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Fig. 1 Schematic diagram of the input/output half time
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step control method
(The current time step is n, the previous time step is n—1, and the
next time step is n+ 1. Atan represents the difference between the
input/output time and the current integration time. The black solid
dots indicate the current time step, the black hollow dots denote the
input/output time points, and the gray areas represent the half time

step before and after the input/output time point)
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Fig. 2 Schematic diagram of the numerical method for
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reconstructing the previous time step
(The current time step is n, the previous time step is n— 1, and
the next time step is n+ 1. Atz represents the time step length of
the current time step, V, is the value at the current time step.
Black solid dots represent the pattern grid values, while black hollow

dots represent the reconstructed values from the previous time step)
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Fig. 3

The variation of the maximum Courant number with the number of integration steps in control experiment

(a) and the target aiming method experiment while the Courant number target value is set to be
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Table 1 Total elapsed time of target aiming method experiment
CNTL CFLo04 CFL05 CFL06 CFLO7 CFLO08 CFL09 CFL10 CFL11 CFL12
B[R] /s 7154 16824 14079 12364 10641 9640 8952 8149 7493 7253
IS} [f) 4 %/ % 135 97 73 49 35 25 14 5 1.4
B 5760 16701 13557 11536 10015 8587 7708 6996 6265 5737
H R /% 190 135 100 74 49 34 21 9 —0.4
F:ONTL R HlR5  CFLxx 2678 BUSME IR 56, xx o8 i KR W0 B AR BUE S5 - 3 MR TR,
F2 EHRARSHEAEZLRERD 48 h FIREZ HHFHEZE (mean) F 4R A4 Z (std)
Table 2 The mean deviation and standard deviation between the 48-hour forecast values of the
control experiment and target aiming experimental element field
t2m/°C U500/(m/s) V500/(m/s) h500/gpm
mean std mean std mean std mean std

CFLo4 —0.022 0.408 —0.008 0.993 0.031 0.892 —0.009 1.596

CFLO05 —0.017 0. 385 —0.003 0.936 0.034 0. 849 0.058 1. 442

CFL06 —0.014 0. 364 —0.008 0.892 0.026 0. 815 0.074 1.277

CFLO7 —0.012 0.352 —0.004 0.843 0.02 0.787 0.062 1. 145

CFLO08 —0.003 0.335 0. 006 0.814 0.015 0.775 0.076 1.028

CFL09 —0.008 0.322 0.012 0.789 0.012 0.738 0.069 0.912

CFL10 —0. 004 0.320 0.01 0.765 0.003 0.707 0.067 0. 822

CFL11 0.001 0.303 0.01 0.746 0.005 0. 698 0. 062 0.778

CFL12 —0.001 0. 306 —0.001 0.746 0.003 0.706 0.138 0. 801
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Fig. 4 Variation of the maximum Courant number with

the number of integration steps in the target aiming met-

hod experiment while the Courant number target value is

settobel.2 (a), 1.1 (b), 1.0 (), 0.9 (d), 0.8 (e)
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Table 3 Total elapsed time of top trimming method experiment

CNTL TOPO08 TOP09 TOP10 TOP11 TOP12
SRHE] /s 7154. 83 9696. 78 8732. 69 8084. 53 7579. 54 7417. 49
i i) 3 3R / %6 36. 00 22.00 13.00 6.00 3.67
SOb R 5760 8587 7656 7081 6438 6123
HHIR/ % 49.0 33.0 23.0 12.0 6.3

TE: CNTL 78 #2455 . TOPxx 278 USRS xx F7m B R PR IR B b B 5 7 4 M.

F4 BEHRESHITUAR R E RS 48 h BURE Z 8 F 145 2= (mean) F1 45 £ (std)

Table 4 The mean deviation and standard deviation between the 48-hour forecast values of the

control experiment and each top trimming experimental element field

t2/°C U500/ (m/s) V500/(m/s) h500/gpm
mean std mean std mean std mean std
CFLO08 —0.003 0. 335 0.006 . 814 0.015 0.775 0.076 1.028
CFL09 —0.005 0. 326 0.006 . 794 0. 005 0.731 0.142 0.938
CFL10 —0. 006 0.317 0.016 . 809 0. 007 0.730 0. 059 0. 855
CFL11 —0.001 0.303 0.005 . 763 —0. 004 0.695 0.11 0.776
CFL12 —0.004 0.293 0.006 . 728 0.001 0. 689 0.017 0.773
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Fig. 5 ETS score test for 48-hour cumulative precipitation in the batch test of adaptive time step scheme

from 1 to 30 April 2019: (a) Top trimming method, (b) Target aiming method

AL 2 2Z 00 P b AR 3 0 0 AL A 34 g B2 3 1%
ZEW S R AR B A T Z ],

WAL B0 8 T A g 45 SR b AT DL . A 3
I i) 25 1 Ty 5 0 A A DL 45 2R A 52 o 3 28 D D2 )
SR 7 S8R IR ] 2 1 A 9 L s R A ROk AR AL
RT3 e B 5 TR AR . BTG 55 3 I ]
AR TT SRR OB 45 SR 1 2 e L. Herp . Y

