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Fig. 15-2. Scatterplots showing dynamic model rainfall amounts(mm) and
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Fig. 16-1. Scatterplots showing ohserved rainfall amounts(mm) and model
rainfall amounts(mm): (a} M9_M3 vs observation, (b} M27_Q3 vs
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Fig. 16-2. Scatterplots showing dynamic model rainfall amounts{mm) and
diagnostic model rainfall amounts(mm): (a) M27_Q3 vs M9_M3, and
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Fig. 17-2. Scatterplots showing dynamic model rainfall amounts{mm) and
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Fig. 18-1. Scatterplots showing observed rainfall amounts(mm) and model
rainfall amounts(mm): (a) MO_M3 vs observation, (b) M27_Q3 vs
observation, and (c) M9_Q3 vs observation of LR2. The average rms

error (rmse) and bias are also given. The bias is defined as forecast

divided by observed (F/O) precipitation, and then multiplied by 100.

Fig. 18-2. Scatterplots showing dynamic model rainfall amounts{mm) and
diagnostic model rainfall amounts(mm): {a) M27_Q3 vs M9_M3, and
(b) M9 Q3 vs M9_M3 of LRZ. The average rms error (rmse) and
bias are also given. The bias is defined as forecast divided by

observed (F/O) precipitation, and then multiplied by 100, oo 42
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Short-Range Rainfall Forecast with

Quantitative Precipitation Model

Ok-Yeon Kim

Department of Environmental Atmospheric Sciences,
Graduate school

Pukyong National University

Abstract

Recently, many people have suffered from the unusual severe
weather phenomena such as heavy rains and very wild typhoons.
However, it is not easy task to provide reasonable information on
these severe weather events. Accordingly it has been eager to find a
suitable methodology to provide an early warning against these severe
weather events. Quantitative precipitation forecasts and probabilistic
quantitative precipitation forecasts (QPFs and PQPFs, respectively)
might be one of the most promising methodologies for reasonable
warning on the flesh floods.

QPFs and PQPFs must be on time because severe weather
phenomena have a tendency to be developed very quickly and locally.

By these reasons, they may not allow to be announced in a reasonable



advanced time. Accordingly, it is desired to develop a methodology to
provide detail information locally and quickly. A fine-mesh
non-hydrostatic mesoscale model can be hired, however, it requires a
significant computational resources as well as integration time so that
it may not meet the time restriction to be forecasted in operational
<ense. An alternative way to provide necessary information on
fine-mesh rainfall is utilizing a diagnostic rainfall model to avoid
heavy computational requirement fine-mesh full -dynamics
non-hydrostatic mesoscale model.

In this study we examine the capability of diagnostic rainfall model
in terms of how well represented the observed several rainfall events
and which is the most optimistic resolution of the mesoscale model in
which diagnostic rainfall model is nested. Also, we examine the
integration time to provide reasonable fine-mesh rainfall information.
The diagnostic rainfall model used in this study i1s the named
QPM(Quantitative Precipitation Model), which calculates the rainfall by
considering the effect of small-scale topography which is not treated
in the mesoscale model. As a result, QPM has a capability to provide
fine—mesh rainfall information in terms of time and accuracy compared

to full dynamical fine-mesh mesoscale model.
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Table 1. Summary of numerical experiments used in this study

27 km 9 km 3 km
104x104 160x160 208=208
25 layers (model top: 50 hPa)
Kain-Fritsch | None

Mixed-Phase (Reisner)}

MRF (Medium Range Forecast)

USGS USGS USGS
(Global 5 minutes) {Global 5 minutes) (Global 2 minutes)
NCEP/AVN one-way nesting
NCEP/AVN one-way nesting
48 hours
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Forecast field of interpolation
mesoscale numerical model to the QPM grid
h
) Calculation of orographic updraft
Rainfall amount h according to the QPM topography

Fig. 1. Calculation procedure of precipitation using a quantitative

precipitation model.
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ek wvow, p = ETE B@oA Ao grEo|BE, A (5)
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ofefe] 2 ()& 2 (5)E terrain-following HJEAZ T AT Aolc}

_aQ  _aQ
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SHrge 3 £x V.2 2 (183 el AIHOgura and

Takahashi, 1971).
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Real (small-scale) Large-scale Large-scale u, v,
topographic data topographic data omega, tmp, gph, rh

Orographic updraught (w) Vertical
(the difference between the updraught due to the ‘real’

