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Fig. 1. Seismic distribution (gray point) in the Taiwan area since 1994 (data is provided by the
Seismological Center, Central Weather Bureau). C.R., C.O.R., W.F., and C.P. indicate the
Central Range, Coastal Range, Western Foothill, and Coastal Plain, individually.
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Fig. 2. The seismic distribution of earthquake series on March 6, 2012. The black frame in the up-

right figure indicates the study area.
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Fig. 3. The relocated seismic distribution of earthquake series on March 6, 2012. The black frame

in the up-right figure indicates the study area.
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Fig. 4. The diagram of seismic occurrence in the study area. (a) The daily number of earthquakes.

(b) The relation between seismic magnitude and occurrence on March 6, 2012. The gray star

represents the main-shock of this earthquake series.
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Fig. 5. The focal mechanism of main-shock of this earthquake series solved by the first motion

data.
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Fig. 6. The CMT solution of main-shock of this earthquake series. The synthetic and real seismic
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Extraordinary Earthquake Series beneath the Central
Mountain Range, Taiwan: An Example of Linear
Seismicity on March 6, 2012 in Central Taiwan

Hsin-Chieh Pu, Hong-Jia Chen, Mei-Yi Ho, Po-Yu Lin, Sheng-Chung Su

Seismological Center, Central Weather Bureau, Taiwan

ABSTRACT

On March 6, 2012, an earthquake occurred underneath the Auwanda area of central Taiwan.
Although its local magnitude was 3.4, many small earthquakes were induced at that time and
concentrated in a small area. For this reason, these earthquakes could be considered as a series.
Then we found that this earthquake series formed a vertically linear distribution. This extraordinary
seismic pattern was generally associated with the activity of subsurface fluid. In order to confirm
this hypothesis, the largest earthquake of this series was analyzed by the Centroid Moment Tensor
solution. The CMT solution indicated that this earthquake is a strike-slip fault, which is similar with
the solutions solved by the first motions. That means our focal mechanisms are reliable because the
similar solutions can be solved stably by two methods. Furthermore, we found that the CLVD value
of CMT is high (~33%). In general, high CLVD value is related to the active fluid in the structures.
Therefore, the solution of our CMT implies that the activity of fluid was intense at that moment, so
the earthquake series were triggered. After that, we inspected the regional seismic catalog provided by
the Seismological Center, Central Weather Bureau. Some similar earthquake series were found over
the Central Mountain Range, too. This finding revealed that the extraordinary structural characteristic
probably widely occurs beneath the Central Mountain Range and has the potential to generate

earthquakes.

Key words: earthquake series, CMT, CLVD, fluid
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Fig. 1. Distribution of the CWBSN, there are 71 stations (triangle symbol) in operation at the end

of 2011. Letters along the triangle indicate the station code.
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Fig. 2. The distribution of magnitude of completeness (M) determined from 1994 to 2010. Black
lines show the surface ruptures of the active faults. Solid circles show some of the seismic

stations. Letters along the solid circle indicate the station code.
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Z values of Seismicity Rate 2011/01/01 to 2011/12/31
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Fig. 4. Seismicity Z-values distribution of the year 2011 to 1994-2010, red and blue colors show
seismicity increasing and decreasing, respectively. Black lines show the surface outcrop of
the active faults. Solid circles show some of the seismic stations. Letters along the solid circle

indicate the station code.
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Fig. 8. Distribution of Focal mechanism solutions determined in this study. The three figures show
the different depth of focal mechanisms, (a) 0~15 km, (b) 15~30 km, (c¢) 30~140 km. Size
and color of the focal mechanism represent the magnitude and focal depth of earthquakes,
respectively. A~I are the black frame areas and list the focal mechanism solutions, the number

of each frame is arranged from north to south order.
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respectively. A~I are the black frame areas and list the focal mechanism solutions, the number
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Fig. 9. Focal mechanisms of the two largest events occurred in 2011. (a) Earthquake No. 240,
ML5.8 and focal depth of 27.3 km occurred on March 20, 2011 in southern Green Island. (b)
Earthquake, No. 281, ML 5.8 and focal depth of 75 km occurred on April 30, 2011 close to

