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Spatio-temporal Scale
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Typhoon

Range: 1000km
Duration: 1day to a few days
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Background on Rainfall Forecast

» Rainfall Forecasts can be achieved from radar prediction or

Numerical Weather Prediction (NWP) models.

» For very short lead time (0-3 h), radar prediction performs best,
whereas for longer lead times, forecasts based on numerical

models is better than radar prediction.
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Radar Prediction with Translation Model
® Translation model (Shiiba,Takasao and Nakakita, 1984)
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What is the Orographic rainfall?

Topography in Kii peninsula

Orographic Rainfall
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What is the Orographic rainfall?

Typhoon No.12, 2011

Observed Radar Rainfall

Accumulated Rainfall
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Improved Radar Rainfall Prediction

Orographic rainfall identification scheme
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Improved Radar Rainfall Prediction

Physically-based Method for Orographic Rainfall
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Improved Radar Rainfall Prediction

Error-field scheme considering error structure
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Improved Radar Rainfall Prediction

Accumulated Rainfall

3hr Radar Prediction (mm)
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Numerical Weather Prediction (NWP)

» NWP models solve the dynamics and

Horizontal Grid
(Latitude-Longitude) B

physics of the atmosphere to predict

Vertical Grid .
(Height or Pressure) |

the weather based on current weather

conditions.

» At longer lead times, higher accuracy
QPF can be produced by NWP models.

» The Operational NWP model at IMA iIn

Japan

Radar
Nowcasting

- Meso-Scale Model (MSM)

NWP
Forecasting

Forecast accuracy

- Global Spectral Model (GSM)
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Numerical Weather Prediction (NWP)
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Numerical Weather Prediction (NWP)
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The Operational NWP model at JMA in Japan

Meso-Scale Model (MSM)

B Objectives of Meso-scale NWP System

40N

— Disaster Prevention

* Prediction of severe weather such as heavy rainfall is

35N

one of the main targets for mitigation and reduction of

3

damage to property and loss of life.

* Input to short-range precipitation forecast system |
250

Pl | Lo
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* Input to storm surge model

— Aviation Weather Forecast «  Horizontal resolution : 5km

. Domain : 3600 km x 2900 km
* Enrichment of the weather information for aviation safety
. Forecast term

« Terminal Area Forecast (TAF) Guidance and so on. —  +00, 06,12, 18 UTC = 15 hours
— +03,09, 15,21 UTC =» 33hours
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The Operational NWP model at JMA in Japan
Global Spectral Model (GSM) | Forecast Domainl

« The GSM provides a primary basis of official typhoon forecast

« Typhoon forecast skill in the GSM is improving year-by-year

« The Types of GSM

— Deterministic

» support the track and Intensity forecast

* Horizontal Resolution ;: 20km
GSM Mean Position Error 1996 —2009
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* support track forecast and provide probabilistic information.| 20

* Horizontal Resolution ;: 60km
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+ 12 UTC =» 216 hours, 51Ensemble members Year
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Flood Forecasting using Hydrologic Model

» Lumped Model

> Distributed Model
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Hydrological Application of High-Resolution
Ensemble NWP Rainfall and Distributed

Hydrologic Model
(CASE STUDY : Typhoon No.12, 2011)
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Flood Event: Typhoon ‘Talas’, 2011 (T1112)

» On Sep. 2to 4, 2011 Typhoon No.12 (Talas) caused local heavy rainfalls

across Japan.

» It caused enormous flooding and landslide disasters, and many roads

were damaged as well as electricity, communication lines and water

supply.

www.digital-typhoon.org
Radar Echo Intensity

+

Typhoon 201112 (0970 hpPa)
2011-08-31 17:20 3sST
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Meso-Scale Model Prediction in Japan

» The JMA’s operational mesoscale Observed Radar JMA’s MSM
NWP model (MSM) generally well |

predicted the typhoon track.

» However, the rainfall intensity was

weaker compared with observed

radar rainfall.

> And, the movement of MSM was

[EEIES 0] = —  FRMSM)

also faster as lead time is longer.

» So, pattern moved to the North- £

Eastern part of Kii peninsula

quickly.