Interpolation
topography and that due to the Mesoscale topography) B

I Omega (v == pgw) I

Initialize of temperature, pressure, specific humidity,
Mixing ratio of rainfall water (GQRAM)

The transformation rate between water vapour and

raindrops due to the topographic effect (£,)

| Start of iteration j

Cut negative value (@RM is larger than 0)

| First puess of raindrop fall speed (V,) & Large-scale rainfall (QRL) I

|

Advection calculation

{ A forward scheme in time and an upstream scheme in space)

l

Update the mixing ratio of rainfall water (EM) |
l |
dQRM L0 oQRM _ 0
at at
|
|
| Calculation of total mixing ratio (@RL+ QRM) |

| End of iteration ]

[
I Rainfall intensity (I=V,@Q,) I

I Recalculation rainfall intensity at a cross point ]

Fig. 2. Flow Chart in the quantitative precipitation model.
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L 2 v
QPM 3 km
* Rainfall
exp. (a) exp. (b) exp. (c)

Fig. 3. Design for experiment in this study. We named exp. (a) M27_Q3,
exp. {b) M9_Q3, and exp. (¢} M9_M3 respectively.
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Fig. 4. The model forecasting domain (outermost
panel, 106 = 106 grid points, 27 km mesh ;
middle panel, 140 x 140 grid points, 9 km
mesh ; innermost panel, 208 x 208 grid

points, 3 km mesh).

| [ R

0 100 200 300 400 500 600 700 800

Fig. 5. Distribution of orographic features used for the model integration(m);
(a) 27 km, (b) 9 km, and (c¢) 3 km.
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2. 4. A A+

oA e QPMe] g Eeof AEE Wristr] Adte] Table 290
Mqeb el 2002 @ &) B AAd F A F5 Abel(Heavy
Rainfall, ©]3} HR)9} 8] & <ke} 7}4(Light Rainfall, ©]3} LR)7}
ANY F AEE Addste] 2 48 Al 9] AR AME Fol Al
T3 st P,

32

Table 2. Simulation period for 3 heavy rainfall(HR) cases and 2 cases
light rainfall{T.A) cases

Jul. 4, 2002 06UTC ~ Jul. 6, 2002 06UTC

Aug. 9 2002 0QUTC ~ Aug. 11, 2002 00UTC
Apr. 28, 2002 12UTC ~ Apr. 30, 2002 12UTC
§ Oct. 18, 2002 06UTC ~ Oct. 20, 2002 06UTC

200243 79 49 H¥E 6471x]9] HR19 4%, H¥F evls(RAMASUN)
o] elbele] 3 EjotulE Mo AEF T FUME

oz wA ek 7] B mew gE g
965 hPa, =4 B Al F££0] 360 m/sola ¥+3 & 170 km ©o|W] F
%0] 250 m/s, ¥4 830 km ol F&o| 150 m/se) 2WY eAF ol
g3 o] BES) Yuow 4 AYE AR Ve 6 A LF 2474A A
Z 2310 mm, A4 2045 mmE WEshe, 4 1020 mm, FE 1430
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oHFig. 7% Fig. 8.

Fig. 7. Surface pressure charts (a) 0OUTC 4, (b) 00UTC 5, (¢} 0OUTC 6 and
(d) QOUTC 7 July 2002.
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(a) (b)

Fig. 8. GMS IR imageries for the period of (a) 00UTC 4,
(b) 0OUTC 5 and (c) 00UTC 6 and (d) 00UTC 7 July
2002,
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Fig. 9. Surface pressure charts (a) 00UTC 9, (b) 00UTC 10 and (c) 00UTC
11 August 2002.
(a) (b) (c)

Fig. 10. GMS IR imageries for the period of (a} 00UTC 9, (b) 0QUTC 10 and
(c) 0QUTC 11 August 2002.
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1.0 50 100 150 25) 350 450

Fig. 11. Total accumulated rainfall for 48 hours of HR1 ; (a) M27, (b) M9,
(c) MI_M3, (d) MZ27_Q3, (e} MO Q3 and (f) OBS. Shaded area is

more than 1.0 mm for 48 hours of HRI.
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Fig. 12. Total accumulated rainfall for 48 hours of HRZ ; (a) M27, (b} M9,
(¢) M9_M3, (d) M27_Q3, (e) M9_Q3 and (f) OBS. Shaded area is

more than 1.0 mm for 48 hours of HR2.
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Fig. 13. Total accumulated rainfall for 48 hours of LR1 : (a) M27, (b) MS,
(c) M9 _M3, (d) M27_Q3, () MO_Q3 and (f} OBS. Shaded area is