Lotung, Ilan.
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Table 1. The statistic data is the average number per year in CWB catalogue during 18 years, and

the average per year has deal with by deleting the Chi-Chi earthquake sequence in1999 to

2000.
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An Review of the Taiwan Seismicity in 2011

Yi-Ting Lee', Chun-Ta Chiu', Li-Wen Hsu', Mei-Yi Ho', Chien-Hsin Changl, Yih-Min Wu®
'Seismological Center, Center Weather Bureau, Taipei, Taiwan

Department of Geosciences, National Taiwan University, Taipei, Taiwan

ABSTRACT

There are 21,796 earthquakes around Taiwan region in 2011 recorded by the Central Weather
Bureau Seismic Network (CWBSN). The number of which with magnitude larger than 5.0 is lowest
since 1994. As the year before the 1999 Chi-Chi earthquake (ML 7.3) has been reported as a seismicity
quiescence period, it is worth noting the low seismicity in 2011. In this study, b-value and Z-value are
analyzed to investigate the spatial variation of seismicity. We found most of the Taiwan regions are
with negative Z-value. It indicates seismicity is decreasing in comparison with the background period
(from 1994 to 2010). However, there are a few regions with seismicity increasing in 2011, such as
Nanshan of Ilan, Xilin of Hualien, Lanyu Island surroundings, and southwest offshore regions. A few
regions with b values decreasing in 2011, where there are some felt earthquakes occurred in 2012.
Thus it is probably a potential precursory phenomenon. A total of 333 earthquake focal mechanisms
are determined for 2011 using genetic algorithm with first motion polarities, which may serve a good

database for further study.

Key words: seismicity, focal mechanism, b-value, Z-value
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Table 1. The table of physical process and schemes in CWB-GAMT119L40 - CWB-GAMT42L18

and ECHAMS5-GAMT42L19.
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VB
Fu and Liou (1992, Fouquart and Bonnel
L. Harshvardhan et al.
Radiation 1993) (1987) (1980)
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Fig. 1. The climatological annual mean precipitation of GPCP (a) ~ CWB-GAMT119L40 (b) ~
CWB-GAMT42L18 (c) - ECHAMS-GAMT42L19 (d) - The value in map is precipitation

count over whole area.
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Fig. 2. Jun-Aug(a-d) and Dec-Feb(e-h) seasonal mean precipitation of GPCP(a,e) and precipitation
difference between GPCP and CWB-GAMT119L40(b,f) ~ CWB-GAMT42L18(c,g)
ECHAMS5-GAMT42L19(d,h).
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Fig. 3. Same as Fig. 2, but it’s SLP of seasonal mean and difference. The contour is seasonal
mean and color is difference between GPCP and CWB-GAMTI119L40(b,f) ~ CWB-
GAMT42L18(c,g) ~ ECHAMS-GAMT42L19(d,h).
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Taylor Diagram of Summer and Winter Monsoon Index
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(@) Precipitation over WNPSM
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Taylor Diagram of Precipitation
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Pattern Correlation between SST-Index and SLP

1.1

11

w= Nino3.4-T119 «+= Nino3.4-T42 118 Nino3.4-ECHAMS
1.0 1.0

. 0.9 0.9

S

f‘, MTILLLLLLLLT PULLLLLLY

S 08 L "y, g 0.8

. .'I"llllllll.ll""""lt....

