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Application of the Multi-scale Blending Scheme
on Continuous Cycling Radar Data Assimilation
w Jiang, Siou-Ying'?, Jing-Shan Hong', Ya-Ting Tsai’, and Ben Jong-Dao Jou?

" Central Weather Bureau, Taipei, Taiwan
2 Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan

1 troduction

The predictability of the short duration extreme rainfall system is very limited due to the fast evolution and strong nonlinearity nature. The assimilation
of radar observation with rapid update cycle frequency and high resolution model is a key to level up the predictability of such systems. However,

« The limited regional model domain suffers a general deficiency in effective representation of large-scale features.

« The model can easily accumulate the model errors in the continuous cycling data assimilation (DA).

* The spin-up problem becomes more serious in the frequent update DA.
The above could introduce significant model error and hurt the first guess in DA. Therefore, how to handle the model error well is one of the important
issues to provide the reliable first guess in the frequent update continuous cycle.

2. Blending Method

In order to reduce the model error in the first guess, the multi-scale blending scheme using a low-pass spatial filter was applied to continuous hourly
cycling radar DA system. In this study, the blending scheme combines the NCEP global model analysis and the convective scale WRF model forecast
which take the advantage from the two models.

v' The cut-off length scale (CLS) become smaller, the more information from the NCEP analysis is used. (Figure 1)

WRF 3DVAR based deterministic DA and LETKF (Local Ensemble Transform Kalman Filter) based ensemble DA experiments were conducted to evaluate
the effect of the blending scheme to reduce the accumulated model error in an hourly full cycle strategy. (Figure 2)
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Figure 2.
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(a) Schematic diagram of radar data assimilation with the blending scheme strategies

(b) Strategy to the re-center the ensemble mean in the continuous cycling LETKF radar DA system
with 32 ensemble members.
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Figure 1. ; i L2
(a)(g) are the U-wind of NCEP GFS analysis and WRF forecast. (b)-(f) and (h)-(l) are the fields of L I
large-scale and small-scale separated from (a) and (g) with the different cut-off length scale of 300, = g & 0] ST @00 25 N 3 40 45 S0 85 60 5,
340, 600, 750, and 900 km. (m)-(q) are the result after blending that combines the above two fields. Figure 3. The 3D-MOSAIC reflectivity from 21 UTC 6 June 2012 to 12 UTC 6 June 2012.
EXP Description EXP Description 3. Experimental Des
NCEPa Without blending scheme RwoBD /LwoBD Without blending scheme
NCEPa300 Initialized by NCEP GFS with CLS>300 km | RBN300/LBN300 Blending NCEP GFS analysis at CLS = 300 km * There are experiments (Table 1) by blending the NCEP analysis at the different CLS.
NCEPad50 Initialized by NCEP GFS with CLS>450 km | RBN450/LBN450 Blending NCEP GFS analysis at CLS = 450 km
NCEPa600 ialized by NCEP GFS with CLS>600 km | RBNGOO/LBNG60O  Blending NCEP GFS analysis at CLS = 600 km * All the experiments are configured by an hourly update cycle from 1200 UTC 9
NCEPa750 red by NCEP GFS with CLS>750km | RBN7SO0/LBN750 Blending NCEP GFS analysis at CLS = 750 km June to 2300 UTC 10 June 2012. It is server rainfall system associated with the
NCEPa900 ialized by NCEP GFS with CLS>900 km | RBN900/LBN900 Blending NCEP GFS analysis at CLS = 750 km S i -
Table 1. Summary of experiments Note: CLS: cut-off length scale, L is for LETKF, R is for SDVAR southwesterly flow occurred on this period. (Figure 3)
* In the RBN300-RBN900 and LBN300-LBN900 experiments (Figure 6) , these
S e foretast fecu- Batnfal imel] Figure 4. results shows that the trend of precipitation distribution changes nearly the
=" The EDI of accumulation threshold (mm) aggregate over | | same as the NCEPa300-NCEPa900 experiments.
B epi= ot G all 24 forecasts for 0-6 hr forecasts. ¥
T BB <o it | There are preceded every hour starting at 0000 UTC 10 * Especially over the ocean.
Bos t0 2300 UTC 10 June 2012. * The blending is only applied to wind, potential temperature, water vapor
-1 * The Fig 4 results show the data assimilation mixing ratio, and pressure.
§ " with blending scheme gives consistently * The large-scale features from global model have a large impact on QPF
5 the highest scores in all rainfall thresholds. performance
8oz . "
H * The blending scheme is workable to The model levels below 3-km maybe trust convective scale more. Thus, the CLS
o remove the accumulated bias from the should be vertical dependent.
3

00 ' continuous cyclic radar data assimilation.
©2RRIRBRI{BZRRS] « Both in 3DVAR and LETKF
Threshold (mm) ornin an
o6hr
- June 2012 10102300 UTC June 2012
RGFSr -RBN300 LGFSr = =LBN300 .
o ——RBN4SO  —RBN600 —1BNaso —1eneoo | Figure 5.

