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Figure 1: 2200 UTC September 18 2010 radar retrieved wind speeds (m/s) on different heights
(symbols in lower-right) and at different distances from center of Typhoon Fanapi

(horizontal axis).
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Figure 2. Time evolution of the wind speeds (m/s) on 4 km height at a cross section from

center of Typhoon Fanapi to a distance 200 km away from the center.
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Figure 3: The horizontal wind (bars) and the potential vorticity (scale shown in lower panel, in units
PVU=1x10-6 K kg-1 ms-1) on 900 hPa for Typhoon Haitang (2005) at (a) 28, (b) 28.5, (c) 29, (d)
29.5, (e) 30, and (f) 30.5 hours of WRF model simulation.
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Figure 4: The simulated minimum sea level pressure (vertical axis, in hPa) before Typhoon
Haitang (2005) made landfall (landfall time, in model integration hours, marked with L in
horizontal axis) in Taiwan. Curves with dots and circles are results from simulations of
with and without Taiwan terrain, respectively. A, B, C, and D mark the time at 30, 31, 32

and 33 hours, respectively, of model integration.
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Figure 5: The ensemble typhoon track forecasts (thin lines) by shallow water equation model
for Typhoon Fanapi initiated at 0000 UTC 17 September 2011 with the initial flow field
from different combination of flow fields at 850, 700, 500, 400, and 300 hPa levels. Line
with typhoon symbols is the best track and the line with triangular symbols is the shallow
water equation model forecast track with initial flow from the vertical mean of flows at

850, 700, 500, 400, and 300 hPa levels.
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Figure 6: The ensemble typhoon track forecasts (thin lines) by shallow water equation model for
Typhoon Megi initiated at 1200 UTC 16 October 2010 with different vortex structures. Lines
with typhoon symbols, circles and triangles are the best track, ensemble mean forecast track and
the forecast track with mean vortex structure (Vm=40m/s, Rm=96m, b=0.66), respectively.
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Figure 7: The vertical distributions of the RMSE of (a) zonal component wind speed, (b) meridional
component wind speed, (c) temperature, and (d) water vapor mixing ratio for partial cycling
simulation (PNO) and full cycling simulation (FNO).
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Figure 8: The 9-h evolutions of the mean absolute surface pressure tendency (hPa (3 h)™*) averaged

over the forecast domain of TWRF forecasts.
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Figure 9: The ensemble typhoon track forecast for Typhoon Fanapi initiated at 1200 UTC 16
September 2011 for the experiments (a) without, and (b) with the initial vortex perturbation.
Dot-line (best), Dot-+-line (mean), and thin line (EFS_member) stands for the best track,
ensemble mean, and individual ensemble track forecast, respectively.
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Figure 10: The 0-72-hr ensemble mean track forecast error (solid line) and the ensemble spread
(dashed line) for the experiment with (solid dot) and without (open circle) initial perturbation in
Typhoon Fanapi. The unit is kilometer in vertical, and forecast length (hour) in the horizontal.
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Figure 11: Radial-pressure (hPa) distribution of the simulated azimuthally average radial wind
(contours without labels, intervals in 4 m s™, dash lines for inflow), static stability (contours with
labels, units in 10®m*s’k), inertial stability (shaded, units in %) and radial-vertical wind field
(arrows) for (upper panel) Typhoon Yutu at 48 h, and (lower panel) Typhoon Manyi at 96 h.
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Figure 12: Composite time series of the (a) normalized intensity and (b) normalized size for typhoons