S Q] LT -...‘.. -

O 0.71  vaeaaas veaaeet” L NEsssEnnnEnn 0.7
0.6 0.6
0.5 v T T T T T T T T T 0.5

JFM FMA MAM AMJ MJJ JUA JAS ASO SON OND NDJ DJF
Year

[#10 CWB-GAMT119L40 (‘E##) ~ CWB-GAMT42L18 (#liZh##) KECHAMS-GAMT42L19
CRELBEAR ) 2 SLPAHRH 43 {8 71 BEN CEP-R 1/ SLP 22 i AH RR S/ F TR REAHBH (R B 2% TR Hi

i o Xl R 2 A YR AH R (R

o

Fig. 10. Seasonal time series of pattern correlation as described by SLP spatial correlation between
NCEP-R1 and CWB-GAMT119L40(solid line) ~ CWB-GAMT42L18(thin dot line) Jz
ECHAMS-GAMT42L19(thick dot line). The X label is seasonal and Y label is correlation

coefficient.

ACWB-GAMT42L18 » X)L HEAEE -
R EECHAMS-GAMT42L191Y
BRI ACWB-GAMTI119L40 » &
Z A A B R SR - 2-4
HIJCWB-GAMT119L404H 1% 8= 7
ECHAMS-GAMT42L19 » (HE&EZHE
FIJECHAMS5-GAMT42L 1 94H B 4% B 5A
FE R CWB-GAMT119L40 - {2512 255
CWB-GAMTI119L40% 3 #5722 1 J5 K &
e S AR FISLP$f Nino3. 4 [ JiE i 58 -
HIBLBEANCEP-R1E R A A HYAG R Ty ]
CWB-GAMTI119L18¢y 7 5% 2 [ K] i

NEAE - THEMEREDTE -

T - FEREEET 5

AR5 T R R I — = T R
R TEERAE X CWB-GAMT119L4081 H §ijHYy
VE% X CWB-GAMT42L18 ~ ECHAMS-
GAMT42L 199495 AMIP 5 {4 5. e A ¢
fR o BB AWESENE - 13V H AR
IR R M5 I8 CWB-GAMT 119140
Feor 5 20 B 2 b 1 L
EUE TR R ERE ST - TR
A 2 L W e A g R 35 2 A L B PG R K
i 2 L R EN S S R A Y

t B fige A7 2 12

pLa=S



B8 FEIEHBBTCWB-GAMTI119L40
BACWB-GAMT42L18 » {H K & H
CWB-GAMTI119L40/8 AECHAMS-
GAMT42L19 - 53 Hifi X SLP%fNino3 .4}
IR BRE - 2 AF B B 5 Pl s s 1y b
FIERAZECWB-GAMT119L40E fACWB-
GAMT42L18 » {H 2 FE LBk E ZECWB-
GAMT 119140 % Z035 iR IR 1Y S FE @ 58
K AAICWB-GAMTA2L 1 8 i #2301 #
HIZ>HTEENCEP-R1EKRIHHISLP ¥ Nino3.4
TSR S HE - FF Al E e A2 = X
i LJJECHAMS-GAMT42L19%{Nino3.4
TR I 1Y [ JE B e SR B A A (B IRCWB-
GAMTI119L40( R B 7E L BBk E Z 5 H
CWB-GAMT1 19140195 7 k#3672 5 HH
REMY S ] R 2K IR AR T SR A A d e
R NEHERART NS - WFEH
& ST U B R R

DL EMFER R E R G M " 5w
S BRI ZUK 5B 0 TH e R M A R A
(2002-20094F ) & EZEMAE " LFM%
RAGE M B THE (E e A&, (2010-
20154 ) LItk H T R HE R
EARR T 28 R Tk I R e T R
#t ., (CWB 2-tier CFS_v2) HyEZEZ
% o CWB 2-tier CFS_v2{/ifft i 1 %
FHPE 1 R B TH R ORI » R 7 LLCWB-
GAMTI119L403k#aCWB-GAMT42L18
AN A ERE I TE R AR A R T Ry
OPGSST v2/CWB « A H{ECHAMS-
GAMT42L19H IR AY X ERE BT 5

