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Abstract 
Change in the sea surface height anomaly derived from satellite altimeter was 

examined and applied to evaluate the possibility of tsunami prediction before the 
occurrence. Sea surface height anomaly was composed period during earthquake and 
tsunami occurrence. Daily variability in the sea surface height anomaly was traced about 
the location of hypocenler, aftershock, and the end of earthquakes from satellite altimctry. 
Results shows that there are the locations where the sea surface height anomaly suddenly 
increased or decreased before tsunami occurrence in hypocenter or aftershock area and 
these trends appeared one day before tsunami event at least. This result can be utilized and 
applied for the development in not only the tsunami monitoring system as the disaster 
monitoring, but also for the effective tsunami prediction system in the near future. 
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I. Introduction 
Tsunami is a Japanese word which can 

translate to English as "harbor wave". It is 
represented by two characters, the first 
character, "tsu" means harbor, while the 
last character, "nami" means "wave". In 
the pasi hood, tsunami was sometimes 
referred to "tidal waves" by the general 
public and "seismic waves" by the 
scientific field. The term "tidal wave" is a 
misnomer; although the tsunami's impacts 
on the coastline are dependent on the tidal 
level at the time of tsunami strikes, 
tsunamis are not related to the tides. Tides 
result from the imbalance, extraterrestrial, 
gravitational influences of the moon, sun. 
and planets. The term, "seismic wave" is 
also misleading. "Seismic" implies an 
earthquake-related mechanism and tsunami 
also occur by the non-seismic event such 
as landslide and meteorite impact. 

Tsunami has been measured from long 
time ago by several in-situ 
instrumentations as tidal station, super 
sonic or laser tsunami sensors, hydraulic 
pressure sensor, and GPS tsunami sensor, 
etc. These observational apparatuses can 
measure the tsunami with satisfactory 
accuracy, but they have a few spatial 
coverage. Therefore, it is difficult to obtain 
the information on tsunami in wide area of 
the coastal region. Recent days, satellite 
remote sensing is well known as a useful 
tool for coastal monitoring and has been 
routinely used to estimate the disaster of 
tsunami strike in coastal area with wide 
spatial coverage. There are two main 
categories of remote sensing concerning 
with estimation of the degree in the disaster 
made by tsunami: (1) detection of the 
disaster area by optical sensor which can 
provide the true or false color images and 
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(2) evaluation of the disaster by the 
score using active microwave sensor as 
synthetic aperture radar(SAR). The optical 
sensor has been supplying effective 
information on disaster area by the change 
in spectrum between pre-event and post 
event of tsunami derived from the wash out 
or destruction of the land objects and the 
topographic change. Nohjima (2004) 
showed that the degree of damage on 
building by natural disaster can be 
estimated by the composite value which 
defined from the difference of backward 
scattering coefficient of active microwave 
between before and after the disaster in the 
artificial building area. This method was 
utilized to the estimation of the damage for 
the building in city area about Hyogo 
Earthquake, occurred in 1995 and the result 
showed reasonable agreement between the 
estimation and actual situation of the 
damage. Thus, . t h e remote sensing 
applications are useful and can provide 
important information from a view point of 
the disaster prevention. But on the other 
hand, satellite remote sensing system has 
immediacy for observation to synchronize 

Fig. 1. Locations of the large tsunami occurrence around Aceh, Indonesia in 2004 and 20ffl 
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it to tsunami event. For example, the 
frequency of the satellite over flight is one 
day order in most of case. Even most 
frequent satellite, NOAA has the frequency 
about four times of over flight in a day. 
Add to this, even if satellite can detect the 
tsunami synchronized with the occurrence, 
the disaster can not be avoided and there is 
no measure to prepare the disaster 
prevention. If the tsunami occurrence can 
be detect before one day at least, several 
measure can be ready to save human life 
and their property. Tsunami is generated by 
abrupt deformation of sea floor and 
vertically displaces the overlying water. 
Tectonic earthquake is a particular kind of 
earthquake and is associated with the 
earth's crustal deformation; when these 
kind of earthquakes occur beneath the sea, 
the water above the deformed area is 
displaced from its equilibrium position. 
Waves are formed instead of the displaced 
water mass, which acts under the influence 
of gravity, attempts to regain its 
equilibrium. When large areas of the sea 
floor elevate or subside, a tsunami can be 
occurred. 