08 12 18 00 08 12 18
09/02 09/03

09/02/12:00 ~ 09/03/20:00 JST
From J-POWER
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Meso-Scale Model Prediction in Japan

One-week EPS

NS
216h ensemble forecast, Medium range, 51 members, 60km resolution

Short-term

MSM

33h deterministic forecasting, short range, 5km resolution

>

i \ >\>.../. . /

We want to know the informarion of

High-resolution and short-term ensemble prediction.
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Ensemble NWP rainfall of Typhoon ‘Talas’, 2011

Design of meteorological experiment

Simulated by Meteorological Research Institute (MRI) of JIMA

Kazuo SAITO, Hiromu SEKO and Seiji ORIGUCHI (2011)
» Forecast Model

- JMA Non-hydrostatic Model (JMA-NHM)

» Designed Ensemble NWP Data

- 10 km resolution: 11 members (1 unperturbed + 10 perturbed), 36 hours forecast time

- 2km resolution: 11 members (1 unperturbed + 10 perturbed), 30 hours forecast time
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Ensemble NWP rainfall of Typhoon ‘Talas’, 2011

Ensemble Forecast with 30hr forecast time and 2km resolution
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Target Area

Shingu River Basin (2,360 km?)

48 18 LAY ® AMeDAS
E'ﬁ’fst;gn (m) ®Futatsuno @ Kazeya

® Komori @ Nanairo
a1 ® lkehara

(D Futatsuno Dam

£ R ED R

BREE=

a

Dam Obs. Data
: From J-Power
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Distributed Hydrologic Model: KWMSS

> Distributed hydrologic model based on “Object-oriented Hydrological
Modelling System (OHyMoS) is used for flood forecasting.

> One dimensional kinematic wave method for subsurface and surface

(KWMSS) flow simulation is applied to each grid-cell.

» Governing equation and rainfall-runoff process

v d_(h/d )’ : 0<h<d_

' ﬁ g={v.d_+v, (h-d ) :d_<h<d,
301 %O / v,d, +v,(h—d )+a(h-d )" :d <h
W

here, V,, =K, v,=ki,6 k =k /8, a=+i/n, m=5/3

g=vd, +v,(h—d)Ho(h-d,)"
| [ o onog) M, r(x,t)
d [ Capillary Pore =vd, i at aX

Unsaturated Flow

d d h

Tachikawa et al. (2004)
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A schematic of four sets of forecast runs
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Forecasted Ensemble Rainfall in T1112

Areal rainfall (Shingu river basin)
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Ensemble Flood Forecasting

Futatsuno Dam Catchment
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Summary

1. Although ensemble forecast could produce more suitable results
compared with deterministic control run in terms of quantitative

precipitation forecast (QPF), the uncertainty of ensemble NWP rainfall

was also significant at longer lead times.

2. Flood forecasts driven by ensemble outputs showed that in general it

has a large proportion of under and over predictions at short lead times

and exhibited a negative bias at longer lead times.

3. Despite the deficient performance for longer lead times, it was shown

that the ensemble flood forecast provides additional information to the

deterministic forecast.
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Improvement of rainfall and flood forecasts by

blending ensemble NWP rainfall with radar

prediction considering orographic rainfall
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Objective

» The aim of this study is to blend the advantages of ensemble

information of NWP rainfall forecast and radar-based prediction

for the accuracy improvement of rainfall and flood forecasting in

viewpoint of the hybrid forecast.

(i) Radar-based prediction
- considering orographic rainfall and error field scheme
(i) Ensemble NWP rainfall updating

- Error Field Scheme

(ili) Blending of the radar prediction and ensemble NWP rainfall

31



Background & Purpose

» Procedure of Blending of the radar and NWP forecast

Radar
Nowcasting

NWP

Forecast accuracy

Forecasting

1 hr 6 hr 24 hr Forecast
Period
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Background & Purpose

» Procedure of Blending of the radar and NWP forecast

1. Radar Nowcasting
considering orographic rainfall
and error field

NWP

Forecast accuracy

Forecasting

1 hr 6 hr 24 hr Forecast
Period
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Background & Purpose

» Procedure of Blending of the radar and NWP forecast

Radar Nowcasting
considering orographic rainfall
And error field

2. Ensemble NWP

Forecasting

Forecast accuracy

=

1 hr 6 hr

24 hr

Forecast
Period
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Background & Purpose

» Procedure of Blending of the radar and NWP forecast

Radar Nowcasting
considering orographic rainfall
And error field

3. Ensemble NWP
updating using error field

Forecast accuracy

1 hr 6 hr 24 hr Forecast

Period
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Background & Purpose

» Procedure of Blending of the radar and NWP forecast

4. Blending with radar and NWP forecast

Ensemble NWP
updating using error field

Forecast accuracy

1 hr 6 hr 24 hr Forecast
Period
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Flowchart for Hybrd flood foveeaﬂng
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Nakakita et al. (2012)
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prediction with error
field scheme

Updating of flood
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Hybrid flood forecating

Error field scheme
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Yu et al. (2014)

Yu and Nakakita (2015) 37



Radar-based Prediction

Improved Radar image extrapolation method | Nakakita et al. (2012)

m Combining orographic rainfall identification scheme and the error field

scheme considering error structure (3hr lead time).