BHRCWB-GAMTI119L40 » 5 # & LI
ECHAMS-GAMT42L 19} T8 52 #09 —
E o CWB-GAMTI119L40fJSLPFINino3.4
BRI P ERE RBI R & » R KRS
T IR Y 2 B 2 SR M TR U B S BR B » KR
TR e R B R ERIRTE -

H Hi 5% 2 Je 5 e 76 5% #3 R/
M IEAE T FHCWB-GAMTI119L30F1
ECHAMS5-GAMT42L 19 FE 19 1981-
2010 FE = THERE R E (hindcast data
base) - VIR TEHERZEHOPGSST v2/CWB
FINCEP CFSRRIyTFHHERE KL » FTHIERAL LAY
KRS NCEP CFSv27 Hi Y E 43
HEFCFSR (Saha et al. 2010) - FHHR
HE Ry KT - R 280K
Al F 7 BE W R H B 2= TS SR - 5 E
T HBI28 H AT 14 H Ky fi7 % TH AL R AR
HH - A7 H AT FERT30 K 2 iRy 120
(30x4) fHFHE - A8 H H R 6 A A
HF30RAYSSH 12040 FE g » 2K 58 37 78 e A
o CWB 2-tier CFS_ V2 THEREL i i &
IRIEE S B TR E R 0 B et -

S

AWFEERE R "R R EEIFUR
REN AR RRGTE ) REIRIEETE
NSC99-2625-M-052-002-MY3 EINSC99-
2625-M-003-001-M Y332 F58hk - 51t
B -



N~ Z2ER

HEE s EdRY] > 2010 : IPCCHE Y HAFT
il e o S e A2 A O I e
LI o KRB 3T 2SR
13-34 -

BGOSR~ B~ EARRE -~ SEl
B~ BB~ TS S - HERE
A~ EHEE 2008 PREREH)
Ftfeit AR TH AR GR A S - K5 27
T ER b a & im X i (97) , 253-
258 -

PREESE ~ MRARER ~ 2982 » 1989 @ iR
RE ) EBRBUE KR THER R 1988-
1989FH IR BR ATl - 5 E2#K » 35 »
263-279 o

TERAD ~ B8RS > 2010 @ PG R F A
BB 2 B L T« B 5UE )
HME2HAL - AR FE - HI8WHS
BE > 213-236

B > 2000 © 52 B ER S Bl v 8 B SRk
BAGRZIRAT » AsAEE - 28101562
g8 5 91-113

Adler, R. F., and Coauthors, 2003: The
Version-2 Global Precipitation
Climatology Project (GPCP) monthly
precipitation analysis ( 1979—present ) .
J. Hydrometeor., 4, 1147-1167.

Businger, J. A., J. C. Wyngaard, Y. [zumi,
and E. F. Bradley, 1971: Flux-profile
relationships in the atmospheric surface

layer, J. Atmos. Sci., 28, 181-189.

Detering, H. W., and D. Etling, 1985:
Application of the E- ¢ turbulence
model to the atmostheric boundary layer.
Bound-Layer Meteor., 33, 113-133.

Ek, M. B., K. E. Mitchell, Y. Lin, P.
Grunmann, E. Rogers, G. Gayno, and
V. Koren, 2003: Implementation of the
upgraded Noah land-surface model in
the NCEP operational mesoscale Eta
model. J. Geophys. Res., 108.8851,
doi:10.1029/2002JD003296.

Fouquart, Y. and B. Bonnel, 1980: Com-
putations of solar heating of the earth’s
atmosphere: A new parameterization.
Beitr. Phys. Atmos., 53, 35-62.

Fu, Q., and K. N. Liou, 1992: On the
correlated k-distribution method for
radiative transfer in nonhomgenuous
atmospheres. J. Atmos. Sci., 49, 2139-
2156.

Fu, Q., and K. N. Liou, 1993: Parameterization
of the radiative properties of cirrus
clouds. J. Atmos. Sci., 50, 2008-2025.

