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EVOLUTION OF SHORT-TERM RAINFALL PREDICTION METHOD
USING INFORMATION ON ECHO FROM THREE-DIMENSIONALLY
SCANNING RADAR, BASED ON MODELS OF INSTABILITY FIELD

By Eiichi NakakiTa, Noriyasu SAwaDA, Takayuki KAwWASAK],

Shuichi IxkesucHl and Takuma Tarasao

Synopsis

This paper includes description on evaluation of physically based short-term
rainfall prediction method by use of three-dimensionally scanning radar, which we
have already proposed, into a operationally utilized method; and a new definition of
insatability field model which should be utilized as a main component of the predic-
tion method.

The evaluation has been realized by the following developments; (1) Utilizing
conventional and operational method of predicting rainfall using radar information
in the form of PPl or CAPPI into the prediction of the movement of instability’
field; (2) Developing method of estimating and predicting wind field associated with
typhoon; (3) Reduction of CPU time of prediction by simplifying computation
scheme. '

On the other hand, the new definition of the instability field model has realized
that vertical transportation of water vapor and the concept of latent inatability were
cooperatively introduced into the model, with results that a shape of rainband
became to be fully represented by use of this phisically based model.
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Fig. 1. Flow chart of the the rainfall prediction.
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Inside the triangular network Qutside the triangular network

The values obtained by lineary| [The 10(a) height solutions obtained
interpolation of the wind data) |from eq. (26), (27) under the boundary

from AMeDAS. conditions
u=v=0 (s=0)
U=Usa, V=V, (s=1).

Composition

The horizontal wind at 10(m) height.

The three-dimensional wind field obtained from eq. (23),
(26), (27). The Horizontal wind velocity at 10(m) height
is used as the bottom boundary condition.

Fig. 2. Flow chart of the estimation of three-dimensional wind field.
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Fig.3. Horizontal wind distributions used in the rainfall prediction.
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Fig.4. Arrangement of grid points in hori-
zontal plane. The circle and triangle
denote the grid points for rainfall
computation and radar information
respectively.
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Fig.5. Horizontal distributions of parameter a at 3.5 km identified from radar
information for 22:00, 22:30, and 23:00 JST on July, 21.
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Fig. 7. Time series of rainfall distribution estimated from radar reflectivity at
3.5 km from 23:00 JST on July, 21 through 2:30 JST on July, 22. Aver-
aging 1s done over 15km X 15km 1in horizontal space and 20 minutes in
time. Contours correspond to intensities of 1, 2, 4, 8, 16, 32, 64 mm/h.
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Fig. 8. Predicted time series of horizontal rainfall distribution at 3.5 km. Con-
tours correspond to intensities of 1, 2, 4, 8, 16, 32, 64 mm/h. The lead
time of the each distribution is appeared on the top of the each figure.
Results are shown until 3.5 hours ahead that corresponds to the time
of 2:30 JST on July, 22, at every half an hour. The distribution at 0 min,
which corresponds to the observed distribution at 23:00 JST on July, 21,
shows how the current rainfall distribiition can Be represented by use
of the horizontal grid interval of 9 km and the used difference scheme.
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Fig.9. Horizontal distribution of estimated values of synoptic scale for T8210
at 19:00 JST on August, 1 in 1982 when isoplethic surfaces of the
geopotential are assumed to be the paraboloid. (&) : contours of
geopotential, (b): contours of the air absulute temperature, (C): geo-
strophic wind in km/hour.
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Fig. 10. Horizontal distribution of estimated values of synoptic scale for T8210
at 19:00 JST on August, 1 in 1982 when isopletic surfaces of the
geopotential are assumed to be exponetial form. (a): contours of
geopotential, (b): contours of the air absolute temperature, (¢): gradient
wind in km/hour.
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Fig. 12. Horizontal distribution of parameter a at 3.5 km identified from radar
information for 19:00, 21: 30 and 23:00 JST on August, 1 in 1982.
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Fig.13. Schematic of the predicting the
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instability field according to
those of a typhoon.
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Fig. 14. Estimated time series of horizonta
the height of s=10/10000.
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Fig.15. Pass of the T8210. The numbers along the pass indicate
the time when the eye was right on each circle by
year, month and hour.
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Fig.16. Predicted time sereis of horizontal raifall distribution at 3.5 km by use
of the exponential formed isoplethic surfaces of the geopotential Con-
tours correspond to intensities of 1, 2, 4, 8, 16, 32, 64mm/h. The lead
time of the each distribution is appeared on the top of the each figure.
The start time is 19:00 JST on Aujust, 1.
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Fig. 17. Predicted time sereis of horizontal rainfall distribution at 3.5 km by
use of the parabolic isoplethic surfaces of the geopotential. Contours
correspond to intensites of 1, 2, 4, 8, 16, 32, 64 mm/h. The lead time
of the each distribution is appeared on the top of the each figure. The
start time is 19:00 JST on August, 1.
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Fig. 18. Time series of rainfall distribution estimated from radar reflectivity at
3.5 km from 19:00 JST through 2:30 JST on August, 1. Averaging is
done over 15km xX15km in horizontal space and 20 minutes in time.
Contours correspond to intensities of 1, 2, 4, 8, 16, 32, 64 mm/h.
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Fig.19. Vertical distribution of the air temperature and adiabatics for the air
parcels which have their original height indicated by dotted horizon-
tal lines. LFC means the level of free convection and E is the
amount of the energy required for the air parcel to reach the LFC.
E® is the amount of the kinetic energy the air parcel gain above the
LFC.
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Fig. 21. Structure of the LFC model proposed in this
paper.
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SEEERE (km) & L ClEBRICEHOEANC 30 LINT,

,9(,)=‘/g_mexp[(_%<%)z>} ..................................................................... (43)

TEE 580 NHEBHIETARALERD LFC ®F ML AMRERZITE S, 72751, FHEBgbE
N3-S v FEO RN OSREAT RIR PR A T 2 X D IcT B, 22T, B0) DEM03LLBBLII




et « BEE  JU < A - BR  REERE F VRN~ XD Lk 3oL L~ ¥ — i X 3 EHEBR T RFE 505

300-

200

100+

Y (km)

X (km)

Fig. 22. Characteristics of the central line of instabil-
ity field used in the exaimation of the per-
formance of the new model.
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Fig. 23. Computed rainfall distribution at the surface. Contours correspond to
1, 2, 4, 8, 16, 32, 64 mm/h. The moving line is the center of the insta-
bility field.
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