1. Orographic rainfall identification scheme 2. Error field scheme considering error structure
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Radar-based Prediction

Accumulated Rainfall
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Rainfall Verification
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NWP Updating with Error Field Scheme

Add the mean
bias of error
‘o fields
-

Obs. radar
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Blending of the radar and NWP

Rblend i C
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Rainfall Verification

Threshold = 5.0mm/h
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Rainfall Verification

Start: 2011/09/03 11:00 JST
(a) Obs. Radar

(b) Radar Prediction

(c) Updated NWP

(d) Blending

1 hr lead time
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Rainfall Verification

CSl
Thresholds (mm)
Lead Time Type

0.1 0.5 1.0 5.0 10.0 20.0

Radar 0.81 0.79 0.78 0.66 0.55 0.38

60min NWP 0.94 0.92 0.90 0.76 0.65 0.45
Blend 0.97 0.95 0.93 0.81 0.71 0.51

Radar 0.80 0.78 0.77 0.65 0.54 0.38

120min NWP 0.94 0.91 0.89 0.75 0.64 0.44
Blend 0.96 0.94 0.93 0.79 0.69 0.49

Radar 0.80 0.78 0.77 0.63 0.52 0.36

180min NWP 0.94 0.91 0.89 0.74 0.63 0.42
Blend 0.96 0.94 0.92 0.78 0.68 0.47




Rainfall Verification

RMSE
Thresholds (mm)
Lead Time Type

0.1 0.5 1.0 5.0 10.0 20.0
Radar 17.92 18.02 18.10 19.81 23.07 31.65
60min NWP 16.17 16.21 16.27 17.8 20.56 28.58
Blend 14.41 14.43 14.46 15.56 18.08 25.90
Radar 18.63 18.72 18.79 20.50 23.84 32.30
120min NWP 16.79 16.83 16.88 18.29 21.18 29.26
Blend 15.15 15.17 15.20 16.28 18.84 26.77
Radar 20.28 20.37 20.44 22.23 25.77 35.26
180min NWP 17.25 17.29 17.33 18.71 21.56 29.73
Blend 16.14 16.16 16.19 17.30 19.94 28.01
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Application into hybrd flood forecasting

Strategy for hybrid flood forecasting

» 0~ 3 hr: blending results of radar and NWP

» 3 hr~ : NWP updating using error field with obs.radar

Blend NWP updating
0=—=>3hr >

R R AR
‘&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&ﬂﬂﬂﬂﬂ%

After 1 hr

—

After 1 hr

N N L
— e e L

Blending of radar and NWP forecast

NWP updating using error field with obs.radar
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Application into hybrid flood forecasting

Futatsuno Dam Catchment

2011/09/02/18:00 ~ 09/03/00:00 UTC (30 hours)

10000 - : :
Ensemble range
— Ensemble mean —— Obs. Discharge 0°%e
= 8000 I Discharge of Obs.Radar N, '
me Obs.Discharge e
N G000 [ oy
gﬂ e ° Discharge of Obs. radar
= 2 i :
Cc -----------
= 4000
Q
4 Ensemble mean
A 2000 |
006 1218 24 30 36 42 48 54

Time (hrs)
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Application into hybrid flood forecasting

Futatsuno Dam Catchment

2011/09/02/18:00 ~ 09/03/00:00 UTC (30 hours)

10000 ' ' '
Ensemble range
Ensemble mean —— °®®
—
& 8000 I Discharge of Obs.Radar
N E Obs.Discharge
~ 6000
D)
o))
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= 4000
Q
s
oy
A 2000 }
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Application into hybrid flood forecasting

Futatsuno Dam Catchment | 2011/09/03/18:00 ~ 09/04/00:00 UTC (30 hours)
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Application into hybrid flood forecasting

Futatsuno Dam Catchment | 2011/09/03/18:00 ~ 09/04/00:00 UTC (30 hours)

12000
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Application into hybrid flood forecasting

Nanairo Dam Catchment 2011/09/02/18:00 ~ 09/03/00:00 UTC (30 hours)
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Application into hybrid flood forecasting

Nanairo Dam Catchment 2011/09/02/18:00 ~ 09/03/00:00 UTC (30 hours)
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Application into hybrid flood forecasting

Nanairo Dam Catchment

2011/09/03/18:00 ~ 09/04/00:00 UTC (30 hours)
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Application into hybrid flood forecasting

Nanairo Dam Catchment | 2011/09/03/18:00 ~ 09/04/00:00 UTC (30 hours)
8000 : . .
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Application into hybrid flood forecasting

Futatsuno Dam Catchment

» 3hr blending results

2011/09/02/18:00 ~ 09/04/00:00 UTC (54 hours)

10000 ? ? : 7 . : 7
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Summary

1. Hybrid system merging radar prediction and NWP forecast was carried
out to improve the accuracy of rainfall and flood forecasts during the

Typhoon No0.12 event.