Fu, Q., K. N. Liou, M. C. Cribb, T. P.
Charlock, and A. Grossman, 1997:
Multiple scattering parameterization in
thermal infrared radiative transfer. J.
Atmos. Sci., 54, 2799-2812.

Garratt, J. R. (1992) : The atmospheric
boundary layer. Cambridge Atmospheric
and Space Science Series. Cambridge

University Press, Cambridge.



Gates , W. L., 1992: AMIP: The Atmospheric
Model Intercomparison Project. Bull.
Amer. Meteor. Soc., 73, 1962-1970.

Harshvardhan, R. Davies, D. Randall, and
T. G. Corsetti, 1987: A fast radiation
parameterization for atmospheric
circulation models. J. Geophys. Res., 92,
1009-1016.

Hines, C. O., 1991a: The saturation of gravity
waves in the middle atmosphere. Part I:
Critique of linear-instability theory. J.
Atmos. Sci., 48, 1348-1359.

Hines, C. O., 1991b: The saturation of gravity
waves in the middle atmosphere. Part II:
Development of Doppler-spread theory.
J. Atmos. Sci., 48, 1360-1379.

Hines, C. O., 1991c: The saturation of gravity
waves in the middle atmosphere. Part
III: Formation of the turbopause and of
turbulent layers beneath it. J. Atmos. Sci.,
48, 1380-1385.

Jhun, J.G. and E. J Lee. 2004: A new East
Asian winter monsoon index and
associated characteristics of the winter
monsoon. J. Climate., 17, 711-726.

Kalnay, E., and Coauthors, 1996: The NCEP/
NCAR 40-Year Reanalysis Project. Bull.
Amer. Meteor. Soc., 77, 437-471.

Li, J.-L. F,, and J. A. Young, 1994: Modeling
the interactions of shallow cumulus
clouds with large-scale boundary

layer fields. 6th conference on climate

variations, pp240-243.

Li, J.-L., 1994: On shallow cumulus
parameterization scheme for large-scale
planetary boundary layers, Ph.D. Thesis,
University of Wisconsin-Madison, pp203.

Lohmann, U. and E. Roeckner, 1996: Design
and performance of a new cloud
microphysics scheme developed for the
ECHAM4 general circulation model.
Clim. Dyn., 12, 557-572.

Louis, J. F. (1979) : A parametric model
of vertical eddy uxes in the atmosphere.
Bound.-Layer Meteor., 17, 187-202.

Manabe, S., 1969: Climate and the ocean
circulation: I. The Atmospheric cir-
culation and the hydrology of the earth’s
surface. Mon. Wea. Rev., 97, 739-774.

Mlawer, E. J.; Taubman, S. J.; Brown, P.
D.; Tacono, M. J.; Clough, S. A., 1997:
Radiative transfer for inhomogeneous
atmospheres: RRTM, a validated
correlated-k model for the longwave. J.
Geophys. Res., 102, 16663-16682.

Moothi, S., and M. J. Suarez, 1992: Relaxed
Arakawa-Schubert: A parameterization of
moist convection for general circulation
models. Mon. Wea. Rev., 120, 978-1002.

Nordeng, T. E., 1994: Extend versions of the
convective parameterization scheme at
ECMWF and their impact on the mean
and transient activity of the model in the

tropics. Technical memorandum 206,



ECMWF, Reading, UK.

Palmer, T. N., G. Shutts, and R. Swinbank,
1986: Alleviation of a systematic
westerly bias in general circulation and
numerical weather prediction models
through an orographic gravity wave drag
parameterization. Quart. J. Roy. Meteor.
Soc., 112, 1001-1039.

Pan, and W.-S. Wu, 1995: Implementing a
mass flux convective parameterization
package for the NMC Medium-Range
Forecast model. NMC Office Note 409,
40pp.

