
Could Satellite Altimetry have Improved Early 
Detection and Warning of the 2011 Tohoku 

Tsunami? 
Ben Hamlington1, Robert Leben1, Oleg Godin2, Edison Gica3, 

Vasily Titov3, Bruce Haines4, Shailen Desai4 
 

1.  Colorado Center for Astrodynamics Research 
2.  NOAA/Earth System Research Laboratory 

3.  NOAA Center for Tsunami Research 
4.  Jet Propulsion Laboratory 

OSTST, Venice, Italy	


September 27th, 2012	



	



Colorado Center for Astrodynamics Research	


University of Colorado at Boulder	



	





Early	
  Warning	
  and	
  Detec0on	
  of	
  Tsunami	
  

•  Early	
  warning	
  of	
  an	
  impending	
  tsunami	
  is	
  heavily	
  dependent	
  on	
  the	
  detec0on	
  of	
  the	
  
tsunami	
  away	
  from	
  the	
  shore.	
  
–  Wave	
  amplitude	
  in	
  the	
  open	
  ocean	
  is	
  small	
  (generally	
  <	
  1	
  meter).	
  
–  Difficult	
  to	
  dis0nguish	
  tsunami	
  signal	
  from	
  other	
  ocean	
  variability	
  un0l	
  tsunami	
  

approaches	
  the	
  shore.	
  	
  
–  Detec0on	
  must	
  occur	
  with	
  enough	
  lead-­‐0me	
  to	
  allow	
  coastal	
  popula0ons	
  to	
  move	
  to	
  

safety.	
  
•  Models	
  have	
  generally	
  been	
  used	
  to	
  provide	
  early	
  assessment	
  of	
  an	
  impending	
  tsunami	
  

threat.	
  
–  Without	
  actual	
  observa0ons	
  in	
  the	
  open	
  ocean,	
  it	
  is	
  difficult	
  to	
  defini0vely	
  determine	
  

the	
  presence	
  of	
  a	
  tsunami	
  in	
  the	
  ocean.	
  
–  Open	
  ocean	
  observa0ons	
  could	
  also	
  be	
  used	
  to	
  hone	
  model	
  predic0ons	
  and	
  improve	
  

representa0on	
  of	
  the	
  earthquake	
  source	
  (Geist	
  et	
  al.	
  2007;	
  Yamakazi	
  et	
  al.	
  2011).	
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Detec0on	
  of	
  Tsunami	
  by	
  Satellite	
  Al0metry	
  

•  In	
  recent	
  years,	
  tsunami	
  detec0on	
  has	
  been	
  demonstrated	
  in	
  the	
  open	
  ocean	
  using	
  
measurements	
  from	
  satellite	
  al0meters.	
  

–  Detec0on	
  using	
  sea	
  surface	
  height	
  measurements:	
  

•  1992	
  Nicaragua	
  Tsunami	
  (Okal	
  et	
  al.	
  1999)	
  

•  1995	
  Chile	
  Tsunami	
  (Okal	
  et	
  al.	
  1999)	
  
•  2004	
  Sumatra-­‐Andaman	
  Tsunami	
  (e.g.	
  Smith	
  et	
  al.,	
  2005;	
  Song	
  et	
  al.,	
  2005;	
  
Ablain	
  et	
  al.,	
  2006;	
  Hirata	
  et	
  	
  al.,	
  2006;	
  Geist	
  et	
  al.,	
  2007;	
  Gower,	
  2007;	
  Hayashi,	
  
2008;	
  Hoechner	
  et	
  al.,	
  2008)	
  

•  2010	
  Chile	
  Tsunami	
  (Hamlington	
  et	
  al.	
  2010)	
  

–  Detec0on	
  using	
  sea	
  surface	
  roughness	
  measurements	
  

•  2004	
  Sumatra-­‐Andaman	
  Tsunami	
  (Godin	
  et	
  al.	
  2004)	
  

•  2010	
  Chile	
  Tsunami	
  (Hamlington	
  et	
  al.	
  2010)	
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Can	
  Satellite	
  Al0meters	
  Help	
  With	
  Early	
  Warning	
  and	
  
Detec0on	
  of	
  Tsunamis?	
  

“Unfortunately,	
  satellite	
  al1metry	
  bears	
  li4le	
  promise	
  of	
  useful	
  contribu1on	
  to	
  future	
  tsunami	
  
warning	
  systems,	
  as	
  it	
  requires	
  intensive	
  and	
  1me-­‐	
  consuming	
  data	
  processing,	
  and	
  above	
  all,	
  the	
  
presence	
  of	
  a	
  satellite	
  at	
  the	
  right	
  place	
  at	
  the	
  right	
  1me.”	
  (Okal,	
  2011).	
  