with the outer mesoscale convection system (Outer-MCS), the enhanced rainband
(Enhanced-rainband) and that encountered strong/weak south-westerly flows (Strong /Weak
SW-flows).
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Figure 13: Scattering plots and the regression lines between the mean observation rainfall rates
(vertical axis) and the mean low level westerly wind speeds (horizontal axis) over the mountain
area of southwestern Taiwan (area shown in lower-right) for Typhoons Morakot (2009), Haitang
(2005) and Talim (2005).
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Figure 14: Time series of the averaged observation rainfall rate (bars, in units of mm/h), the low level
westerly wind speed (lower curve, in units of m/s), and the corresponding prediction rainfall
rates (upper curve) over the mountain area of southwestern Taiwan for Typhoon Haitang (2005).
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Figure 15: Average accumulated rainfalls (in units of mm; shown in the color bar) on Taiwan for
typhoons in track-type 1, 2, 3, 4, 6, and 9 during the typhoon warning periods. White colors over

land indicate areas of no rainfall observations.
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Figure 16: Abnormal precipitation index (API in the scale of standard deviation; shown in the color
bar) for Typhoons Aere (track-type 1), Sinlaku (track-type 2), Haiting (track-type 3), Fanapi
(track-type 4), Mindulle (track-type 6), and Nanmadol (track-type 9). Accumulated rainfall less
than one standard deviation among typhoons in each track is indicated by either arrows or
circles.
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ABSTRACT

“A study on the technical development of typhoon track, winds and rainfall forecast over
Taiwan area” is a three-year integrated research project supported by the National Science Council
beginning from 2010, which aims to enhance the capability of typhoon forecast over Taiwan area.
Topics of the study include: dual-Doppler synthetic analysis of typhoon circulations based on Taiwan
radar network and its applications to real-time operation, mesoscale modeling and analysis of the
inner-core structure changes and rainfall associated with a typhoon affecting Taiwan, a study on
Taiwan terrain effect on typhoon motion by using a shallow water model, a study on the improvement
of mesoscale numerical model to enhance typhoon heavy rainfall forecast in Taiwan area, typhoon
track and rainfall forecast in an ensemble forecast system, typhoon structure and its interactions with
ambient environment, building the indicator of heavy rainfall for Typhoon in Southwest mountainous
area of Taiwan, the characteristics and identification principles for landfall typhoons with abnormal
structures.

Major achievements through the middle of 2012 on operational use include refinement of the
TWRF model, refinement of WRF ensemble model on typhoon track forecast with taking in vortex
structure perturbation in initial fields, heavy rainfall estimation over Southwest mountainous Taiwan
using upstream wind speed, and development of an operational system for dual Doppler radars wind
fields. Those are very helpful to the Central Weather Bureau operational typhoon forecast. As to the
improvement in our understanding of typhoon motion and structural change, the study shows when a

typhoon encounters mountainous terrain, terrain beta effect and advection effects are the dominant



terms to affect the typhoon motion near the terrain. On the Typhoon Haitang’s (2005) looping
motion before its landing in Taiwan, the study finds that the forming of the strong band-structured
convection system acts as a critical mechanism, and the asymmetric heating effect of the convection
contributes to the potential vorticity change. The study also finds that the compactness is a useful

index to categorize typhoons as whether the central structure is easily modified by the environment.
Key words: typhoon, typhoon winds and rainfall forecast, typhoon track forecast, numerical weather

prediction, data assimilation, dual Doppler radars analysis, mesoscale conceptual model,

ensemble forecast
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Fig. 1. Comparison between the northern
hemisphere averaged profile of

control run (solid line) and test

run(dash line) in temperature mean

error on the 5th day forecast for (a)

monthly mean of December 2009

and (b) monthly mean of July 2010.
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Fig. 2. Comparison between the northern
hemisphere (20 ° N-80 ° N) averaged
profile of control run (solid line) and
test run(dash line) in temperature root
mean square error on the 5th day
forecast for (a) monthly mean of
December 2009 and (b) monthly mean
of July 2010.
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Fig. 3. Global distribution of sensible heat
flux difference(test run - control run)
on the 5th day forecast for (a) monthly
mean of December 2009 and (b)
monthly mean of July 2010.
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Fig. 4. Comparison of surface energy budget
including sensible heat flux(sh) , latent
heat flux(lh), short wave radiation
flux(ss) and long wave radiation flux(rs)