Roeckner, E., G. Bauml, L. Bonaventura,
R Brokopf, M. Esch, M. Giorgetta, S.
Hagemann, 1. Krichner, L. Kornblueh,
E. Manzini, A. Rhodin, U. Schelese, U.
Schulzweida, and A. Tompkins, 2003:
The atmosphere general circulation
model ECHAMS. Part I: Model
description. Report No. 349, Max Planck
Institute for Meteorology, Hamburg,
Germany.

Roesch, A., Wild, M., Gilgen, H. and Ohmura,
A. (2001) : A new snow cover fraction
parameterization for the ECHAM4
GCM. Clim. Dyn., 17, 933-946.

Saha, S. and Coauthors, 2010: The
NCEP Climate Forecast System
Reanalysis. Bull. Amer. Meteor. Soc., 91,
1015-1057.

Smith, T. M., R. W. Reynolds, T. C. Peterson,

and J. Lawrimore, 2008: Improvements
to NOAA'’s historicalmerged land—ocean
surface temperature analysis ( 1880-
2006) . J. Climate, 21, 2283-2296.

Taylor, K. E., 2001: Summarizing multiple
aspects of model performance in a single
diagram. J. Geophys. Res., 106, 7183-
7192.

Tiedtke, M., 1989: A comprehensive mass flux
scheme for cumulus parameterization in
largescale model. Mon. Wea. Rev., 117,
1779-1800.

Tiedtke, M. (1993) : Representation of
clouds in large-scale models. Mon. Wea.
Rev., 121, 3040-3061.

Troen, 1., and L. Mahrt, 1986: A simple model
of the atmospheric boundary layer:
Sensivity to surface evaporation. Bound.
Layer Meteor., 37, 129-148.

Wang, B., W. Renguang, and K.-M. Lau,
2001: Interannual variability of the Asian
summer monsoon: contrasts between the
Indian and the Western North Pacific-
East Asian Monsoons. J. Climate, 14,
4073-4090.

Wang, B., and LinHo, 2002: Rainy Season of
the Asian—Pacific Summer Monsoon. J.
Climate, 15, 386-398.

Zhao, Q., and F. H. Carr, 1997: A prognostic
cloud scheme for operational NWP
models. Mon. Wea. Rev., 125, 1931-
1953.



Assessment of the Climate Simulation Strengths and
Limitations of CWB Global Atmospheric General
Circulation Model in the Two-tier CFSv2

Ching-Teng Lee, Mong-Ming Lu, Jhy-Wen Hwu

Research and Development Center, Central Weather Bureau, Taiwan

ABSTRACT

In 2010, the Central Weather Bureau (CWB) in Taiwan started to generate monthly and seasonal
climate forecast products based on a multi-model, multi-member, two-tier forecast system (CWB-
2T-CFSvl). After CWB-2T-CFSv1 was in operation, CWB has begun to develop the second version
two-tier forecast system CWB-2T-CFSv2. The most significant difference between these two versions
is to replace the CWB atmospheric general circulation model used in the CWB-2T-CFSvl with the
version with finer spatial resolution and better physics. The resolution of the new model is T119L40
(horizontal grid interval roughly 110km and 40 vertical levels, named CWB-GAMT119L40), while
the old models CWB-GAMT42L18 and ECHAMS5-GAMT42L19 with horizontal grid interval of
300km and vertically 18 and 19 levels, respectively. In this paper, we compare the performance of the
three models: CWB-GAMT119L40, CWB-GAMT42L19, ECHAMS5-GAMT42L19 in the aspects of
climatological precipitation and sea level pressure (SLP) patterns, and the variability associated with
Asian monsoons and ENSO. The results suggest significant improvement of CWB-GAMT119L40
over CWB-GAMT42L18. However, no clear superiority of CWB-GAMT119L40 is demonstrated
compared with ECHAMS-CWBT42L19. The implication is that climate simulations vary well with

forecast model with high-resolution and better physical scheme.

