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Intro Methodology Verification Analysis & Discussion Summary Future work

Heavy rainfall from fall to winter season have been investigated by many studies.

 OBS: Surface, sounding, radar sites etc.

 Model: MM5, WRF, TaiwanVVM

 DA: WRF LETKF, IBM_VDRAS (this study)

 Evaluate its ability to simulate winter heavy rainfall in Yilan.

• Verify with observations

 Use IBM_VDRAS to get complete 3D meteorological fields.

• Produce analysis in high spatial & space resolutions

• Offer kinetics / thermodynamics / microphysics processes

• Understand evolution of heavy rainfall in winter season 

O B J E C T I V E S
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Intro Methodology Verification Analysis & Discussion Summary Future work

 Synoptic environment: (from sounding)

 Mid-level SW flow (850hPa ↑) & Low-level NE monsoon (850hPa ↓)

 Period during 04Z ~ 11Z on 11/26:

 Significant rainfall occurred in Yilan Plain and Suao. ( > 60 mm)

 Sufficient observations. (Ex: TEAM-R / NTU X-pol etc.)

 What makes this case special?:

 Mid-level SW wind carrying moisture interact with terrain & NE wind.
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Intro Methodology Verification Analysis & Discussion Summary Future work

IBM_VDRAS

Immersed Boundary Method +  Variational Doppler Radar Analysis System

Use IBM to resolve terrain on a Cartesian Coordinate
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𝜂𝜂𝑣𝑣 𝑉𝑉𝑟𝑟 − 𝑉𝑉𝑟𝑟𝑜𝑜 2 + 𝜂𝜂𝑞𝑞 𝑞𝑞𝑟𝑟 − 𝑞𝑞𝑟𝑟𝑜𝑜 2 + 𝐽𝐽𝑝𝑝 + 𝐽𝐽𝑚𝑚𝑚𝑚

Cloud-resolving Forecast Model

Adjoint Model

Observation (𝑉𝑉𝑟𝑟𝑜𝑜, 𝑞𝑞𝑟𝑟𝑜𝑜)

Tai et al. 2017
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Intro Data usage Verification Analysis & Discussion Summary Future work

Research
TEAM-R (24.82083, 121.72861) 400 m

NTU X-Pol (24.73250, 121.75472) 66 m

Operational

RCWF (25.07306, 121.77306) 765 m

RCHL (23.99000, 121.62000) 63 m

RCSL (25.00389, 121.40056) 298 m
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Intro Model setting Verification Analysis & Discussion Summary Future work

IBM_VDRAS Configuration

Res.
HOR. 1km x 1km 301 x 301

VER. 0.5km 30 layers
(0.25 km ↑)

Computation time

0.75
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 × 41 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ≈ 31𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

20%

50%

Spatial

Total cost function

Temporal 

WRF → BG

IBM_VDRAS
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Intro Model setting Verification Analysis & Discussion Summary Future work
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OBS
ANL



8

Intro Model setting Verification Analysis & Discussion Summary Future work

hPa

P min. occurred

Wind direction 
changed obviously

Pressure (hPa) & wind by CWA sites
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Intro Model setting Verification Analysis & Discussion Summary Future work

Pressure & wind by IBM_VDRAS analysis at Z = 250m
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OBS
[25, 30, 35]

dBZ

ANL
[15, 20, 25]

dBZ

S1 [04 - 05] 0430 UTC S2 [05 - 07] 0600 UTC S3 [07 - 10] 0830 UTC S4 [10 - 11] 1030 UTC

NE plain

NE plain

Suao

Suao

Intro Model setting Verification Analysis & Discussion Summary Future work
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ANL
[15, 20, 25]

dBZ

S1 [04 - 05] 0430 UTC S2 [05 - 07] 0600 UTC S3 [07 - 10] 0830 UTC S4 [10 - 11] 1030 UTC

NE plain

Suao

Why systems developed along 

NCMR & Valley in Stage 2?