between ERA-interim reanalysis (ERA) ,

control run(OPS) and test run(NOAH)
for (a) monthly mean of December 2009
and (b) monthly mean of July 2010.
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Table 1. comparison of minimum stomatal

resistence between original value
and adjusted value

ERZh - ZNUENEEER
TEY)fEdE (vegetation type)
SEEET | SRR
1 Tropical forest 300 300
2 Broadleave-deciduous trees | 175 175
3 Mixed forest 175 175
4 Needleleave-evergreen trees | 300 300
5 Needleleave-deciduous 300 70
trees
6 Broadleave trees with 70 70
ground cover
7 Ground cover 45 20
8 Broadleave shrubs with 225 70
perenial ground cover
9 Broadleave shrubs with 225 70
bare soil
10 | Dwarf trees and shrubs with | 225 70
ground cover
11 | Bare soil 400 70
12 | Cultivations 45 20
13 | Glacial 150 70
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Fig. 5. Difference(noah_zt - noah) distribution

of (a)sensible heat flux and (b) 850hPa

temperature on the 5th day forecast for
monthly mean of July 2010.
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Fig. 6. Global distribution of (a) sensible
heat flux difference(noah_ztrsm -

noah_zt) and (b) 850hPa temperature
difference(noah_ztrsm - noah_zt)
on the 5th day forecast for monthly
mean of July 2010.
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Fig. 7. Comparison between the northern
hemisphere (20°N-80°N) averaged
profile of control run (solid line) test
run(circle dash line) and noah_ztrsm
run(full circle dash line) in anomaly
correlation on the 5th day forecast
for monthly mean of July 2010.
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Fig. 8. Comparison between the northern
hemisphere (20°N-80°N) averaged
profile of control run, (solid line) test
run(circle dash line) and noah_ztrsm
run(full circle dash line) in (a)
temperature mean error and
(b)temperature root mean square error
on the 5th day forecast for monthly
mean of July 2010.
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Assessment and Adjustment of the Noah
Land Surface Model
Applied to the CWB Global Forecast System

Feng-Ju Wang®, Chin-Tzu Fong?
Research and Development Center?, Central Weather Bureau
Meteorological Information Center?, Central Weather Bureau

ABSTRACT

In this study, tests for assessment and adjustment of the Noah land surface model which is
introduced from NCEP GFS to CWB GFS are performed. Based on the preliminary results of
the assessment, a warmer tendency extensively comes up over ground level and lower
atmosphere both for summer and winter.  Although which would reduce the existing cold bias
for winters, it further intensifies the warm bias in summer as well. Through referring to
diagnoses of surface energy budget with EC-interim reanalysis, it shows the overestimation
problem of Bowen Ratio (sensible heat/latent heat) exists in summer and would deteriorate
while Noah land surface model is applied. Thus two approaches are put into adjustment test
intending to decrease Bowen Ratio and then the warm bias in lower layers of atmosphere.
Sensitivity test of initial soil moisture is also implemented in this study.

Key words: land surface model, sensible heat flux, surface energy budget
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Figure 1. Photograph of the experimental setup.
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Table 1. The basic meteorological parameters of the site during the observation.

Annual Mean Metal Pan White pan
Evaporation rate
(mim year) 1392 1041
Average albedo 16.2% 19.5%
Rainfall (mm year™) 2370
Air temperature (°C) 22.2
Relative Humidity (%) 74.5
Wind speed (m/s) 1.04
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Table 2. Rainfall days and selected days of the site during the observation.

