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Convective-scale Ensemble Predict System
• Requirement for the prediction of the 

high-impact weather system ：
– Provide the better QPF.  (timing, location and 

quantity)

• Challenge：
– Low predictability

• Diversity of the local circulation from the complex terrain.
• Multiscale interaction of the weather system.
• Rapid evolution.
• …etc

• Solution
– High resolution model
– For deterministic : Rapid update cycle  with 

radar/sfc DA
– For ensemble : To well capture the model 

uncertainty based on the rapid update system  CEPS



301*301

451*451

• 16 Ensemble members
• 52 vertical levels
• Deterministic 10 km mesh : 
 Downscale WRF forecast from the NCEP GFS for provide the BC of  2km 

grid

• Ensemble 2 km mesh :
 BC from the 10-km WRF deterministic forecast.
 IC form LETKF analysis field , 

Hourly update with Surface DA& Radar DA

 Model perturbation
 Stochastic
 …

CEPS Configuration



Initialization

DA start
hourly cycle

6 hr

18Z 00Z 06Z 12Z

6 hour Blending

06Z 12ZJun. 29

21Z

00Z

03Z

LETKF

18Z

12-hour forecast
3 times a day

Jun. 29 to Jul. 08

09Z

12Z

15Z

…

• We are issue for  the afternoon 
thunderstorm at Jun.30 to Jul. 08
2017
 Each day 3 forecast at initial time 

21Z, 00Z and 03Z
 With 12 hour forecast
 Focus on the period at 05~10 

UTC (13~18 LST) when the 
thunderstorm happened CEPS

Case Study



EXP IC pert. Model pert. LBC pert. Lower BDY pert.
Ctrl LETKF 16/32 X X X

SPPT LETKF 16/32 SPPT X X

SKEB LETKF 16/32 SKEB X X

SKSP LETKF 16/32 SKEB+SPPT X X

Multi-
Physics Same as Ctrl

3 PBL
(YSU, MYJ, MYNN2)

2 MPS
(Goddard, WSM5)

X X

Namelsit of SPPT：
Timscale=21600
Lengthscale=150000
Gridpt_stddev=0.125

Namelist of SKEB：
Tot_backscatter_psi=1e-5
Tot_backscatter_t=1e-6
Ztau_psi=1440
Ztau_t=2880

Stochastic perturbation
EXP IC pert. Model pert. LBC pert. Lower BDY pert.
Ctrl LETKF 16/32 X X X

SPPT Same as Ctrl SPPT X X

SKEB Same as Ctrl SKEB X X

SKSP Same as Ctrl SKEB+SPPT X X

Stochastic perturbation can increase SPRD and 
no effect on RMSE. 

SKEB is more effective than SPPT.
 SPRD↑ RMSE –

Physics setting is ref to WEPS.
 SPRD↑ RMSE ↑



EN PBL Surface 
layer

Microphysic
s

1 YSU MM5 Goddard

2 YSU MM5 Goddard

3 MYJ MM5 Goddard

4 MYJ MM5 Goddard

5 MYJ MM5 Goddard

6 MYNN MYNN Goddard

7 MYNN MYNN Goddard

8 MYNN MYNN Goddard

9 MYNN MYNN WSM6

10 MYNN MYNN WSM6

11 MYJ MM5 WSM6

12 MYJ MM5 WSM6

13 MYJ MM5 WSM6

14 YSU MM5 WSM6

15 YSU MM5 WSM6

16 YSU MM5 WSM6

• To test the spread of multi-Physics 
setting, we build the Correlation 
matrix.
 Correlation  of each members 

on surface parameters

• Verify by Correlation matrix & 
hierarchical clustering(HC)

More about multi-Physics…



10m Wind speed Mixing Ratio

YSU

MYNN2

MYJ

All the members 
in this box use 
YSU PBL scheme

MYNN2

YSU

MYJ

More about multi-Physics…

Order of Members sorting by HC

We need more spread 
at the multi-physics setting.



