398 CNRM-CM5 1.46455
NorESM1-M 1.98586 MRI-CGCM3 1.969574
IPSL-CM5A-MR 2.650547 MIROCS 2.008175
-
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Areal Areal+2 Areal+2+3
CTX EHF CTX EHF CTX EHF
20C V2 0.46 0.61 0.76 0.94 0.73 0.73
ACCESSL.0 0.60 0.21 0.40 047 0.33 0.60
ACCESSL.3 0.64 0.08 0.54 0.49 0.57 0.40
BCC-CSM1-1-M 0.54 04 0.47 0.49 0.52 0.44
CMCC-CM 065 062, [67 . 067 068 067
CMCC-CMS 41 0.55 50 0.68 0.53 0.64
CNRM-CMS 0.34 0.50 68 66 0.63
IPSL-CMSA MR 0.25 0.61 0.66 0.65
MIROCS 0:30 0.24 0.15 0.13 0.20 0.15
MPI-ESM-LR 0.46 0.53 D.62 0.63 0.60
MPI-ESM-MR 0.49 0.49 [ 44 063
MRI-CGCM3 0.60 0.60 ol 0.77 0.77 0.71
NorESM1-M 0.28 0.31 0.19 0.24
Table3 Cortelations between temperature over Taiwan and the Al. A1+A2, and
Al+A2+A3 geopotential height anomaly indices for the observation and 12 CMIPS
models. All'eomrelation passed the 90% significant confidence except ACCESS1.3
(EHF) 1n Areal.
]

.
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— Issues and Phenomenon Metrics

Filed Impact Various Possible Linkage
Tmin(Feb)<10°C, rice Sea Level Pressure ~ SST ~ 200hPa
. \ Cold Surge :
raising seedling Wind
Tmax(May)>35°C ,
Agriculture |reduce rice 1° Extreme High Subtropical High
: emperature
production
Rice lodging(Pr Extreme Extreme rainfall in Mei-yu and
>130[mm]) Rainfall Typhoon
Drought \Water resource Seasonal Numbers of front » Low level
9 management Rainfall circulation~ ENSO ~ PDO
Dengue fever #/Ionthly Monthly Temperature Variance
emperature
Cardiovascular Extreme High ST
Public disease Temperature 200678 Crmepoieniiel High
Health Infectious disease in
flood area(hepatitis A[Extreme Typhoon Numbers ~ Subtropical
enterovirus » Rainfall High - 850hPa vorticity
dysenteria)
48 hrs :
Disaster  |Disaster on slopeland|Extreme LYPE?OSHSE#S]berS. SRR
Rainfall 19 a vorticity
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1o0.0 _1951-2000 MJ SWU Velocity Frequency Distribution //%

normal distribution \ NCDIR
O 1951-2000 SwWLU S
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Gray Histogram: the U850 value when the 850-hPa vort|C|ty satlsfles the positive over Taiwan and
negative over the Philippines condition.

Blue Histogram: the U850 value on the 179 days of the extreme cases and the 850-hPa vorticity
satisfies the positive over Taiwan and negative over the Philippines condition.

SWUc: the U850 criterion of the southwesterly winds is chosen as the median of the “gray
histogram”, which is 4 m/s. Among the 179 days of the extreme cases, 52% of the

—| cases can pass the criterion of SWU >= SWUc.



40N —

MRI 60KM

MRI 20KM

HIRAM

Obs.

-R1

0 & GPCP

A

NCOR

PR: GPCP
U&V: NCEP-R1

~lR EeREe

Tawan Climate Chanse Pr

PR=0.49
U850=0.92
Vv850=0.80

60E 80E
1986-2003 MJ MRI20KM (SPA) Vect850 & PR

PR=0.45
U850=0.94
V850=0.84

PR=0.37
U850=0.91
V850=0.76

140E 160E

‘09 8 7 6 5 4 3 -2 4 0 1t 2 3 4 5 6 7 8 9 10




Bl PE- R EF K A

L. . . . e o _ NCDR
o & AT % 33 (100E-140E, bN-35N) ## & £ = & ehf SkittScore S

iE 2R A Ak (Taylor, 2001)

