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Abstract The Regional Eta-Coordinate Model(REM) has shown an acceptable good forecast ability to the regional heavy rain-
fall of China in recent years, and developing a Four-Dimension Data assimilation system(4D-Var) for the REM is an important
step to consummate the model as well as to improve its forecast ability. The tangent linear model and adjoint model codes were
written according to the “code to code” rule, and the establishment process of the REM adjoint modeling system is introduced
in details. The verification of the tangent linear model and adjoint model of the REM model was performed using a lot of obser-
vational data, and the correctness of the gradient of the given cost function was also checked. In the verifications of the tangent
linear model and cost function, when the magnitude of perturbations reduced. the verification results approached to 1. 0, and
when the rounding error of computer increased, the verification results departed off 1. 0, thus showing that the coding of the
tangent linear model is successful and the gradient of cost function is correct calculated. In the verification of the adjoint model.
the values at left- and right-hand-side of algebraic formula are the same with 13 digit accuracy. The above results indicate that
the REM adjoint modeling system is successfully established. Applying the REM adjoint modeling system, two 4D-Var experi-
ments and extended forecast were performed using the Observational data of two weather cases (00:00 UTC 8 June 1998 to 12
00 UTC 8 June 1998 and 00:00 UTC 1 August 20:00 to 12:00 UTC 1 August 2000). The results show that forecasts of tem-
perature, wind speed and specify humidity using the 4D-Var-assimilated initial data are all improved at both the end of the as-
similation window and the end of the forecast time. But forecast results of rainfall are different in the two cases: the location
and amount of the accumulated rainfall are closer to the observation in the first case, while in the second case there is no signifi-
cant improvement. The reason for results in the second case maybe two aspects: the first is that the definition of the cost func-
tion is too simple during the primary numerical experiments of 4D-Var, the background term was not considered in the cost
function, the errors caused by the numerical model during the 4D-Var were not controlled. And further more the accumulated
rainfall was not considered in the cost function too, which affected the 4D-Var-assimilated initial data, and especially in the con-
vective weather process, the effect was more obviously; the second aspect is that the observational data used during the 4D-Var
was fewer in the assimilation widows, just one at the end of the assimilation windows. This case will be studied in the further
research.
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Table 4  Gradient verification of the cost function using
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Fig.1 Observed 500 hPa temperatures at
(a) 00:00 UTC 8 June, (b)12:00 UTC 8 June,
and (¢) 00:00 UTC 9 June 1998(unit:K)
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(a. 8 H 00 H},b. 8 H 12 Hf,c. 9 H 00 B 5 Bf . gpm)
Fig. 2 Observed 500 hPa geopotential heights at
(a) 00:00 UTC 8 June, (b) 12:00 UTC 8 June,
and (¢) 00:00 UTC 9 June 1998(unit:gpm)
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Fig. 3 Comparison of 500 hPa temperatures at
00:00 UTC 9 June 1998

(a. observations, b. prediction before the 4D-Var,

c. prediction after the 4D-Var; unit:K)
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Fig.4 Comparison of 500 hPa geopotential heights
at 00:00 UTC 9 June 1998
(a. observations, b. prediction before the 4D-Var,

c. prediction after the 4D-Var; unit:gpm)




962

Acta Meteorologica Sinica

KA 2008.66(6)

5 199846 H 9 H 00 B 700 hPa i £

BRSO A LR

Ca. WL, b, FALHTEIRY . o [FAL)E BARS; 40 ke/ke)
Fig. 5 Comparison of 700 hPa specific humidity
at 00:00 UTC 9 June 1998

(a. observations, b. prediction before the 4D-Var,

c. prediction after the 4D-Var; unit:kg/kg)
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Fig. 6 Comparison of 24-h accumulated

rainfalls at 00:00 UTC 9 June 1998

(a. observations, b. prediction before the 4D-Var,

c. prediction after the 4D-Var;unit; mm)
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