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Quantitative VAFF (under development) 
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Category Table of Ash Quantity for new VAFF 



Information System of VAFF 

VAFF will be 
issued within 
30 minutes 
after eruption 



Example of VAFF 
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Ash-fall area 
  - yellow: ‘moderate’ 
  - grey: ‘little’ 
Municipalities to be 
affected 
  - bold line 
(Forecast of cumulative 
ash fall from eruption) 

Eruption at 10:22 
Issuance at 10:52 

11:00 12:00 13:00 

14:00 15:00 16:00 



Quantitative VAFF Method 
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Estimation of the Height of Ash Cloud 
from Radar Echo 

7 



Sub-Plinian Eruption of Shinmoedake (Kirishimayama) 
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27 January, 2011 



Fukuoka 

Kagoshima 
Airport 

Tanegashima 

Shinmoe-dake 

● Weather Doppler Radar (20) 
■ Doppler Radar for Airport Weather (DRAW) (9) 
△ Volcano (110) 

The JMA Weather Radar Network 
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CAPPI images at 2 km height 
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Vertical cross sections along the X-Y line 
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27 January, 2011 



Time-series Variation of the Height of Ash Cloud 
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Elevation 

－Tanegashima & Fukuoka weather Doppler radars (composite) 
－Kagoshima DRAW 
- - MTSAT-2 (brightness temperature)  
－Camera (installed at about 7.6 km south of the volcano) 



Quantitative Tephra Fall Prediction 
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JMA Regional Atmospheric Transport Model (RATM) 
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Time evolution of tracer particles during the time step ∆𝑡𝑡 

• 𝑥𝑥 𝑡𝑡 + ∆𝑡𝑡 = 𝑥𝑥 𝑡𝑡 + 𝑢𝑢(𝑡𝑡)∆𝑡𝑡 + 𝑢𝑢′ 𝑡𝑡  ∆𝑡𝑡 
• 𝑦𝑦 𝑡𝑡 + ∆𝑡𝑡 = 𝑦𝑦 𝑡𝑡 + 𝑣𝑣(𝑡𝑡)∆𝑡𝑡 + 𝑣𝑣′ 𝑡𝑡  ∆𝑡𝑡 
• 𝑧𝑧 𝑡𝑡 + ∆𝑡𝑡 = 𝑧𝑧 𝑡𝑡 + 𝑤𝑤(𝑡𝑡)∆𝑡𝑡 + 𝑤𝑤′ 𝑡𝑡 ∆𝑡𝑡 − 𝑉𝑉t∆𝑡𝑡 

Gravitational 
settling Diffusion 

𝑢𝑢� , �̅�𝑣,𝑤𝑤� : Mean wind velocity (GPV of JMA-NHM) 



Initial Distribution of  
Tracer Particles 
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Initial Condition of JMA RATM 
 
1. Shape of eruption column 

Fan-shaped upward with entrainment 
coefficient 0.198 

2. Total mass of eruption column 
                               (Morton et al., 1956) 
         T: Duration of eruption 

3. Grain-size distribution 
Log-normal with median diameter 
0.25mm and standard deviation 1.0 

4. Diffusion time 
 
 t: Elapsed time 

5. Rising velocity 
Linear with respect to height 

TH 451095.6 ×

2/32104 t−×

H 

Particle size (mm) 



Verification of Model Output (1) 
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Shinmoe-dake 

Volcanic ash 
●: observed 
○: unobserved 

40 km 40 km 

1kg/m2 

2 

3 

0.5 0.1 0 

1kg/m2 

2 

3 

0.5 0.1 0 

Initial height estimated from 
Camera data 

Initial height estimated from 
Radar data 



Verification of Model Output (2) 
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3-D Measurement System using Camera Image 
(under development by Asia Air Survey Co., Ltd)  
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Volcano with One Camera 

Pointed by observer 

Measure height 

Measure width 

Screen that displays camera image 

3-D Measurement System enables observer to measure height 
and width of ash column objectively by pointing screen. 



Volcano with Two or More Cameras 

Camera 1 

Camera 2 

Camera 3 

3-D coordinate of the intersection of two cameras’ lines of sight 
(LoS) is calculated, and height and width are measured thereby. 

LoS of Camera 1 

LoS of Camera 2 

LoS of Camera 1 



Volcano with Three or More Cameras 
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Camera 1 Camera 2 Camera 3 

Camera 1 
Camera 3 

Camera 2 

Traced by observer Traced by observer Traced by observer 

Observer can trace the outlines of ash cloud on each screen, 
and then shape and volume are calculated thereby. 

shape and volume 
of ash column 



Summary 
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Summary 

Prompt provision of quantitative VAFF is 
socially required 
Estimated height of ash cloud is key input to 

JMA-RATM 
Estimation using radar data improved the 

model output 
3-D measurement system would allow for 

estimation of the volume of eruption column 
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Thank you! 
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