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Fig. 1 Vertical cross sections through the center of the storm ( Y= 9 km) at t=22. 4 min in the
simulation (a) velocity vector (in m/s) and rainwater mixing ratio (in g/ kg); (b) perturbation

temperature (in  ); (c) cloud water mixing ratio (in g/ kg); and (d) water vapor mixing ratio (in g/kg)
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Fig. 2 Locations of the two assumed radars

relative to t he assimilation domain .
4 min,



4DVAR

413

18.4 22.4
1
Table 1 Description of experiments
1 4 , =90
2 1, 1
3 2,
4 1,
5 4, 1
6 1, = 165
7 1, =30
8 1, 8
9 4, 8
10 9, 3
11 1, ,
12 1, 20%
13 1, 5 dBz
14 1,
15 1, VAD
16 1,
? ( )7 ’
()
, [ 10/ , () 1 )
, , 30
) ) 50 9 2
2 2 2 4
30 )
, 50
4DVAR ,
NCAR  Sun s PC  Linux
4 , 50
Pentium 4 1. 2G/RAM 1G  PC 2h
. 2
Sz Ji:l(xi- x0i)Y N (6)
. X %0 . N
2 3 Y (
4.1
1 ) ) Fig. 3 Normal cost function (curve A) and
4 min, 18.4 22.4 gradient (cuve B) plotted as a function of

the number of iterations




62

414
4 (22.4 ) >
) 1 ) ) L,
, , 1 g/ kg,
4DVAR
; (T 9 q«; q\) 9 2
11
10
9
8
—_ -~ 7
S N s
4
3 1
2 d
1
0 2 4 6 8 10 12 14 16
X(km)
111 () 111 (d)
: ; e
 —)
8 @ 8 / 3
- 1 2 = 7 Cj\ i D
N s N 5/‘4_&
4 4
3 3 7
f f\\_// \7/
0 2 4 6 8 10 12 14 16 0 2 4 6 8 0 12 14 16
X(km) X(km)
4 =224 1 Y= 9 km
(a. (m/s) (g/kg; b. () e (g/kg); d (g/kg)
Fig. 4 Vertical cross sections of retrieved fields through the center of the storm ( Y= 9km)
at = 22. 4 min in experiment 1. (a) velocity vector (in m/s) and rainwater mixing
ratio (in g/kg) ; (b) perturbation temperature (in ) ;( ¢ coud water mixing
ratio (in g/kg) ; and (d) water vapor mixing ratio (in g/ kg)
b2 b2
4.2 .]: i[ 1)(Vri_ V?i)'i' Z(Z_ Z?)]
2
4DV AR + (%o = Xbm) (7)
’ ’ X om , X bm , m



4 : 4DVAR 415

, 2 3 ,
1 ,
, .38 ,0.17 ¢/
[11,14], : ke, 0. 87 of ke 0.11 ,0.02 g/kg, 0. 15 g/
: 2 3 ke, 3
P14 1) 2, 1
2 2 3 2 2
2 3 2
2 5 1,2 5 s 4DVAR
1 s 2
s 4.3
11
10
9
8
~ 7
5 E 6
IS N g
4
3
2
1

11} () 11
10 ‘ 10
9 3 9
: =0 :
7 5 7
g s 2 £
N s N 5
4 4
3 3
2 2
1 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
X(km) X(km)
5 22.4 2 Y= 9 km ( 4)
Fig. 5 Similar to Fig. 4, but from experiment 2
,4DVAR 10 5
4 o o 1 2 2
6 2 2
. 5
s R 3 t 17. 4