	
  

–  Statement	
  has	
  frequently	
  been	
  made	
  that	
  there	
  is	
  only	
  a	
  small	
  chance	
  of	
  observing	
  a	
  
tsunami	
  with	
  along-­‐track	
  measurement	
  system	
  of	
  satellite	
  al0metry.	
  

•  May	
  be	
  true	
  for	
  smaller-­‐scale	
  events,	
  but	
  does	
  not	
  hold	
  true	
  for	
  larger	
  events.	
  
–  Relevant	
  ques0ons:	
  	
  
1.  Not	
  if,	
  but	
  how	
  soon	
  a^er	
  the	
  tsunamigenic	
  event	
  will	
  a	
  satellite	
  al0meter	
  sample	
  the	
  

tsunami?	
  
2.  How	
  can	
  satellite	
  al0meter	
  measurements	
  be	
  used	
  for	
  improving	
  tsunami	
  early	
  warning	
  

and	
  detec0on?	
  
	
  
To	
  be_er	
  answer	
  these	
  ques0ons,	
  we	
  study	
  the	
  2011	
  Tohoku	
  tsunami	
  (Note:	
  This	
  study	
  was	
  
done	
  assuming	
  Envisat	
  35-­‐day	
  repeat	
  orbit	
  and	
  Jason-­‐1	
  in	
  interleaved	
  10-­‐day	
  repeat	
  orbit).	
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2011	
  Tohoku	
  Tsunami	
  

•  Tohoku	
  tsunami	
  generated	
  by	
  Mw	
  9.0	
  earthquake	
  at	
  5:46	
  UTC	
  on	
  March	
  10th,	
  
2011,	
  approximately	
  130	
  km	
  east	
  of	
  Sendai,	
  Honshu,	
  Japan.	
  
–  Caused	
  over	
  19,000	
  casual0es	
  in	
  northeastern	
  Japan	
  and	
  affected	
  more	
  than	
  57	
  

ci0es	
  (Ando	
  et	
  al.	
  2011).	
  

•  Important	
  to	
  emphasize	
  that	
  we	
  do	
  not	
  suggest	
  that	
  satellite	
  alAmetry	
  could	
  
have	
  helped	
  for	
  the	
  warning	
  of	
  coastal	
  populaAons	
  of	
  Japan.	
  
–  Time	
  between	
  earthquake	
  and	
  arrival	
  of	
  tsunami	
  was	
  measured	
  in	
  minutes	
  rather	
  

than	
  hours.	
  

–  Quickest	
  and	
  best	
  warning	
  for	
  coastal	
  popula0ons	
  in	
  such	
  close	
  proximity	
  to	
  the	
  
loca0on	
  where	
  the	
  tsunami	
  was	
  the	
  earthquake	
  itself.	
  

–  Here,	
  we	
  focus	
  on	
  improving	
  far-­‐field	
  tsunami	
  detec0on	
  and	
  warning	
  (0me-­‐lag	
  
between	
  tsunami	
  genera0on	
  and	
  arrival	
  on	
  the	
  order	
  of	
  hours).	
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Satellite	
  Al0meter	
  Coverage	
  of	
  2011	
  Tohoku	
  Tsunami	
  

Envisat:	
  	
  
Pass	
  419	
  of	
  cycle	
  100	
  (5.5	
  hours)	
  

Pass	
  428	
  of	
  cycle	
  100	
  (13	
  hours)	
  

Pass	
  439	
  of	
  cycle	
  100	
  (22	
  hours)	
  

Jason-­‐1:	
  

Pass	
  147	
  of	
  cycle	
  338	
  (7.5	
  hours)	
  

Pass	
  156	
  of	
  cycle	
  338	
  (16	
  hours)	
  

Jason-­‐2:	
  

Pass	
  21	
  of	
  cycle	
  99	
  (8.5	
  hours)	
  

Pass	
  28	
  of	
  cycle	
  99	
  (15	
  hours)	
  

Pass	
  30	
  of	
  cycle	
  99	
  (17	
  hours)	
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Data	
  

•  Jason-­‐1	
  and	
  Jason-­‐2	
  Near	
  Real	
  Time	
  SSH	
  anomaly	
  data	
  was	
  obtained	
  from	
  the	
  Physical	
  
Oceanography	
  Distributed	
  Archive	
  Center	
  (PO.DAAC)	
  at	
  NASA	
  JPL.	
  