Why cells in valley weakened & 

moved eastward in Stage 3?

Why systems along SMR moved

northeasterly in Stage 1?

Key questions:

Intro Model setting Verification Analysis & Discussion Summary Future work

Notes:

Verification in various fields shows IBM_VDRAS has ability to simulate heavy winter rainfall
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Intro Model setting Verification Analysis & Discussion Summary Future work

SW wind > 12 m/s

NE wind > 8 m/s

0410
UTC

0430
UTC

0450
UTC

Why systems along SMR moved northeasterly 

in Stage 1?

 Weaker low-level NE wind + 

Stronger mid-level SW wind + 

Local high pressure block flow
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Intro Model setting Verification Analysis & Discussion Summary Future work

0500
UTC

0600
UTC

0700
UTC

Why systems developed along NCMR in 

Stage 2?

 Low-level NE enhance

→ Vertical motion induced by terrain

→ Cells initiated along NCMR

0700
UTC
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Intro Model setting Verification Analysis & Discussion Summary Future work

0800
UTC

0900
UTC

1000
UTC

 Why cells in valley weakened & moved east in 

Stage 3?

 Strong NE-wind move to eastward + 

Inland NW flow enhance + 

Inland cold air makes high pressure

1000
UTC

𝑻𝑻𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 (𝑲𝑲, 250m)



F𝑩𝑩 Buoyancy Source F𝑫𝑫 Dynamic SourcePressure

0400
UTC

0900
UTC

x 1e-4 x 1e-5 15

Intro Model setting Verification Analysis & Discussion Summary Future work

𝑃𝑃′ = 𝑃𝑃𝐵𝐵′ + 𝑃𝑃𝐷𝐷′

∇2𝑃𝑃𝐵𝐵′ = 𝐹𝐹𝐵𝐵 ≡
𝜕𝜕 𝜌𝜌0𝐵𝐵
𝜕𝜕𝜕𝜕

∇2𝑃𝑃𝐷𝐷′ = 𝐹𝐹𝐷𝐷 ≡ −∇ � 𝜌𝜌0𝐯𝐯 � ∇𝐯𝐯

→ 𝑃𝑃𝐵𝐵′ ∝ −∇2𝑃𝑃𝐵𝐵′ ∝ −𝐹𝐹𝐵𝐵
→ 𝑃𝑃𝐷𝐷′ ∝ −∇2𝑃𝑃𝐷𝐷′ ∝ −𝐹𝐹𝐷𝐷

𝐹𝐹D > 0 → 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐻𝐻𝐻𝐻𝐻𝐻𝐻

𝐹𝐹𝐵𝐵 < 0 → 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐻𝐻𝐻𝐻𝐻𝐻𝐻

Perturbation Pressure Analysis for Local High

𝑃𝑃 𝐴𝐴
𝐴𝐴𝐴𝐴𝐴𝐴

𝐴𝐴𝐴𝐴
𝐴𝐴

𝑇𝑇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 Dai, 2024
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Intro Model setting Verification Analysis & Discussion Summary Future work

 Why systems along SMR moved northeasterly in Stage 1?

 Weaker low-level NE wind + Stronger mid-level SW 

wind + Local high pressure block flow

 Why systems developed along NCMR in Stage 2?

 Low-level NE enhance & cells induced by terrain

 Why cells in valley weakened & moved east in Stage 3?

 Strong NE-wind move to eastward + Inland NW flow 

enhance + Inland cold air makes high pressure

 Perturbation pressure analysis shows…

 At 04:10, buoyance source makes northern local high

 At 09:00, dynamic source contributes southern local high



17

Intro Model setting Verification Analysis & Discussion Summary Future work

 Future works about case study for YESR2021 using IBM_VDRAS

 Change vertical resolution to resolve return flow near ground.

 Assimilate more OBS like surface station, radiosonde, etc.

Surface Sites (P & wind) Anl (P & wind) at Z=250m
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