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Abstract Using a scaled equation of specific humidity, an analysis of the effect of the model error and the initial
data error on the 4D- VAR and the forecast result of rainfall is performed according to the two situations that with
rainfall in the window of 4D-VAR and without rainfall in the window of 4D-VAR The results indicates that the
model error should be considerated sufficiently before the 4D- VAR of rainfall, then, a satisfied assimilation and
forecast result will be obtained. In the case that the numerical model is correct and there is initial data error, if the
observational data of specify humidity during the window of 4D-V AR is the true state, the error in model initial data
will be effectively removed and the true initial data will be retrial after the 4D-VAR If there are model errors, the
initial data after the 4D-VAR will deviate the true initial data of specify humidity, and the deviation as large as the

model errors When the model has errors and the errors work differently at the window of assimilation and the win-
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dow of forecast time, although the forecast result of the accumulated rainfall can approach the observational data
during the assimilation window, it will become less advantageous than the forecast without 4B-VAR in the window

of forecast time, even becoming worse than it at the end of the forecast time

Key words accumulat ed rainfall, initial error, model errors, 4BD-VAR
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Fig 1

T he window of 4B VAR and the forgcast time (. [0,1.30]; corresponds to 6 h, and [0,

120]  corres ponds. to 24 h)
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Table 1 The verification of the tangent linear model

3

Table 3 The verification of the gradient of the cost function

Magnitude of

Without rainfall in the

With rainfall in the

Magnitude of

Without rainfall in the

With rainfall in the

the perturba window of the 4D- window of the 4D- the perturba window of the 4D- window of the 4D-
tions VAR VAR tions VAR VAR

1 0x 101! 1. 00000000000000 1. 03550145887377 1L 0x 10-! 1 25130011085384 1 36566778275820
1L 0x 10-2 1. 00000000000001 1. 00500066402991 L 0x 10-2 1 02491276099960 1. 03764765769711
1L 0x 10-3 1. 00000000000004 1. 00042148431888 L 0x 10-3 1 00249127609988 1. 00380325993224
1L 0x 10-+4 1. 0000000000003 1 1. 00000000000076 L 0x 10-4 1. 00024912761045 1. 00038032599429
1 0x10-3 0 999999999999073 1. 00000000000018 1L 0x 10-5 1 00002491274286 1. 00003803260537
1 0x 10-6 0 999999999991016 0 999999999901184 L 0x 10-6 1.00000249120101 1. 00000380320633
L 0x 1077 1. 00000000041246 1. 00000000016678 1L 0x 10-7 1. 00000024830404 1. 00000038054545
L 0x 10" % 1. 00000000103223 0 999999988232211 L 0x 10-8 1. 00000000863788 1. 00000004242517
L 0x107° 0 999999911785079 0 999999894411325 1L 0x 10-° Q0 999999989136967 1. 00000004105737
1 0x 10719 1 00000059973189 1 00000078088073 1 0x 107 '° 0 999999560116983 0 999999493937167
L 0Ox 10" 1 1. 00001373889620 1. 00000336785369 L 0x 10~ 0 999992929808143 0 999992107814457
L 0x 10- 12 0 999958579196961 0 999751224222022 L 0x 10" 12 0 999987079535636 1. 00012204886212
L 0x 10- 1B 1. 00142743860375 1. 00171042508097 L 0x 1013 1. 00098162586174 1. 00013572686714
L 0x 10~ 1. 00093162108247 1. 00753973749578 L 0x 10" 0 978945599420600 1. 00806896977719
L 0x 10- 5 0 985437323542495 0 838179240710288 . L0,

L 0x 10- 1 1. 23954380319811 1 13826810466829

s

L0,

10,

Note: As the decrease of the magnitude of the perturbations, the

verification result tend toward 1. 0, and as the increase of the roun-

ding error of computer, the the verification result departure 1 0, it

shows that the tangent linear model is correct

2

Table 2 The verification of the adjoint model

Without
window of the 4BD- VAR

rainfall in the

With rainfall n the win
dow of the 4B- VAR

Left
Right

1 800000000000000% 1072
1 800000000000000% 10-2

3 763778858678739x 10~ 2
3 763778858678739% 10~ 2

Note: theleft is the square of tangent linear model result, the right

is the initial perturbations plus the adjoint model result

L0,

Note: As the decrease of the magnitude of the perturbations, the

verification result tend toward 1 0, and as theincrease of the roun-

ding error of computer, the the verification result departure 1 0, it

shows that the verification of the gradient of the cost function is

correct
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Table 4 The error of the numerical model
Numerical experiment
1 2 3 4 5 6 7 8 9 10 11 12
g 0.1 a1 01 a1 a1 0 08 Q 05 Q03 a0 0 03 Q 05 0 08
15 0.0 -003 -005 -008 -01 -01 -01 -01 -01 -003 -005 -0 08
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Fig 2 The difference between the forecast result of the accumulated rainfall and the observational data in the ex periment 5 (T he closed

circle is before the 4D Var, the open circle is after the 4D-VAR ). The meaning of “forecast tim€ is the same as that in Fig 1)
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Fig 3 The difference between the forecast result of the accumulated rainfall and the observational data in the experiment 10 ( The

closed,gircleis before the 41-Var, the open circle is-after the 4D-VAR.); -Themeaning of {{forecast timé€ _is the same as that in Fig 1)
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Table 5 The error of the numerical model
Numerical experiment
13 14 15 16 17 18 19 20 21 22 23 24
g -0.2 -02 -02 -02 -02 -015 -01 - 005 a0 -005 -01 -0 15
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Fig 4 The difference between the forecast result of the accumulated rainfall and the observational data in the experiment 13 ( The

closed circle is before the 4D- Var, the open circle is after the 4D-VAR . The meaning of “forecast time” isthe sameas that in Fig 1)
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Fig 5 The difference between the forecast result of the accumulated rainfall and the observational data in the experiment 17 ( The

closed circle is before the 4D- Var, the open circle is after the 4D-VAR. The meaning of “ forecast timé’ is the same as that in Fig 1)
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