' 1986-2005 MJ Taylor diagram (100E-140E, 5N-35N) NO Model PR | U850 | V850

s = 1 |ACCESS1.0 0.67 | 091 [ 0.74

175 | S 2 . |BNU-ESM 0.67 | 0.80 | 0.64

3 |CESM1(CAM5) | 0.65 | 0.94 | 0.76

4 |CESM1(WACCM)| 0.72 | 0.86 | 0.75

150 5 . |cMCcc-cM 0.66 | 0.97 | 0.89

6. | CNRM-CM5 0.71 | 0.97 | 0.88

7 |CNRM-CM5-2 0.71 | 0.96 | 0.87

. 8 |GFDL-CM2.1 0.67 | 0.90 | 0.84

g 9 |GISS-E2-H-CC 0.64 | 0.87 | 0.86

£ 10- |GISS-E2-R 0.63 | 0.83 | 0.83

2 11 | GISS-E2-R-CC 0.62 | 0.89 | 0.86

10 12 |HadGEM2-AO 0.62 | 0.89 | 0.81

£ 13 |HadGEM2-CC 0.64 | 0.89 | 0.77

= 14 |HadGEM2-ES 0.65 | 0.91 | 0.82

075 15 [IPSL-CM5A-MR | 0.65 | 0.95 | 0.87

g 16 |MIROC4h 0.76 | 0.75 | 0.69

2 17 |MIROC5 0.64 | 0.84 | 0.69

050 18 |MPI-ESM-MR 0.63 | 0.94 | 0.87

19 |MPI-ESM-P 0.64 | 0.93 | 0.87

20 |MRI-CGCM3 0.66 | 0.83 | 0.89

25 A "\ o.00 21 |NorESM1-M 0.70 | 0.89 | 0.72

, N ‘ 22 |NorESM1-ME 0.72 | 0.82 | 0.68

\ ) 23 | MRIGOKM 0.74 | 0.92 | 0.89

i | i & 24 |MRI20KM 0.72 | 0.92 | 0.91

" 0.25 050 075 REF 1.25 1.50 175 25 |HIRAM 0.69 | 0.94 | 0.87

41+ R) R : the pattern correlation between observation and simulation
-

1\~ o - simulated spatial standard deviation divided by that of observation
o+—) (1+R,) - - - -
( ) R, - an achievable maximum correlation (here set as 1)
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Circulation
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" 1986-2005 U850&V850 Taylor diagram (100E-140E, 5N-35N)

Standardized Deviations (Normalized)
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tel

S=

4(1+ R)

5

(U'+ l>_(l + R,)
o

o - NCDR
SkittScore S
(Taylor, 2001)
U850 V850
NO MSEe! MAY | JUN | MAY | JUN
1 |ACCESS1.0 094 | 097 | 0.72 | 0.90
Quesovey 2 |BNU-ESM 087 | 095 | 057 | 0.78
© Uszon 3 |CESM1(CAM5) | 092 | 094 | 0.66 | 0.76
A V850-Jun 4 |CESML (WACCM) 0.89 | 091 | 0.74 | 0.80
5 |CMCC-CM 095 097 | 0.86 | 0.75
6. |CNRM-CMS5 095 | 094 | 0.90 | 0.94
7 |CNRM-CM5-2 093 | 0.94 | 090 | 0.95
8 |GFDL-CM2.1 0.88 | 0.80 | 0.75 | 0.83
9 |GISS-E2-H-CC | 0.84 | 092 | 0.65 | 0.69
10 |GISS-E2-R 089 | 0.96 | 0.66 | 0.59
11. |GISS:E2-R-CC | 085 | 0.96 | 0.70 | 0.60
12 |HadGEM2-AO 093 | 0.93 | 0.83 | 0.92
13 |HadGEM2-CC 094 | 097 | 0.87 | 0.1
14 |[HadGEMZ2-ES 095 | 093 | 0.81 | 0.88
15 |IPSL-CM5A-MR | 092 | 092 | 067 | 086
16 | MIROC4h 0.86 | 0.90 | 0.72 | 0.82
17 |MIROCS 091 | 090 | 0.74 | 0.83
18 |MPI-ESM-MR 094 | 094 | 0.88 | 0.92
19 |MPI-ESM-P 093 | 094 | 0.81 | 0.88
, 20 |MRI-CGCM3 097 | 0.84 | 0.78 | 0.87
doo{ 21 [NorESM1-M 078 | 081 | 051 | 0.74
22 | NorESM1-ME 082 | 088 | 054 | 0.75
23 | MRIGOKM 098 | 093 | 0.87 | 088
l.{ 24 |MRI20KM 098 | 0.95 | 0.84 | 0.1
175 | 25 |HIRAM 093 | 089 | 0.81 | 085

R : the pattern correlation between observation and simulation

o - simulated spatial standard deviation divided by that of observation

R, - an achievable maximum correlation (here set as 1)

.
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