EN PBL Surface layer Microphysics

1 YSU MM5 Goddard

2 YSU MM5 Goddard

3 MYJ MM5 Goddard

4 MYJ MM5 Goddard

5 MYJ MM5 Goddard

6 MYNN MYNN Goddard

7 MYNN MYNN Goddard

8 MYNN MYNN Goddard

9 MYNN MYNN WSM6

10 MYNN MYNN WSM6

11 MYJ MM5 WSM6

12 MYJ MM5 WSM6

13 MYJ MM5 WSM6

14 YSU MM5 WSM6

15 YSU MM5 WSM6

16 YSU MM5 WSM6

EN PBL Surface layer Microphysics

1 YSU MM5 Goddard

2 MYNN MYNN WSM6

3 MYNN3 MYNN Morrision

4 Shin-Hong MM5 NSSL

5 BouLac MM5 Goddard

6 YSU MM5 WSM6

7 MYNN MYNN Morrision

8 MYNN3 MYNN NSSL

9 Shin-Hong MM5 Goddard

10 BouLac MM5 WSM6

11 YSU MM5 Morrision

12 MYNN MYNN NSSL

13 MYNN3 MYNN Goddard

14 Shin-Hong MM5 WSM6

15 BouLac MM5 Morrision

16 MYNN3 MYNN NSSL

5PBL 4MP



Physics Parameter 
update

• PBL 
– YSU, MYJ, MYNN
+ MYNN3, Shin-Hong, BouLac

• MP
– Goddard, WSM6
+ Morrision, NSSL

EN PBL Surface layer Microphysics

1 YSU MM5 Goddard

2 MYNN MYNN WSM6

3 MYNN3 MYNN Morrision

4 Shin-Hong MM5 NSSL

5 BouLac MM5 Goddard

6 YSU MM5 WSM6

7 MYNN MYNN Morrision

8 MYNN3 MYNN NSSL

9 Shin-Hong MM5 Goddard

10 BouLac MM5 WSM6

11 YSU MM5 Morrision

12 MYNN MYNN NSSL

13 MYNN3 MYNN Goddard

14 Shin-Hong MM5 WSM6

15 BouLac MM5 Morrision

16 MYNN3 MYNN NSSL

5PBL 4MP
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YSU/
MYNN

MYNN3

BouLac / 
Shing-
Hong

BouLac

Shin-
Hong

CAPE 10m U 10m V

reflectivity 2m Mixing ratio Totol rainfall

5PBL - correlation matrix by HC



Morrision / NSSL

Goddard / WSM6

Morrision / NSSL

Goddard / WSM6

Morrision / NSSL

Goddard / WSM6

Morrision / NSSL

Goddard / WSM6

Morrision / NSSL

Goddard / WSM6

Goddard / 
WSM6

Morrision

NSSL

CAPE 10m U 10m V

reflectivity 2m Mixing ratio Totol rainfall

4MP - correlation matrix by HC



Physics Parameter 
update

• PBL 
– YSU, MYJ, MYNN
+ MYNN3, Shin-Hong, BouLac

• MP
– Goddard, WSM6
+ Morrision, NSSL

• 5PBL+4MP  →   P5M4

EN PBL Surface layer Microphysics

1 YSU MM5 Goddard

2 MYNN MYNN WSM6

3 MYNN3 MYNN Morrision

4 Shin-Hong MM5 NSSL

5 BouLac MM5 Goddard

6 YSU MM5 WSM6

7 MYNN MYNN Morrision

8 MYNN3 MYNN NSSL

9 Shin-Hong MM5 Goddard

10 BouLac MM5 WSM6

11 YSU MM5 Morrision

12 MYNN MYNN NSSL

13 MYNN3 MYNN Goddard

14 Shin-Hong MM5 WSM6

15 BouLac MM5 Morrision

16 MYNN3 MYNN NSSL

5PBL 4MP



Shin-
hong

BouL
ac

MYNN3

MYNN3

MYNN3

MYNN3

MYNN3

YSU / MYNN

Shin-hong/ 
Boulac

YSU / MYNN

YSU / MYNN

Shin-hong/ 
Boulac

CAPE 10m U 10m V

reflectivity 2m Mixing ratio Totol rainfall

P5M4 - correlation matrix by HC



Ctrl Physics 5PBL 4MP P5M4

2m T

2m
Q

10m 
Wind



Ctrl Physics 5PBL 4MP P5M4

2m T

2m
Q

10m 
Wind

PBL schemes has 
the greatest 
influence on near-
surface parameters.

Physics (old)

P5M4 (new)

CTRL

P5M4 (new)



Why adding multi-
physics setting will 
increase the RMSE?
Different physics setting 
make the ensemble 
Mean PDF strange.