–  For	
  Envisat	
  and	
  for	
  historical	
  Jason-­‐1	
  data	
  used	
  in	
  randomiza0on	
  tests,	
  SSH	
  measurements	
  
were	
  obtained	
  from	
  the	
  Radar	
  Al0meter	
  Database	
  System	
  (RADS).	
  

–  At	
  0me	
  of	
  study,	
  Jason-­‐1	
  and	
  Envisat	
  NRT	
  SSH	
  data	
  had	
  average	
  latency	
  of	
  roughly	
  7	
  hours,	
  with	
  
Jason-­‐2	
  having	
  latency	
  closer	
  to	
  4	
  hours.	
  

–  Data	
  is	
  filtered	
  by	
  removing	
  smoothed	
  average	
  of	
  previous	
  two	
  cycles	
  along	
  same	
  pass	
  (Gower	
  
2007;	
  Hamlington	
  et	
  al.	
  2011).	
  

•  For	
  comparison	
  and	
  to	
  verify	
  0me	
  and	
  loca0on	
  of	
  tsunami	
  leading	
  edge,	
  we	
  used	
  the	
  
Method	
  of	
  Spliing	
  Tsunami	
  (MOST)	
  model	
  SSH	
  data	
  produced	
  by	
  NOAA	
  Center	
  for	
  
Tsunami	
  Research	
  (Titov	
  et	
  al.	
  2005).	
  

–  2-­‐D	
  SSH	
  data	
  from	
  MOST	
  were	
  interpolated	
  at	
  0mes	
  and	
  loca0ons	
  of	
  each	
  al0meter	
  ground-­‐
track	
  and	
  compared	
  to	
  NRT	
  SSH	
  data.	
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Model	
  vs.	
  NRT	
  Data:	
  Envisat	
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 304 

Figure 2. Comparison of filtered SSH data (red) with the MOST (blue dashed) model 305 

results for (A) Envisat pass 419 of cycle 100, and (B) Jason-1 pass 147 of cycle 338. The 306 

best fit of the MOST model (blue solid) to the observations is also shown.  307 
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Model	
  vs.	
  NRT	
  Data:	
  Jason-­‐1	
  

•  Crea0ng	
  a	
  sea	
  level	
  climate	
  data	
  record	
  with	
  sufficient	
  dura0on,	
  consistency	
  and	
  quality	
  
that	
  can	
  be	
  used	
  to	
  accurately	
  determine	
  climate	
  variability	
  and	
  change	
  is	
  a	
  challenge.	
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Model	
  vs.	
  NRT	
  Data:	
  Jason-­‐2	
  

•  Crea0ng	
  a	
  sea	
  level	
  climate	
  data	
  record	
  with	
  sufficient	
  dura0on,	
  consistency	
  and	
  quality	
  
that	
  can	
  be	
  used	
  to	
  accurately	
  determine	
  climate	
  variability	
  and	
  change	
  is	
  a	
  challenge.	
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Historical	
  Randomiza0on	
  Tests	
  

•  Using	
  historical	
  data,	
  it	
  is	
  possible	
  to	
  determine	
  if	
  the	
  correla0on	
  and	
  amplitude	
  between	
  
observa0ons	
  and	
  model	
  data	
  for	
  a	
  given	
  pass	
  are	
  excep0onal	
  (containing	
  tsunami	
  signal).	
  

–  Using	
  the	
  Envisat	
  pass	
  as	
  an	
  example	
  the	
  test	
  is	
  completed	
  as	
  follows:	
  

1.  Pass	
  419	
  (tsunami	
  pass)	
  from	
  every	
  previous	
  Envisat	
  cycle	
  is	
  collected	
  using	
  RADS,	
  
and	
  the	
  correla0on	
  and	
  RMS	
  amplitude	
  ra0o	
  between	
  the	
  MOST	
  model	
  and	
  filtered	
  
SSH	
  data	
  is	
  computed.	
  

2.  MOST	
  model	
  is	
  adjusted	
  +/-­‐	
  15	
  minutes,	
  leading	
  to	
  31	
  data	
  points	
  for	
  each	
  cycle.	
  	