416

) , 5, [T
4DV AR 2
2 2 2
2
4.4
2 , 4 .
11 11
10 10
9 %
8 8
- 1 —~ 7
g s E s
S N5
4 4
3 3
2 2
1 1
0 2 4 6 8§ 10 12 14 16
X(km) %
11 117 ()
10 . 10 i
9 2
8 fg% ’ (zvz\
2 2 3
- 7 i 1 -7 s [
3
N — 8
N s SEb— | e
4 4
3 3 ;
2 2
1 l P\\F// \\7//———
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
X(km) X(km)
6 22.4 4 Y= 9km s 4
Fig.6 Similar to Fig 4, but from experiment 4
2
Table 2 Root mean square errors of the retrieval results
u (m/s) v (m/s) w(m/s) q.(g/ kg) T () 9 g/ kg) q,(g/kg)
1 0.12 0. 14 0.32 0.02 1.38 0.17 0.87
2 0. 06 0. 07 0.13 0.00 0.11 0.02 0.15
3 0.09 0.11 0.25 0.02 1.12 0.13 0. 86
4 1.57 1. 57 1.87 0.03 1. 60 0.43 1. 06
5 0.22 0.22 0.27 0.01 0.13 0.02 0.15
6 0.10 0. 84 0. 60 0.02 1.35 0.21 0.93
7 0.25 0.09 0. 44 0.01 1.34 0.18 0.89
8 0. 14 0.15 0.37 0.02 0.78 0.11 0.45
9 1.27 127 1.33 0.03 0.92 0.18 0. 69
10 1.26 1. 26 1.29 0.03 0.90 0.16 0. 65
11 0.14 0.17 0. 40 0.03 1.13 0.31 0.90
12 0.26 0.29 0.57 0.02 1.36 0.16 0.87
13 0.11 0.13 0.32 0.19 1.38 0.15 0.85
14 0.12 0.13 0. 30 0.02 1.35 0.18 0.88
15 0.19 0.22 0.45 0.02 1.48 0.23 0.93
16 0.11 0.13 0.33 0. 04 1.36 0.36 0. 84
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DYNAMICAL AND MICROPHYSICAL RETRIEVAL FROM SIMULATED
DOPPLER RADAR OBSERVATIONS USING THE
4DVAR ASSIMILATION TECHNIQUE

Xu Xiaoyong
(Nanjing University of Information Science & Technology Nanjing 210044)
Zheng Guoguang
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Abstract

Based on a cloud model and the four dimensional variational data assimilation method developed by Sun, et
al., simulated ex periments of dynamical and microphysical retrieval from Doppler radar data were performed.
The 4D VAR data assimilation technique was applied to a cloud scale model with a warm rain parameterization
scheme. The 3D wind, thermodynamical, and microphysical fields were determined by minim izing a cost fune-
tion, defined by the difference between both radar observed radial velocities reflectivities and their model predie-
tions. The adjoint of the numerical model was used to provide the gradient of the cost function with respect to
the control variables. Experiments demonstrated that the 4DV AR assimilation method was able to retrieve the
detailed structure of wind, thermodynamics, and microphysics using either dual-Doppler or single- Doppler infor-
mation. The quality of retrieval depended strongly on the magnitude of constraint with respect to the variables.
Retrieving the temperature field, cloud water and water vapor was more difficult than the recovery of the wind
field and rainwater. Accurate thermodynamic retrieval requires a longer assimilation period. The inclusion of a
background term, even mean fields from a single sounding, could be helpful to reduce the retrieval errors. Less
accurate velocity fields were obtained when single- Doppler data were used. It was found that the retrieved velocr
ty was sensitive to the location of the retrieval domain relative to the radars while the other fields had very little
change. Two radar volumetric scans are generally adequate to providing the evolution, although the use of addi
tional volumes improves the retrieval. As the amount of the observations decreased, the performance of the re-
trieval is degraded. How ever, the missing observations can be compensated by adding a background term to the
cost function. T he technique is robust to random errors in radial velocity and calibration errors in reflectivity.
The boundary conditions from the dual Doppler synthesized winds were sufficient for the retrieval. When the re-
trieval was mainly controlled by the observations in the regions away from the boundaries, the simple boundary
conditions from VAD analysis were also available. The microphysical retrieval was sensitive to model errors.

Key words: Doppler radar, 4DVAR assimilation, Retrieval, The cost function.



