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DEMONSTRATING THE RaIN RATE

2004070117497

DEMONSTRATING THE RAIN RATE

2004070117487

32004487 F 1 H 17492 NOAA 16[:FTSeE B4 200447 H1H 1800Z 5 BFN =L

1 =l 020710446 2.0 4.12 2.1
2 e 0207170509 11.5 1.09 10.4
3 Bk 0207170509 9.0 2.2 6.8
4 = 0207170509 18.0 3.3 14.7
5 N 0207170509 2.5 0.39 2.1
6 B 0207170509 0.0 0.0 0.0
7 =23 0207180458 11.0 0.47 10.5
8| &M 0207180458 3.0 0.44 2.56
9 FER 0208020534 0.0 0.0 0.0
10| LFEw 0307090554 0.0 1.95 -1.95
11| &8 0307090554 0.0 0.0 0.0
12| #E# 0307230229 0.0 0.0 0.0
13| A 0307230229 0.0 0.0 0.0
14| &M 0308130255 0.0 0.77 0.77 -
15|  *8 0308130602 2.5 1.1 1.4
16| *#8 0308140232 0.0 0.0 0.0
17| oz 0308140232 0.0 0.0 0.0
18| mE 0308140232 0.0 0.0 0.0
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19 |&=1k 0308140232 0.0 0.0 0.0
20 [R#EL 0308140551 0.0 0.0 0.0
21 |+ 0308140551 0.0 0.0 0.0
22 |BF%E 0308140551 0.0 0.0 0.0
23 [t 0308140551 - 10.0 0.0 0.0
24 %75 0308150211 0.0 0.0 0.0
25 |k 0308150211 0.0 ‘ 0.0 0.0
26 | Ak 0308150211 0.0 0.0 0.0
27 | KR 0308150211 0.0 0.0 10.0
28 | HEHL 0308150211 0.0 0.0 0.0
29 | Bl 0308150540 0.0 0.0 0.0
130 (KA 0308150540 0.0 0.0 0.0
31 [Pk 0308190219 0.5 0.0 0.5
32 | IR " 10308190219 0.0 0.0 0.0
33 mM 0308240539 0.0 0.0 0.0
34 | HEGL 0308240539 0.0 0.0 0.0
35 [3bA 0308240539 4.0 33 0.7
36 |z 0308240539 0.5 1.5 1.0
37 |Hi%E 0308240539 6.5 0.0 6.5
Fe e [ [ERYSRER] B RN 2 uhhig

Qg;ﬁgg OmesofmmrMe Sample size

Rain 3.6mm/nr 12

No-rain ' 92% 25

Total or mean - 87% 37
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‘model. The domain for the nonlinear and adjoint
model is a 60-km, 85 x115 (latitude by longitude)
horizontal grid, with 20 sigma levels in the vertical.
The initial and boundary conditions are from the NCEP
GFS (Global Forecasting System) global analysis {1 ° x
1 ) interpolated to the MM3 grids.

Typhoon Mindulle in 2004, one that was observed
in DOTSTAR, is chosen as a test case to examine the
proposed new method for targeted observations based on
the adjoint sensitivity. Note that Mindulle is the sole
case out of the ten DOTSTAR cases in 2004 where
dropsonde data assimilated into the NCEP GFS model
did not improve the track forecasts (figures not shown).
The study is based on a 36-h MMS5 simulation initialized
at 1200 UTC 27 June 2004, The ’forward’ and
‘backward’ integrations were executed by the MMS
forecast model and the adjoint model, respectively, as
indicated in Fig. 1. The ‘negative’ sign in front of the
time indicates the ‘backward’ integration (using the
negative timestep) associated with the adjoint model.
Figure 2 shows that the model storm moves along (but
slightly faster than) the best track from the Central
Weather Bureau (CWB) of Taiwan.