Month Rainfall days Maintenance days Selected days
Sep 2012 9 11 10
Oct, 2012 4 6 21
Nov, 2012 14 6 10
Dec, 2012 17 3 11
Jan, 2013 15 11 5
Feb, 2013 13 11 4
Mar, 2013 17 5 9
Apr, 2013 23 4 3
May, 2013 17 8 6
Jun, 2013 7 11 12
Jul, 2013 10 8 13
Aug, 2013 15 6 10
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Figure 2. The variation of monthly averaged wind speed.
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Influence of the Color of the Class A Evaporation
Pan on Evaporation Rate

Chia-Ren Chu, Chien-Han Chen, Sheng-Shiung Li, Jih-Shun Liu
Department of Civil Engineering, National Central University, Taiwan

ABSTRACT

Evaporation rate is one of the essential factors in the hydrologic cycle, and Class A
evaporation pan is the most widely used evaporimeter to measure the evaporation rate. In
Taiwan, the Central Weather Bureau, agricultural research institutes and reservoir management
units all use Class A evaporation pans to measure local evaporation rates. However, the
evaporation pans used by the Central Weather Bureau were painted in white color, which is
different from the suggestion by the World Meteorological Organization. This study compared
the evaporation rates of two Class A evaporation pans, one in original galvanized metal color
and the other in white color, placed in the same weather station during 2012~2013. The
experimental results revealed that, because the net radiation of white pan is smaller than that of
metal pan, the annual evaporation rate of the white pan (1041 mm year™) is about 75% of the

evaporation rate of the metal pan (1392 mm year™).

Key words: Class A evaporation pan, evaporation rate, net radiation, albedo.
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Fig. 1. The single domain for WRF model.
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Table 1. The parametric settings of WRF
model.
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Table 2. The execution performance of
different 4DVAR at low-resolution

grid.
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Fig. 2. ADVAR Single observation experiment was done by Huang et al. (2009) : a severe winter

storm case that occurred at 0000 UTC 25 January 2000, differences of the potential
temperature (shading) at 500 hPa at 0, 1, 2, 3, 4, 5, and 6 h between two forecasts: one
initialized from the background and the other from the 4D-Var analysis. The thin black
contours are geopotential height (m) in the forecast from the background. The star sign
indicates the observation location.
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Fig. 3. Full resolution 4DVAR Single observation experiment, as in Fig. 2, but use different case that
occurred at 0000 UTC 12 September 2008 (Typhoon Sinlaku).
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Fig. 4. Multi-incremental 4DVAR Single observation experiment, symbol represents as in
Fig. 3.
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Fig. 5. Multi-incremental 4DVAR Single observation experiment, as in Fig. 4, but move

observation location to the northeast.
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Fig. 6. Three experimental geopotential height (H) in the vertical layer of the average Root
Mean Square Error, (a) analysis, (b) 24, (c) 48, (d) 72 hour forecast. Dash line:3DVAR,

solid line:Full resolution 4DVAR, dotted line:Multi-incremental 4DVAR, bars:the maxmum

and minmum.

@731 > (0)24 /NEF T



7. ZHERARES(MEEHR EZ X P HREE - (@05 > (0)24 /N
T 0 ()48 /NEFFEH - (d)72 /NKpTHE o [P RoR[EE 6 -

Fig.7. Three experimental temperature (T) in the vertical layer of the average Root Mean
Square Error, (a) analysis, (b) 24, (c) 48, (d) 72 hour forecast. Symbol represents as in
Fig. 6.
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Fig. 8. Three experimental wind (U) in the vertical layer of the average Root Mean Square
Error, (a) analysis, (b) 24, (c) 48, (d) 72 hour forecast. Symbol represents as in Fig. 6.
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Fig. 9. Forecast track comparing three experiments for Typhoon Sinlaku, (a) 3DVAR, (b)
Full resolution 4DVAR, (c) Multi-incremental 4ADVAR.