SR P T00 3% v 726 09 5 B A (B HBC 1. 2 A A A A
BUop i F vt B R B ROR T 1. 2 (S B0 1 4
P ) 25 1 A IR R 2 AR bk BEAR SR R A5 D R )
)28 DR 32 75 S PR S B R B O F
B ST R Y B3 25 5 0 A Y B AR R
REJL-F- B A 520



18 = £ B Eid %53 %
—CNTL ——CFL12 e—eCFL10 —— CFLO8 ——CNTL ——CFLI12 e—eCFLI0 —— CFLO08
50 © 50 o =
a
100 m? 00 EEV
200 200
300 | I] E, 300 ]D E
400 H:j] % 400 Il %
2 LI 1 k=
§ 500 o 5 @ 500 5
E 600 mi é % 600 It} g%
700 L 8% 700 T g
i a= 'z W
== =381
850 °§ 850 c g
mi g2 i g S
925 5 & 925 55
/ N £ T &3
1000 == B < 1000 = S
8 10 12 14 16 -0.12-0.06 0 0.06 0.12 12 15 18 21  24-02-010 0.10.20.30.4
PR B R 2 /gpm AT R 2 /gpm
——CNTL ——CFLI2 e—eCFLI0 —— CFLO8 — CNTL ——CFL12 e—<CFL10 —— CFLO8

(©)

uyuuuugb

differences outside of outlne bars

i)

M
925 / E
1000 :
10 12 14 16 -0.12-0.06 0 0.06 0.12
BrH LR 3E /gpm

oo

F¥/hPa

£ 600

are significant at the 95% confidence level

50 =
100 @ EV
200 IE
300
400
500

700

925

are significant at the 95% confidence level

differences outside of outlne bars

J
J
J
il
It
850 I%
iy

1000
12 15 18 21 24 -0.2-0.10 0.10.20.30.4

P iR 2 /gpm

6 2019 4F 4 130 H A3 @ IR 2% : () Bl Tk 24 h Bz, (b) B T3k 48 h Hid
(MR 24 h il (DR 48 h Fill

Fig. 6.

The results of the TS score test for 48-hour cumulative precipitation in the batch test of the automatic time

step adjustment scheme from 1 to 3 April 2019;(a) 24-hour forecast top trimming method,

(b) 48-hour forecast top trimming method. (c¢) 24-hour forecast target aiming method,

(d) 48-hour forecast target aiming method
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Experiment on Adaptive Time Step Scheme in CMA-MESO 3 km Model

DENG Liantang ZHU Lijuan ZHANG Jin YU Fei
(CMA Earth System Numerical Prediction Center, Beijing 100081)

Abstract: The time step is a critical parameter for the stable operation of numerical weather models. To
achieve stable model operation and ensure efficiency, an adaptive time step scheme is designed based on the
characteristics of the time integration scheme of the CMA-MESO 3 km model. This scheme relies on the
model’s maximum Courant number and proposes two methods: the target aiming method and the top
trimming method, depending on the adjustment approach. (1) Target aiming method: after adjusting the
model’s time step, the maximum Courant number in the model approaches a given target value throughout
the entire integration process. (2) Top trimming method: after adjusting the model’ s time step, the
maximum Courant number in the model does not exceed a given target value throughout the entire
integration process. In order to implement the adaptive time step scheme in the CMA-MESO 3 km model,
time control technology suitable for the CMA-MESO 3 km model is developed, including time control for
the integration process, time processing for input/output, and time interpolation handling. Two types of
experiments, namely case experiments and batch experiments, are designed to verify the application
performance of the scheme in the CMA-MESO 3 km model. The individual case experimental results show
that when the target aiming method is employed, the maximum Courant number in the model fluctuates
around the target value, enhancing model stability. As the target Courant number decreases, the model
becomes more stable, but the total number of integration steps and the total integration time increase.
When using the top trimming method, adjustments to reduce the time step are only made when the
maximum Courant number in the model exceeds the target value, keeping the maximum Courant number
close to the target. When the Courant number is below this target value, if the model’s time step has been
previously adjusted, the time integration step is gradually restored to the initial time step; otherwise, the
model’s time step remains unchanged. The results of batch experiments indicate that the adaptive time
step scheme of both methods can effectively avoid the situation of model integral overflow and significantly
improve the stability of model integration. The impact of the scheme on the simulation results of model
precipitation and geopotential height fields is relatively small. For a 3 km resolution model, when the
target Courant number is set at approximately 1. 2, the top trimming method is more suitable for
operational use than the target aiming method. This scheme not only ensures the stable operation of the
CMA-MESO 3 km model but also allows a larger integral time step, thereby enhancing the operational

efficiency of the model. Currently, the adaptive time step is implemented in operational applications.
Keywords: CMA-MESO; adaptive time step scheme; target aiming method; top trimming method
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