2. Blending produced more skillful prediction in rainfall verification than

either NWP forecast or radar prediction alone.

3. Hybrid system with blending radar prediction and updated NWP

forecast could improve the under-predicted part of original ensemble

NWP forecasts in rising limb and peak discharge period.

4. Later, Hybrid system could be applied the hydrological application such

as Dam operation and real-time flood forecasting.
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4 N

Application of Flood Early Warning Using High-
Resolution Ensemble Rainfall from NWP Model:

Case Study of the 2013 Largest Flood Event
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Typhoon No. 18 ‘Man-Yi’, 2013 (T1318)

>

On mid-Sep. 2013 heavy rainfalls happened over Japan due to the

season's 18th typhoon (T1318), ‘Man-yi’, which caused large flooding

and enormous landslide disasters over Japan's Kinki region.
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Typhoon No. 18 ‘Man-Yi’, 2013 (T1318)
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Typhoon No. 18 ‘Man-Yi’, 2013 (T1318)
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Typhoon No. 18 ‘Man-Yi’, 2013 (T1318)
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Background & Objective

36" 1

3571

347

» One of the reasons why it was seriously damaged is due to orographic
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rainfall.
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Background & Objective

» Assessment of ensemble rainfall from NWP model that

whether it can predict the heavy rainfall or not in the Kinki

region.

1. How much did the downscaled forecast
improve the location and magnitude of

rainfall in the Kinki region?

2. How much did the downscaled NWP
improve the reliability of the discharge for

the Hiyoshi dam operation?

3. How can apply the downscaled NWP

for flood early warning in the Katsura

river basin?
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Ensemble Rainfall Forecast from NWP model

» Forecast Model

- JIMA Non-hydrostatic Model (JMA-NHM)

» Designed Ensemble NWP Data
- 10 km and 2km resolution, 48 hr forecast time with 30min time step
- 51 ensemble members

- Newly ensemble forecast with 6 hour interval (Total 7 forecast data)

» Initial and boundary conditions for ensemble forecast
- 10km : JMA’s one week global Ensemble Predicion System (WEP)

- 2km : from 10km output

Collaborative research result by HPCI program (Nakakita, Yamaguchi, Yu, Kunii, Oizumi (2014)) 65



Ensemble Rainfall Forecast from NWP model

The design of ensemble forecast with 6 hour interval

2013/09/16/05:00 JST (Kyoto Prefecture)
Issue a heavy rainfall and flood warning

*

¢ > Rainfall Period
09/14 09/15 09/16 09/17 09/18
03:00 03:00 03:00 03:00 03:00
} } } } } >
09/14/09:00 JST | > 48 hr
09/14/15:00 JST | > 48 hr
09/14/21:00 JST | > 48 hr
09/15/03:00 JST | > 48 hr
09/15/09:00 JST I > 48 hr
09/15/15:00 JST ! > 48 hr
09/15/21:00 JST I > 48 hr
1.2013/09/14/09:00 ~09/16/09:00 JST (48 hours)
2.2013/09/14/15:00 ~ 09/16/15:00 JST (48 hours)
3.2013/09/14/21:00 ~09/16/21:00 JST (48 hours)
4.2013/09/15/03:00 ~09/17/03:00 JST (48 hours)
5.2013/09/15/09:00 ~09/17/09:00 JST (48 hours)
6.2013/09/15/15:00 ~09/17/15:00 JST (48 hours)
7.2013/09/15/21:00 ~09/17/21:00 JST (48 hours) 66




Spatial Rainfall Verification

10 km resolution: 2013/09/15/03:00 ~ 09/17/03:00 (48 hours)

Accumulated Rainfall

MLIT Obs. Radar

1 50 100 150 200 250 300 350 400 450 500

wwwwwwwwwwww £ a2 48 hours)




Spatial Rainfall Verification

2 km resolution: 2013/09/15/03:00 ~ 09/17/03:00 (48 hours)

Accumulated Rainfall

MLIT Obs. Radar




Spatial Rainfall Verification

» How much did the downscaled forecasts improve the location

and magnitude of rainfall?