more than 1.0 mm for 48 hours of LRI.
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Fig. 14. Total accumulated rainfall for 48 hours of LR2 ; (a) M27, (b) M9,
(c) MO_M3, (d) M27 Q3, {e) MI9_Q3 and (f) OBS. Shaded area is

more than 1.0 mm for 48 hours of LRZ
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Fig. 15-1. Scatterplots showing observed rainfall amounts{mm) and model
rainfall amounts(mm): (a) M9_M3 vs observation, (b) M27_Q3 vs
observation, and (c) M9_Q3 vs observation of HR1. The average
rms error (rmse) and bias are also given. The bias is defined as

forecast divided by observed (F/O) precipitation, and then

multiplied by 100.
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Fig. 15-2. Scatterplots showing dynamic model rainfall amounts(mm) and
diagnostic model rainfall amounts(imm): {(a) M27_Q3 vs M9 M3,
and (b) M9_Q3 vs M9 M3 of HR1. The average rms error {rmse)
and bias are also given. The bias is defined as forecast divided by

observed (F/Q) precipitation, and then multiplied by 100.
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Fig. 16-1.
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Scatterplots showing observed rainfall amounts(mm) and model
rainfall amounts(mm): (a) M9_M3 vs observation, (b) M27_Q3 vs
observation, and (c) M9_Q3 vs observation of HRZ. The average

rms error (rmse) and bias are also given. The bias is defined as
forecast divided by observed (F/Q) precipitation, and then
multiplied by 100.
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Fig. 16-2. Scatterplots showing dynamic model rainfall amounts(mm) and
diagnostic model rainfall amounts(mm): (a) M27 Q3 vs M9 M3,
and (b) M9_Q3 vs M9_M3 of HR2. The average rms error (rmse)
and bias are also given. The bias is defined as forecast divided by

observed (F/O) precipitation, and then multiplied by 100.
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Fig. 17-1. Scatterplots showing observed rainfall amounts(mm) and model

rainfall amounts(imm): (a) M9_M3 vs observation, (b) M27_Q3 vs
observation, and (¢} M9 Q3 vs observation of LR1. The average
rms error (rmse) and bias are also given. The bias is defined as
forecast divided by observed (F/O) precipitation, and then
multiplied by 100.
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Fig. 17-2. Scatterplots showing dynamic model rainfall amounts{mm) and
diagnestic model rainfall amounts(mm): (a) M27_Q3 vs M9_M3,
and (b} M9_Q3 vs M9_M3 of LR1. The average rms error (rmse)
and bias are also given. The bias is defined as forecast divided by

observed (F/0) precipitation, and then multiplied by 100.
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Fig. 18-1. Scatterplots showing observed rainfall amounts(mm) and model
rainfall amounts(mm): (a) M9_M3 vs observation, (b) M27_Q3 vs
observation, and (c¢) M9_Q3 vs observation of LR2. The average
rms error (rmse) and bias are also given. The bias is defined as

forecast divided by observed (F/O) precipitation, and then
multiplied by 100.
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Fig. 18-2. Scatterplots showing dynamic model rainfall amounts{mm) and
diagnostic model rainfall amounts(mm): (a) M27_Q3 vs MO_M3,
and (b) M9 Q3 vs M9_M3 of LR2. The average rms error (rmse)
and bias are also given. The bias is defined as forecast divided by

observed (F/Q) precipitation, and then multiplied by 100.
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Table 3. Rain contingency table applied at each verification grid point over
the period of verification. Here, H is the number of correct rain
forecasts or hits, M is the number of misses, F is the number of

false alarms, 7 is the number of correct predictions of rain amount

below the specified threshold

misses) observed yes
correct
false alarms(F) , observed no
negatives(Z)
forecast yes forecast no total
, _F H+F
Bias score= O~ HiM (24)

A g gF9 vy AHEA Z5 WAH bias scoreE HE
Wt Fig. 199 Fig. 202 Z+ZF HR1ol A 9] thresholdell & 7+ HA 3
3
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O
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threshold 0.5 mm ¢]4 (Fig. 19(c)¢t (el A g HE Aoz HE
30412 AEAAE 3 km 93 28 F5 AR MI_M3)H, BF
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{a) threshold=trace/4 hr (b) threshold=0.1 mm/3 hr
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Fig. 19. Dependency of rainfall area on the threshold rainfall amount of HRL.
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(a) threshold=trace/3 hr (b) threshold=0.1 mm/3 hr
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