BY 蔡金成 2020



Model Perturbation Integration

Multi-
Physics LETKF 16/32 

3 PBL
(YSU, MYJ, MYNN2)

2 MPS
(Goddard, WSM5)

X X

5PBL LETKF 16/32 5PBL X X

4MP LETKF 16/32 4MP X X

P5M4 LETKF 16/32 5PBL+4MP X X

EXP IC pert. Model pert. LBC pert. Lower BDY pert.
Ctrl LETKF 16/32 X X X

SPPT LETKF 16/32 SPPT X X

SKEB LETKF 16/32 SKEB X X

SKSP LETKF 16/32 SKEB+SPPT X X

Ex
p1

Ex
p2

SSPM

SKSP

P5M4



In general, the dispersion-relationship and QPF 
ability of SSPM is slightly improved.

CTRL & SKSP
SSPM & P5M4

P5M4 (new)



結論

• 經相關性的分析後，本文選出5種PBL參數法與4種微物
理參數法來當作CEPS之多模式物理參數方法之設定。
– 結合PBL參數跟MP參數的的擾動設定能減少濕度場誤差並增
加離散度。

– PBL參數法的更新對於風速場預報的準確度跟離散度有顯著
的提升。

– PBL參數的擾動在風速仍有準確度下降的問題，仍是系集預
報系統需要精進的目標。

• 整合SKEB、SPPT與多模式物理參數擾動的結果（SSPM）
能顯著改善系集預報離散度，但對降水預報的預報效能
仍有改善空間。



Reference
• 江琇瑛、邵彥銘、洪景山，2017：系集雷達資料同化之作業化評估。天氣分析與預報研討會，中央氣象局。
• 江琇瑛、洪景山、周仲島、蔡雅婷，2019：多重尺度混合法於連續循環雷達資料同化之應用。天氣分析與

預報研討會，中央氣象局。
• 李志昕、洪景山，2014：區域系集預報系統研究：系集成員產生方式之評估。大氣科學，42，153-179。
• 蘇奕叡、賴曉薇、李志昕、邵彥銘、洪景山，2018：對流尺度系集預報系統之模式擾動測試。天氣分析與

預報研討會，中央氣象局。
• Gebhardt C, Theis SE, Paulat M, Ben Bouallegue Z. 2011: Uncertainties in COSMODE precipitation forecasts 

introduced by model perturbations and variation of lateral boundaries. Atmospheric Research, 100, 168-177.
• Liu X, Zhu XH, Qiu P, Chen W, 2012: A correlation-matrix-based hierarchical clustering method for functional 

connectivity analysis. J Neurosci Methods. 2012 Oct 15, 211(1), 94-102. 
• Romine, G.S., C. S. Schwartz, J. Berner, K. R. Smith, C. Snyder, J. L. Anderson, and M. L. Weisman, 2014: 

Representing forecast error in a convection-permitting ensemble system. Mon. Wea. Rev., 142,4519–4541
• Schwartz, C. S., G. S. Romine, K. R. Smith, M. L. Weisman, 2014: Characterizing and optimizing precipitation 

forecasts from a convection-permitting ensemble initialized by a mesoscale ensemble Kalman filter. Weather and 
Forecasting, 29, 1295–1318.

• ——, and R. A. Sobash, 2017: Generating Probabilistic Forecasts from Convection-Allowing Ensembles Using 
Neighborhood Approaches: A Review and Recommendations. Mon. Wea. Rev., 145, 3397–3418.

• Shin, H. H., and S. Hong, 2013: Analysis of Resolved and Parameterized Vertical Transports in Convective Boundary 
Layers at Gray-Zone Resolutions. J. Atmos. Sci., 70, 3248–3261,Toth, Z., O. Talagrand, G. Candille and Y. Zhu, 2003: 
Chapter 7: Probability and ensemble forecast, Environmental Forecast Verification: A Practitioner’s Guide in 
Atmospheric Science, Edited by I. T. Jolliffe and D. B. Stephenson, John Willey & Sons.

• Tsai, C.-C., S.-C. Yang, and Y.-C. Liou, 2014: Improving quantitative precipitation nowcasting with a local ensemble 
transform Kalman filter radar data assimilation system: Observing system simulation experiments. Tellus A, 66, 
21804.


	對流尺度系集預報系統研究：�多模式物理參數法之測試評估
	Convective-scale Ensemble Predict System
	投影片編號 3
	Case Study
	 Stochastic perturbation
	投影片編號 6
	投影片編號 7
	投影片編號 8
	Physics Parameter update
	5PBL - correlation matrix by HC
	4MP - correlation matrix by HC
	Physics Parameter update
	投影片編號 13
	投影片編號 14
	投影片編號 15
	投影片編號 16
	Model Perturbation Integration
	投影片編號 18
	結論
	Reference

