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Tang et al. (2012) Direct energy estimation of the 2011 Japan tsunami 
using deep-ocean pressure measurements. J. Geophys. Res., 117, 
C08008, doi: 10.1029/2011JC007635

Coastal gages forecast accuracy 
(max amplitude )

All:  68% (0.2 m average error)
>1.0m:   74%
>1.5m :  87%
Kahului (2.1 m): 95%
Crescent City (2.5 m): 98%

U.S. Tide Gages DART amplitudes

Observation
Forecast (MOST)

http://www.pmel.noaa.gov/publications/search_abstract.php?fmContributionNum=3704
http://www.pmel.noaa.gov/publications/search_abstract.php?fmContributionNum=3704
http://www.pmel.noaa.gov/publications/search_abstract.php?fmContributionNum=3704
http://www.pmel.noaa.gov/publications/search_abstract.php?fmContributionNum=3704


ADCP current 
meter

Kahului, Hawaii
Flooded by the 2011 Japan tsunami
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Background Umax  before tsunami (with tide) 
1

Filtered background Umax  before tsunami  
1

Tsunami−induced Umax ;  filtered 6 min data 
1,2

Forecast Umax  with 0.5 min  output rate 
 

1 Lighter color indicates the range of observations along depth 

2 No filtering applied to the four stations in Harbors (2, 23, 25, and 26) 

6−18 arc−sec grids 2 arc−sec grids

Station ID 

!!""
"

!
!
"
"
"

!
!
"
"
"

!
!
"
"
"

!
!
"
"
"

!
!
"
"
"

!"""!"""!"""!"""!"""!"""!"""

!!"""

!!"""

!!
""
"

!!"""

!
!"
""

!!"""

!!"""

!!"""

!
!
"
"
"

!!"""

!
!
"
"
"

!
!
"
"
"

!
!
"
"
" !

!"
""

!
!"
""

!
!"
""

!!"""

!!"""

!!"""

!!"""

!
!
"
"
"

!
!
"
"
"

!!"""

!!"""

!!"""!!"
""

!!
""
"

!
!
"
"
"

!!"""

!!"""

!
!
"
"
"

!
!
"
"
"

!!"""

!!"""

!!"""

!!"""

!!"
""

!!
""
"

!!"""

!!"""

!!"""

!
!
"
"
"

!!"""

!!"""

!!"""

!
!
"
"
"

!!"""

!!"""

!
!
"
"
"

!
!"
""

!!
""
"

!
!
"
"
"

!
#
"
"
"

!
#
"
"
"

!
#
"
"
"

!
#
"
"
"

!
#
"
"
"

#"""#"""#"""#"""#"""#"""#"""

!#""" !#"
""

!
#"
""

!
#"
""

!
#"
""

!#"""

!
#
"
"
"

!
#
"
"
"

!
#
"
"
"

!
#"
""

!#"""
!#"""

!#"""

!#"""

!
#"""

!#""
"

!#"""

!#"
""

!
#
"
"

!
#
"
"

!
#
"
"

!
#
"
"

!
#
"
"

#""#""#""#""#""#""#""

!#
""

!
#
"
"

!#""

!
#
"
"

!#""

!#
""

!#""

!#"
"

!#""

!#""

!
#"
" !#""

!#""

!#""

!#""

!#""

!
#"
"

200
o
E 202

o
E 204

o
E 206

18.5
o
N

20.5
o
N

22.5
o
N

U$%&'()$*+,

-%)./0123'U$%&''456105'7+28%$9'
##""

:+28%$9!9832)53'U$%&'''
#;<

=135>'6105)%+7?'@A'/093'
<"

=135>'6105)%+7?'B!#CA'/093'
@<

"

#'D9/E750')1>10'9839)%75+'7E5'0%8/5'16'14+50F53''U$%&''%>18/'35G7E'

Maximum observed and forecast current speeds 
at 18 ADCP current stations in Hawaii