  

3.  Loca0ons	
  with	
  high	
  correla0on,	
  and	
  RMS	
  amplitude	
  ra0o	
  of	
  ~1,	
  suggest	
  the	
  
presence	
  of	
  a	
  tsunami.	
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Historical	
  Randomiza0on	
  Tests:	
  Envisat	
  

•  Crea0ng	
  a	
  sea	
  level	
  climate	
  data	
  record	
  with	
  sufficient	
  dura0on,	
  consistency	
  and	
  quality	
  
that	
  can	
  be	
  used	
  to	
  accurately	
  determine	
  climate	
  variability	
  and	
  change	
  is	
  a	
  challenge.	
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 310 

Figure 3. Correlation of the Tohoku tsunami model predictions and satellite altimeter 311 

observations. Correlation between MOST model and filtered SSH data and ratio of RMS 312 

values of SSH data and MOST model are shown for observations during the Tohoku 313 

tsunami (squares) and historical observations (circles). Each point represents a time lagged 314 

MOST model of +/– 15 minutes and a cycle of (A) Envisat pass 419, and (B) Jason-1 pass 315 

147. This leads to 31 points for each cycle of Envisat and Jason-1. Color of the squares 316 

indicates the time lag of the MOST model. In the ideal case of noise-free observations and 317 

a perfect tsunami model, correlation equal to unity with RMS ratio of one would be found 318 

at zero time lag. 319 
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Historical	
  Randomiza0on	
  Tests:	
  Jason-­‐1	
  

•  Crea0ng	
  a	
  sea	
  level	
  climate	
  data	
  record	
  with	
  sufficient	
  dura0on,	
  consistency	
  and	
  quality	
  
that	
  can	
  be	
  used	
  to	
  accurately	
  determine	
  climate	
  variability	
  and	
  change	
  is	
  a	
  challenge.	
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Historical	
  Randomiza0on	
  Tests:	
  Jason-­‐2	
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NRT	
  Tsunami	
  Monitoring	
  Using	
  Satellite	
  Al0metry	
  

•  Deep-­‐Ocean	
  Assessment	
  and	
  Report	
  of	
  Tsunamis	
  (DART)	
  buoys	
  are	
  generally	
  used	
  to	
  detect	
  
tsunamis	
  shortly	
  a^er	
  genera0on.	
  	
  

–  Located	
  primarily	
  around	
  coastlines,	
  only	
  a	
  couple	
  in	
  interior	
  of	
  Pacific	
  Ocean.	
  

•  Recent	
  advances	
  in	
  processing	
  of	
  al0meter	
  data	
  have	
  opened	
  up	
  the	
  possibility	
  of	
  using	
  satellite	
  
al0meters	
  to	
  improve	
  assessments	
  of	
  the	
  propaga0ng	
  tsunami.	
  

–  Latencies	
  could	
  be	
  reduced	
  further	
  by	
  using	
  less	
  accurate	
  orbit	
  al0tude	
  es0mates	
  or	
  the	
  
addi0on	
  of	
  ground	
  terminals	
  for	
  recep0on	
  of	
  telemetry	
  from	
  satellites.	
  

•  For	
  Tohoku	
  tsunami:	
  

–  Envisat	
  first	
  measured	
  tsunami	
  5.5	
  hours	
  a^er	
  earthquake	
  à	
  with	
  current	
  latencies,	
  could	
  have	
  
improved	
  warnings	
  and	
  predic0ons	
  in	
  Central	
  and	
  South	
  America.	
  

–  A	
  Jason-­‐2	
  pass	
  within	
  5.5	
  hours	
  of	
  earthquake	
  à	
  with	
  current	
  latencies,	
  could	
  have	
  improved	
  
warnings	
  and	
  predic0ons	
  for	
  Hawaii.	
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How	
  soon	
  a^er	
  tsunami	
  should	
  we	
  expect	
  satellite	
  
al0meter	
  sampling?	
  

•  Using	
  a	
  simple	
  randomiza0on	
  test	
  and	
  seing	
  the	
  start	
  0me	
  of	
  the	
  Tohoku	
  tsunami	
  at	
  
random	
  0mes	
  in	
  the	
  past,	
  we	
  can	
  determine	
  the	
  expected	
  0me	
  for	
  a	
  satellite	
  al0meter	
  
