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Part I: Control Simulation 
& Verification
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Time Series of SLP and Vmax
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24-h Accumulated Rainfall on 09/16
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24-h Accumulated Rainfall on 09/17
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Radar CV @ 9/17 19 UTCRaingauge Stations



24-h Accumulated Rainfall on 09/18
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3-day rainfall (09/16~09/18)
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Relative Percentage of 3Relative Percentage of 3--Day RainfallDay Rainfall

MM5 overforecasts weak TC rainfall (<550mm/3day)
but underestimates heavy TC rainfall (>550mm/3day)
(consistent with Chien et al. 2002;Yang et al. 2004) 

As model resolution increases, the simulated rainfall
spectrum approaches the observed
(consistent with Wu et al. 2002)
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Radar Composite Before Landfall Radar Composite Before Landfall 
OBS

2-km MM5

MM5 Radar CV @ 9/16 0130Z
(1-h time averaged)



Radar Composite After Landfall Radar Composite After Landfall 
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Tangential velocity Radial Velocity

StormStorm--Relative Relative VtVt & & VrVr @ 3km AGL@ 3km AGL
(1(1--h time average centered @ 9/16 0130Z)h time average centered @ 9/16 0130Z)



Tangential Velocity Radial Velocity

StormStorm--Relative Relative VtVt & & VrVr @ 3km AGL@ 3km AGL
(1(1--h time average centered @ 9/16 1200Z)h time average centered @ 9/16 1200Z)



Part II: Storm Structure 
Changes After Landfall 
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Conclusions (I)Conclusions (I)
■The model reasonably simulates Nari’s track, slow motion, 

the eye, the eyewall, the spiral rainbands, the basic rainfall 
pattern and local maxima over Taiwan during the various 
landfall stages.

■ In particular, the model captures well Nari’s landfall location 
at 22 h into the integration, with 3-h timing error and 30-km 
further north.

■ The model reproduces the rapid filling of central pressure 
(~1.67 hPa/h) and weakening of the maximum surface wind 
(~1 m/s/h) during the 24-h landfalling period.

■ The simulated 3-day rainfall totals capture 88% of the 
observed amount on Taiwan, and some local maxima over 
Mt. Snow and the foothills of the Central Mountain Range in 
south-central Taiwan.



Conclusions (II)Conclusions (II)
■ Prior to landfall, Nari’s eyewall and RMW are upright with a 

larger eye size, and the maximum latent heating is located at 
the mid-to-upper troposphere. After landfall, the eye shrinks 
with more clouds filled inward from the eyewall.

■ While tangential flows are more axisymmetric, radial flows 
and leatent heating profiles are more asymmetric with 
pronounced radial outflows above the Central Mountain 
Range.

■ Nari’s storm intensity remains nearly constant for 36 h after 
crossing Taiwan’s terrain, indicating that the damping effects 
by the terrain-induced radial outflows may be balanced with 
the intensifying effects of strong latent heating associated 
with the torrential rainfall.



Part III: Terrain Effects
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Time Series of SLP



Time Series of Vmax



Simulated Tracks of Terrain Experiments



Froude Number AnalysisFroude Number Analysis
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H
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Temporally-averaged parameters of terrain-sensitivity experiments 
during the landfall period (0900–2100 UTC 16 September 2001). 
H is the mountain height, U is the deep-layer across-CMR mean flow, 
and N is the Brunt-Väisälä frequency

Lin et al. (2005; 2006) indicates that: When U/NH < 0.5, 
then the TC track is discontinuous.  Otherwise, the TC 
track is continuous.
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Evolution of Environmental Evolution of Environmental 
Steering VectorSteering Vector

Environmental steering flow vectors calculated by averaging horizontally within the 360-km radius
from simulated Nari center and vertically between sigma levels of 0.9 and 0.1



Vertical Structure of Steering Flow Vertical Structure of Steering Flow 
at the Time of Landfallat the Time of Landfall
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Heavy rainfall occurs on the Heavy rainfall occurs on the downsheardownshear left side of left side of eyewalleyewall !!

Black et al. (2002; Fig. 17) Chen et al. (2006; Fig. 14e)

Storm motion

Shear vector
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Conclusions (II)Conclusions (II)
■ The terrain impact on Nari’s intensity is quite linear, i.e., 

higher terrain producing a weaker typhoon. 

■ However, terrain effects on Nari’s track and the accumulated 
rainfall on Taiwan are nonlinear.

■ Stronger storms of reduced terrain experience more a 
deeper steering layer, compared to the weaker storms over 
higher terrain.

■ For Day 1, the environmental wind shear determines the 
max. rainfall location (downshear left). For Day 2 and Day 3, 
the rainfall distribution is mainly decided by Taiwan’s CMR.

■ Foir Day 1, The CMR-induced lifting contributes about half 
of the observed rainfall for Typhoon Nari.