The work is aimed to identify the sensitive areas at
the observing time (1200 UTC 27 June), which will
affect the steering flow of Typhoon Mindulle at the
verifying time (0000 UTC 29 June). Therefore, we
define the response function(s) as the deep-layer mean
wind within the verifying area. A square of 600 km by
600 km, centered around the MMS-simulated storm
location (Fig. 3) at the verifying time, is used to
calculate the background steering flow (Chan and Gray
1982). Two responses functions are then defined; R,
the 850-300-hPa deep-layer area average (Wu et al. 2003)
of zonal component (u), and R, the average of
meridional component (v) of the wind vector, i.e.,

j300hPa J. dxdydp

850hPa

,and
Fof v
300hPa
.[ 8505Pa Lv dxdydp
3004Pa . (1)
J;}SOhPa .[4 chxdydp

In other words, by averaging out the axisymmetric
component of the strong cyclonic flow around the storm
center, the vector of (R;, R,) represents the background
steering flow across the storm center at the verifying
time (Note that this is a wind vector, which is totally
different from the kinetic energy norm described above).

In order to interpret the sensitivity with clear
physical meanings, we design a unique new parameter,
Adjoint-Derived Sensitivity Steering Vector (ADSSV),
to identify the sensitive areas at the observing time to the
steering flow at the verifying time. The ADSSV with
respect to the vorticity field (¢ ) can be shown as

ADSSY =| 24, 2
(ag > @

Where, at a given point, the magnitude of ADSSV
indicates the extent of the sensitivity, and the direction
of the ADSSV represents the change in the response of
the steering flow with respect to a vorticity perturbation
placed at that point. For example, if at a given forecast
time at at one particular grid point the ADSSV vector
points to the east, an increase of the vorticity at that
same point at the observing time would be associated
with an increase of the eastward steering of the storm at
the verifying time.

3. Results

Based on Eq. (1), we first show that the background
steering flow (R, R;) at the verifying time in MMS5 is
(-6.7 m s-1, -0.8 m s-1), which is consistent with the
model’s westward movement of Mindulle at the
verifying time (see the model’s storm. track in Fig. 2).
In this paper, only the sensitivity products at 700 hPa are
shown. In general, the results of the sensitivity patterns
either at 850 or at 500 hPa are qualitatively consistent
with one another,

As expected, the sensitivity (i.e., gradient) of R, to
u( Ry/ wu)at 0 h (the initial time of adjoint model)
shows a response uniformly distributed over the
verifying area (Fig. 3a), while there is no sensitivity of
Ry to v ( Ry v) (Fig. 3b). To show a general
sensitivity to the wind field, we combine the sensitivity
of R, to u and the sensitivity of R; to v to obtain the

sensitivity of R; to the vorticity field [aR1 / 0¢ ] (see the

derivation in Kleist and Morgan 2005). Again, as
expected, a dipolar pattern at 0 h (Fig. 3¢) is found, i.e.,
a positive (negative) vorticity perturbation to the north
(south) of the verifying area is associated with a cyclonic
(anticyclonic) circulation and thus leads to an increase in
R, (the zonal component of the mean steering flow).
Meanwhile, the sensitivity of R, to u, v, and the vorticity
field (Figs. 3d, e, and f) also reveals comparable
information. In all, Figs. 3¢ and 3f can succinctly show
the sensitivity of R, and R, to the flow field with clear
physical meanings.

The evolutions of the sensitivity of R; and R; to the
vorticity field are shown in Figs. 4 and 5. The sensitive
areas spread from the margin of the verifying area to the
outer region as the adjoint model is integrated backward
in time. At -36 h (the observing time, 1200 UTC 27
June), the large gradient (and thus the high sensitivity)
areas are located in the east and north of the verifying
area, and the sensitivity is found to be higher in R, than
in R;. This means that vorticity perturbations in those
large gradient (sensitive) areas at 1200 UTC 27 June will
affect the steering flow of Typhoon Mindulle at 0000
UTC 29 June, particularly the meridional component of
the steering flow.

As shown in Eq. (2), we can combine the result of

Figs. 4 and 5 to obtain the evolution of ADSSV with

respect to the vorticity field (Fig. 6). Figure 6 clearly
shows that the vectors rotate around the verifying area at
0 h. As the adjoint model integrates backward in time,
these vectors evolve and expand outward, with longer
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