Key words: short-term climate prediction, climate simulation, global climate forecast system
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Figure 1: The dual-Doppler radar wind analyses for Typhoon Fanapi at 2300 UTC 18th September
2010. (a) Composite wind fields on different levels and the radar reflectivity. (b) Same as (a),
except for winds only. (c) Same as (a), except for in colour print. Wind speeds are indicated
by wind bars with full/half bars 10/5 m/s. The wind bars in red, blue, pink, and white in (c)
indicate winds on the levels of 1-2, 3—4, 5-6, and above 7 km, respectively.
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Figure 2: Scattering diagrams of the west-east component (upper left) and the south-north
component (upper right) wind speeds between the dual-Doppler radar analyses and the
observations from wind profiler for Typhoons Sinlaku, Jangmi, and Morakot. In bottom
panels, the scattering diagrams of the gust speeds (squares) and the average wind speeds
(circles) are at 3-km level for Typhoon Sinlaku (bottom left) and Typhoon Jangmi (bottom

right). The linear regression information is also included in bottom panel.
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Figure 3: (a) The averaged track distance forecast errors (vertical axis, units in km) of the
operational (OLD) and the testing version (NEW) global forecast model at Central Weather
Bureau for the 7 typhoons affecting Taiwan in 2008. (b) The percentage for the improvement
on track forecast when the dropsonde observations were included in the analysis. Horizontal

axes are the forecast time in hours.
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Figure 4: (a) The best track of Typhoon Megi (2010), and (b) the average track distance forecast
errors (vertical, in km) of CWBGFS forecasts with (mgps2) and without (mentl2) GPS RO
observations included in the analysis. The track in (a) are marked in 6 hours intervals starting
00 UTC, and the numbers indicate the month/date. (c) Difference of the track forecast errors
(vertical, in km) at 24, 48, and 72 hours forecast (see caption) between the CWBGFS forecasts
with and without GPS RO observations included in the analysis. The forecasts start from 14"
to 22" October (horizontal) with four forecasts per day. Two arrows on the bottom of figure

mark the periods when Typhoon Megi moved with larger direction changes.
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Table 1: The threat scores of the climate model and the newly-developed models to forecast heavy

rainfall at different thresholds for eight typhoons affecting Taiwan.
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Figure 5: The observed 24-h accumulated rainfall of Typhoon Fung-wong during 271200 - 281200

UTC July 2008 (top left) and the corresponding forecasts (other panels) using climate model
and 4 improved typhoon rainfall forecast models. The track of Typhoon Fung-wong is also

shown in the diagrams. The scale of rainfall amount (mm) is shown at the bottom right corner.
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Figure 6: Scattering diagrams of the observed total rainfall versus model forecasts (in mm) (a)

using original climate model and (b) modified climate model for Typhoon Haitang (2005).

In the modified climate forecast model, there are different groups of typhoon based on the

typhoon rainfall parameter from radar reflectivity and the strength of the accompanying

southwesterly monsoon.
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Figures 7: Time series (horizontal axis) of the observed rainfall rate (OBS, in mm/h) at station
Gauyi and the corresponding derived rainfall rates by radar parameter (a) Ky, and (b) Zp; at

levels of 3, 3.5, and 4 km. (c) As in (b), except for the flow discharge simulated by the model.
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Figure 8: The river water level (in m, colored scale on the right) over the Hsiayun watershed
simulated by CASC-2D model at 1600 UTC 12 July during the invasion of Typhoon Bilis in