overflight.	
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INTRODUCTION
 Early warning of an impending tsunami threat is heavily dependent on the detection of the tsunami in 
the open ocean away from the shore. The wave amplitude, however, in the open ocean is small (generally 
much less than one meter), making it difficult to distinguish the tsunami signal from other ocean variability 
until the tsunami approaches the shore and grows rapidly in amplitude. Detection must occur with enough 
lead-time to allow coastal populations to move to safety. In recent tsunami events, models have been used 
to provide an early assessment of an impending tsunami threat. Without actual observations of the open 
ocean, however, it is difficult to immediately determine the presence of a tsunami in the ocean. Any open 
ocean observations of the tsunami could be used to adjust and hone model predictions to provide more ac-
curate and reliable warnings to coastal inhabitants . Furthermore, such open ocean observations could po-
tentially be used directly to warn coastal populations. 
 The 2011 Tohoku tsunami devastated Japan and affected coastal populations all around the Pacific 
Ocean. Accurate early warning of an impending tsunami requires the detection of the tsunami in the open 
ocean. While the lead-time was not sufficient for use in warning coastal populations in Japan, satellite al-
timetry observations of the tsunami in the open ocean could have been used to improve predictions and 
warnings for other affected areas. Jason-1, Jason-2 and Envisat all overflew the tsunami wave field shortly 
after the tsunamigenic earthquake occurred. By comparing to both model results and historical satellite al-
timeter data, we use near-real-time (NRT) satellite altimeter measurements to demonstrate the potential for 
detecting the 2011 Tohoku tsunami in the open ocean within a few hours of the tsunami being generated. 
We show how satellite altimeter data could be used to both directly detect tsunamis in the open ocean and 
also improve predictions made by models.

SATELLITE ALTIMETER COVERAGE OF 2011 TOHOKU TSUNAMI

Figure 1. Satellite altimeter passes of Jason-1, Jason-2 and Envisat that overflew the tsunami wave field 
of the Japan Tohoku tsunami on March 11th, 2011. The colorbar indicates the time in hours after the earth-
quake that each pass took place. The bolded portion of each pass indicates the segment approximately co-
incident with the tsunami wave field. 
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COMPARISON OF MOST MODEL TO NRT SATELLITE ALTIMETRY

Figure 3. Comparison of filtered SSH data (red) with the MOST (blue dashed) model results for (A) Envisat pass 419 of 
cycle 100 (B) Jason-1 pass 147 of cycle 338, and (C) Jason-2 pass 21 of cycle 99. The best fit of the MOST model (blue 
solid) to the observations is also shown. To determine the best fit, the time of the MOST model is adjusted to achieve the 
highest possible correlation between the model and altimetry data. Such a test provides information regarding errors in the 
arrival times estimated by the MOST model, and could potentially be used in NRT to improve estimates made by the 
MOST model.

HISTORICAL COMPARISON FOR IDENTIFICATION OF TSUNAMI

Figure 4. Correlation of the Tohoku tsunami model predictions and satellite altimeter observations. Correlation be-
tween MOST model and filtered SSH data and ratio of RMS values of SSH data and MOST model are shown for 
observations during the Tohoku tsunami (squares) and historical observations (circles). Each point represents a 
time lagged MOST model of +/– 15 minutes and a cycle of (A) Envisat pass 419, (B) Jason-1 pass 147, and (C) 
Jason-2 pass 21. This leads to 31 points for each cycle of Envisat and Jason-1. Color of the squares indicates the 
time lag of the MOST model. In the ideal case of noise-free observations and a perfect tsunami model, correlation 
equal to unity with RMS ratio of one would be found at zero time lag. This test could be done in NRT by compar-
ing the NRT satellite altimetry measurements with historical measurements from the same pass.

STATISTICAL RANDOMIZATION TESTS ON SURFACE ROUGHNESS

Figure 2. Resutls of statistical randomization tests of ı0  anomaly values using a “sliding window for (A) Envi-
sat pass 419 of cycle 100, (B) Jason-1 pass 147 of cycle 338. A randomization test is conducted for every 3.2 
degree window and the statistical significance is computed to test the hypothesis that the surface roughness 
variations with and without the tsunami present are not significantly different. Low probabilities indicate that 
the values computed during the tsunami were exceptional. 

EXPECTED SATELLITE AL-
TIMETER COVERAGE
To determine how quickly we should 
expect to have a satellite altimeter over a 
tsunami wave field occurring in ta similar 
location to the Tohoku tsunami, 100 
random times were picked as the onset of 
the  tsunami in a 30-day window around 
the tsunami. Using the MOST model, the 
time of the first altimeter pass to coincide 
with the tsunami wave field was deter-
mined. The mean times were 4.7 hours 
for Jason-1, 4.2 hours for Envisat, and 
3.4 hours for both altimeters together. 