RBN750 ~ -RBN90O 1BN750 - -LBN900 | Same to Fig. 4 but for

0s —RGFSmoR the different CLS Figure 6.
' experiments. Comparison of 6h accumulated
04 | RGFSr/LGFSr: NCEP rainfall forecasts from QPE and

analysis directly the experiments had been
replace the first guess | | described in Table 1. The rainfall
in 3DVAR/LETKF DA observation from QPE . |
| system at 00, 06, 12, These experiments initialized at

02 5!
‘ 18 UTC. (Cold start) 00 UTC 10 June 2016.
o1 RGFSrnoR: without

Extremal Dependence Index (EDI)

| | radar DA (NODA)
¥ e2RR2R8R88828533°RRRIRBRERI2RALR
Threshold (mm) Threshold (mm)
* Only QPF over land points are evaluated in this study.
« The results (Figure 5) show the impact of the blending scheme has the
consistent trend with the different CLS.
« Especially for smaller rainfall thresholds.

5. References
Hsiao, L. F., and Coauthors, 2015: Blending of global and regional analyses with a spatial filter: Application to
typhoon prediction over the western North Pacific Ocean. Wea. Forecasting, 30, 754-770.
Sun, J, Xue M, Wilson J, Zawadzki |, Ballard SP, Onvlee-Hooimeyer J, et al. 2014. Use of NWP for nowcasting
ipitation: recent Bull. Am. Meteorol. Soc. 95, 409-426.
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3. Results

1. Introduc!

Taiwan, a relatively small subtropical island (400 km long and 150 km wide), has
regions extending above 3000 m [Central Mountain Range (CMR)] within a distance
of 50 km. The local circulation is prominent due to the topographic effect and the
contrast of the land/sea and mountain/valley. Furthermore, the rainfall system, in
particular for the afternoon thunderstorm, over the island was significantly
modulated by the local circulation.

In this study, continuous afternoon thunderstorm cases in 29 June-8 July 2017
were selected to demonstrate the impact of the surface data assimilation on the
prediction of the rainfall systems in terms of the 3DVAR system. The results show
that the 3DVAR system significantly outperforms the NODA and CNTL run, and is
able to well present the afternoon thunderstorm rainfall system. In particular,
assimilating both surface and radar observations has the best performance. The

results also show that the forecast initiated after 11 LST has better QPF performance.

In addition, the QPF is rather consistent with different lead time in CNTL experiment.

It means the initial condition dominates the short-term afternoon thunderstorm QPF.

2 K2
+ . Correct O bythe model laps rate
3 stn height ™ 0.8 calculated at lowest eta level

0B calculated at stn Teeirsn

stn height

Calculation of the innovation

Daily rainfall from 29 Jun
to 8 July 2017

(Case results in 6 July is
subjective to be further
examined)

Data assimilation strategy

¢ 10-/2-km resolution domains
* RRTMG radiation/Goddard MPS/YSU PBL/NOAH
« DA strategy for 10-km mesh:
* 6-hr updated NCEP GFS drives the 10-km mesh which provides the lateral
boundary condition for 2-km mesh using the NDOWN.
« DA strategy for 2-km mesh:
« Full cycle for 10 days from 29 Jun to 8 July 2017
v Hourly update cycle using the WRF 3DVAR, a total of 240 cases
v’ Cold start at 0000 UTC 29 June, 2017
* Using the Blending scheme to Re-Center the 3DVAR full cycle run (Hsiao et
al. 2015)
v Blended the 10-km and 2-km fist guess at 00/06/12/18 UTC

Radar DA SFC DA First guess Blending Boundary
condition
NODA X X 10 km ndown X
CNTL
ul X 10 km ndown
SFC « o Update cycle o
SFC_RADAR o o

Statistics of the height difference between

surface and model topography

height dif (station-mode)

Radar and surface observations

Initial at

08 LST 09 LST 10 LST 11 LST 12 LST 13 LST 0Bs

NODA

6-hr accumulated rainfall from 13-19 LST 6 July, 2017. Left to right are the results

with different ini time from 08-13 LST. Top to down are the NODA, CNTL,
SFC,SFC_RADAR experiments. Right figure is the rainfall observation accordingly.

Case study shows that

The SFC_RADAR is comparable to the SFC, and outperforms to the NODA and

CNTL experiment.

The positive impact of radar DA is due to the better modulation of the precipitation
process in the previous storm, and then is able to provide better first guess.

The QPF is rather consistent with different lead time in CNTL experiment. It means
the initial condition dominates the short-term QPF.

The Hybrid 3DEnVAR is expected to further improve the performance of surface
data assimilation.

151LST - 2-m temperature
(shading),10-m
wind field (vector)
forecast valid at
16LST

15 and 16 LST

0BS NODA CNTL SFC SFC_RADAR

SFC_RADAR capture the cold pool and the outflow boundary due to the better
prediction of the storm evolution. Without assimilating additional radar data, SFC
experiment fail to predict the outflow boundary and have the cool pool too strong.

12 Ao, s )
o -1 o 766zs00 7070820

FSS scores for the 10-days DA experiment
show that the SFC_RADAR outperforms
the others. SFC is the second. The results
are similar to that in the 6 July case.
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Forecast Time (hr)
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Forecast Time (hr)
RMSE against surface observations indicates that assimilating surface observations

has positive impact on surface forecast, the improvement of wind extends to 12
hours, and temperature extends to six hours .

4. Reference

Hsiao, L. F., and Co-authors, 2015: Blending of global and regional analyses with a
spatial filter: Application to typhoon prediction over the western North Pacific
Ocean. Wea. Forecasting, 30, 754-770.
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