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IModel Configuration

v Configuration:
* 10-km mesh: v" RWRF-EnVar Assimilation strategy:
* Downscale run from NCEP GFS * 30-min continuous cycling of Hybrid 3DEnVar (cv7)
* Drive 2-km mesh by IC & BC * 1-hourly sfc DA: updates U, V, T, Ps, pseudo RH
¢ 2-km mesh: * 30-min radar Vr DA: updates U, V,
* RWRF-EnVar/ RWRF-LETKF / CEPS T,QVAPOR,P,PSFC,MU
* Provide next 13 hours model forecast * 30-min radar Ref DA: updates Qr, Qs, & Qg
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| Case Selection: 20250602 00 — 20250613 06

ASAS RCTP BMF
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| Incremental Analysis Update

Analysis Increment R

[ Newu:—xmA | | [ au:sEESHA
S ey |

W Trrrirte
lr [ ax] [ax] [ ax] [ x] -+ [ ]

} ] ] I
! 1 y L 1

{ —REZHRRWARL ] H & & Integration Window

i A/ IR

Incremental Update }

NN i
ERRARBRATE * FRMmE  HHEATE

IAU HEE 58 7 §

(1) Uniform Weight (B E) | (2) Dolph-Chebyshev Window (B4 i)

(50 () ) [ ) () (2 _--llllll-_
ta t

ty Ity ta te BF )
» BRI A B E A E e SRR RPN E X
- A R s RS WERFES /RS

L c FXMALMAEEHERRRRR

7,

DR R
at 9t/ dynamics 9t/ physics At

Atc

A)dt =1,A(t) =0

n:each model integration step

0 Pana sanalysis increment A(t) :time-weighted coefficient

Bloom et al. (1996)

An incremental analysis update (IAU) scheme is successfully
implemented into a WRF/WRFDA-based hourly cycling data
assimilation system with the goal to reduce the imbalance
introduced by the high-frequency intermittent data assimilation,
especially when radar data are included. (Chen et al. 2023)
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https://journals.ametsoc.org/view/journals/wefo/38/7/WAF-D-22-0127.1.xml#bib5

|Sensitivity Tests of IAU Time Span and Time-Weighted Coefficients

dmudt(mb/3h)

» Ran WREF forecast with and without IAU , and IAU time span is

Dry surface pressure tendency
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| Precipitation Verification Results

Fractions Skill Score (FSS)

Name of experiment IAU Window
CWA _OP No N/A
IAU Yes [-30min,30min]

6 hr Accu. Rainfall (mm) 00 - 06 hr forecast

Initial from 25060206 to 25061306 (radius: 6 km)

] IAU

i CWA_OP
0.80 -
0.70
0.60 —
0.50 -
0.40 -
0.30 T T T i T T T T | T

1 2 5 10 20 30 40 50 60 70
Threshold (mm)
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|Diffusi0n Schemes in WRF

DIFF_OPT=1: <o DIFF_OPT=2: §p
AN FEARYERY YR ZERIKFER
= (Simple Grid Diffusion) (ff \/V\H (Horizontal Diffusion w/ Metrics)
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Data Assimilation Methods for Surface Observations

EEAEEl (Surface Observations) [FE{tA R ELE

S

115 KSR HFETRIRTE
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|E>goeriment Design

Name of experiment sfc_assi_options

OP 1 1

OP51sl 1 2

OP51 2 2

sfc_assi_options

Option 1: assimilates surface observations using the lowest model level

Option 2:applies surface-layer similarity theory to diagnose variables at actual observation heights for assimilation.
diff_opt

Option 1: computes diffusion along model grid surfaces

Option 2: calculates full 3D diffusion in physical space to evaluate gradients accurately over complex terrain.
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Fractions Skill Score (FSS)

| Precipitation Verification Results
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'Surface Verification Results

Bias of T2m(degC) RWRF (2km)
Initail from 2025-06-02_06:00Z to 2025-06-13_06:00Z

Mitigating of Cold Bias
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'Surface Verification Results

T BIAS

T BIAS
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'Surface Verification Results

Q BIAS
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'Surface Verification Results
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'Surface Verification Results
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Summary

* Incremental Analysis Updates (IAU)
« Coupled IAU into the WRF/WRFDA hourly rapid cycling system
* Mitigated initial model shock and high-frequency gravity wave noise compared to traditional 3D-
Var impulsive updates.
e Achieved higher Fractions Skill Scores (FSS) for 00—06 h accumulated rainfall across all thresholds.
* Diffusion Schemes & Surface Data Assimilation
* Optimal Rainfall Skill: Combining updated surface data assimilation with optimized diffusion and
PBL schemes yielded the highest precipitation verification scores.
e Surface Bias Correction: Significantly mitigated daytime cold bias (temperature) and night-time

dry bias (moisture).
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