5539 4555 6 1] N T A = Vol. 39 No. 6

2015 4E 11 A Chinese Journal of Atmospheric Sciences Nov. 2015
FHGAE, SRR, HKAK, 452015, R MU P ARHE KON GRAPES R 4¢P R THR KBZ AT SE 1. 3) 5 EvHR & PRARIT RN [J]. K

SRFE, 39 (6): 1225-1236.  Wang Ruichun, Gong Jiandong, Zhang Lin, et al. 2015. Tropical balance characteristics between mass and wind fields and their

impact on analyses and forecasts in GRAPES system. Part II: Application of linear balance equation-regression hybrid constraint scheme [J]. Chinese Journal

of Atmospheric Sciences (in Chinese), 39 (6): 1225-1236, doi:10.3878/j.issn.1006-9895.1412.14234.

A MR 35T EHHE R E X GRAPES %4t [E] L T4k
RIS 10 s A S55iHESHELRA F/IMH

EmA " RERT KA HEEE’

1 BE B LR KA R b, AL 210044
2 PEAZREE TR0, Jhat 100081

 E WIS REY: SR RE (LBE) fERGIF M ANE R, e — P ot Jy 2 H155 LBE 5% X 15k
A RAEE . AL LR, 7 GRAPES (global/regional assimilation and prediction system) 4>FRAS 53 [A]4k R 40
IS SRR E P AN R BT EAEE)Z KR LBE FSEA F 38 hnge 55 m R PERDE,  [R1)3 R 4k
PERN S AR . BRI SR ZE T 25 (R MR B, 17 58 mT LUSE S (1) PR AE A ST 3 By 73 S (R TR 15 2 AN AH G (1 5
AT, TR Lol /N AT b DX P47 0 Pl i 22 5 ZE (B (B AN o e 5 2 L] B e 45 R, 5 LBE
T AR, B R AR, (ARG I S ST T K TR AT AR, PR AT SR AT JF
H, BRFZEBAMEEIBE, FEFTRE M RIGUMARLE 55T T IR s B0 . —4> H iR
TR SRR, FINH RIS, ARTE SN R TR Ay T PR 1E, 1T B b X X375 1) ) A PR R R
B4R, LBE Jr E TR B%E 1 XI5 AT 7 e R A B
KA BoREFA AR LT TR ZMERIH GRAPES (global/regional assimilation and
prediction system)
XEHRS  1006-9895(2015)06-1225-12 PEISES P456 XERFRIRES A
doi:10.3878/j.i1ssn.1006-9895.1412.14234

Tropical Balance Characteristics between Mass and Wind Fields and Their
Impact on Analyses and Forecasts in GRAPES System. Part II: Application
of Linear Balance Equation—Regression Hybrid Constraint Scheme

WANG Ruichun"?, GONG Jiandong®, ZHANG Lin* and LU Huijuan’

1 School of Atmospheric Science, Nanjing University of Information Science & Technology, Nanjing 210044
2 Numerical Weather Prediction Center of China Meteorological Administration, Beijing 100081

Abstract The results of Part I of this study show that the imposition of the Linear Balance Equation (LBE) in the
tropics is not correct and additional steps should be taken to decouple the analysis of mass and wind fields. Based on the
results in Part I, this paper developed a LBE-regression hybrid balance constraint in GRAPES (global/regional
assimilation and prediction system) global variational data assimilation system. In the new scheme, after the calculation
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of LBE on each level, a vertical regression whose coefficients could vary at different latitudes and model levels was

introduced. By analyzing and comparing the implied background error covariance of different schemes, the authors found

that the new scheme could efficiently reduce the unreasonable correlations of control variables. Additionally, the forecast

error variance of the balanced pressure and its ratio to the whole pressure were also both dramatically reduced in the

tropics. Results of the single-observation experiments indicated that, the new scheme had little impacts on the mid- and

high-latitude compared to the LBE scheme, but it did successfully decouple the mass/wind analyses in the tropics.

Although equatorial wave modes were not explicitly considered in the new scheme, the structure of covariance was

consist with the theory analysis results based on those modes in Part I. The results of cycle analysis and forecast

experiments in one month showed that, the new scheme could bring slightly positive results in the extratropics and

significantly improve the wind analysis and forecast accuracy in the tropics, the abnormally large tropical wind errors in

the LBE scheme were dramatically suppressed.
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W and 7T represent original stream function and Exner pressure, respectively; m,, and =, represent balanced and unbalanced Exner pressure in LBE (linear

balance equation) scheme, respectively; 77, and 7, represent balanced and unbalanced Exner pressure in hybrid scheme, respectively
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Fig. 5 As Figs. 4e and 4f, but for the results at model level 28
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F1 EHLEIMALE A fE A RO R
Table 1 Types of observations assimilated in the analysis

cycle experiments
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Fig. 6  Analysis verification scores of u wind in the tropics (20°S—20°N) for the period of May 2013: (a) RMSE; (b) bias. Analysis results for each experiment

were verified against FNL (final) data
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Table 2 Rate of AC (anomaly correlation) scores increase
and RMSE decrease in hybrid scheme compared to LBE
scheme for 72-h forecasts in the extratropics (20°N-90°N,
20°S-90°S)

AC (A X 1R 2% 8% RMSE [FARG 8/ 3R

Vo 4RFR 500 hPa 100 hPa
RrAE R (b AC 0.22% /
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%3 FNEHX (20°9~20°N) 72 h f{ifkiF+, 5LBE /5
ZHELL, IREFHENIF RMSE BIEXTRE/ R

Table 3 Rate of RMSE decrease in hybrid scheme
compared to LBE scheme for 72-h forecasts in the tropics
(20°S-20°N)

PEIMERR RMSE [R5
500 hPa 100 hPa 50 hPa
#ili X (u) RMSE 2.54% 31.89% 54.47%
Zei X, (v) RMSE 0.07% 8.38% 21.02%
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