Figure 5. Results of randomization tests conducted to determine the expected time for a satellite altimeter to first measure the 
tsunami wavefield assuming a random onset time/date for the 2011 Tohoku tsunami. 100 trials were conducted for the Envisat 
satellite altiemter (left), the Jason-1 satellite altimeter (center) and both altimeters (right).
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Could	
  satellite	
  al0metry	
  have	
  improved	
  early	
  warning	
  
and	
  detec0on	
  of	
  the	
  2011	
  Tohoku	
  Tsunami?	
  

1.  MOST	
  model	
  results	
  are	
  computed	
  very	
  quickly	
  from	
  a	
  set	
  of	
  pre-­‐computed	
  runs	
  for	
  
loca0ons	
  where	
  tsunamis	
  have	
  occurred	
  in	
  the	
  past.	
  

•  Model	
  is	
  adjusted	
  with	
  DART	
  buoy	
  data,	
  which	
  is	
  primarily	
  located	
  near	
  coastlines.	
  	
  
•  No	
  observa0ons	
  in	
  the	
  open	
  ocean	
  are	
  currently	
  used	
  to	
  improve	
  the	
  model	
  es0mate.	
  	
  

2.  Comparison	
  between	
  NRT	
  al0metry	
  data	
  and	
  ini0al	
  MOST	
  model	
  can	
  be	
  made	
  and	
  
al0metry	
  passes	
  coincident	
  with	
  the	
  tsunami	
  signal	
  could	
  be	
  iden0fied.	
  	
  

3.  NRT	
  satellite	
  al0metry	
  data	
  containing	
  the	
  tsunami	
  signal	
  would	
  then	
  be	
  used	
  to	
  refine	
  
and	
  improve	
  model	
  es0mates.	
  

4.  Addi0onally,	
  satellite	
  al0metry	
  data	
  could	
  be	
  used	
  directly	
  to	
  confirm	
  the	
  presence	
  and	
  
size	
  of	
  a	
  tsunami	
  in	
  the	
  open	
  ocean.	
  

	
  
We	
  now	
  have	
  a	
  so^ware	
  system	
  in	
  place	
  at	
  CCAR	
  to	
  retrieve	
  and	
  analyze	
  JPL/PO.DAAC	
  NRT	
  
Jason-­‐2	
  al0meter	
  data	
  as	
  soon	
  as	
  a	
  poten0al	
  tsunamigenic	
  earthquake	
  occurs.	
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Summary	
  and	
  Conclusions	
  

•  Satellite	
  al0metry	
  cannot	
  provide	
  improved	
  warning	
  for	
  loca0ons	
  in	
  the	
  near-­‐field	
  of	
  the	
  
tsunami.	
  

–  Far-­‐field	
  events	
  can	
  s0ll	
  be	
  large	
  and	
  result	
  in	
  significant	
  damage	
  to	
  property	
  and	
  poten0al	
  loss	
  
of	
  life.	
  	
  

•  Satellite	
  al0metry	
  should	
  not	
  be	
  dismissed	
  when	
  considering	
  the	
  early	
  warning	
  and	
  
detec0on	
  of	
  tsunamis.	
  	
  

–  Open	
  ocean	
  observa0ons	
  of	
  the	
  tsunami	
  provide	
  the	
  opportunity	
  for	
  addi0onal	
  model	
  
refinement.	
  	
  

–  Satellite	
  al0meters	
  cover	
  areas	
  of	
  the	
  ocean	
  where	
  no	
  DART	
  buoy	
  is	
  present.	
  	
  
–  Along-­‐track	
  measurements	
  provide	
  a	
  larger,	
  cross-­‐sec0onal	
  view	
  of	
  a	
  propaga0ng	
  tsunami	
  

giving	
  informa0on	
  that	
  cannot	
  be	
  obtained	
  from	
  DART	
  buoys.	
  	
  
–  Results	
  depend	
  heavily	
  on	
  data	
  latencies	
  and	
  satellite	
  al0meter	
  availability	
  at	
  the	
  0me	
  of	
  the	
  

tsunami.	
  
–  SWOT	
  has	
  the	
  poten0al	
  to	
  make	
  detec0on	
  of	
  a	
  tsunami	
  far	
  easier.	
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Ques0ons?	
  

Addi0onal	
  details	
  and	
  analysis	
  can	
  be	
  found	
  in	
  “Could	
  Satellite	
  Al0metry	
  
have	
  Improved	
  Early	
  Detec0on	
  and	
  Warning	
  of	
  the	
  2011	
  Tohoku	
  

Tsunami?”	
  Hamlington	
  et	
  al.,	
  GRL,	
  2012.	
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