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Overview

The Central Weather Administration (CWA) of Taiwan is responsible for issuing official weather
forecasts and warnings of hazardous weather. For this purpose, CWA has been developing and
operating global and regional numerical weather prediction (NWP) systems and providing both
deterministic and ensemble forecast products as the forecast guidance. With the goal to move
toward a more strongly linked global and regional NWP system, efforts have been made to connect
the two systems. This study proposes a new regional ensemble initialization method named
Ensemble Partial Cycling (EnPC) to generate regional ensemble initial conditions for CWA WRF-
based regional Ensemble Prediction System (WEPS). The EnPC method can be conceptually regarded
as a combination of the Ensemble of Data Assimilation and partial cycling approaches. Our early
results show that this new method is superior to the method that is adopted in the current
operational WEPS based on an Ensemble Adjustment Kalman Filter (EAKF) data assimilation.

Current Status of WEPS and Known Issue with IC
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A New Framework of WEPS: Ensemble Partial Cycling

* Inspired by the CWA partial
cycling strategy & Ensemble of
Data Assimilation (EDA)
framework.

 With EnPC, each WEPS member

is initialized by running a partial
cycling where ICs come from a
global EPS.
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Initial Implementation of WEPS EnPC

OP 20 EAKF blend with WRFD NCEP GEFS 10 (1-2)
NCEP10 20 EnPC : IC from NCEP GEFS NCEP GEFS 10 (1-2)
NCEP20 20 EnPC : IC from NCEP GEFS NCEP GEFS 20 (1-1)
CWA20 20 EnPC : IC from CWA TGFS EPS CWA TGFS EPS 20 (1-1)

Domain-Averaged Verification Against ECMWF Analysis (Domain 1)
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Domain-Averaged Verification Against CWA Ground Station Obs (Domain 2)
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Typhoon Track Forecasts (Domain 1)
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Recent Development on WEPS EnPC

Observations assimilated in d01 of WEPS

¥ o )
60°E s o ‘5.. ¥
-

/ S, @ /
° Te ,"' .
70°E by %, .

e Synop # = 2001
- 40°

metar # = 326

e ships # = 151

e gpspw # = 117
sound # = 177

e sonde_sfc # =177
airep # = 1775

\ buoy # = 27

®e ' o gpsref # =214

........

..........

Domain-Averaged Forecast Verificatio
H T

200

200

130°E 140°E 150°E

P-4

. 30°N
| 20°N

e
he . 10°N
e

Include “perturbed observations” to EnPC
(closer to the original EDA idea)

Experiment Obs Perturbed
assimilated
EnPC_NoPO CONV + RO No
EnPC PO CONV + RO Yes

For RO refractivity observations,
perturbations are vertically correlated.

n Against ECMWEF

RH

200

U

Analysis (Domain 1)
\'

200

“ 200 |
[(0) [ [(e)
300 300 300 300 300 -
Ll
V) 500 500 500 500 - 500
E ] I i o) ] IO ) |
a = e A o
o 700 700 700 700 700
850 850 1 850 850 - 850
9051 925 925+ 925 905
30 0 2 25 0 8 0
200 200 200 200 T— 200 T—
(@ [ )
300 300 - 300 300 300 -
(O 500 500 500- 500 - 500
w ] [y} ] 4] ] (L] Q] ]
— B g g g g
o NS 700 - 7001 7001 700 -
850 850 850 850 850 -
925 +— LI e p S S s S p e 92H T T T 'I"I" 925 +— 925 +—— e T 9P+ T 7T
0 5 10 15 20 0 02 04 06 08 1 20 0 1 2 3 4 0 1 2 3 4
—— EPCNoPO_ 0 —— EPCNoPO 12 —— EPCNoPOQ 24 EPCNoPO 36 —— EPCNoPO 48 —— EPCNoPO 60 —— EPCNoPO_72
—= EPCPO 0 —= EPCPO 12 ——= EPCPQ_24 EPCPO 36 —= EPCPO 48 —= EPCPO 60 —= EPCPO 72
C I i

* The new EnPC framework that combines the partial cycling strategy and EDA
approach has been successfully implemented for the CWA WEPS.

 WEPS initialized via EnPC mitigates several issues in the current OP:
* Insufficient spread due to lack of initial large-scale perturbations: improved spread
 Dependency on EAKF (a separate system to maintain): removed
* Dependency on external data (NCEP GEFS): could be replaced by CWA TGFS EPS
* Spin-up issue in WEPS d02: d02 is also initialized via EnPC as opposed to interpolation

* In addition, compared to OP, WEPS initialized via EnPC has shown increased
ensemble spread without degrading RMSE, which is encouraging.

Future Work

* Investigate the impact of using blending or not under the new EnPC framework.
* Revisit the model perturbation setup to find the best combo for WEPS EnPC.
* Further investigate the EDA approach/configuration in WEPS_EnPC

* Explore the impact of using WEPS _EnPC ensemble forecasts to estimate BEC for the
hybrid EnVar of CWA WRF deterministic system.
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