2006.
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Figure 9: The composite diagram (upper panel) of the subjectively analyzed surface wind streamlines
(dashed) and isotaches (solid) with radial direction wind speed at 2-km level observed by
Ludao radar at 1100 UTC 22" August 2000 before Typhoon Bilis (marked with typhoon
symbol) made landfall in Taiwan. The lower panel delineates the reflectivity (dBZ) at 2-km

level. The symbol “X” indicates the typhoon center and symbol “+” stands for the radar site.
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Figure 10: The 64-hour accumulated rainfall (scale on right in mm) simulated by the WRF model
during the period of Typhoon Krosa affecting Taiwan from 0000 UTC 5" to 1600 UTC 7"
October 2007.
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Figure 11: Diagram to compare the USGS (upper or left) and IOCT (bottom or right) land cover
datasets in the WRF (a) 45 km, (b) 15 km, and (c) 5 km grid mesh.
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Figure 12: The 12-hour accumulated rainfall (scale on the right, in mm) and the surface pressure
(contours) at 72-hour simulation by the WRF model with the (a) USGA, and (b) IOCT land

cover for Typhoon Morakot.
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Figure 13: Distribution of the soil temperature observed (OBS, line with dots) at Hengchun for the

period from August 2009 to August 2010, and the corresponding model initial value generated

by WREF data assimilation system (solid line) and the HRLDAS analysis (line with triangles).
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Figure 14: The sea level pressure analyses (a) with, and (b) without vortex (center at typhoon

symbol) relocation at 1800 UTC 26" September.
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Figure 15: The averaged typhoon track forecast errors of the CWB official forecast (CWB) and
five WRF model forecasts. WRF_OP stands for the CWB operational WRF system, OL_DFI

represents the one with outer loop and digital filter initialization included in the data analysis.

Others include those with different background error covariance (CV3/CVS5) and different

cumulus parameterization process (KF/GD) tested. Total case number is 247, and the 11

typhoons are issued warnings by CWB in 2008 and 2009.
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Some Findings on the Technique Development for
Typhoon Track, Rainfall and Winds Forecast over
Taiwan Area

'T.-C. Yeh, *C.-S Lee, M.-J. Yang, “T.-H. Hor, 'C.-T. Fong, 'I.-S. Hong, ’L. Feng, 'P.-L. Chang
'Central Weather Bureau, ‘National Taiwan University, *National Central University
“Lunghwa University of Science and Technology

*Taiwan Typhoon and Flood Research Center

ABSTRACT

“The Forecast Technique Development Studies on the Typhoon Track, Rainfall and Winds
Forecast over Taiwan Area” is one of the integrated research projects supported by the National
Science Council aimed to improve the capability of typhoon forecasting and thus to reduce the
damage losses from destructive typhoons. Tasks of the studies include: Doppler radar wind analysis
and implementation of the wind analysis scheme into the Central Weather Bureau (CWB) operational
environment, application and development of a global numerical model for typhoon track forecast,
a study on the improvement of the typhoon mesoscale quantitative precipitation forecast, a study on
the forecasting technique for coupling typhoon-associated heavy rainfall and severe flooding, a study
on the improvement of the land data initialization and implementation of WRF typhoon forecasting
component in the operational environment of CWB.

The results of the studies are fruitful, which include: a Doppler radar data control procedure
with the dual Doppler radars wind analysis algorithm have been successfully generated at the CWB
for operational use; the new physical processes and data assimilation system, GSI/NCEPS, of the
CWB Global Forecast System have been created to improve typhoon track forecasts. The impacts of
physical changes and observational data such as dropsondes and GPS RO data on track forecasts have
also been explored. Land data assimilation system and a new version of WRF model, called TWREF,
have been implanted at the CWB. To improve typhoon rainfall forecast, the typhoon rainfall forecast
model has been advanced by using the satellite data-derived typhoon rainfall climate model, with
the typhoon rainfall statistics model upgraded by using the satellite rainfall potential. In addition, a

scheme to integrate rainfall into water flow simulation has also been developed and refined.
Key words:typhoon, typhoon rainfall forecast, typhoon track forecast, data assimilation, vortex

relocation, dual Doppler radars analysis, typhoons accompanied by the northeasterly

monsoon, water flow simulation, mesoscale conceptual model
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