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Improving the Meiyu Simulation Using Spectral Nudging
of Single-Element and Multi-Element in
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Abstract: To improve the simulation in precipitation location, the impact from spectral nudging (SN) tech-
nique of single-element and multi-elements on the Meiyu weather simulation are investigated by using the
Weather Research and Forecasting (WRF) model. The results show that: (1) the contributions of SN
with different meteorological elements and their combination to Meiyu simulation are obviously different.
On the whole, the SN with wind field obviously improves Meiyu precipitation simulation, while there is a
little benefit and even deterioration in SN with geopotential height and temperature, respectively. Also, it
is the similar effect in simulations with multi-elements SN. Therefore, the spectral nudging with wind field
is chosen as the optimal scheme for the following analysis. (2) During Meiyu period, the sort of improve-
ment in synoptic elements is zonal wind, meridional wind, humidity, temperature and geopotential height.

On average, compared to the control experiment, the root mean square error (correlation coefficient) of all
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clements decreases (increases) by about 24. 1% (13.6%), 22. 7% (21.7%) and 13. 0% (12.2%) at
850 hPa, 500 hPa, and 200 hPa in the optimal experiment respectively. Meanwhile, the longer lead time

is, the better improvement could be in the simulation, which is related to larger-scale error growth in inte-

rior domain with the integration time. (3) Typical case diagnosis illustrates that wind field spectral nud-

ging can amend efficiently the dynamic factors such as low-level wind shear line, and thus correct the key

thermodynamic factors like high humidity region by physical process interaction and modulation during in-

tegration, which could result in the better simulation in Meiyu event finally.
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AR — A A, B H R4 1 1 R a4
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(Michalakes et al,2001; Hong et al, 2004 ; & [E #1 ,
2004 ; Skamarock et al,2008; Aggarwal and Kumar,
2013; Wk AL 4, 20155 £4ESF,2017). WRE &5 #
ES R CIEPNASE (i EWa WL AN
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27z h . 28 9E ML 51 (Benjamin et al,
20043;2010;Done et al,2004; 5 /K B 4E, 2008; Lee
et al,2010; BE B 45, 2011 ; Cavallo et al, 2013 ; [ 15
42,2013 ; 2P 45, 2014 Powers et al, 2017),
WA 5 0 B DO R IO 55 A5 7T 5 0 e
(BREE %, 20125 BB 4 b 45, 2015) L SR 1T I FH PEAG o 2
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3F-,2011;Hong et al, 2012;Shan et al,2012; Spero
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Wit s 7 WRE B 0xF T 20102011 4§
PUAC IRV & MU AR S it B AU B . A 25
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e 388 T 114 FE AR T P HE DX S R B LA S —
“RE R R Rk AL B (Waldron et al,1996) , ZERL R
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Table 1 Experiment design
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Wik 1 7 1 B AEREECZE 8 J2 (2 850 hPa)
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BB ZR OB 50 M T I UR) 24 h BRATRE K Y
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ik 5 (SNUV) &R e 47, 76 45 Bk B 20 T 1Y
RMSE #j 1t CTL A, 1 CC ¥tk CTL 256 & 5 5
YyaE i X 55 (SNH) 52 M AR /)N, 15 22 F1 25 (6] 43 A Al
CTL KO X ; B 3 38 35 W) 3 30 7 RMSE 19 3
T CC A%, DL CTL AY3E4L 2% (RMSE., CC
S50 R e TS SR G R oy 8 CRUR M G
2 CTL G BR BL CTL) 3K 7 — 45 43 #r U 1k 18 56
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Table 2 Evaluation of 24 h accumulated precipitation for all experiments

WisE A/ : B4 P
CTL SNUV SNH SNT SNUVH SNUVT SNUVHT

24 19.77 18. 02 20. 05 22.02 18. 06 19. 25 19. 43

RMSE/mm 48 20. 26 17. 86 20. 49 21.49 18. 26 19. 66 19. 39
72 20. 81 17.62 20. 49 21.09 17. 18 19.47 19.79