Table 1. Outline of main tsunami event used in this study occurred around Aceh. 
DATE 

Dec. 26*, 2004 

Mar. 28,h, 2005 

MAGNITUDE 

9.3 

8.7 

HYPOCENTER 

Lat:3.316; Long:95.854 

Lat:2.065; Long:97.010 

NUMBER OF VICTIM 

over 220,000 

over 2,000 

Fig. 2. Schematic representation of the concept for sea surface height measurement by 
satellite-borne altimeter 

Based on these theories, in this paper 
the change in the sea surface topography is 
assumed as the beginning of tsunami and is 
traced in daily basis in the hypocenter, 
aftershock, and calm areas to discuss the 
possibility of tsunami prediction. 

II. Data 
Two large tsunami events occurred in the 
coastal area of northern Sumatra Island in 
2004 and 2005 are examined to analyze the 
possibility of the tsunami prediction by 
satellite altimetry. In the morning of 
December 26, 2004, a magnitude of 9.3 

Richter scale earthquake struck the 
northwest coast of the Sumatra Island, 
Indonesia. The earthquake was occurred 
with the complex slip on the fault where 
the oceanic portion of the Indian Plate slide 
under Sumatra, part of the Eurasian Plate. 
The earthquake made a deformation of the 
ocean floor and pushed the overlying water 
as the tsunami waves. The tsunami waves 
destroyed the adjacent coastal areas where 
the wave height was about 25 meters and 
killed nearly 300,000 people of the 
populations in the region and tourists from 
abroad. The tsunami waves traveled in the 
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global scale and were measured in the 
Pacific Ocean and many other places by 
tide gauges. On 28 March 2005, after 
around three months from this event, an 
earthquake with an estimated of 8.7 Richter 
scale occurred off the western coast of 
Sumatra. It did not appear that a basin-wide 
tsunami was generated but the local 
tsunami damage has been reported at the 
Simeuleu Island located near Aceh area 
with over 2000 victims. Locations and 
outlines of these two tsunami events are 
shown in Fig. 1 and Table 1, respectively. 

In order to trace the daily change of sea 
surface position, the sea surface height 
anomaly is used for the analysis and 
provided by the satellite-borne altimeter. 
The satellite altimeter measures the time 
required to transmit from the satellite 
sensor to sea surface, reflect from the 
surface and return to the sensor by radar 
pulse as shown in Fig. 2. The speed of the 
radar pulse depends on the dry air between 
the sensor and the sea surface, the water 
vapor in the atmosphere, and the electron 
content of the ionosphere. The distance 
from the sensor to the ocean surface is 
obtained after the correction of these kinds 
of the effects to the accuracy of a few 
centimeters. The reason of using the sea 
surface height anomaly, is that the 
normalization is required to detect actual 
change in the surface position in the study 
area. Since the swath of the satellite 
altimeter is not enough to cover the 

sufficient area around the event, several 
satellite altimeter data were composed for 
each daily images. The sea surface height 
anomaly images had to be merged and 
composed over the several images obtained 
by several satellite altimeters, such as 
Jason, TOPEX/POSEIDON, Geosat 
Follow-ON, ERS-2 and Envisat around 
objective date. Brief specifications of these 
satellite/altimeter are shown in Table 2. 

Twenty one images were composed 
from the multiple satellite images provided 
from the satellite altimeters in Table 2 for 
the two tsunami events. The change in the 
sea surface height anomaly can be analyzed 
in 21 days time scale with the centering of 
event date in the period. The change in sea 
surface height anomaly is traced and 
analyzed by the extraction of the data from 
these images. 

III. Results and Discussion 
Some examples of these 21 images of 

the sea surface height anomaly are shown 
in Fig. 3 for each tsunami event. Three 
figures are corresponded to the tsunami 
occurred on December 26th 2004 (left) and 
March 28th 2005 (right). Three figures 
arranged from top to bottom can be 
distinguished as the day of before(A), 
just(B), and after(C) the tsunami event. 
Although these are just a comparison 
between three days images the significant 
change in sea surface height anomaly can 
be seen in the figure. 