HAGUPIT (SLP) AVG: 2008091912 to 2008092400
o0 I T
| ——a——4DVAR
350 —|—=——30VAR / L

Track Error (km)

0 T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66 72
Forecas! Time ()

(a) (b) (©
10 .Sinlaku ~ Hagupit ~ Jangmi g8 & EafE R - 3SDVAR B 4ADVAR (Full resolution &
SEME) KM ESETE - AK 3DVAR - @ Full resolution 4DVAR » x 5%
HiYE ADVAR -
Fig. 10. Track error (km) comparing three experiments for Typhoon (a) Sinlaku, (b) Hagupit,
(c) Jangmi. A:3DVAR, @:Full resolution 4DVAR, x:Multi-incremental 4DVAR.
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Fig. 11. (a) The high-resolution domain, resolution : 5km, (b) The distribution of model grid

point(blue circle) and auto rain station (red point).
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Fig. 12. The rainfall distribution of Observation and model forecast for Typhoon Sinlaku.
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Fig. 13. The rainfall distribution of Observation and model forecast for Typhoon Hagupit.
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Fig. 14. The rainfall distribution of Observation and model forecast for Typhoon Jangmi.
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Fig. 15. The verification of precipitation for Typhoon Sinlaku, (a) 3DVAR, (b) Multi-incremental
4DVAR, the horizontal axis represents the threshold value of precipitation (mm), the vertical
axis represents ETS score values and outliers. A, B, C, D, E, F, respectively, from 0 to 12
hours, 12 to 24 hours, 24 to 36 hours, 36 to 48 hours, 48 to 60 hours, 60 to 72 hours of
accumulated precipitation.
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Fig. 16. The verification of precipitation for Typhoon Hagupit. Symbol represents as in Fig. 15.
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Fig. 17. The verification of precipitation for Typhoon Jangmi. Symbol represents as in Fig. 15.
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Fig. 18. Track error (km) comparing four experiments for Typhoon (a) Sinlaku, (b) Hagupit, (c)
Jangmi. A:3DVAR, @:Full resolution 4DVAR, x:Multi-incremental 4DVAR, <>:increase
Jc weighting of Multi-incremental 4DVAR.
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The Preliminary Assessment of Four-dimensional
Variational Data Assimilation (4ADVAR) Performance
at Central Weather Bureau

Chin-Hsiao Chiang®, Xin Zhang?, Chin-Tzu Fong®, Xiang-Yu Huang?
'Central Weather Bureau
’National Center for Atmospheric Research

ABSTRACT

The current data assimilation technique used by the Central Weather Bureau (CWB) in Taiwan is
the three-dimensional variational data assimilation (3DVAR). Although 3DVAR is computationally
economical in operational NWP, its background error covariance (BE) defined as static matrix and
which can not evolve with the time is the major weakness. Therefore, all to-be-assimilated
observations have to be presumed as the snapshot of the current atmospheric state. Recently, the
CWB has upgraded its computational resources significantly; and the opportunities arise to test the
advanced data assimilation methods, such as four-dimensional variational data assimilation (4DVAR),
which has the capability to take into account the observation data within a certain timeframe. In this
paper, the impact of 4DVAR on the Weather Research and Forecasting (WRF) model in the context of
the CWB operational configuration has been evaluated systematically.

The comparisons between the 3DVAR and 4DVAR experiments are summarized as follows: (1)
The single-observation experiment confirms that the 4DVAR is able to evolve the BE implicitly and
demonstrates the flow-dependent characteristics on the analysis; (2) With the data observed during
2008 THORPEX Pacific Asian Regional Campaign (T-PARC), the 4DVAR experiment preliminary
results can not compete with which by the 3DVAR on grid-point verifications, but 4DVAR
experiment demonstrates comparable typhoon-track forecasts with those of 3DVAR; (3) The 4DVAR
experiment with high horizontal resolution usually produces better precipitation forecasts in terms of
the pattern and peak value. This implies that the high temporal-and-spacial-resolution related
observations, such as radar data, may be better assimilated in 4DVAR; (4) The multi-incremental
4DVAR is able to complete the analysis on the 45km horizontal-resolution CWB operational domain
(East-Asia) in 30 minutes (2 outer loops), and complete the 5km Taiwan domain in 50 minutes. The
computational costs of 4ADVAR are affordable for operational purpose given the CWB computational
resources.

Key words: variational data assimilation, flow-dependent, typhoon-track forecast, multi-incremental,
grid-point verification
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