24 0. 306 0.328 0. 306 0.292 0.324 0.311 0.307

cC 48 0. 283 0. 355 0. 286 0.213 0. 348 0. 288 0. 306

72 0. 239 0. 365 0.243 0.214 0. 359 0.276 0.274

MR TR Sy R R B AR R

Note: Bold number denotes the best scheme.
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Fig. 1 Configuration of the model domain
and topography (shaded area)
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Fig. 2 Percentage of differences between sensitive
experiments listed in Table 1 and control run (the
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statistics of (a) RMSE, (b) CC, (¢) TS, (d) ETS
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(the three scores obtained from
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Table 3 Statitics scores of 24 h accumulated precipitation for all experiments
S a‘Rrju}J:i ié& i B4 PR
/ /mm CTL SNUV SNH SNT SNUVH SNUVT SNUVHT
=0.1 0.762 0.765 0.762 0.758 0. 765 0.768 0.768
” =10 0.373 0.389 0.375 0. 36 0. 389 0.377 0.376
=25 0.195 0.202 0.192 0.178 0.202 0.19 0.188
=50 0. 064 0. 068 0.065 0.055 0. 069 0. 061 0.061
=0.1 0.739 0.767 0.735 0.728 0.767 0.78 0.781
TS 48 =10 0. 326 0. 381 0. 327 0.285 0.385 0. 357 0. 361
=25 0.165 0.198 0.168 0.115 0.194 0. 157 0. 164
=50 0. 059 0. 089 0.061 0.043 0.072 0.05 0. 056
=0.1 0.709 0.771 0.71 0.715 0.768 0.773 0.771
72 =10 0.28 0. 386 0. 289 0. 286 0. 382 0. 366 0. 361
=25 0.137 0.197 0.139 0.117 0.197 0. 155 0.153
=50 0. 064 0. 081 0. 064 0.037 0.088 0.043 0.051
T AL 3R R T R .
Note: Bold numbert denotes the best scheme.
iﬁﬁ*ﬁ% 1ﬁij:—l: - 5 a‘:ﬁé i;J‘ ° éé': ﬁ iﬂ] SNUV iﬁ%\ *H Xj‘ ?;): 10% —————UV:Mean=—1.751 RATG=69.1% RATB=30.9%
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HSS 1858 Ry ) ARk ik 70, 6% (B 3d), Kk
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Br, Horp FNL 1) P40 47 338 1 WRE #555X f) i 4b 34
AR A {1 3] DX 38 1 AR A A 1

1A SNUV A X CTL 453l 2 5000 8 5 B 43

ATS(>10 mm)

El
R (B 4) . — 5 17 A7 3 3 A R SR R E
AR NI ER N - NES AN DR 5 2SS A ] a2

&
R 22 1 SR A R S R . U 3 00
355 6 B I 4 A BB T — KU % L S AN
(4 38830 6 0 6 B O ek M 5 oy 0 R A A o L/ H—/UTC 7
PR ZBEA M EAE R, L an X 37 38 i 8 i R AL & 3 MZ?zlS E%H 7? HT?%JEQ#) H?gﬁfrﬂ
o Fr ok 7 Sk 5 e gk S i N 2 3y = B 0 1 28 AT 3R 36 AH X R 3R 24 h Ei
B 1 B KB K PR A M T ST IR B P0G 21 B
el 7K Y5 4 A o 33E 11T 5% Wl 7K YR BE 45 45 L) 2R L AR RN (%)gfsﬂ(ﬁ)ﬁésgiﬁ%ﬂ%ﬁf?’?ﬁ

ST I S ) (0 =
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KA S8 R R, 52— 7. & 5 £ 15t (b) CC, (¢) TS and (d) HSS for 24 h accumulated
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MEBEHINE , BARERLNEEEERN from rainfall greater than 10 mm)
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Fig.4 Mean profiles of difference percentages between SNUV experiment and
control run (the former minus the latter and then divide the latter) in statistics
of (a, ¢, ) RMSE and (b, d. {) CC for meteorological elements
with lead time of (a, b) 24 h, (¢, d) 48 h and (e, [) 72 h
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Table 4 RMSEs of simulated weather situation for CTL and SNUV experiments
== N
REER
D02 =X /hPa R/ W R
JZ K /hPa & /h i 56 44 FR Um e o I Hapm T/K RI %,
a4 CTL 3.01 2.47 6.99 0. 90 11. 64
SNUV 2.32 2.07 6.32 0.70 9.83
CTL 3.40 2.87 8.13 1.02 13.15
850 48
SNUV 2.41 2.05 6.63 0.76 10. 36
79 CTL 3.68 3.12 8.92 1.17 15.13
SNUV 2.46 2.14 6.87 0.79 10. 38
" CTL 2.62 2.62 6.17 0. 56 16.72
SNUV 2.09 2.15 5.53 0.53 13. 14
CTL 3.28 2.88 7.54 0. 64 20,77
RMSE 500 48
SNUV 2.24 2.21 5.66 0.54 13.98
79 CTL 3.38 2.93 7.74 0.67 21.87
SNUV 2.22 2.22 5.77 0.55 14.71
24 CTL 3.46 3.82 6.32 0.51 14. 66
SNUV 2.62 2.99 6.61 0.52 14.25
CTL 3.93 4.03 6.62 0. 54 15. 46
200 48
SNUV 2.62 3.05 6.89 0.52 14. 32
79 CTL 4.17 4. 16 7.24 0.56 15.69
SNUV 2.54 3.00 6.99 0.50 14. 46

T LIRS 2R R

Note: Bold number denotes the best scheme.
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Fig. 6 Mean difference percentage evolution with lead time in statistics of (a, c, e) RMSE

and (b, d, f) CC meteorological elements between SNUV experiment and control run
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(b) CTL and (¢) SNUYV experiments at 0000 UTC 9 June 2015
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