Table 2.Brief specifications of satellite-borne altimeter used for satellite altimetry in this 

)er. 

SATELLITE/SENSOR 

Jason 

TOPEX/POSEIDON 

Geosat Follow-On 

ERS-2 

Envisat 

SAMPLING 
RATE 
10 days 

10 days 

17 days 

35 days 

35 days 

ORBIT 
HEIGHT 
1336 km 

1336 km 

800 km 

777 km 

799 km 

ACCURACY 

4.2 cm 

4.2 cm 

3.5 cm 

10 cm 

12 cm 
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Three kinds of the grids of one degree 
scale are defined to trace and analyze the 
change in sea surface height anomaly 
during the 21 days; (l)grid referred to the 
hypocenter of earthquake as the source 
power of the tsunami, (2)grid referred to 
the location of aftershock, and (3)grid 
without any earthquakes or the concerning 
events. These grids are indicated in Fig. 4 
for both events. These grids are classified 
by the initial letter of grid index; (1) the 
initial letter "M" is referred to the grid 
including the hypocenter of the earthquake, 
(2) the initial letter "S" means that some 
aftershocks have occurred in that grid, and 
(3) the one of "R" is corresponded to the 
grid without any earthquake-concerning 
events. Here, the grids without earthquake 
are set for the reference to evaluate the 
difference of the time series of the sea 
surface height anomaly from the 
hypocenter and the aftershock areas. The 
sea surface height anomaly was averaged 
in each one degree grid and the time scale 
was traced for the grids. 
Daily changes in sea surface height 

anomaly in the grids set according to above 
definition and several statistical values of 
the tsunami occurred on December 26th 
2004 are shown in Fig. 5 and Table 3, 
respectively. The sea surface height 
anomaly is traced from December 16, 2005 
to January 5th , 2005. This period is 
corresponded to the 10 days before to 10 
days after the tsunami event. Each line in 
the figure is referred to the sea surface 
height anomaly of the grid as shown in 
legend. The trend of the daily change as a 
whole has few features, except the trend in 
the daily changes around hypocenter. The 
daily changes are not significant until 
December 24th 2004 but the sea surface 
height increases suddenly on December 
25th 20054 and this high sea surface height 
is continued until January 1st 2005 for the 
time series of the hypocenter as drawn by 
solid line for grid "M". In addition, there 
are two grids which the sea surface height 
increases from December 24th 2004 in the 
grids of aftershock, "S-3" and "S-5". This 
trend is not so significant for the grid "S-
5". However, the grid "S-3" shows a 
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Fig. 5. Time series of sea surface height anomaly from December 16"1, 2004 to January 
5th, 2005 for tsunami event on December 26lh, 2004. Each line can be referred to the 
time scale for the grid as shown in the legend. 

Table 3. Results of the statistical analysis of sea surface height anomaly for each grid during 
time scale of the analysis for the event on D e c e m b e r 2 6 * , 2004 . 

Grid ID 

Averag 

Max. 

Min. 

Range 

S.D. 

M 

2.5063 

9.1866 

-5.4832 

14.669 

5.3780 

S-l 

6.1085 

7.6261 

2.1646 

5.4615 

1.3432 

S-2 

1.0459 

3.2777 

-2.1782 

5.4559 

1.4634 

S-3 

0.6703 

5.3805 

-6.4647 

11.845 

4.0588 

S-4 

-2.1473 

1.0273 

-6.0373 

7.0647 

1.8036 

S-5 

-0.9399 

7.1296 

-5.2495 

12.379 

3.4100 

R-1 

7.1843 

9.0739 

4.2790 

4.7949 

1.4183 

R-2 

1.1605 

4.2254 

-1.0590 

5.2844 

1.6354 

R-3 

1.4248 

4.2593 

1.0028 

3.2565 

1.1384 

relatively sudden increase in the sea 
surface height. According to these 
tendencies, both the ranges of the change 
and the standard deviation are larger than 
the other one's as shown in Table 3 
(shaded cells are referred to these 
exceptional values in the table). 

