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Damages caused by earthquakes are hard to detect with me-
dium spatial resolution satellite data. However, the magnitude
9.0 Japan earthquake occurred on March 11, 2011 has caused a
devastating tsunami. The tsunami pushed widespread flooding
over the coast of eastern Japan. If satellite data can be obtained
at the time of tsunami flooding, it should be possible to map the
submerged coastal area. Unfortunately, today’s technology is
still far from perfect to allow acquisition of detailed enough sat-
ellite data at the right time of a disaster.

The Chinese HJ-1 satellite launched in September 2009 was
designed for monitoring environmental change and disasters. We
collected two HJ-1 CCD scenes (orbit number 428-68) over Sendai
and its surroundings, one before (May 17, 2010) and the other 3
days after the Japan earthquake (Fig. 1). Corresponding to the HJ-1
scene, we also collected two scenes of Landsat TM images (path-
row number 107-33 and 107-34) with an acquisition date of June
4, 2004. The TM images were used as reference for geometrically
correcting the HJ-1 images.

The post-earthquake HJ-1 image was georeferenced to the two
previously geo-coded Landsat TM images with ground control
points primarily chosen along the coastal zone including street in-
tersections, major constructions and stable and easily identifiable
lake features (Fig. 2). A total of 15 ground control points produced
a root-mean squared error of 0.49 pixels. The pre-earthquake HJ-1
image was geo-registered to the post-earthquake HJ-1 image with
10 ground control points to a 0.47 pixels of root-mean squared error.

On the March 14 HJ-1 image, water flooded areas along the east
coast of Japan are quite observable. We used a normalized differ-
ence water index (NDWI) to enhance water covered areas on land
along the coast. We choose one threshold value over which inter-
preted as water flooded area (Fig. 3). However, using NDWI alone
is not sufficient as water submerged areas are likely to dry out three
days after the tsunami except relatively low-lying areas. Therefore,
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it is important to look for additional traces of the tsunami. Through
pre- and post-earthquake image comparison, vegetation and some
of the non-vegetated and non-surface water areas have changed
considerably along the coast. Poorer vegetation vigor following the
earthquake is an indicator of high level of damage that could only
be possible after tsunami flooding. We therefore used normalized
difference vegetation index (NDVI) to detect damaged vegetation
area along the coast. With a region growing algorithm, we extracted
the damaged areas over the non-vegetated and non-surface water
areas. The final result of tsunami submerged area was a combina-
tion of the water covered areas determined from NDWI, the veg-
etation damaged areas determined from NDVI, and other damaged

areas over non-vegetated and non-surface water areas.

Fig. 1 HIJ-1 image acquired over Sendai and its vincinity area on
March 14, 2011
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Fig. 2 A subsection of the Sendai image with the TM image
(a) before earthquake; (b) HJ-1 image before earthquake; (c) HJ-1 image after earthquake

(b)

Fig. 3 NDWI images derived from HJ-1 images, the bright areas inland of the
post-earthquake image shows tsunami water coverage three days after the submerging
(a) before the tsunami; (b) after the tsunami

We used the above method to detect tsunami flooded area with
the HJ-1 imagery acquired on March 14, 2011. The results were
presented in Fig. 4. Although we were not able to acquire satellite
images right after the tsunami caused flooding and the quality of
the HJ-1 image was not as desirable because there were thin clouds
during the image acquisition, the areas flooded and vegetation
damaged by tsunami can be determined from comparing the post-
earthquake and pre-earthquake images. We estimated that area af-
fected by this tsunami in the image to be approximately 308 km’.
This estimate is not far from the 351 km’ tsunami affected areas of
non-urban land as reported by the Geospatial Information Authority
of Japan ([2011-04-24] http://www.gsi.go.jp/kikaku/kikaku60003.

html). It is reasonable to have an underestimation of the tsunami
affected areas due to the 3 day delay. Some of the non-vegetated
urban areas damaged by tsunami are difficult to determine due to
the limitation of image resolution. The partial cloud in the March
14 image blocked part of the tsunami damaged areas. Once the
tsunami damaged areas are obtained, we overlaid them on the 30m
resolution DEM data determined with ASTER (Advanced Space-
borne Thermal Emission and Reflection Radiometer) data. Through
zonal statistics we estimated the vertical dimension of the tsunami
(Table 1). The average elevation is the weighted elevation of tsuna-
mi submerged areas and the highest elevation is the range of most
inner elevation that the tsunami reaches along the coast.
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Table 1 Tsunami affected elevation age assessment. Remote sensing data not only can provide the hori-
Average elevation/m Highest clevation/m Area/km’ zontal extent of tsunami damage triggered by the Sendai earthquake
- but also can provide the tsunami affected height. Additional work
Tsunami damaged area 5.701 19-20 308.7 . i . . . .
might help with subpixel image analysis techniques. Nonetheless,
Surface water 3 days after 5.328 19-20 1773 in front of the disasters of this tremendously large earthquake, it is
clear to us that there is a long way to go for satellite based remote
The simple analysis indicates that data obtained from the Chinese sensing to achieve what has been said—anywhere and anytime when
environment and hazard satellite HJ-1 can be used in tsunami dam- the technology is needed.
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Fig. 4 Tsunami flooded and damaged area determined with HJ-1 satellite
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