Estimated accuracy:
71% for all
76% for high-resolution grids 

1.84 m/s, Kahului

1.62 m/s, Port Allen

2011 Japan Tsunami
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(a) 23  Kahului Harbor                max obs = 177−184;  forecast = 226
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(b) 2  Port Allen       max obs = 159−162

Current speed
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(c) 25  Approach to Hilo Harbor       max obs = 61−74;  forecast = 111
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(d) 26  Hilo Harbor                   max obs = 96−104;  forecast = 117
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(e) 7  Approach to Honolulu Harbor   max obs = 36−39;  forecast = 38
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Forecast Observation
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Forecast Observation
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Forecast Observation

(f ) ηmax (g) Umax

(h)

(i)
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Figure 2 (a-e) Original ADCP current data and forecast depth-averaged current in Harbors. (h, i and l)  Forecast and observed sea surface elevation at coastal tide 
stations. (f, j and m) Forecast maximum surface elevation. (g, k and n) Forecast maximum current. Pluses, ADCP current station; Circles, coastal tide stations.  
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max obs = 54−81; detided = 34−41;  forecast = 20(a) 16  Kalohi Channel                
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max obs = 45−69; detided = 33−40;  forecast = 25(b) 19  Auau Channel
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max obs = 51−78; detided = 31−48;  forecast = 28(c) 21  Alalakeiki Channel            124.9
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max obs = 50−55; detided = 40−43;  forecast = 43(d) 20  Lahaina                       
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max obs = 35−41;  forecast = 33(e) 22  Maalaea Bay                   
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max obs = 21−24(f) 24  Hana Bay                      
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max obs = 20−35;  forecast = 40(g) 29  Kailua Kona                   
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max obs = 11−30;  forecast = 3(h) 30  Honokohau                     
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Figure 3 Original ADCP current data in (a-d) Channels and (e-h) Bays. (j, l and o) Forecast maximum surface elevation. (k, m and p) Forecast 
maximum current. Pluses, ADCP current station; Circles, coastal tide stations. (i, n and q) Aerial photos from Google.  

ADCP current data at bays, harbors and channels in Hawaii

2011 Japan Tsunami

Harbors Channels and bays
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Figure 4 (a and b) Maximum !uid speed in Kahului and Hilo Harbors. Colors represent time of the maximum current.  (c and d) Snapshots of !uid 
speed  with whirlpools/vortices  in the  Kahului Harbor at 8.25 hour and  Hilo Harbor at 9.05 hour. (e and f ) Snapshots of sea surface elevation at the 
same time as (c and d). Arrows indicate speed direction. Distance between two adjacent arrows is about 60 m (2 arc-sec).

(e) η at 8.25 h (f )  η at 9.05 h 
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Figure 4 (a and b) Maximum !uid speed in Kahului and Hilo Harbors. Colors represent time of the maximum current.  (c and d) Snapshots of !uid 
speed  with whirlpools/vortices  in the  Kahului Harbor at 8.25 hour and  Hilo Harbor at 9.05 hour. (e and f ) Snapshots of sea surface elevation at the 
same time as (c and d). Arrows indicate speed direction. Distance between two adjacent arrows is about 60 m (2 arc-sec).

(e) η at 8.25 h (f )  η at 9.05 h 
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Summary

• Future tsunami forecast products for maritime safety applications

A	
  research	
  product	
  from	
  NOAA	
  PMEL	
  
Issued	
  March	
  10,	
  2011	
  02:00	
  (local	
  >me)

Kahului,	
  HI

Tsunami	
  WARNING
Flooding	
  Forecast

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Tsunami	
  Evacua>on	
  Area
	
  	
  	
  	
  	
  	
  	
  	
  	
  High	
  Currents	
  Forecast

Flooding:	
  March	
  11,	
  2011
0530-­‐0630	
  (local	
  >me)