H 1
TS(CSI)= Fr0O_H . -&-2km Enl\s/lirgnble
= 0.8 | -m-10km
Q B--.
wn 0.6 - i S
0: Ob o 0.4 - l""l i-:ﬁ::
Forecast 1o
EI.:FHit t = 0.2 -
- Threshold: 5 mm/hr 0 1 : ) : : . .
(0 ~ 48 hrs 2 240 mm) 9/14 9/14 9/14 9/15 9/15 9/15 9/15

09 15 21 03 09 15 21
Initial Time (JST)
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Ensemble Flood Forecasting

» How much did the downscaled NWP improve the reliability of

the discharge for the Hiyoshi dam operation?

» Katsurariver basin

1. Hiyoshi dam
(290 km?)

2. Katsura station
(887 km?)

€ )
Non-capillary Pore _ _
Saturated Flow 4= vﬁdﬂ + Va (h -:)

Capillary Pore =vd (h #
d CI Unsaturated Flow q=vd( )

d d h

Tachikawa et al. (2004)

g=vd, +v,(h-d)ja(h—d,)"

Hiyoshi Dam

- 4
3 /
7 { el 4 |
“_ 5 oo = 3 (/'
N = ‘ ]
\"'\ ,/'J
Nouso? a g~ Uji River
Yodo River Kizu River
0 10 20
— e (km)

» Kinematic wave method for subsurface and
surface (KWMSS) flow simulation is applied to

each grid-cell. 20



Ensemble Flood Forecasting

» How much did the downscaled NWP improve the reliability of

the discharge for the Hiyoshi dam operation?

Hiyoshi dam 2013/09/14/09:00 ~ 09/16/09:00 JST (48 hours)
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Ensemble Flood Forecasting

» How much did the downscaled NWP improve the reliability of

the discharge for the Hiyoshi dam operation?

Hiyoshi dam 2013/09/14/15:00 ~ 09/16/15:00 JST (48 hours)
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Ensemble Flood Forecasting

» How much did the downscaled NWP improve the reliability of

the discharge for the Hiyoshi dam operation?

Hiyoshi dam 2013/09/14/21:00 ~ 09/16/21:00 JST (48 hours)
= 80
E Max Ensemble M 2 k luti
60 o Ensemble Mean m resolution
E {728ian © Obs. Radar
= 40 %}I:,'%
< n
= 20
<
P e s 5 tlios > % 0 6 a5 6 .
3000
25 - 75% Interval
Ensembles LN

2500 Ensemble mean —— /

Discharge of Obs.Radar — A
2000 Obs.Discharge ©

Discharge (m3/s)

500

s

nnnnnnnnnnnnnnnnnnn

09/14103:00  15:00 09/15/03:00  15:00 09/16/03:00 15:00 _09/17/03:00
Time (hrs)

15:00 09/18/03:00



Ensemble Flood Forecasting

» How much did the downscaled NWP improve the reliability of

the discharge for the Hiyoshi dam operation?

Hiyoshi dam 2013/09/15/03:00 ~ 09/17/03:00 JST (48 hours)
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Ensemble Flood Forecasting

» How much did the downscaled NWP improve the reliability of

the discharge for the Hiyoshi dam operation?

Hiyoshi dam 2013/09/15/09:00 ~ 09/17/09:00 JST (48 hours)
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Ensemble Flood Forecasting

» How much did the downscaled NWP improve the reliability of

the discharge for the Hiyoshi dam operation?
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Ensemble Flood Forecasting

» How much did the downscaled NWP improve the reliability of

the discharge for the Hiyoshi dam operation?
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Rainfall and Flood Forecast Verification
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Application to Flood Early Warning

» How can apply the downscaled NWP for flood early warning

in the Katsurariver basin?
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Katsura station data: http://www1.river.go.jp/
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Application to Flood Early Warning
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Application to Flood Early Warning
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Application to Flood Early Warning
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Application to Flood Early Warning
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Application to Flood Early Warning

Katsura station
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Application to Flood Early Warning
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Application to Flood Early Warning

Katsura station
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Conclusion

» Downscaled NWP result had more specific distribution than 10 km
resolution and was more well matched compared with obs. radar

rainfall distribution.

» Downscaled NWP improved the reliability of the discharge for the

Hiyoshi dam operation.

» NWP predicted well the water level for flood early warning in the

Katsura river basin.
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Thank You for your atfention !
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