The results obtained for the event 
occurred on March 28, 2005 are shown in 
Fig. 6 and Table 4. The sea surface height 
anomaly decreases from March 26th 2005 
to March 31st 2005 the area referred to 
hypocenter (solid line) although there are 
few significant changes about another 
reference grids. Large range and standard 
deviation are also appeared in Table 4 like 
the event on December 26th, 2004. 
In both two results, it was identified that 
sea surface height anomaly suddenly 
changes before tsunami events. But the 
trend of the change is not same about these 

two events; sea surface height anomaly 
increased in hypocenter area before 
tsunami strike for the event on December 
26th, 2004, but the anomaly decreased 
before the event on March 28th 2005. Most 
of tsunami is occurred by earthquake in the 
area where the oceanic plate sinks under 
the continental plate and one of the reasons 
for the sea surface height change is change 
in the ocean bottom topography. Therefore 
there is a possibility that both the increase 
and decrease in sea surface height are 
reflecting the upheaval and subsidence of 
ocean bottom, respectively. Since both of 
them might generate tsunami and change 
sea surface height, the satellite altimetry 
has a possibility to be useful tool of 
tsunami prediction. However the time lag 
between change in the bottom topography 
and sea surface height have to be 
considered to make this assumption sure, 
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rable 4. As 
Stn. No. 

Average 

Max. 

Min. 

Range 
S.D. 

in Table 3, but for the event 
M 

1.7610 
0.3654 

4.8298 
,5.1952 
1.6736 

R-1 

0.3838 

1.6070 

0.4489 
2.0559 
0.5245 

R-2 

0.8724 

1.8374 

0.1256 

1.7119 
0.5497 

m March 28th, 2005 
R-3 

0.3449 

2.6583 

0.8832 
3.5415 
0.9926 

R-4 

0.6593 

3.0242 

0.0095 
3.0337 
0.6656 

the sudden change in sea surface height 
anomaly begins one day before the tsunami 
in both cases. This means that the time lag 
between them is reasonable from a view 
point of the mechanism in reflection of 
change in bottom topography by 
earthquake as a first approximation. Thus 
the results obtained from the analysis of the 
change in sea surface height suggest that 
possibility of tsunami detection at least one 
day before tsunami occurrence, even 
though the mechanism of generation of 
tsunami can not be explained dynamically. 
And also, it is necessary to analyze the 
more satellite altimeter data that can detect 
the SSHA before occurrences of Tsunami 
statically. 

Conclusions 

Change in sea surface height anomaly was 
analyzed and the discovery of tsunami 
symptom was made a trial by satellite 

altimeter data in this study. As a result of 
that it is found that the sea surface height 
anomaly changes one day before tsunami 
occurrence in hypocenter and some of 
aftershock areas. This trend was identified 
by the comparison between the change in 
sea surface anomaly in the area referred to 
hypocenter, aftershock, and reference area 
defined as one degree grid in satellite 
altimetry. Time scale of sea surface height 
anomaly showed the significant change in 
the anomaly before tsunami event and the 
statistical results suggested remarkable 
change of the anomaly derived from the 
range and standard deviation of sea surface 
height anomaly in the grid settled on 
hypocenter and aftershock areas. The 
possibility of this method and trial as a tool 
for development in tsunami warning 
system was shown with reasonable 
quantitative basis. The necessary time for 
the evacuation from tsunami depends on 
the scale of shelter; (1) one hour for 

38 REMOTE SENSING AND EARTH SCIENCES September zuU6 Volume 3 



emergency shelter, (2) five hours for 
schematic or organized avoidance, and (3) 
ten hours for escape with the property. In 
this study, it is suggested that the symptom 
might be detected in change in sea surface 
height anomaly one day before the tsunami 
event by application of satellite altimetry 
and its advantage and usefulness with the 
comparison between conventional methods 
and concepts. But the results obtained here 
is just an application to the two tsunami 
event occurred in close time and spatial 
scale. Further analysis is necessary about 
another location and period to check the 
capability and possibility of this method in 
wide range of both spatial and time scale. 

This method can be utilized for the 
development of disaster prevention system 
from a viewpoint of actual avoidance of 
Bunami disaster in wide spatial coverage 
and enough periods for the preparedness. 
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